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annual returns are available-is gradually increasing, and it is 
hoped that before long the minerals of Class II-for which regularly 
rec.urring and full particulars cannot he pre-cured-will be reduced 

'to a very .small number. In the case of minerals still exploited 
chiefly 'under primitive native methods and thus forming the basis 
of ali industry carri~d on by a large number {)f persons each _working 
independently and. on a veryrsmall scale, .the collection of reliable 
statistics is impossible, but t~e total error from year to year is not 
improoably approximat~ly oonst~mt and the figures obtained may 
be. accepted as a fairly reliable index to the general trend of the 
industry. In the ~ase of gold, the small indigenous alluvial industry 
contributes such an insignificant portion to the total outturn that 
afiy error from this source maybe regarded as negligible . 

. From._ table I i~ will be seen that there has been an apparent 
increase of' nearly £It million or 12t per cent.' in the value of 
the total production over that ,of 1916. The valuefigures,...how

. ever, are largely artificial. In some instances although the output 
has fallen in quantity, it has incl-:eased in value; such increase does 

. not necessarily give a true indication of the state of an industry,. 
since the prevailing high freights and increased cost of production 
have in certain cases resulted in the closing- down of all but high
grade propositions. 

The number of mineral concessions granted during the year 
. amounted to 574: as against 532 in the prece4: 

gr:!~~':tl CQIlCe3SIORl ing year-; . 51~ of these' were prospecting licenses 
and 39 nuning leases. As in the preceding year, 

most of the increase is due to prospeding activity in Lower Burma 

TABLE I.-TotaZ value 0/ Minerals 1M which returns 0/ Production 
\ are availab~ 1M the years 1916 and 1917. 

/ . Varia-
Mineral. 1916. 1917. Increase: Deorease. tion per 

cent. 
! ----

- £ £ £ £ 
Coal. . 3,878,564 4,511,645 633,081 . .. ~ +16·3 
Gold. 2,303,023 2,221,889 ... 81,134 . -3·5 
Manganese-ore 1,487,026 1,501,080 14,054 ... +'9' 
Petroleum. 1,119,405 1,092,964 ... 26,44l -204 
Salt 728,358 98.3,157 254,799 ... +34'9 , 
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4fABLB I.-Total mllJlJ 0/ Minerat. lor whic1& returM 0/ Product"", 
are afXIilable lor tile ~a" 19i6 aM 1917-eontd. 

-
~aria-.. MiDel'8L 1:11;. 1917. In<rease. Dtocrease. tion per 
c~t. 

£ £ £ £ 
'TwIgBten-ore • · 497,397- 623,074 125,677 ... +25'3 
~ .. 607,488 5'7,666 ... 79,822 -13-1 

and~-ore · 428,383 510,539 82,156 ... . , ..... 19·1 
Jlioa(a). • 311,680 - 508,173 196,493 ... +63 
Building material. and 209,334 249,776 40,442 ... +19'3· 

road metal. 
.Bilver. · 88,687 237,216 148,529 ... +167-5 
TiD-ore and tin · 39,302 66,533 27,231 ... +69·3 
..J adeetone(a) 48,926 67,502 18,576 , .. . .. 
Kona&ite • 37,714 56,489 18,775 ... +00 
Buby, .pphire· and 37,513 51,831 14,316 ... +38'2 

• piDeL 
"IroB-ore • · · 37,981 39,977 1,996 ... +6·2 
Copper-ore • · - 3,259 30,162 26,903 ... +825-5 
'Chromite · · 18,401 26,216 9,815 ... +59-8 
Mapelite .• · · 14,065 14,559 494 ... +3·5 
Clay • · · 4,645 9,019 4,374 ... +94-1 
-Steatite · 2,628 6,470 3,842 ... +146-2 
eo ... ndum. · · 2,783 3,874 1,091 ... +39·2 
Alum , 6,205 3,707 ... 2,498 -40·3 
Diamoud 361 1,826 1,465 ... +405-8 
.ochre · 941 ),630 689 ... +73·2 
~yplUm · · 745 1,034 289 ... +38'8 
Amber · 157 684 527 ... +335'7 
.Molybdenite · · 202 626 424 ... +209·9 
~aaxite · · 463 620 157 ... +33-9 
~raphite · · · 1,501 ; 517 .. 951' -63~5 
A.beIioI · · ... 303 303 ... ... 
Agate · · · 783 255 ... 52& -67·5 
Biamuth · · ... 163 163 ... .. -
Antimony-ore · 503 139 ... 3M -72·4 
PIa'iDum • · · 46 19 ... 27 -58·7 

Total 1I,!J16,46' 1J,J51,J64 
~ 191,768 +1%4 . · 1,626,663 

I 
.J 

I 
+1,U4,395 

(a) Export values. 

B2 
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·Cbromite. 
Coa.l. 
Copper. 
Dia.monds. 

II:-MINERALS 9P GROUP •• 
~ Gold. , 

Gra.phite. 
Iron. 
Jadeite .. 

Lead. 
Magnesite. 
Mangane,se. 
Mica. 

Chromite. 

Monazite. 
Petroleum. 

. Platinum. 
Ruby, Sapphire 

and Spinel. 

Salt. 
Saltpetre. 
Silver. 
Tin. 
TUngsten. 

The reinarkable rate of increase .in the production of chromite
recorded in the preceding year was not maintained in 1917. There 
was, however, an increase of over 34 per cent. in the output.·. This· 
was due almost entirel1 to operations in Baluchistan, . where the: 
outJ,>ut waS-more than d~ubled. There was a slight increase in the 
Singnbhum production, and a decrease in Mysore. 

TABLE 2.-Quantity and Value of Chroniite produced in -India during-
1916 and 1917. 

1916. 1917. 

-_. 
Quantity Value. Quantity. Value. 

--
Tons. £ Tons. £ . 

Baluchista.n . - 7,620 7,620 15,659 15,659 
Biha.r and Orissa . 2,737 2,495 3,266'4 3,Ill 
Mys,?re . . '9,802 6,286 8,136 7,446 

-
--~ 

Total 20,159 16,401 27,061"4 26.216 

Coal. 
There was an increase of nearly a million tons or 5! per cent., and' 

It proportionately greater increase in value -16'3 per cent.-:-in. 
the output of coal. The pit's mouth value increased largely every
where, except in the case of Hjderabad. There was an increase of 
Rs. 9 per ton in pit's mouth value in the North-West Frontier
Province, but as the output is less than 100 tons, the figures for 
that province may be left out of consideration. . In the fields . of 
Bengal and Bihar and Orissa, the rates of. increase were respectively 
Re. 0-6-4 and Re. 0-6-0 per ton. ~ 
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TABLE S.-Average price (per ton) of Coal ext1]Jded from tlM Minu 
in each province during tM year 1917. 

Asam. • 
Baluchiatan • 
.Bengal. • 
Bihar and Oriua 
(Jentral India 
<Jentral Provinces 

Pro$ce. 

Hyderabad. • • 
North·West Frontier Province 
Punjab. 
Bajputana . , 

Average price per ton. 

Bs. A. r. 

70 7 
11 011 
3 15 1 
3 510 
-3 6 2 
413 
600 

14 0 0 
7 ,8 8 
458 

TABLE 4.-.:Origin o/Indian Ooal raised during 1916 and 1917. 

Average of 
- last five 1916. 1917. 

yean.' 

Gondwana Coalfielde . . . 15,937,670 16,863,466 17,814,524 

Tertiary Coaliielde . 409,700 390,843 398,394 

Tofal- ... 17,254,3" 18,212,918 

There was a faU of over 50 per cent. in the amount of coal 
exported, and a Bmall rise in imports. The total amount of coal, 
~ke and patent fuel imported-, however, was only 37,626 tons. The 
quantity exported was 408,117 tons against nearly 882,000 ,tons in 
1916. 

TheJ;e was a general 'increase in the output of coal in most provin
ces, with the exception of Baluchistan, Bengal, Central India . and 
Rajputana. The decrease in Bengal amounted to nearly 361,000 
tons; Bihar and Orissa, on the other hand, shows an increase of over 
a million tons, the Central Provinces nearly 84,000 tons, and Hydera
bad over 65,000 tons. The ,decrease in the output' of the Bikaner 
coalfield in Riljputana amounted to more than 50 per cent. as 
compared with the preceding year. 
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TAi~E 5.-ProvinciaZ_P:.r.od'llction 01 Ooal during the years 1916 anI? 
1917. 

Province. ~916:1 1917. Increase. DecreaBe • 
. 

Tons. Tons. Tons. TonI. 
AS8&m · · 287,315 301,480 14,165 ... 
BaJuchistan .• · 42,163 40,785 ... 1,378. 
Bengal. • · · 4,992,376 .4,631,571 ... 360,805-
Bihar and Orissa. · 10,767,683 11,932,419 1,164,736 ... 
Burma. 200,285 198,407 ... 1,87S' 
Cent-ral India • 287,832 371,498 83,666 ... 
Central Provinces • 615,290 680,629 65,339 ... 
Hyderabad. • • • - 75 215 140 ... 
North-West Frontier Province 47,449 49,869 2,420 
Punjab· '.' · 13,841 6,045 ... .7,19& 
Ra.jput&na (Bikaner) · · ... ... ... . .. 

17,254,309 1 
-

Total · 18,212,918 1,330,466 371,857 

TABLE: 6.-Output oj the Gondwana Ooalfields lor the years 1916 aftcl 
'1917. 

~ o •• - 1916. o· 19I7. 

Coalfields. Per cent. of Per cent. of. 
Tl)ns. Indian Tons. IndiaJJ 

. .. Total . Tot&l. 
\ . , 

B3ngal, Biladr and OruBa--
Daltonganj 76,298 ·44 . 79,627 ·4# 
Giridih • · · 866,055 5·02 824,007 4·52! 
Jaintia • · 75,089 ·44 86,894 ·48 
Jharis. 8,950,318 - 51-87 9,783,788 53·72': 
iBoka.ro-Ramgarh · 197,255 1-14 360,760 1·98 
Raniganj · . . 5,535,307 32'09 5,376,022 29·52' 
SambaJpur (Hingir-Ram. 59,737 ·35 52,892 ·29-

pur). 
CentraZ Jndia-

Umaria , 200,285 1·i6 198,407 , 1-09 
Cenlral Priwincu-

Ballarpur · · 84,889 ·49 95,303 ·52 
Pench Valley 154,548 .. ·9 204,502 1-12: 
Mohpani · · 48,395. ·28 71,693 ·39 

HyderabaiJ-
Singareni ., · · 615,290 3·56 680,629 3·74 

Total i 16,863,466/ 97'74 17,81f,524 97'81 
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TABLE 7.-Otdput 0/ Tertiary Coalfields lor the years 1916 and 1917 • 
. 

1916. 1917. 
, 

f'.oallielda. Per cent. of Per cent. of 
Tons. Indian Tons. 'Indian 

Total Total . 

.A __ 

Hallum · · ' 283,830 

{ 
291,484 ' . 

Naga Hills · · 3,135 
l:ti& 

8,906 
)'65, 

Sibsag&l' · ... - ,915 

Khaai and Jaintia Hills 350 175 , 

/ 

BaltU:Ai8ta_ , 
If-hoat 32,995 '·19 lI9,517 1 ·22 
Ro\Range 

, 
,9,168 ·05 11,268 

Nor/i.Wm FronJier Provfnu- 75 r 215 

Punjab- , I 

Jhelum. " 44,944 "1 40,322 '·29' 

Mianwali · · 817 2,916 

Shahpur 1,688 6,631 ---
Rajpu/a_ 

Bikaner · 13,841 ·08 6,045 -113 

Tota) 390,e43 2'26 398,394 2'19 

The average n~ber of persons employee! daily in the coalfields 
.increased by nearly 11,000 or rather less than 7 per cent. Thl' 
~verage ~ut~~r person employed was 108·88 tons as aga~st 110·21 
m tjle .... preceding year. The total "number of fatal accIdents was 
172 or 1·02 pel.'! thousand persons' employed. ' 
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TABLE 8.-Average number ot persons employed. daily ~nthe Indian· 
Coalfields during 1916 and 1917. 

Numbet: Death-- _ Output rate per - Province. Number 9f persons em- of deaths 
ployed daily. per person 

byaeci- 1,000 
employed. persons dents. employed 

1916. 1917. 1917. 1917 •. 1917.-

Assam . · 2,814 2,952 102-1 24 
~ 

8·13 
Baluchistan · 1,111 955 42·7 .8 8·37 
Bengal • . , 43,040 38,585 120·03 35 ·9 
Bihar and Orissa 92,053 106,571 111-96 83 ·77 
Central India 1,480 1,244 159·49 1 ·8 
Central Provinces . 3,558 4,245 87·51 11 2·59 
Hyderabad 11,299 11,566 58·84 8 ·69 
North-West Frontier 7 14 15·35 ... .. -

Province. 
Punjab ],049 1,033 48·27 2 1-9~ 
Rajputana (Hikaner) 143 107 56·5 .. '" 

Total · 156,554 167,271 # ••• 172 ... 
AVERAGE · I 

108·88 1·02 , 

Copper. 
• 

There was a· large increase in the output -of copper ore in Singh-
bhufu from 2,173 tons, valued at £3,259, in 1916 to 20,108 tons 
valued at £30,162 in the year under review. It is hoped that the 
smelting operations of the Cape Copp~r Co. will. soon result in a 
considerable increase in output. --TABLE 9.-Production 0/ Copper-ore during 1916 and 1917. 

1916. 1917. 

-- -
Quantity. YII-Iue. Quantity. Value. , 

.-
Tons. £ Tons. £ . 

Bihar and Orl8Bt1-
Singhbhum . 2,173 ·3,259 20,108. 30,162 

Burma-
Katha . . 498 1,347 ... ... 

Total - . 2,671 . 4,606 20,10& 30,162 . 
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Diamonds. 
, The outpllt of diamonds was again insignificant, being only 
18-2 carats. The value (£1,827), however, shows' a marked increase 
over that of the output of j;he preceding year. 

Oold • 
. There was a further decrease amounting to _ 24,000 1)z. in the 

output of gold. As in' the preceding year, this was due chiefl.y 
to fall in the Kolar production. There was also a fall of over 5,000 oz. 
in 'the Hyderabad fierds and ef nearly 2,000 oz. in Madras. The 
output in Singhbhum increased from 864 oz. to 2,462 oz .. 

TABLE 10:-Quamity and value 0/ Gold prodw:ed in India during 
1916 and 1917 . 

I . ... 
I. 1916. 1917 • 

. -
Quantity. Value, Quall~ity. Value. Labour 

ozs. £ ozs_ £ 
Bi1Ior OM Ori6_ 

Singhbhum 864 3,977 2,462 10,133. 119 

BtwmIJ---;-

Myitkyina. 1,901-05 '1';289 1,005'55 3,895 

} 
-

Katha . 21-21 85 31-19 113 165 

Upper Chindwin *6-96 276 42-18 2!O 

Shwebo 7'41 36 ... . ..• ... 
Salween . 6 24 ... ... .. . 

BlItlerabad 18,657-2. 71,577 13,466-7 62,Olg 1,140 

MotlrlU 22,371 94,789 20,g29 87,066 1,768 

MIIMWe . 654,30!_ 2,124,129 6311,659 2,067,541 24,53r 

. Punjab 186-23 810 190-08 857 407 

United Prot.incu 7-63 31 7-31- 31 39 
-

Total . .\ 593,369'69 2,3(}3,O21 574;293'0 I 2,221,889 28,169 

, 
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Graphite. 
There was a considerable. reduction in the production of gra.phite 

in Kalahandi, where ·th~ output fell from 252 tons, valued at 
£168, in 1916 to 60·4 tons, valued at £242, in the year under' review, 
while in Rajputana there was a' still greater fall from 1,0~6'4 ~o· 
42'3 tons valued at £305. 

Iron. 
There was a small rise in the output of iron-ore. The Tata Iron 

and Steel Company produced 167,870 tons Qf pig iron and 114,027 
tons of steel including steel rails, while the Bengal Iron and Steel 
Company' produced 80,262 tons of pig and 2,256 tons of cast-iron 
castings.' In the Central Provinces there was a slight increase in 
the nuiilber of indigenous furnaces at work, 312 being operated 
during the year; at th~ same time there was a: fall, in production . . 
TABLE ll.---"Quantityand value 01 Iron ore produced in India during 

1916 and 1917. .. 

! 1916. 1917. 

- , 
Quantity. Value. Quantity. Value. 

Bihar and O~is_ 
Tons. £ Tons. £ 

184,8f5 Singhbhum . . 150,258 .. 10,919 13.778 
Orissa 240,918 21,27l 195,998'5 17,543 

Burma 16,081 4,288 28,763 7,670 
Oentral Province8 • 4,464'3 1,493 3,669 '978 
Rajputana .' 33·5 9 25 7 
Un iled Pro ~"nceB 3 - 1 }·2 1 

Total 411,757'8 37,981 413,Z7Z'7 39,977 

Jadeite. 
There was a slight increase in -the output of jadeite produced 

in Burma from 3,783'37 cwt. in 1916 ta 3,961·28 cwt. in the year 
under review. There was a very marked increase in the value from 
£9,315 to £28,931. This increase is attributed to a. prep<?nderance 
in the outpu.t of the high-grade qualities used for jewellery and other 
ornamental purposes, . 
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lead. 
There was a very large increase in the output of ore from the 

~wdwin mines, which rose from about a,ooo tons in 1916 to over 
71,000 tOlli in the year un~er review, There was not, however, a. 
commensurate inerease in' the_amount of lead extracted, which was 

-only 16,962 tons, as against 13,790 tons in the. preceding' year. 
There was an increase of over 100. per cent., however, in the quantity 
of silver extracted, which' amounted to 1,580,557 oz. in 1917 as. 
against 759,012 oz. in the preceding year. 

TABLE 12.-ProauctionoJ Lead and SilfJer ore during 1916 and 1917. 

1916., 

QU.urUIy.j 

, 

VALUE, 
-

, I ~d-ore I Lead-ore \' Sil 
and lea~ I and slag. . . ver. 

I I ·Tons. I .£- £ 
BUNM-

Northern Shan 8,839 : 273,850(a) 70,732 
States. (ore) 

jI4~'976(b) 4,771 15,989 
(slag) 
202 6,239(c) 1,831 

(gossan 
flux) 

Southern Shll.D 143·58 275 ... 
States. 

Central Provin. 
CU.-

Drug · 7 ! 43 ... 
KlJ8hmir 7'2(d)! ... ... 
My_e.-

Chitaldrog · 1·78 (e) ... 

Total · 13,971'56 428,383 I 88,552(j) 

(al Value of 8,822 tons of lead extracted. 
(b) Value of 4,767 tons of lead extracted. 
(e) Value of 201 tons of lead extracted. 

1917. 

QUANTITY. VALUE. 

~d-ore Lead-ore Silver. a~d slag. and lead. 

Tons. t £ 

054,616., 
(ore)' 

451,555(U) 228,756 

6,282 
(slag) 

48,017(h) 4,361 

10,589 " 9,292(i) 3,966 
(gossan 

flux) 
146·8 1,675 ... 

... ... .... 

... ... .. . 
·09 (j) ... 

71,633:89 510,539 1 237,083(1) 

(d) Dug.out by a licensee under a prospecting license. .Value not returned. 
(e) Value not returued. . 
(f) Value of 759,OI2.ozs. of silver extracted 
(U) Value of 15,061'85 tone of lead extracted. 
(h) Value of 1,600'66 tons of lead extracted. 
(i) Value of 309'72 tons of lead extracted. 
UlValue not returned. 
(k) Value of 1,580,667 ozs. of silver extractAd 
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,Magnesite. 
There was a further slight increase in the production of magnesite, 

which rose from 17,640 tons in'1916, to 18,202 tons, valued at £14,559, 
in the. year under review. -. 

TABLE 13.-Quantity and value of Magnesite frroduced in India 
during 1916 and 1917. 

-. 
- 1916, 1917. 

Quantity •. Value. Quantity. Value 

- ---_. 
~ 

Tons. £ Tons. £ 

Madr~ 
Salem . 17,540 14,032 18,192 14,554 

• 
Myaore . 100 33 10 5 

- r;tal '17,640 14,065 . 18,202 14,559 

Manganese. 
·There was a slight fall in the production of manganese, but at 

the same time the value of the output was higher than that of the 
preceding year. This, of course, is 'due to the art!ficial ·conditions 
prevailing at. present. 

TAB.LE 14;.-Quantityand value 01 Manganese ore produced in India 
- during 1916 and 1917. 

\ 1916. .1917. 

- i Value Value . 
- Quantity. f. o. b. at Quantity. /. o. b. at 

Indian . Indian 
• ports. 'ports . - - (:1 . 

, 
Bihar and Ori88a- Tons. £ Tons. £ -.. 

Singhbhum . 2 4 .126 292 
Gangpur 2;S32 6,01S l1,7S0 27,290 -



PUT 2.] lUYDEN: Mineral Production, 1917. 67 

TABLB H.-Quantity and oolue 01 Mangqllese ore produced in India 
during 1916 and 1917-contd. 

1916. 19~7 • . -

I --
-- Value Value 

Quantity. /. o. b. at Quantity. I /. o. b.at 
Indian Indian 
puts. ports. . I 

Tons. £ Tons. £ 
B IJmooy-

Belgaum . 1,765 3,751' 
Chota Udepur 7,951 1~,896 417 966 
Panch Mahala - 46,160 98,090 26J 690 61,832 

c enlrlll PrOl1iMU-
Balaghat 164,032 627,076 260,706 686,526 

_Bhandara 86,344 205,067 44,997 118,492 
Chhlndwarr.--'- 53,977 128,195 66,235 174,419 
Nagpur 153,899 365,5Ut 145,603 1I83,421 
Jubbulpore 576 727 300 790 

MtJdrall-
Vizagapatam • '2,755 2,8~3 1,682 1,864 

MII80re . . . 24,911 32,799 32,277 45,188 

Total 645,204 1,48'1,026 590,813 I 1,401,080 

Mica •. 
As in the case of manganese, there was an- apparent fall.in the 

amount of mica produced, but a rise in the value of the output,the 
total production in 1917 being returned as 40,907·6 cwt. valued at 
£141,605. The "amount exported, on the other hand, was 62,434 cwt., 
or over 50 per cent. more than the quantity reported as produced 
in the country. This cannot be due entirely to stocks held from 
previous years, and, as has. ~een ~ointed out before, indicates 
imperfect returns, Owing to the recent heavy demand for mica and 
to the higher prices offered, there was· increased activity in mining 
during the past year, and thete is very little doubt that \he output 
figures are too low. There is a thriving trade in mica theft in some 
of the mining areas, and stolen mica naturally does not appear in 
the output returns. 
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TABLE 15.-Quantity and Value 0/ Mica .produced in India during 
1916 and 1917 .. . 

,. -
1916. 1917. · - . 

Quantity. Value. Quantity. Valu.e: 
-

Cwt. £ Cwt. £ 

, 
Bihar and Orissa • · . 26,819'8. ?6,940 34,137 . 91,825 

Madrail · . · 15,675 28.945 6,050'4 45,718 

Mysore · IS 72 

"R;jputana · . · . 887 3,287 720·2 4,062 

• ----. Total 43,399'8 . 109,244 40;907:6 141,605 

Monazite. 
The production O'f mO'nazite in TravancO're rO'se frO'm 1,292'48 

tO'ns valued at £37,714 in 191:"6 to' 1,940'3 tO'ns valued .at £56,489' 
in 1917. 

-
Petroleum. 

There was a decre.as.e O'f O'ver 14 milliO'n gallO'ns in the O'utput of 
petrO'leum in Burma and India, the tO'tal prO'ductiO'n being 282,7Q9,523 
gallO'ns. . The details of the respective fields are shown . in the 
attached table. The productiO'n of the Yenangyaung Oilfield feU frO'm 
nearly 199 milliO'n -gallO'ns in 1916 to' 176,919,020 "gallO'ns i:q. the year 
under review. The yield of theSingu Oilfield was 85,639,166 gallO'ns, 
apprO'ximately the same as' in - the preceding year. There ··were 
slight increases in. the output! O'f the Yenangyat and Minbu fields, 
but a falling off in Kyaukpyu:- In Assam. the output of the DigbO'i 
Field increased by O'ver 1 milliO'n gallO'na, or nearly .23 per cent, while' 
the new :iadarpur field in Assam prO'duced nearly 3 million gallO'ns. 
In the. Punjab the Atto.ck Oilfield increased its production more than~ 
threefold, the output having risen from a little O'ver 182,000 gallone 

• to' 618,598 gallons in 1917, , 
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TABLE 16.-Quantity· and Value 0/ Petroleum produced in India 
during 1916 and 1917. 

. 

I 
I 

1916 1917 • . . 
Quantity. I Value. I Quantity. Value. 

Gallons. £ I Gallons. ~ 

BurmD- -
Akyab ~ · 11,882 228 10,894 210 
Kyaukpyu 68,843 321 46,821 1,408 
Yenangyaung Field i99,152,938 766,562 176,979,020 681,212 
8invu Field • · · 85,146,138 ,05,002 85,639,166 3l!9,635 
Yenangyat Field 5,310,740 19,980 6,620,908 24,825 
IIlinbu · · 2,043,542 8,515 ~,468,382 14,452 
Thayetmyo .• 35,000 293 30,000 253 

..4.,0_ 
Digboi (LakhimpuJ) 5,236,890 17,274 6,419,840 21,176 
Badarpur . · 2,924,975 14,625 

p.unjob-
182,480 1,216 618,598 Attock. · · i,155 

lIlianwali · 1,334 14 919 13' 

0 

Total · Z!I7,189,787 l,119,~O:; Z8Z,7S9,S23 l,092,96~ 

The imports of kerosene oil decreased largely in 1917, being 
only a little over 33 million gallons as compared with nearly 60 
million gallons in the preceding· year. 438,888 cwt. of paraffin 
wax, valued at, £669,479, were exported. 

Platinum. 
The output of platinum,.fell to almost notping, being only 3·79 

oz; this was obtained, as usual, during the dredging operations of 
the Burma Gold Dredging Company at Myitkyina. 

~ 

Ruby, 'Sapphire and Spinel. 
There was a'slight decrease in the output of the R~b:f Mines 

during the y~ar under review. The estimated value of the outI ut 
however, rose to £51,831. 
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TABLE 17.-Quantity and Value 0/ Ruby~ Sapphire and Spinel pro
duced in India during 1916 and 1917. 

1916. 1917 • 

-- . -- Quantity. Value. Quantity. I Value. 

- Carats. £ Carats. £ 
Burmar-

Mogok . . 136,783 35,848 132,409 _ 43,575 
• (Rubies) 

1,442 
'(R",billS) 

34,100 32,369 8,017 

- ,Sapphires) (Sapphires); 
38,841 223 33,422 I 239. 

(Spinel) (Spi~el) . 

Total . 209,724 - 37,613- I 198,200 1 61,831 

-

Salt. 
There was. a slight decrease in the amount, and 8r slight Jise in the 

value, of the output of salt in 1917 as compared with that of the 
preceding year. Ther~ was also a slight decline in the &llount 
imported, from 446,069 tons, value<! at' £1,260,295 in 1916,' t() . 
341,986 tons. valued at £1,36~,093 in .the year under review~ 

TABLE 18.-Quantity and Value ()/ Salt produced in India during 
1916 and 1917. 

1916. \. 1917. 

-' I 

\ 
Quantity. ' Value. Quantity. I Value . . 

. -

I Tons. £ Tons. £ 

Aden - · . 129,406 45,614 122,926 65,952 
Bengal. • 2 1 21 28 
Bombay and Sind · 484,742 128,420 457,989 
Burma. • 38,774 184,812 43,650 229,882 
Central India . · 6·7 - 32 25·1 114-
Gwalior State · IJ4, 364 269 85t. 
Kashmir 36·7 27 ... ... 
Madras 481,170 267,065 394,985 384,611 
Northern India '. 354,398' 102,023 405,731 136,911 
Rajputana · ... ... 2,057 247 

Total .' 1,488,649"4 • 728,358\1,427,653'1 983,15'1 
I 
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TABLE h1.-Quantity and .value 01 Rock-Salt 'l"JI.'lucea in ,f!dia 
during 1916 and 1917. . ,.-. 

I 
-. 1916. 1917 • 

- -
Quantity. Value. Quantity. , Value. . 

-

I ! 
Tons. £ Tons. £ 

SaltRangll · . 160,358 27,283 152,351 25.921 
Kobat . 19,978 .1;983, 23,787' 2,5J9 
Mandi • · 4,568 5,440 4,829 5,752 -

Total 184,904 34,706 I 180,967 I 31,182 

Saltpetre. 
The production of saltpetre fell from over 25,000 tons in 1916 

to 21,283'8 tODS valued at £527,666 in 1917. Most of theredl1ction 
occurred in the United Provinces. There was an increase in the
quantity exported, which al1lounted to 515,374 cwt., valued at 
£677,856, in 1917 as against 485,000 cwt. in the p~eceding year. 

TABLE 20.-Quantity and t:alue 01 Saltpetre produced in India 
during 1916 and 1917. 

1916. 1917. 

-
Quantity. Value. Quantity. Vaiue. 

-
Tons. £. Tons. £. 

Bihar. 5,904 143,188 5,024'3 122,995 
Central Inrlia 25·1 481 , 

2~·9 252 · Punjab . · 8,14.0' 191,878 9,141 226,793 
Rajputana. • 244 5,700 234·2 6,893 
United ProvinCE'S • 10,743 266.241 6,855'4 170,733 

Total 25,056'1 607,488] 21,283'8 527,666 

c 
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Silver. ' 
. Practically the whole, of the 'silver production comes from the 

Badwin lead-zinc mines,' which, as a.:Iready_ s~ated (se~ Lead), pro
duced 1,580,557 oz. in the year under review. The Anantapur gold 
mine in Madras also produced 1,281 oz. 

Tin. 
There was a considerable increase-amounting to 43 per cent.

in the amount of tin-ore produced. This all came from Burma, 
which yielded 13,326 cwt. valued at £65,533. 2,817·9' cwt. of block 
tin were also produced in' Mergui district as the result of local smelt-

_ ing operations. The impo!ts of block tin amounted to 28,180 cwt., 
. valued at £292,135. 

N.B.-The till-ore of the Southern ,shan States is produced in the form of mixed 
c&ssiterite-wolfram concentrates; the output is ·therefore returned in terms of the 
mixed concentrate, the approximate composition of which is usually 43 per cent. 
wolfrll.m to 57 per cent. cassiterite. The total figure for 1917 is 14,239 cwt. ; for the 
purposes of thill. Review it has been assumed that 8,088 cwt. of this represent tin·ore 
aad the remainder wolfram. 

TABLE 21.-Quantity and value 01 _ Tin and Tin-ore lor the years 
1916 and 1917. 

( 

1916. - 1917. 

J 
. Block Tin. Tin Ore . . Block Tin. Tin Ore. --

Quan- Value. Quan-I V 1 Quan- Value. Qta.n- Value. tity. tity. a ue. tity. tity. 

i---

Owt. £. Owt. £ Owt. £ Cwt. £ 
Burma- . ' 

Amherst ... ... 10 16 ... .. . 33 176 
Mergui • . 2,257-19 19,802 1,8'17 10,531 2,817'9 27,962 1,761 10,930 
Southern Shan ... ... 4,862 16,965 ... ... 8,088 40,440 

8tatt\S. 
11,015 Tavoy ... ... 1,644 8,192 ... .. . 1,762 

Thaton. ... ... 900 3,598 ... .. . 1,677 3,972 

---- --- --1--f--'--' ---
Total Z,ZS7'19 19,802 9,313 39,302 jZ,817'9 2'1,962 13,3Z1 66,533 
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Tungsten • . 
The production of wolfram rose by nearly 22 per cent., from a 

1ittle ~der 3,700 tons in 1916 to over 4,500 tons in the year under 
review. The Central Provinces have now ceased to produce, and 
-there has only been a small increase in the output in Singhbhiun. 
"The output of the Degana mi~es in Rajputana has increased 
~mewhat but is still insignificant, the absence of water being a. 
tierious handicap to efficient treatment of the material. ~Over 80 
]ler cent. of the total output of wolfram came from Tavoy, where 
-the induStry has shown highly satisfactory progress, the produc
tion having increased by nearly 75 per cent. during th~ last 
two yeArs. 

"TABLE 22.-Quantity and value 0/ Tungsten-ore produced in India 
during 1916 and 1917. 

1916. I 1917. 

- --.- -----

I Quantity. Value. Quantity. 
I Value. 
I 

To~. £ Tons. I £ 
.B;kar and Orw_ 

640 ~ 
I 

Singhbhum . 8 20 I 1,333 

.B..,.ma~ 
I 

Mergui • 340 46,014 368 49,541 
SouthelD Shan States I 185 18,500 307 I 39,910 
Tavoy 3,OM 410,586 3,697·5 : 508,794 
Thaton. 91·5 15,079 107·5 T 15,366 

Ce..wal P,wi __ I 
Nagpur ~ . 1-3 -220 ... I ... 

I 
Bajpula1lfJ-

I 8,130 Marwar .. 32·7 6,358 42 . 
! 

Total 3,6'Z·5 497,397 4,S4Z I 623,074 

-
• Figures taken from" Note on the mineral production of Burma" for 1916 ani 1917. 
• See note under P;n. 
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Agate, 

Rajpipla. 

1lI,-"",,;MINERALS OF GROUP II. 

The output of agates amounted to 120 tons 
valued at £255. All of these came from 

The production of alum fell by nearly 50 per cent. from 9,419 cwt. 
- . in 1916 to 5,434 cwt. valued at £3,707 in 

- Alum._ 
1917. This production ~was from the Mianwali 

district in the Punjab. . 
59·6 cwt. of amber, valued at £684, were produced during 

Amber. 
the year in the Myitkyina district of Upper 
Burma . 

. The pt9duction of antimony ore fell from 1,040 tons In the 

Antimony. 
year 1916 to 130·5 tons valued at £139 in 
the year under review. Of this 105 tons 

came from the Amherst district· in Upper Burma and 25t from the 
Cbitaldtug district of Mysore~· 

Nearly 26,000 carats of aqua~arine were producEld from the 

. Aquamarine. 
Kashmir workings during the year under re
view. .The output was valued at £297. 

A small quantity of asbestos was produced during the year .. 

A;be.;to3. 
. ·the total -output being 148 tons valued at· 

£303, of which 7 tons were produced in the 
Cent~al Provinces and141 tons in the Hassan district of Mysore. 

The output of bauxite _ in -the JUbbulpore district amounted· 
to 1,363 tons. The estimated value was £620. 

Bauxite. . The ·output in the preceding year was 750 tons. 
A small quantity (5 c~.) of bismuth was mined in the 'favoy 

Bhmuth. 
district, w1).ere native bismuth is occasionally 
found Msociatedwith the. wolfram. The esti-

mated.. value of the output was £163. 

Building Material;, 

was £249,776. 

Clay, 

The total e~timated value' of .. building stone 
and road-metal Pfoduced during the year 1917 

The production of clay was 86,745 tons 
valued· at £9,019. ..-. 

There was a. slight increase i~ the output of corundum from 37,361 

corundum. 
cwt. in 1916 to 41,42,5'8 cwt. in the year under: 
review. With .the exception of 200 ewt. from 

Rewah and 26 ewt. from South Canara, the whole of the produetion 
came from Assam. 



TABLE 21.-Prod·uction 0/ Jiuildi1l9 Material" and road metal in India during the yea, 191'1. 

OJlAlUTB. LATBIUTB. I LIII •• LIIIBSTO". AND 
K ..... IUB. 

-- ~ ~ .:. i 15 ~ 
~ al :I .; g .. .!! co 

" .. l! g "<I II ~ 
.. 

~ " ~ " " ~ " -- --------------~ 
ToOl. I ToOl. I TOBl. I ToOl. I 

Allam .. .. .. .. .. .. 67,100 6,178 

Blh .. and 
Orlua. 

17,996 8,678 38,405 1,2411 121 3 264,986 89,039 

\ 
Bombay .. .. .. .. .. .. t,191 100 

BIlrma 255,290 18,730 286,924 13,091 .. .. 174,Oa. 12,'37 

Central India .. .. .. .. 17,057 8,9611 69,612 ',420 

Cel)tral Pro· .. .. .. .. .. .. 86,46& 6,917 
vlnces. ., " , . 

Hyderabad .. .. .. .. .. .. .. .. 
Madr ... 68,878 2,466 97,042, 3,906 .. .. 9,641 661 

North-Welt .. .. .. 
Frontier 

.. .. .. 2,641 114 

Province 

PllIl.lab .. .. .. .. .. ' .. 15,497 8115' 

Ralput&M. ... .. .. .. .. , .. 820 479 

United Pro· .. .. .. 'r 63 . 28 8,361 806 
vine ... . . 

---__r_ -----------
685,008 1:: a32,I63 I B',814 

. ' 
'fOTAL 4ZZ,a7I 18,238 17,141 8,990 

MABBLB. SAND8TONB. 

.:. .:. :; al :li al co . " co .!! II ~ !! r: " " ----------
TOBl. I ToOl. I 

I .. .. .. .. 
.. .. 70,166 2,1149 

.. .. .. .. 

.. .. 80,636 6,196 

.. .. .. .. 

.. .~ .. .. 

.. .. .. .. 

.. .. .. .. 

.. .. .. .. 
, 

.. .. 109,432 7,269 

8,082 8,182 88,894 11,479 

.. 6,000 1,600 

---- ---I-
1,031 8,1811 IIO,IZ8 18,6911 

I SLATB. 

.:. 
i g 
l!l i: " --- --

Toni. I '~ 

.. .. 
2,000 1,900 

... .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 
.. .. 

6,8Si 7,7118 

.. ..' 
48,026 646 

-----
51,856 10,1114 
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co .. ~ l! 
" " - - ---
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.. .. .. 
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The output 

Oypsum.' 

of gypsmd sho\vs a slight increase over that of, the
prec~ding year. The figures are given in tabl~ 
22. ' ;: 

TABLE 23.-Production 01 Gypsum during 1916 and 1917. 

1916. 1917. 

--
Quantity. ValuEl. Quantity. Value • . - -

Tons. £ Tons. £ 
Punjab-

Jheltun • '. . 615 31 1,068 " 5a: 
Rajputana- , 

Bika.ner (Ja.msa.r) . 11,613 520 8,116 66} 
Ma.rwa.r 

27 ewt. of 

Molybdenite. 

Ochre. 

3.800 194 7.499 320 

Total ~,OZ8 'U5 16,683 1,031. 

molybdenite, valued at £626, were produced from: 
the Tavoy wolfram mines during, the year, 
1917. 

The output of ochre rose from 850'5 ton$ 
in' 1916 to 3,143 tons valued at £1,630 in the-
year under review. ' 

'TABLE 24.-Produdion
i
ol Ochre during 1916 aria 1917. 

1916. 1917. 

- / 

Quantity. Va.lue. Quantity. Va.lue. 
! , 

.,ons. £ Tons. £ , 
Bihar a.nd Orissa. 3'5 1 69 . 4~ 
'Centra.l India • 839 939 2,174 773' 
Central Provinces • . 8 1 900 80S' 

Total 8~O'S 941 I 3,143 1,63,) 
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Samanklte. 
67 lbs. . of samarskite, valued at £2, were 

produced from the Sankara mica 'mine' in N ellore. 
There was a very marked rise in the quantity of steatite product!<l. 

steatite. 
The total production amounted to 7,828·7 tons 
valued at £6,470. 

TABLE 25.-Qu,antity and value 'Of Steatite produced in india during 
1916 and 1917. 

1916. 1911. '. --
I Quantity. Value. Quantity. Value. 

Tons. £ Tons. £ 
Bihar and Orw_ 

Singhbhum · (a) 250 ... ... 
Maynrbhanj · 52 333 50 267 

BUt"f114 -

Meiktila . - ... . .. 4,846 1,197 
nt!nngyan . ... ... 16 25 

Ce India-- . 
Bijwar. ... . .. 73·3 386 

CenWal PrOfli_ . 
. Jubbulpore · 891-75 794 2,421·8 2,619 
M~r __ 

" 

Bellary • · 36 12 23 8 
Kumool · 10·45 116 10·3 ·115 
NeDore • 50·5 251 19·5 77 
Salem 87 325 149·6 762 

My_a . • • . ... . .. 8·5 17 
Bajpuhfla (Ajmer·Marwara) ... . .. 119·7 319. 
UniWi PrOfli_ 

Hamirpur 76 504 80 630 
Jhanai • · . 10 43 11 48 

• Total 1,213·'-- 2,628 7,828·7 6,4'19 

(a) Quantity not returned. 
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IV.-MINERAL CONCESSIONS GRANTED.· 

TABLE ~6 . .:-Statement of Mineral Ooncessions !!ranted during 1917. 

ASSAM. , 

I 
Natoreof 

I 
Area Date of 

Term: DIIITIIICT. Grantee. Mineral. grant. !nacres. commence-
- ment. 

eachar (1) Mr. F. H. Carslaw Mineral oUs : P.L. 16,000 21st 
1917. 

May 1 year. 

Khasi ancf (2) Khasi Hills pros· Ore of tin, lead, M.L. 1,920 1st lIIarch 80yeam. 
Jaintia pecting and mming titanium, silver, , 1917.· 
Hills. syndicate, Ltd. mercury J bis-

muth, nickel, 
cobalt, copper, 
zinc, antimony, 
arsenic, sulphur, 
tungsten, molyb-
denum, ,vana- .. --- dium, uranium, -tantalum, niobi-
um, thorinm, 
cerium, beryl. 
lium, z:rconium, 
lanthanum, pra.· 
eodymium, neo-
dymium, sama-
rium, yttrium, 
terbium, dyspro-

-

sium, gadOlinium, 
holmium, erbium, 
thulium, thallium, 
ytterbium, scan-
dium, . radium, 
iron and manga- -
nese, the miners's . 
corundum _ and 
em~ry, the metal 
gold and mi· 
nera!s and metals 
carryiog - gold, 
.the metal plati. 
num ,and the 
platinum metals, 
and minerals and 
metals contain .. 
ing _ platinum 
and the plati. 
num metals. 

-
Lakhimpur (3) Assam Rai:ways and 

Trading Co.. Ltd. 
Coal, iron, 
and shale. 

slate M.L. 2,227'2 1st Apri! Do. . 1917 • 

Do. (4) Durga Datta !!nd Coal P.L. 8,288'08 6th October 1 year. 
Srilal Berla. 1917. 

/lylhet (5) The ·Burma OU Co .• Mineral oils P.L. ·11,608'2 15th May Do. 
Ltd. - 1917. 

Do. (6) Do._ Do. P.L. I 2,944 
I 

Do. Do. 

P. L.=Prorpecling Lice..... lL L.=Milling Loaa •• 
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BALUCHISTAN. 

DI8ftI~. '/ Nature of Are .. Dateof " Grantee. J41neraL grant. In acres. commence- Term. 

I'll 
ment. 

----
KaIa& (7) Tbe • Indo-Burma Oil P.L. '. 15,360 20th May 1 year. 

Petrolenm Co., Ltd., 1917. 
Raugoon, through their 
Maoaging AgentB, 
M ....... Stem Brotbem 
.t Co. -

Do. (8) Do. Do. P.L. 17,920 Do. ..Do. 

Do. (9) The Bonna Oil Co., Do. P.L. 0 24,960 18th Decem- Do. 
Ltd., Rangoon. ber 1916. 

Qnetta- (10) Khan Bahadnr B. Chromlte ~.L. 80 ht July SO years. 
Piabln. D. Patel, C.I.E., 1917. 

Qnetta. 

Do. (11) Mr. Tikam D ... Coal M.L. 80' Do. Do. 
Girdbarl D ... of, 
Shikalpore. 

Blbl (12) W. C. C1emonto, Esq., Do •• IIl.L. 16'46 1st January Do. - through his Agent 1917. 
Babn Ganda Singh. 

Do. (IS) Mr. Tlkam D ... -'Do. 
Glrdhart D... of 

IIl.L. 80 Do. Do. 

Shikalpore. I 

- \ 

:QIHAR AND ORISSA. 

Oy. (14) Mr. Surendra,Nath 
Tagore of Calcutta. 

IIlica. M.L. 1,557'05 '1st Oetober 20 years. 
1915. 

Haaaribagh (15) Babu Probodh 
Chandra lIlukharii. 

Dei •• . P.l.. 80 29th 
1917. 

Auguat 1 year • 

Do. (16) Babn ShivaJeeWalJee Do •• P.L. S'70 25th 
1917. 

June 1:0. 

Do. (17) Babn Jagann..t.h Do •• • P.L. 280 18th Septem- Do • 
Raaan LaI. - ber 1917. 

Do. (18) Bahn Lakahml 
Narain Sukbam. 

Do •• P.L. 137'07 23rd August 
1917. 

Do. 

Do. (19) Babn ShlnJ! WaljI Do •• . P.. L. 3·23 10th Oetober Do. 
1917., 

Do. (20) Babn Banka Behart Do. • M.L. 
Cbaudhurl. 

70 Lease not yet 
executed. 

SO years. 

-
1!ombalpnr • (21) Mr. T. P. Yeoman, • Coal IIl.L. 1,300 1st 

1917. 
July Do. 

Santal far- (22) Babu Banel Ram Do. • M.L. '33 1st October 6 months 
K:mu. Marwart. 1917. up to 

31st 
March 
1918. -
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BIHAR AND ORISSA~ontd. 

DIBi'BlClT. Grantee. Mineral. Nature of Area, Date of 
grant. in acres. commence- Term;-

ment. • 
$' 

Santa! Par- (23) Bahn Bansi Ram Coal • M.L 1'90 1st October ,6 months 
ganas. Marwari. - 1917. np to 

31et 
March 
1918. 

Do (24) Babu Jamnna Do., - M.t. 2'60 Do. Do. 
:frasad. 

~ 

Do. (25) Babn Benode Behari Do •• M.L. 2'15 Do. Do. 
Dey. 

Do. (26) M"'~ Jardine Do. P.I .• 5,158'48 License not 
Skinner & Co. yet executed. 

Do. (27) E. Villie ... , Eaq. Do •• P.L. 5,081'28 Do. 

-
Do. (28)' Baldya Nsth Dey Do M.L. 10·15 17th Decem· Up to 3lat 

ber 1917. March, 
1918. -

Singhbhum (29) Singhbhum Chromite Chromite P.L. '521'9 25th J .. nuary 1 year. 
Co., Ltd., Calcutta. 1917. 

Do. (30) Do. Do. P.L. '633'6 Do. Do. 

-
Dei: (81) 13abu Ajit ,Jrumar Yellow ochre P.L. 11'90 8th January Do. 

Mallik, Howrah. 1917. 

Do. (S2) Mr. S. Lu.'mlan Rao Chromite M.L. I , 216 25th April, 15 years. 
Naidu, Nagpur. 1917. 

Do. (S3) Do. Do. M.L. I 596·30 Do. Do. 
. 

Do. ' (34) F. Dundas Whiffin, Manganese and P.L. 12,800 14th October _1 year. 
Esq., Panpoah. iron ore. ' 1917. 

Do. (35) Mr. A. C. Maitrs of Chromite P.L , 200 22nd' May Do. 
Calcutta. 1917. 

Do. (36) The Bengal Iron Manganese and P.~ 1,088 Do. Do. 
and Steel Co., Ltd. iron ore. 

Do. (37) Mr. A. C. Maitra of Galena, gold and P.L. ~,S30 2200 August Do. 
Calcutta. other kindred 1917. 

minerala. 

Do. (38) Babu Moti Lal Manganese. P.L. 75·90 16th May Do. 
lawar Das of Calcutta. 1917. 

Do. (39) Babu Ajlt Kumar 'Red ochre P.L. 150 18th April Do. 
MalIik of Howrah. ' 1917. 

.Do. (40) The Bengal Iron Iron ore P.L. 56 16th June Do. 
and Steel Co., Ltd. • 1917. 

Do. (41) Do, Do M:L. 800 7th Decem- 30 yearJ. 
ber 1917. 

/' 

Do. (42) Mr. A. C. Moitra Chromlte P.L. 360 24th July 1 year. 
1917. 

-
Do. ( • 3) The Bengal Iron and Manganese and M.L.' 1,267'2 Lease not yet S0-Year9 •• 

. Steol Co., Ltd. iron ore. executed. 

P. L.=P""peaing Lw.n... M. L.=Mining L ...... 
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B1HARAND ORISSA-concza. 

Dunlw. Gtultee. .... JollDeroL Nat ..... aI A.re8 Dateal 
- grant. In ........ commen~ 7etin. 

ment. 
I 

Ilngbbhnm (44) 1be 'Tata Iron and Hangan .... and P.L. 22,1" The area con- I year. , Steel Co. !roo ore. . eisted. of two , 
£!~. of 

one 
measuring 
9,792 acres 
and the other 
12,352 acres. 
The license 
for the for. 
mer land 
haa been 
executed and 
the date of 
the com· 
mencement 
Is 30th Nov. , ember, 1917. 
Th. license 
of tha latter 

..area baa not 
yet been 

. executed. 

Do. (45) M ....... M. D'Coeta .Cbromite P.L. 810 30th Novem· Do. 
and Goredutt Ganesh I ber 1917. 
LaI. -. 

Do. (46) llabu MangI LaI Yellow and red P.L. 4-60 16th October Do.; 
)iarwari. ochre. 1917 • 

o. (47) 1fr. A. C. Maitre • ' Gold M.L. 1 Draft lease SO year< 
not yet 

I M.L: 

executed. 

Do. 148) Singhbbum Cbromlt< Cbromlte -. 400 baae not yet SO yeare 
Co., Ltd. 320 executed. 

BOMBAY. 

Dbanr .. (49) Mr. L C. Oliver Galena P.L. 1,143 18th Jun. lye ... 
(00 In 1917. 
Kanar. 
district). 

E&!r. (50) 8hlvrajpur 8yndl· Manganese and P.L. 201-95 2nd July Do. 
eate. Limited, by th.lr Aluminium. 1917. 
.~nt H. J. Winch, 
Esq., Mine Jlanager, 
Shlvra:pur. 

Panch (5'1 M ....... ~ha .. Wallace Manganese ore M.L. 680'211 1st lur .• 8 y .... 
}labaIs. 1912. 1 mont 

to Coih~"'B!!n":..1~~.!" and 
llin ... days. 

Do. (52) H. J. Winch, Min. Mangan .... P.L. 
Managt"f, Shlvrajpur (renewal). 

45-5 5th October 1 year. 
1917. 

8yndlcate, ShhraJpur. 
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-
DlsftICT. 

Sukkur 

• 
.Akyab 

.Amherst 

Do. -

Do. 

Do. 

Do. 

-Do. 

Do. 

1'0. 

1:0. 

00. 

Do. 

Do. 

lIhamo 

K"tha 

Lower Chin-
dwin. 

Records 01 the- Geological Survey of In~ia . 

. BOMBAY --cofield. 

I 
- Date of 

Grantee. MInerai. • Natnreof Area 
grant. Inacres. - commence-

ment. 

(53) The Managing Mineral oil • P.L. 6,008 20th August 
Agents, Indo-Burma - 1917. 
Petroleum Co., Ltd., 
Rangoon. -

BURMA . 

(54) ~Iessrs. The Burmah 
Oil Co., Ltd. 

Mineral oil • -; P.L. 8,620 1st Septem-
ber 1916. 

(55) Me.. .. rs. The Indo- Do. P.L. 5,440 15th Decem-
Burma Petroleum Co., -(re"ewa!): ber 1917. 
Ltd • . 

(56) Mukunda Lall All ~lnerals_ (ex- P.L. 640 23rd Novem-
Kundu. cept oil). ber 1916. 

(57) Messrs. J. W. Do. P.L. i,280 15tb February 
Darwood & Co_ . 1917 . 

(58) Messrs. T. D. FIndlay 
& Son. 

Do. P.L. 426'66 l()th -Feb-
ruary 1917. 

(59) Saw Bein Nga Do. P.L. 640 18th Feb-
ruary 1917. 

(60) Abdul Bari Chow- Do. P.L. 640 5th Feb-
dhry. . ruary 1917. 

(61) Maung:sa Thein Do. P.L. 640 10th March , 1917. 

(62) Messrs. T. D. Findlay Do.' P.L. 1,920 Do. 
&80n. -

(63) Maung Tun Hla Do. P.L. 426'66 13th Feb· 
ruary 1917. --

(.64) Maung Jla Taee Dc. P.L. 640 20th April 

- - 1917. 

(65) Mr. L. Hong Seng Do •• - P.L. 960 17th April 

- 1917. 

(66) Mr. L. Gwan Shein Do. P.L. 1,280 20th 
1917. 

April 

-
(67) Messrs. T. D'Ca tro Do. P.L. 640 17th April 

& Son. , 1917. 

(68) Messrs. S. Crawshaw All mineral! (e,,- P.L .. 5,5168 11th Decem· 
and B. Hardinge. cept oil and Jade). ber 1917. 

(69) Measrs. Jamal Bros. Tin, wolfram, sU .. P. L. 24,320 4th Novem-
& Co., Ltd. ver, oopper, lead. (renewal). ber 1916. 

line and gold. 

(70)!I[r. A. K. A. S. All minerals (ex- P. L. 1-,680 23rd March 
Jamal. cept oil). (renewa!). 1917. 

P. -L.=ProtpBCt'11(I Licfn8,. M. L.=Mini11(l L_ •• 

Term. 

-
--

1 year. 

1yeallo 

2 years. l 

1 year. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

- Do. 
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BURMA-oontd. -

Nature of 

I 
Area Date of 

D1srBlcr. Gr ... tee. Hinerar. grant. in acleS. commence- Term. 
- ment. 

Lower Chi ... (71) M.-s ... lamal ll ...... -AD mineraJa (.". P. L. 140 23rd March 1 year._ 
dwiD. .t; (-o., LeI.- - eept 011) • (ren.w~l). 1917. 

Do. (72) Do. Do. P. L. 1,120 Do. Do. 
(r.n .... al). 

Do. (73) iI ...... The llurma 
on Co., Ltd. 

1Uneral oil P. L. 640 1;~~7.AugU8t :Qo. 

Do. (74) Do. . Do. P. L. 960 1st May ))0 • 
(r.n.wal). 1917. 

• Do. (75) M ...... lamal llros. Do. P. L. 1,440 1;~17. AugUst 2 years. 
.t; Co., Ltd. (r.n.wal) •• 

Hergu' 176} U 8haD llyn AU minerals (e". P. L. 91-90 1st -Octob.r 1 year. 
eept oil). 1916. 

Do. (77) Tan Xar Lim and 
two otben. 

Tin . P. L. 29·16 l~~/anuary Do • 

Do. (78) Maung ,San Mo AU minerals 
eept oil). 

(eJ[' P. L. 0 583-68 26th lanuary 
_1917. ___ _- Do. 

Do. (79) Maung Nyun Do. P.L. '2,876'4~ 10th March Do. 
1917. 

Do. (80)M ...... Wightman TIn- • P. L. 53-76 26th February Do. 
.t; Co. 1917 • 

Do. (81) Maung Po Thalk' • Wolfram and Tin P. L. 486·40 '12th Febru· D~. ,. ary 1917. 

Do. (82) Mr. H. W. Watts • AU minerals (eJ[' P.L. 2,343'60 22nd March Do. 
eept oil) 1917. 

Do. (S3) Maung Pan On Do. P. L. 135·60 19th March Do; 
1917. , 

Do. (84) Maung Po Do. P. L. 691-20 3rd April Do. 
1917. 

Do. (85) M. Hanll Do. P. L. 360·72 24th March Do. 
1917. 

Do. 0 (86) lira. ll. 1. lewett -• Do. P. L. - 8,056'64 12th Febru· .Do. 
{renewal}. ary 1916. 

Do. (87) Do. 0 Do. P. L. 471-04 Do. Do. 
(renewal). 

Do. (88) M. Hanll Do. P. L. 
(renewal). 

2,580'48 6th lanuary 
1917. 

Do. 

Do. (89) Yew Shwe NI Do. P. L. 
(renewal). 

1,449 28th lanuary 
1917. 

Do. 

Do. (90) C. 800 Don • Do. 0 ,P. L. 1,176'64 28th' Febru· Do. 
(renewal.) ary 1917. 

Do. (91) U. 8hwe Don Do.' PoL. 
(renewal). 

793-60 1st February 8mon ths.. 
1917. 

Do. (92) U. 8hwe Thl Do. .- P. L. 
(renewal). 

852·48 14th Febru· - 6 months 
ary 1917. 

P •. L.=Ptorpedirr4 1ke1ou. M. L.=Mini.., LMu.-
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DInRlCT. 

Morgui 

Do. 

Do. 

Do. 

• Do. • 
-

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. , 

Do. 

Do. 

Minbu 

. 
Dc. 

Do. 

MJlngyan 

Records 01 the Geological Survey of. India. lVOL.· XLIX. 

, BURMA-(X)1ltd. 

\ 

I 
Grantee. Mineral. Nature of Area Date of 

grant. in acres. commence.. Term. 
ment. -

(93) Nyanng Tat • All minerals (ex. P. L. 853 13th March 1 year. 
cept oil). (renewal). 1917. 

(94) Messrs. Bulloch Do.' P. L. 1,530'88 1st January D>. 
Bros. &; Co., Ltd. 1917. 

, 

(95) Yew 8hwe NI Do. P. L. 1,775'52 20th April, Do. 
1917. 

(96) Mr. C. Swee Htln • Wolfram P. L. 2,626'56 2nd May Do. 
1917 • 

(97) Ma~g Ngwe Thl • Wolfram and tin P. L. 746'52 3rd April Do. 
1917. 

(98) Mr. Meera 8alb All minerals (ex- P. L. -327-68 19th January Do. 
I 

; 
oept 011). (renewal). 1917. 

(99) Ma11ll8 Shwe Don • Do. P. L. 793·60 1st May 1917 3 month; 
(renewal). 

(100) Tan Po Chit Do. P. L. 320. 18th Septem- 1 yeltr. . ber 1917 • 

(101) Ma Mo Thn Do. .- P. L • 820 Do. Do. 

(102) Me88rs. Finlay Do. P. L. 
Fleming &; Co. . 

983·04 17th Septem- Do. 
ber 1917. 

(103) Mr. A. H. Noyee • Do. P. L. 100 26th Novem- Do. 
(renewal). ber 1916. 

(104) U. Shwe Thl Do. P. L. 852·48 15th August 6 mont'" 
, (renewal). • 1917. 

(105) Mr. 1. C. Galsbam: D". P. !-. 1,971'20 8th Decem- 1 year. 
her 1917. 

(106) Manng Manna . Do • P. L •. 640 1st Novem- Do. 
ber 1917. 

(107) Mr. G. H. Hand. Wolfram and tin P. L, 2,150'40 Do. Do. 

(108) Me88rs. The. Indo- Mineral 011 P. L. 320 north- 6th August Do. 
Burma Petroleum to., (renewal). em half 1916. 
Ltd. of block 

16 N of the - Minbu Oil 
I Field • 

(109) Maung Tnlk Gyi Do. M. L. 19 in Block· 28rd Febru- 80 years. 
and Maung 8hwe Mo. , 20 P of ary 1916. 

the Minbu 
011 Field • . 

(110) Messrs. .The Yo- Do. . PL • 2,570'24 23rd October 1 year. 
mah 011 Co., Ltd. Blocks 4 P, 1917. 

8 P, 12 P. 
24 P and 
portion of 
11 P of the 
Minbu 011 
F;eld. 

(111) Maung Tun Hman Do. 
and tbree others. 

. P. L. 270 18th lanuar, Do. 
, 1917. 

I ( , 
P. L.=l'ro8p6CIing Liclns •• M. L.=M'ning L", ... ' 
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BURMA-contd. I 

Nature of Area Date of 
Dumucr. Grantee. MIneral. grant. In acres. commence- Term. 

ment. , 
---

lIyinllYan • (112) Baljnoth Bingn lfineral oil P. L. 
0 

11,520 27th August 
191.7. 

1 year. 

yltkylna • (113) Mr. H. F. Leslie • G<lld and piatinnm P. L.. 1,132'8 4th 1annary 
-1917. 

Do. 

Do. (114) lI_n. The Bur"; Gold and Irldlo- P. L. 8,200 23rd Febru- Do. 
m~l), ~~~ging. Co. Platinum. (renewal): ary 1917. 

Do. (115) Mr. H. F. Lesne • Gold. P. L. 2,931'2 1st April 1917 "Do. 
(renewal). 

D./ (11 ) 
-

Do. Do. Do. P. to. 6!lO 1st 'November 
(renewal). . 1917. 

Nortb ern (117) Mesors. Tbe Burma Iron. . P. L. 6!lO 12th Febru- Do. 
Shan Min .. , Ltd. ary 1917. 
St&tel. 

Do. (118) Do. . Do • P. L. 2,560 14th Marcb Do. 
- 1917. 

Do. (119) Do. Coal • P. L. 3,200 17th 'Marcb Do. 
1917. , 

Do. (120) Do. Do. P._L. 2,560 14th Marcb Do. 
1917. 

Do. (121) Meesrs. Tbe Mobo- Gold, .nver, Iron P. L. 3,200 8tb April1917 Do. 
chaung Exp:oratlon and zlno. (renewal). 
Co., ~td. 

Pakokkll (122) M_rs. The Britlsb lfineraloD P. L. 261 & 19th Decem. Do. 
Burma Petrolenm Co., 614'!lO ber 1916. 
Ltd. -, 

\ 
Do. (123) Do. Do. . P. L. 76'80 14tb Novem- Do. 

(renewal). & ber 1916. 
371-20 

Do. (124) Messrs. The Natb Do. P. L. 
Bingh Oil Co., Ltd. (renewal). 

1,920 12tb Jannary 
1917. 

Do. 

Do. (125) Messrs. The Indo- Do. P. L. 800 Ea«t of 6th Septem- Do. 
Burma Petroleum Co., Blooke Nos. ber 1917. 
Ltd. 18, 19 and 

20 in the _ 
Yenonpyat 
00 F;eld. 

Do. (126) Messrs. The Nath 
Singh 00 Co., Ltd. 

Do. P. L. 
(renewal): 

12,899'4 26th 
1917. 

AprD Z years. 

Do. (127) M_rs. The British Do. P. L. 6!lO 16th A11g11St Do 
BUrma Petroleum Co., (renewal). 1917. 
Ltd. 

Do; (128) Messrs. The Ran- Do. P. L. 820 Do. Do. 
goon OU Co., Ltd. (renewal). 

, • 
I'rome (129) llAung Gyl • Do. P. L. 249'6- 25th 1anuary 

1917. 
1 year. 

" 
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. - BURMA'-:'contd. 

Grantee. liIinerai. Nature of 
grant. 

Area 
In acres. Commence

ment. 
Term •. I Date of 

~-----~--------------~-----------~~------l--------~!-------~~ 
PrOme 

Ruby Mines 

saiween 

Shwebo 

\ 
Do. 

Southern 
Shan 
State.. 

Do.-

Do. 

(ISO) Messrs. The Bur· Mineral oil 
mah Oil Co., Ltd. 

(lSI) Ma Shwe Bwin 

(132) Messrs. Steel Bros. 
& Co., Ltd. 

Copper 

All minerals (ex· 
eept oil). 

(ISS) Messrs. The Indo- "M.ineral oil • 
Burma petroleum Co., 
Ltd. 

(IS4) Do. Do. 

P. L. 
(renewal). 

P. L. 

P. L. 

P. L. 

P. L. 

(13S) Maung Law Pan • Lead, copper and M. I,. 
silver. 

(lS6) Maung Ye , Wolfram P. L. 

(IS7) M"""rs. Bachardass Lead. 
Manekchand Kharwar .• 

P. L. 

Do. .. (138) Maung Bnya Wolfram P. L. _ 

Do. 

Do. 

Do. 

Do. 

Do. 

1>0. 

Do. 

Do. 

Do. 

Do. 
# 

Do. 

Do. .. 
Do. 

-(IS9) The Hon'ble Mr. All minerals (ex· P. L. 
Lim Chin Tsong. eept oil). . (renewal). 

(140) Messrs. Steel BI'(J8. Do. P. L. 
& Co."Ltd. 

(141) Do. 

(142) Ko Law Pan 

(143) Maung San Hein. 

Do. P. L. 

Wolfram P. L. 

All minerals (ex- P. L. 
copt oil). 

(144) Messrs. Bechard.... Wolfram 
. Maneckchand Kharwar. 

P. L. 

(14S) Maung Kya Ywet, All minerals (ex· P. L. 
A.T.M. - copt oil). 

(146) Saw Lein Lea . 

(147) Rathana 

(148) Do. 

(149) . Do. 

(15.0) Maung Pan Aung • 

(lSI) Shain Thwe 

Do. 

Gold. 

Do.'. 

Do •• 

P. L. t' 
(renewal,., 

P. L. 

1'. L. 

P: L. 

All minerals (ex· P. L. 
«:pt.oil) . 

Do. P. L. 

3,20.0 

640 

3,84.0 

1,28.0 

3,424 

2,680 

14.0 

2,56.0 

7th June 1917 1 year. . \ 

25th April 
1917. 

5th Decem· 
ber 1917. 

9th January 
1917. 

23rd Feb· 
ruary 1917. 

1st July 1916 

Do. 

Dc. 

Do. 

Do. 

1.0 years. 

7th January 1 year. 
1917. 

10th Feb· Do. 
ruary 1917. 

228·73 5th April Do. 

166 

3,68.0 

2,56.0 

64 

16.0 

2,355'20 

64.0 

599 

8,200 

1,44.0 

4,920 

64.0 

960 

1917. 

20th Noveml! 
her 1916; 

17th Sep· 
tember 1917. 

4th Sept<>m. 
ber 1917. 

'17th Angust 
1917. 

4th Septem· 
ber 1917. 

13th Septem' 
ber 1917 • 

12th Septem· 
ber 1917; 

30th May 
. 1917. 

27th • Deeem· 
ber 1917. 

Do., 

Do. 

28th Decem
ber 1917. 

27th N onm
ber 1917. 

D. 

D~. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do~ 

Do. 

Do. 

Do. 

Do. 

P. L.=Pro8ptel'/I{}. Lie ...... M. L.=M'ninu Lea ••• 
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BURMA~. 
-

. liatllre of 
m~: 

Dateot Dmmwr. . Grantee. 1IIDer .... grant. commence-, Term. . 
ment. 

Poutbern (1521 Hauog Po Ku All mlner8b ("". P. L. 2,560 21st Novem. 1 year. IlhaD cep' oU). '00. 1917. Buteo. 

:avoy (153) Meea... Too l;lo. P. L. 2,6BII Srd January 6months~ . Hpaungdaw Proapeot- 1917. jog Co., Ltd. 

Do. (164) Hr. H. G. Mathews ,DI) P. L. 829 14th Feb. po 
ruary 1917. 

Do. (155) Heea ... IDtakarl Do._ P.L. 512 27th January Do • • Co. - 1917. 
Do. (156) Hr. A. E. Wallen· D'1. . P. L. 1.600 13tb March Do • berg. 1917. 

0" 

Do. (157) A. S. Habomed Do. P. L. 358 5th February Do. 
1917. 

Do. (158) Hr. Jam .. I. MUne Do. P. L. 813 2nd' January 
1917. 

8 months. 

Do. (169) Mr. A. G. Fraaer Do. P. L. 922 22nd Jan. 6montbs. 
uary 1917. 

Do. (160) Meas... Lim Kim 
Beog Droa •• Co. 

Do. P L.o 922 4th January 
1917. 

;Do. 

Do. (161) Eu Bhwe B._ Do. P. L. 578 22nd March Do. 
1917. 

Do. (162) Maung Beln Kaing D ... P. L. 640 8th January Do. 
1917. 

Do. (163) Maung Ba Don Do~ P. L. 840 18th .Jan. Do. , uary1917. 

DO. (164) En Shwe 8_ Do. P. L. 640 15th March Do. 
1917. 

Do. (165) Maung Da Maung Do. P. L. 1,B06 25th Jan' DO. 
uary 1917. 

Do. (166) Maung 8aw Hlajog Do. P. L. 548 2na '-:fanuary 
1917. 

Do. 

Do. (167) lietram Bambux Do. P. L. 240 4th January ·n ... 
1917. 

Do. (168) Maung Saw Hlalog Do. P. L. 1,144 2nd January Do. . 1917 • 

Do. (169) Maung PO 8we Do. P. L. g31 22nd Jan· Do. 
uary1917. , 

-
Do. (170) Mauog E Zin Do. P. L. 485 15th Feb- Do. 

ruary 1917. , 
Do. (I71) Do. Do. P. L. '. 640 , Do. ~o. 

Do. (172) M .. srs. The High DJ'. P. L. .. 256 24th March, Do. 
Speed Steel Alloys, 1917. 

I Ltd. . 

Do. (17S) Maung Da Maung Do. P. L. , 1,920 Do. .\ Do. 

D 
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BURMA-contd. 

, 

I DI!ITIIlm!. ldlnerai. I N"tureof .Area Date of 
Grantee. , grant. Inacreo. commence- Term. 

ment. -!'"voy (174) Lim Eng Cheong All minerals (ex.- P. L. . 671 22nd Feb· 6 montbJ. 
, copt oil). ~ ruary 1917. 

J)o, (175) Maung'Sein Thwe Do. P. L. 589 19th Feb· Do. 
ruary 19~7. 

Do. (176) Maung Xhine Do. P. L. 809 24th Feb· Do. 
ruary 1917 •. 

~ 

':1)0. (177) Msung Nt Do. P.'L. 640 17th March Do. 
- 1917. -

Do. (178) Mr. R. C. N. Twite Do. P. L. 460 22nd March Do. 
- ! 1917. 

Do. • (179) Mr. A. D. Brown • Do. P. L • 189 8th March Do. 
1917. 

Do. (180) Ma Thaw '-Do. P. L. 563 5th Mareh Do. 
1917. . --

Do. (181) Mr. S. Crawshaw. Do. P;L. 640 27th March Do. 
1917. 

--llII. (182) Ma Mo Thu Do. P. L. 
\ 

973 12th March Do. 
1917. 

Do. (183) Maung Gun Do., P. L. 768 3rd March Do. 
1917. , 

Do. (184) Maung Shwe Gaing Do. P. L. . 012 23rd March ,Do. 
1917. 

roo (185) Ma Mya Yin . . Do. P. L. 1,075 26th Mareh Do. - 1917. 

Do. (186) Maung Po Hnan • _Do. P. L. 640 Do. Do. 

Do. (187) Mr. S. Merican Do. P. L. 512 22nd Mareh Do. 
, 1917. 

Do. (168) ?d ...... Steel Bros. Do. , P. L. 640 16th Novem· Do. 
& Co., Ltd. ,(renewal). ber 1916. 

Do. (189) Ms. Chein Do. P. L. 808 8t,h Kovem- Do. 
(renewal). her 1916. 

Do, (190) Maung Ni To· 0 Do. P. L. 
(renewal). 

1,375 22nd Deoem-
her 1916. 

Do. 

D". (191) ~Bung Kyaw Do. P. L. 435 19th Novem- Do. 
(renewal). ber 1916 

Do. .. (192) Mahomed' Aslam DO' j P. L. 1,536 i 16th Decem- Do. 
Khan. (renewal). I her 1916. 

Do. (198) Khoo Zun Ni, . Do. P. L . 1,280 17th Decem- Do. 
(renewal). her 1916. 

Do. (19') The Hon'ble Mr. Do. P. J,. 770 Do. • Do. 
Lim Chin Tsong. (renewal). I -

Do. (195) Do. Do. P. L. 222 Do. Do. 
(renewal); 

-
rD. (190) Cng Hoe Kyln Do. P. L. 

(renewal). 
179 13th Decem· Do. 

her 1916. 

-
P. L.-~· LiunBe. M. L.=Minifll/ r-. 
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(197) Mr. A. 8. Mabomed AJl minerala (OJ:. P. L. 
(renewal). 

Do. 

Do. 

Do. 

Do. 

• 
Do. 

Do. 

Do. 

Do. 

(198) 8an 8ine rin 

(199) Mr. 8. 8. Balk ... \ 

I 
(lIOO) M ......... rata 90DSI "Co. . 

• (201) Do. •• 

(202) Mr. A. E. W&IIen- i 
berg. I 

• (~) ~L':d.Steel 1Iroo. I 

• (204) M. A. 800ratee 

(205) D '. 

Do. • (206) Maung Mya Pe 

Do. (207) Ong Hoe Kyin 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

(208) Quab Cheng Gwan 

(_I M....... Baltba&ar 

and 80nt. I 
(210) Chan KIn Way • 

(211) San 81ne Tin 

(212) Chan Kin Way 

• (213) Xbo ZOD Nee 

• (214) Me.no. The Tavoy 
Con_o .... lAd. 

• (215) MaODg MID Gya .. 

(216) MaODg Po Htln 

Do. (217) Unll Kyl Pe 

Do. • (218) Mr. a. Y. Morb 

""l'toU). 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do.· 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

P:L. • 
(renewal). 

P. L. 
(renewal). 

P. L. 
(renewal). 

P. L. 
(renewal) • 

P. L. 
(renewal). 

P. L. 
(renewal). 

P. L. 
(renewal). 

P. L. 
(renewal). 

P. L. 
(renewal).' 

P. L. 
(renewal). 

P. L. 
. (renewal). 

P. L. 
I (renewal). 

P. L. 
(renewal). 

P. L. 
(renewal). 

P. L. 
(renewal). 

P. L. 
(renewal). 

P. L. 
(renewal). 

P. L. 
(renewal). 

P. L. 
(renewal). 

P.L. 
(renewal). 

• P. L. 
(renewal). 

Area 
- in ac:ft8. 

1,894 

107 

1,587 

1,656 

780 

720 

1,818 

009 

637 

896 

256 

911 

371 

614 

1,182 

988 

279 

476 

;89 

12th Decem· 16 monl~~. 
her 1916. 

16th Decem· Do. 
her 1916. 

1st January no. 
~917. 

5th January Do. 
1917. 

9th Deeem· Do. 
ber 10UI. 

20th N ovem· Do. 
ber 1916. 

28th Decem· S montba. 
ber 1916. 

17th Jail.' 1 year. 
uary 1917. 

lst. Feb· Do. 
ruary 1917. 

26th Decem· 6 montbl. 
her 1916. 

4th January S months. 
1917. 

9tl> Ja"uary 1 year. 
1917 • 

22nd Decem· 6 montbl. 
her 19UI. 

8th January Do. 
1917~ 

9th February Do. 
1917. 

2:' 19f:,~n. 1 year •. 

28th 1 all' Do. 
nary 1917. 

18th laB' 6 montbl" 
nary 1917. 

8th Feb<Uary 
1917. 

9th March 
1917. 

Do. 

Do. 

15th Septem. Do. 
ber'1916. 

26th' Feb· 1 yeu. 
,ruary 1917. 

D2 
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BURMA-coned. 

DIsmcm. Grantee. Mineral. Nature of Area Date of 
grant. iJracres. commence- Term. 

ment. ... 

Tavoy. (219) lIfr. A. Rowlend AU minerals (ex. P. L. - 1,280 28th June 1 year. H. Ady. cept 011). 1917. 

Do. (220) Manng Me Do. P. L. 614 5th Juno 1917 6mooths. 
Do. (221) Maung Paw Tun. -

Do. P. L. 947 19th April Do. 
1917: 

Do. 
. 

(222) Messrs. The llom· Do. P. L. 
~ 708 10th April Do. bay llarma Trading 1917. Corpn., Ltd. -

Do. (228) Messrs. Foucar & Do. P. L. 112 17th May Do. Co., Ltd. 1917. 
Do. (224) Maung lla Thaung Do. P. ToO 1.,280 ' 22nd May Do. llros. & Co. 1917. 
Do. (225) Maung Paw Tun • Do. P. L. 848 14th June Do. 

1917.' 
De. . (226) }ifessrs. IIDIay, Do. P. L. .. 276 19th 'May Do. :j!'leming & Co. 1917. 
Do. (22'1 Maung Kya Pe, Do. P. L. 282 22nd ' Jurie 1 year. . Maung Lu Chaw and - 1917. Ma Kin. -
Vo (228) Maung Saw Hlaing Do. l>. L. -179 17th 

1917. 
May Do. 

Do. (229) Mr. ~. G. Mathews Do. P. L. . 71 13th June Do. 

- 1917. 

Do. (280) Mr. A. Rowland Do. .' P. L. 1S4 11th June Do. 
Ady. 

P. ~i 
1917. 

Do. (281) Ma Hni~ Do. 691 14th June Do. 
1917 . 

Do. (232) IIfr. Ung Kyl, Pe . /Do. P. L. 205 18th June Do. 
1917 • . , 

Do., (238) Maung Ze Ya. Do. 1'. L. 484 31st May Do. - 1917. 

Do. (284) Maung Shwe Yin • Do. P. L. 240 19th June Do. 
1917. 

. Do. (285) lila Kin Do. P. L • 860 Do. 6 months, 

Do. (236) Mr. S. Crawshaw. Do. P. L. ·527 1st JUlie 1 ye"". ,,;. 
1917. 

Do. (287) MallDg Tun 1I1ya .• 
., 

Do. P. L. 28~ 15th June Do. 
1917. 

Do (288J 1I1r. Ro",land H. Do. · P. L. 588 28th June Do. 
A y. 1917. 

Do.- (289) Mesars. The High Do. · P. L. 61 27th June Do. 
Speed Steol Alloys 1917. 
Ltd. 

Do. (240) Mem •• 
. Fleming & Co. 

Finlay Do. · P. L. 1,484 22nd 
1917 •• 

June Do. 

P; L.""l'1'tI~tiJng LiceMt: 111. L.=Mi"ing Lea.t. 
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BURMA-contd. 

Nat1neof A .... DlIteof. 
DlBmIClZ. Grantee. lIIneral. grant. in.acr ... 

, commence- 7enJI, 
mOl;lt • . - -,. 

Tavoy (241) Mr. Khoo Tun All minerala (ex· P. L. 148 18th June I, yoar. 
Byan. cept oil). - 1917. 

Do (242) Maung Than and Do. P. L. 689 29tb luno .Do. 
lIa Thein. I P. L. 

1917. 

Do. (2.3) Mr. A. E. Wan.u· Do. 320 28th JUDe Do. 
berg. 1917. 

Do. (2U) Maung Lun Biu Do. P. J,. 947 6th Septem· Do. 
(renewal). ber 1916. 

Do. (2.6) M ........ Hoosalu Do. P. L. 765 6th Decem .. Do. 
. HamaUsnee, Rowland ("",ewal) • ber 1916. 

Ady and R. 8. Gilee. .1 

Do. (246J !liP ...... The Bom. Dei; P. L. ;1,000 7th Decem· 6 months. 
bay Burma Trading (renewal). ber .1916- -Corporation, Ltd. -

Do. (247) Maung Kya Pe, Do. P. L. 358 9th Decem .. 1 year .. 
Maunl! La- Chaw and (renewal). ber 1916; 
1da Kin. 

Do. (248) E1l Kya Ban and Do. P. L. 684 29th Deoou,.·. 6montba. 
Mr. A. G. Fraaer. (rene-.:val). ber 1916. ' 

Do. (249) Hea.n. The Lon· Do. P"':"L. 2,409 12th Jan- 1 year. 
don and Burmese (renewal). nary 1917. 
Wolfram Co. (tr_' 
lerred from M_ .... -
Tombulls (Glasgow), 
Ltd.) 

Do. (250) Meaa .... Steel Bros. Do. P. L. 716 1st February Do. 
" Co., Ltd. (renewal). 1917. 

no. (261) M ....... Booth " Do, P. L. 405 14th , Feb- Do. 
lliln<'. - (renewal). ruary 1917. 

Do. (262) Maunlt Boin Daing Do. P. L. -276 23rd Feb- Do. 
Bros. " ('0. ' (renewal). mary 1917. 

Do. (258) Do. Do. P. L. 717 Do. Do. 
(renewal). 

Do. (254) Saa Sine Tin. Do. P. L. ·460 16tb Decem· 6montiut. 
(renewal). be, J916 

Do. (265) Haung Boln Thwe Do. P. L. 
(reJIIlwal). 

256 9tb April Do. 
1917. 

Do. (256) C. Gyaw Baing Do. P. L. 1,106 22nd Feb· Do. 
(renewal). mary 1917. 

Do. ~257) Maung Boin Dalng DO., . ·P. L • 
(renewal). 

700 23rd 
191'1. 

Marcb 1 year. 

Do. (268) Ong Hoe Xyin .. Do. P. L. 605 4tb • April Smonths. 
(renewal). 1917. 

Do. (259) Maung Da Don Do. P. L. 829 Do. Do. 
(renewal). 

Do. (~) Do. Do. P. L. 282 lltb May Do. 

I (renewal). 1917. 
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DISTBIai. 

~,--- ---

Ifayo, · 
Do. · 
Do, · 
Do. 

Do. · 
Do. · 
Do. 

Do. · 
Do. · 
Do. · 
Do. 

Do. · " 

Do. 

Do. 

Do.-

Do. · 
Do. 

Do. · 
Do. 

Do. 

Do. 
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BURMA-oontd . 

. 
Grantee. Mineral Natureo! Area Dateo! 

lIl'ant. inaores. commence- Term. 
ment. 

(261) Mr. Mahomed All minerals (ox- P. L. 
Aslam Khan. copt oil) •• (renewal). 

392 24th 
1917. 

March 1 :year. 
-

(262) Mr. Khoo Tun Do. P. L. 322 21st March Do. 
Byan. (renewal). 1917. 

(263) Mr. M. A. Booratee Do. P. L. 
(renewal). 

1,024 4th 
1917. 

Ma, Do. 

(264) Mr. Oaman Musti Do. P. L. 2,278 12th April Smonths_ 
Khan. (renewal). 1917. 

(265) Maung Ba Thaung Do. P. L. 737 23rd March 1 year. 
Bros. & Co., • (renewal). 1917 • -

(266) Mr. C. Boo Don Do. P. L. 604 23rd April Do.' 
(renewal). 1917. 

(267) Mr. A. D., Brown • Do. P.L. 666 6th April Do. 
(renewal). 1917. 

(268) Mr. A. B. MinIlS I!O· P. L. 768 27th April 6 months. 
(renewal). 1917 . 

(269) Mr. Chew Lu Yin ,Do. P. L. 870 4th • May Do. - (renewAl). 1917. 

(270) Maung Po Btin Do. 
, · P. L. 460 4th April 1 year. 

(renewal). 1917. 

(271) Manng Ni · Do. · P. I •. 1,917 11th March 6 months. 
(:enewal). 1917. 

(272) Messrs. Gillanders Do. F. I •. 760 25th Novem- 1 year. 
Arbuthnot & Co. (renewal). ber,1916. 

(278) Mr. R. C. N. Twite Do. · p.L·lt 625 14th May 6 months. 
(rene • 1917. 

(274) The,Shwe Zun · Do. P. L. 612 20th May Do. 
(renewAl). 1917. 

" I 
(276) Ong Boe Kyin · Do. · P,L. 

I 610 29th May 1 year. 
(renewal). 1917. 

(276) A. S. MlIhomed Do; P. L. 1,894 12th June Do. 
(renewAl). 1917. 

(277) Messrs. The :Ran- Wolfram and tin • M. L. 3,209'86 4th October 30 years. _ 
goon Mining Co., Ltd. 1913. 

\ 
(278) Messrs. The Do. ~f. L. l,76S'10 20th July Do. 

Wngon·Pachaung, Wok at Wagon. 1914. 
fram Minea, Ltd. . 

(279) Messrs. The Ber- All minerals ex- M. L. . 1,782'85 17th Decem- Do. 
myibgyi Mining Co., oept oil and pre- • ""rllllS. 
Ltd. moIlS etones. ' . 

(280) Messrs. The Tavoy Do. · M.L. . 750·94 Do. Do. 
Concesaiona, Ltd. at Thingandon. 

(281) Do. · Do. M. L. 994-22 Do. po. 
at Kadw\>. 

P. L.-PtwpfCfi"lI £i_H. M. L.-lI(;"iflll LtaN. 
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DlllDlw. Grantee. lI-.L ! li=ol I 
------4------------~---------

Wolfram and tin •. i H. L. Tavoy 

Do. 

(28Z) H....... The 
WaljOD-PaehannlJ Wol
fram Mines. Ltd. 

(283) U-.... lladclilf 
01: Co., Ltd. 

Do. • (284) M ...... The Tavoy 
eonc-ious, Ltd. 

1'0. (285) Do, 

Do. (~~. Qnah Cheng 

All minerals ex. i H. L. 
oopt oil and 
precious stones. i 

00. .• 1M. L. 

i ' 
. j M-L. 

Wolfram and tin M. L. 

00. 

. Do. (287) O .. man 
Khan. 

H1IIIt1 AU minerals (ex. P. L. 
rept oil). 

Do. (288) Mr. C. WiUiaon • 

Do. (289) Quail Cheng Gwan 

Do. (200) M...... FiDlay 
Fleming 01: Co. 

Do. • (291) Manng Po Gywe • 

Do. - (292) Quah Cheng Tock 

Do. • 

Do. 

Do. 

Do. 

00. 

Do. 

Do. 

Do. 

Do. 

(293) I 00. 

• (294) SeInbondanng 
lllning Co. 

(296) Mr. A. R. H. Ady 

~ (296) Manns Manng 

• (297) Ma_ Po or-

• (298) Maung Ln Po and 
IIr.A.G.Fraaer. 

(299) M_ta. Steel B,... 
01: Co~ Ltd. 

(300) Ung Xyl Po 

(HOI) Mt ..... The Bom· 
bay-Burma Trading 
Corporation, Ltd. . 

:302) Do. 

Do. 

DO. 

00. , 

00. 

00. 

Do. 

Do. 

00. 

00. 

00. 

Do. 

00. 

Do. 

Do.' 

00. 

P. L. 

P. L. 

" P. L. 

P. L. 

P.L. 

P.L. 

P,L. 

P. L. 

P. L. 

P.L. 

P.L. 
(renewal). 

P:L. 
(renewal). 

P.L. 
(renewal). 

P.L. 
(renewal). 

P. L. 
(renewal). 

Area 
In ...... 

Z,162·38 
.. ~ Paehaung. 

4,848'79 

1,092'86 
at XalDnte. 

616'72 
at :Syank. 
channg. 

199·69 

747 

26 

1,003 

287 

2,176 

988 

502 

400 

f63 

291 

780 

689 

1,459 

1147 

Dateol 
comm_ 

mellt. 

93 

5th Septem· 
her· 1914. 

30_· 

30th Deoom· 
her 1913. 

18th Jan-
uary 1917. 

19th Jan
uary 1917. 

16th June 
1915. 

00. 

Do; 

00. 

Do. 

10th August 6 months. 
1917. 

~t1/ugll", 1 year. 

3rd Septem' 00. 
her 1917. 

~~7. '.JoIy 6 montba. 

6~~17.August 1 year. 

l()1;h 'July 
1917. 

- . 
8rd Septem. 
her 1917. 

17th Septem. 
her 1917. 

00. 

00. 

Do. 

8th August 00. 
1917 

26th Septem. Do. 
her 1917. 

Do. _00. 

6th Decem· 6 mont ..... 
ber 11118. 

1~~~7. Hay 1 year. 

17th Hay \ 00. 
1917, 

18th Hay 8 mont .... 
1917. 

Do. 1)0. 
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BURMA-contd. 
--

DIS'l'I!.IOT'\ Grantee. MIneral. Area 
in acres. 

Dat80f 
commence

ment. 
Term. I N:.~~or 

I------~-- -------I ________ I _________ I~ __ ~_ 
'lavoy 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

~o •. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do •. 

:Do. 

Do. 

Do. 

/ 

Do. 

Do. 

(303) Maung Kyllo Tun 

(~04) Maung Po Mye 

~ (305) Messrs. Tat& SODS 
& Co. 

(306) Mahomed AsI.m 
Khan. 

(307) Maun~ Me. , 

(308) :Khoo Zun Nee 

I (809) Manng Saw IDaing 

(810) Do. 

(311) Ong Hoe Kyin 

(312) Ganpat lI.al 

(313) Mr. Fowle 

(314) The High Speed 
Steel Alloys, Ltd. 

(3.1.5) Khoo·Tun llyan • 

(316) Mr. A .. E. Wallen-
berg. . 

(817) Chan KIn Way 

• (318) Netram Rambux • 

(S19) Messrs. The llom
baY·llmma Trading 
Corporation, Ltd. 

(320) Milo Yin lli • 

(321) Mr. Fitzherbert 

(322) 'Eu Kyllo llan & 
Mr. Frasilr. 

(323) Mr. S. S. Halker 

(824) Messrs. Flulay 
Fleming & Co., Ltd. 

All mlnerals (ex- P. L. 
cept oil). . _ (renewal). 

Do. - T P.L. • 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

DO. 

Do. 

Do. 

Do. 

Do. 

Do. 

(renewal). 

P,L. • 
(renewal). 

P.L. • 
(renewal). 

P.L. • 
(renewal). 

P.-L. • 
(renewal). 

P.L. • 
(renewal). 

P.L. • 
(renewal). 

P.L. . 
(renewal). 

P.L. 
(renewal). 

P.L. • 
(renewal). 

P.L. • 
(renewal). 

P:L ...• 
(rene"'W. 

P.L. ,t 
(renewal). 

P.L. • 
(renewal). 

P.L. • 
(renewal). 

P.L. • 
(renewal). 

P.L. • 

. j p~r;,ewal)~ 
(r.ne.wal) . 

-. P.L. . 
(renewal) •. 

P.L. - • 
(renewal). 

P.L. • 
(renewal). 

307 

855 

292 

1,536 

1,280 

739 

1,280 

548 

179 

384 

320 

1,433 

148 

720 

256 

1,000 

640 

238 

584 

1,587 

445 

20th May.6 months. 
1917. 

1si dune 1 year. 
1917. 

6th June Do. 
1917. 

16th June 6 month •. 
1917. 

22nd June 1 year. 
1917. 

7th 
1917. 

June Do. 

21st 
1917. 

June 6 months. 

2nd 
1917. 

July - Do. 

13th June 1 year. 
:m17. 

16th June 6 months. 
1917. 

13th June Do. 
1917. 

Do. Do. 

30th May Do. 
1917. 

20th May Do. 
1917. 

8th July 1 year. 
1917. 

4th July 6 monthq. 
1917. 

7th June 
1917. 

I 29th Novem· 
ber 1916. 

24th Febru· 
ary 1917. 

29th June 
1917. 

1st July 
1917. 

1 year. 

Do. 

6 months. 

Do. 

3 month •• ---
7th July 6 months. 
1917. 

--------~----------------~------------~------~--~------~-----.~~------~, 
P. L.=Pl'O$pectlllg .uc.nU. M. J,.=Mining .£M .... 
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BURMA~td . 

• I • 
! liatmeof Area Date of 

DIftaIor. I Grantee. lIIDeral. grant. In acres. cemmeno&- Term. 
I • men~ 

! ---
Ta.,..". • I (325) 8an 8ine Tin All mlneraJa (ex- P.L. 911 9th August 6 months. 

I . cept oil). (renewal): 1917. 

Do. • i (326) »e""rs. Hitakari &: Do. PL. '589 28th llay Do, , (~. (renewal): - 1917. 

Do. '1 (327) Maung lIya Pe Do. P.L. 537 26th -June Do. 
(renewal). 1917. 

Do. • I (328) lIaung Beln Do. P.L. 6~ 8th July Do. 
Khaing. (renewal): 1917. 

Do. (329) Maung Sein Do. P.L. 682 23rd May Do. 
Khain~. (renewal): 1917. 

(330) Mr. A. R. H. Ady Do. .1 P.L. • 
, 

620 6th Do. July Do. 
I j _0). 

1917. 
1 

3 months. Do. ! (331) MaUDg E. Zin Do. · P. L. . 435 15th August 
(renewal). 1917. 

i 
(S32) llr. A. Fr ... er Do. • P.L.· • ·922 6 months. Do. 22nd July 

(renewal). 1917. 

Do. (333T lIaung Paw Tun Do. '1 P.L. • 
450 19th April Do. 

(renewal). 1917. 
I 

Do. (33i) Maung}fin Gyaw Do. • P.J,. • 1,182 8th August 1 year. 
s (renewal). - 1917. ' 

Do. (33li) Mauog Mo Thu Do. P. J .. l,li36 14t,h June 6 months. 
(renewal):' 1917 • 

Do. (336) )faung Khlne Do. P.L. . I' 809 24th AngDllt Do. 
(reneWal)'1 1917. 

Do. (337) lIaung Beln Thwe Do. P.L. • 589 19th, ,August Do. 
(renewal). 1917. 

Do: (338) Mr. FiW1erbert • Do. P.L. '1 238 4th August Do. 
~n.wal). 1917. 

Do. (339) lIaung Shwe Galng Do. P. L. 'j 512 23rd Septem- Do. 
(renewal). bor 1917. 

Do. . (340) Ma Mya Yin Do. P.~. ~039 21st Decem- 1 year. 
ber 1917. , 

Do. (S41) llr. G. WWlson Do P. L. , 548 22nd Oetober D,. 
1917. 

Do. (342) San Sine Tin Do. P.L. 620 7th Novelll- Do. 
I ber 1917. 

Do. ' (SiS) Mr. J. 1. P8Il'l Do. P.L. 701 19th Oetober Do. 

i 1917. -
Do. I (3U) Th$ Hon'ble Mr. Do. P.L. 

; 
320 12th Oetober Do. 

. Lim Chin Tsang. 1917. 

Do. r (345) En Ky. Ban Do. P.L. 640 28tlL Decem- Do. 

I 846) Mr. A. R. H. Ady " 

ber.1917. 

Do. Do. P.L. o. 512 28th Novem- 6 months. 

I bt>r 1917. -



96 

DIEI'rBIOT. 

Tavoy . ,. 

ITo. 

-Do. 

Do. 

,Do. 

. - Do. 

Do. 

Do. . 
Do. 

Do. 

Do. . 

Do. 

Do. 

~ 

Do. 
\ 

Do. 

Do. 

, . 
Do. 

-

Thaton 

Do. 

Do. 

, 
\)0. 
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BURMA-contdo 

Graniee. Mineral, Nature of Area Date of 
-frant. _ luacr ... commence- Term. 

moot. 

(347) Maung Me All minerals (ex- P.L. 358 30th 11 oyem- 1 year. 
~ 0 

capt 011). ber 1917. 

(3485 Mr. G. Willison 0 Do. P.L. I 317 26th Novem- Do. 
ber 1917. 

(349) Messrs. -Tata SODS Do. P.L. 780 9th June 6 months_ 
& Co. (renewal): 1917. 

(350) Mr •. A. E. Wallen- Do. P.L. 1,422 2let June Do. 
berg. - (renewal): 1917, 

(351) Maung Po Swe Do. P.L. 
(renewal): 

488 22nd 
1917. 

July Do. 

(352) C. Gyaw Saing Do. P.L. 
(renewal): 

i,106 22nd Auglist 1 year • 
1917. 

(353) Maung Gun Do. 'P.L. 
(renewal): 

768 3rd Septem- 6 months. 
ber 1917. 

(S54) Mr. A. E.- Wallen- Do. --- P.L. 1,600 13th Septem- Do. 
berg. - - (renewal): her 1917. 

(355) Mr. R, C. N. Twite Do. P.L. I 460 22nd Septem- Do. 
(renewal): ber 1917. 

(356) Maung Ba MaunlJ- Do. P.L. 1,920 24th Septem- n., 
(renewal). ber1917. -

(357) Messrs. The High Do . P.L. 256 26th Septem- Do. 
Speed Steel Alloys (renewal): ber 1917. 
Mining Co., Ltd. 

(358) Ma Mya Yin Do. P.I:. ~ 1,075 Do. :DII. 
(renewn .1 

' Do. 
(359) Maung Po H"nan Do. P.L. 640 Do. 

(renewal): 

(360) Li~ 14'ee Yan Do. .- P.L. 161'26 26th Septem· 1 year. 
\ \ " (renewal): ber 1917. 

(361) Maung Sein Thwe Do. P.L. 256 9th October 6 months-

- (renewal): 1917. 

(362) Mr. S. S. Halkar Do. P.L. 681 -1st OctQber Do. 
. (renewal.) 1917 • 

988 9th Septem- 1 year. 
~363) Maung Tun Mya Do. . P. L. 

(renewal}: brr 1917. 

I 
I 

608 2nd January Do. 
(S64) Ma N:yein . Do . P.L. 

1917. 

(365) Mr. H. F. Singleton '-Do. P.L. .512 26th Janll- Do. 

.and Messrs. Binning ary 1917 • 

&00. 

(S66) Mr. J. W. D...wood Do._ . P.L. 0 1,145'6 22nd Janu- Do. 
uy 1917. 

(S67) Ma Nyein P. L. 576 18th- Janu-
0 Do. . .ry 191~. Do. 

P. I •. =prOlPecfi'~ LieniSe. 111. L.=M.","? Lea ... 

\ 
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BURMA-contd. 

, 
Date of 

DJIiTlUO'J'. Grlllltee. lfineral. Natore of Area commence- Term. gr~nt. iu acres. 
mt"nt. 

-
Tba&oo · (368) Jfa11Dg 1'no Hia All lWoerals (ex- P.L. 1,241'6 25th Janu- 1 year. 

copt oil). ary 1917. 

Do. · (369) Maung Ba 81 Do. P.L. 601-6 10th Febru- Do. 
ary 1917. 

Do. (870) Lim xar Chang Do. P.L; 8,238'4 1st March Do •. 
1917. 

Do. · (971) Mr.A.8amed Do. P.L. 9-50 3rd March Do •. 
1917. 

Do. · (372) L1 Ah Lye Do. P.L. 640 18th Decem- Do •. 
, (reoewal): ber 1916. -Do. · (878) Ma TheiD ZiD Do. ~ P.L. 3~ 14th Febru- Do. 
(renewal): ary1917. ; 

Do. (374) Mr. C. H. Stork Do. P.L. o 819.2 17th Febrn- Do. 
(renewal): ary 1917. 

Do. (875) U Pan Dwe aDd . Do. P.L. 2,649'6 , '10th March Do. - Ma ](hiD, oJiao Messrs. (renewal): 1917. 
Bah Too. • Do. _ (876) Dr. Shaw Loa . Do. P.~ 1,536 fth April Do •. 

1917. 

Do. (877) Mr. P. M. Pilla), 
I 

Do. P.L. 1,491'2 11th AprO Do •. · 1917. -
Do. (378) Maung Po Do. P.L. 1,674'4 Do. Do •. 

Do. (379) The Hon'ble 
Mr. I Do. P.L. 1,318'4 22nd May Do. 

LIm ChiD Tsong. 1917. -Do. (360) Do. Do. " P.L. .396·8 18th AprO Do. , 1917. 

Do, · (881) Ma11Dg Ba TiD Do. P.L. 672 26th AprO Do. 
1917. 

-
3,968 Do. (382) Mr. Jr. A. lloog Do, 1'. L. 25th AprO Do. 

1917. 

Do. (883) ~. A. D. Keith • Do. P.L. , 5,667'6 Do. Do. 

Do. (884) The Hoo'ble Mr. Do. P.L. 825-6 15th AprO Do. 
Lim ChIn Tsong. 1917; 

.1 Do. (886) Mr. Jr.A. Boog Do. P;L. 4,818'6 Do. Do. . 
Do. (886) Maung Shan Byn Do. P.L. 4,640' 10th AprU Do.' . 1917 . 

Do. · (887) Mr. Tan Toe Do. . P.L. · 618'4 5th June Do •. 
1917. 

Do. (888) Mr. L. Hong Seng Do. P.L. .78·! 16th March Dot 
1917. 

Do. (889) Mr. C. H. Noyce • Do. P.L. 2,931'2 2nd 
1917. 

lIIay Do. 

Do. (390) Mr. C. R. (JonueU . Do •. P.L., · 8,61S'6 17th 
1917. 

April Do. 

P. L.=P"'IPUCin, Licen... M. L.=Mill;.,g Lotu •• 
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BURMA--contd. / 

DIBTlIICT. Grantee. MIneral. Natureo! Area Date of 
grant. In acres. commence-- Term. 

-~ ment. 

. Thaton . (391) Mr. C. It. Connel • All minerals (ex-
copb oil). 

P.L. - 2,444'8 25th 
1917. 

April 1 J.!!ar • 

Do. (392) The Hon'ble Mr. Do. P. L. 864 19th May Do.' - Lim Chin Tsong. 1917. , 

Do. (393) Mr. Tan Kim Chye Do. P.L. 

: I 
61·2 21st May Do. -

1917. 

Do. (394) Maung Ni. Do. " 
P.L. 1,350'4 

., 
19th May- Do. 
1917. 

,Do:' (395) Maung Pu ~ Do. 'I P.L. 563·2 25th 
1917. 

April Do. 

I 
Do. (396) Mr. L. Ah Choy Do. ' . ~ • t P.L. ,563·2 19th May -Do. 

" 1917. 
~ 
~ 

Do. (S97) Mr. Tan Kim Chys Do. · P.L. 4,064 28th 
1917. 

May Do. 

J)o. . (398) Maung NI . Do. P.L. 

I 
953·6 24th May Do. 

1917. 

Do •• (399) Mr. C. A. Meredith Do. · P.L. 1,306'6 7th June Do. 
- 1917. 

" J)o. (400) Mamlg Shwe Goh Do. P.L. 1,049'6 ' 6th June Do. 
1917. 

.Do. (401) Maung Kaing Do. P.L. 678'4 14th Febru- Do. 
(renewal); ary 1917. 

-Do. (402) Mr. H. E. Single- Do. P.L. 1,657'6 21st Febru- Do. 
ton. - (renewal): ary 1917. 

"Do. (40S) Mr. A. Kader Do. 
,.,. 

P.L. n. 499·2 1st April Do. 
(renewal). 1917. 

·Do. (404) Mallng!n Do. - P.L. 108·8 7th April Do. 

" 
(renewal): 1917: 

Do. (406) Mr. A. "J. Salvador Do. .' P.L. 851·2 Do. . Do. 
, . (renewal): 

,Do. (406)' Mes.rs. ~ A. V. Do. P.L. 620·8 2nd May Do. 
Joseph & Co. (renewal): 1917. 

Do. (407) Maung Chit Maung Do .. P.L. 
(renewal): 

1,836'8 11th April Do. 
' 1917. 

, 

-~Do. (408) Mi. C. Soo Don Dei. 
" 

P.L. 876·8 2nd Febru- Do. 
(renewal): ary 1917. 

Do. (409) Mr •. C. R. Connell Do. P.L. 1,881'6 29th May~ • Do: 
1917 •. -

Do. (410) Ko Chang Kaing • Do. ~ P.L. 889·6 26th April Do. 

~' • 1917 • 

Do. (411) M. Ah Xhse Do. P.L. 663·2 27th June Do. 
- 1917. 

Do. (412) Mr. C. P. Vlleland Mineral oil • · P.L. 819·11 14th "July Do. 
1917. 

P. L.=ProsJledillll Liu1l8l. M. L.=lIIilling: Lea". 
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----~----------~------~----~----~----~-----. 
1IlDeraL ·Natureot 

grant. 

'blOB • (418) Hr. P. M, PUlay. Minerai oil P.L. 

Do. • (414) MeUDg Pi> Gyt" 

Do. • (415) U. 8han Byu 

Do. • (416) Meun.g Tan Hla 

Do. -. (4F) Maung San Dan 

"' Do. • (418) Hr. 0. A. Meredith 

Do. (419) U. Pan Dwe 

• (420) U Po Ngwe 

Do, (421) Tan Kin Cihy. 

Do. (422) Me Pyu pyu 

Do. • (423) U Po Ngwe • 

Do. (424) U Ba Wet • 

D'. • (426) M ..... Kader 

Do. • (426) The Hon'ble Mr. 
LIm ChIn Taong. 

Do. • (427) Maung Ba 81 

1)(,. • (428) Lim ThA Nyeln • 

lio. (429) .Hr. C. A. Meredith 

(430) M. Hashlm • 

(tal) M. All Xhee : I Do. 

All mlneraJa (e>:. P. L. 
copt o.!!~ 

Do. - P. L. 

Do. 

Do. 

Do; 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do, 

Do. 

Do 

Do. 

Do. 

P.L. 

p ..... 

P.L. 

P.L. 

P.L. 

P.L._ 

P.L. 

P.L. • 
(renewal). 

P.L. • 
(renewal). 

P.L; 

P.L. 

• P.L. 

P;L. 

P.L. 

P.L. 

P.L. • 
(renewal). 

! Do. (432) MaUDg Pa • : Do. P.'L. • 
(renewal). 

'rhayetmyo. ! (433) M ... n. 'The \' Jllin.rsl oll~ 
I Twl""as OU 00., Ltd. 

; " i 

P. J,. 

Area 
Inacres. 

Date of , 
COmmen .... ' Term, 

mont. 

29'44 20th June 1 year. 
1917. 

1,9,2~ 

• 2,144 

~,952 

1,075'2 

236;~ 

128 

2,048 

691·2 

1,254'4 

729·6 

1,190" 

640 

6,868 

~,260'8 

2,003'2 

8,174'4 

640 

467·2 

1.08·8 

1,920 

23rd July 
1917 • 

23rd March 
1917. 

24th Mey 
1917. 

12th July 
1917. 
<"' 
27th June 
1917. 

Do. 

Do. 

Do. 

Do •. 

Do. 

20th . June' Do. 
1917. 

6th June 
1917. 

318t August 
1917. 

Do. 

Do. 

14tJr July Do. 
1917. 

7th August 6 months_ 
1917. 

16th August 1 year. 
1911. 

18th· October Do. 
1917. 

17th Septem· 
ber 1917; 

7th August 
19~7. 

3~;h; July 

12th July 
1917. 

Do. 

Do .. '-

,Do. 

Do. 

27th Septem. Do. 
ber 1917. 

20th July 2 yo&1'll. 
1917. 

22nd Novem· 6 montb .... 
ber 1917! 

21st Decem- 1 year. 
bar 1916. 

-
Blocks Noo, 
13,20 and 23 
of the Minhl. 
OUField, 

-
, ____ ~I __ ......:. __ :....-_--:..._----: __ 

P. L.=Pro'Peclilt/l LitJmu. M. J .. =Mining Luu •. 
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Grantee. 

BUIpU-contd. 

Mineral. Nature of 
grant. 

Area 
in acres. 

Date of 
commence

ment. 
:term. . 

-------�---------~---I----------I-------I--------I·--------I~ 
:tbayetmyo,' (484) lIIr. B.,?owasjee Mineral oil 

Do. 

.no. 

Do. 

Do. 

, 
Do. 

Do. 

(435) Messrs. TheBurma Do. 
Oil Co., Ltd. 

(486) Messrs. The Indo· 
Borma l'etrolewn Co., 
Ltd. 

(437) Messrs. :the British· 
Burma Petroleum Co., 
Ltd. 

(438) llessrs. The 
London-Rangoon 

:J:rading Co., Ltd. 

(439) Do. 

(440) Messtll. The Nath 
Singh Oil Co., Ltd. 

(441) Mrs. H. V. Murray 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

P.L. 

P.L. 

I , 
.' 

P.L. • 
(ren.wal). 

P.L. 

P.L. 

P.L. 

P.L. 

1,123·2 21s~ Decem· 1 year. 
Blocks I, 2 b.r 1916., 
and 8andtbe 
eastern. balf 
01 block 9 01 
the Minhla 
Oil Field. 

5,120 
Eastern bal ves 

01 blocks Nos. 
18, 26, 28 
and A, 
west€rn 
halves of 
blocks Nos. 
19 and 30 
and the 
whole of 
blocks 24, 29, 
38, 84, and 
40 01 the 
Minhla Oil 
Field. 

2,858'9 
Blocks Nos. 
3 and 4 ex· 
cluding area 
held by the 
B. B. P. Co. 
in block No. 
4, blocks Nos. 
16 and 17; 
western half 
of block 18 
and eastern 
half of block 
19 of the 
lIIinhia Oil 
Field. 

Do. 

Do. 

94·72 2Srd Decem· 
B:t'~W'.. 01 JUe ber 10:)16. 

Field. 

2,560 9th March 
(Blocks Nos. 1917. 
26 and 27, 
E.ol SO, Wi 
019,25 and 
28 of the 
lIIinhla Oil 
Field. 

10,240 

4,800 

3,200 

80th May 
1917. 

18th October 
1917. 

18th Novem· 
ber 1917. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 



PUT ~.] 

~., 

Vpper Cbind 
wiD. 

Do. · 
Do. · 

Yamethln 

Balaglla · 
Do. 

Do. · 
Do. · 
Do. 

Do. 

Do. 

Do. · 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. · 
Do. · 

HAYDEN: Mineral Pr~duction, 1917.' 

BURMA--cmwid. 

l'ratmeof Mea Grantee. - .lIInara.l. grant. Inacrea. 
I 

(442) M...... Osman lIIn01'lll oU P.L. 3,84()" 
Mus'" KbaD <I: Co. 

(443) H ... I9. Tbe Indo- Do. ,. P.L. • 12,800 
Burma PeVolenm Co., (renewal). 
Ltd. 

(444) Do. Do. P.L. 3,200 

(U5) HeearB. Beebardaea Load P.L. 2,560 
Haneokchand 
Kbarwar. 

CENTRAL PROVINCES. 

-(446) KhBn BahBdur 
Byramji Peatonji. 

Hangan ... P.L. 2so 

(447) Indian Hangan .. e Do. P.L. 1 
Company, Limited. 

(U8) Do. Do. P.L. 153 

(449) Babu 
kar. 

KriJl88han- Do. P.L. 
(renewal): 

271 

(450) Do. Do. P.L. 
(renewal): 

350 

(451) Khan Bahadur 
• Byramjl Pestonji. 

Do. M.L. 346 

(452) 8e~h 
du. 

Oowardban- Do. P.L. 20 

-
(453) Babu 

"ar. 
Kripuhan- Do. P.L. 

(renewal): 
272 

(454) Iudian Mangan ... 
I.ompauy, Limited. 

Do. P.L. 60 

(455) Khan Bahadur 
lIyramjl Pe8wnjl. 

Do. M.L. 4 

C'56) Do. Do. 11. L. 48 
0 

(457) Babu 
kar. 

KripaAhan- Do. P.L. 
(ren.wal): 

38 

(458) KhBn Bahadur 
,Byramjl p .. wnjl. 

Do. . P.L. 171 

(459) Babu 
kar. 

KripaBhan- Do. P.L. 

-
(460) Pandlt Rewuhan- Do. P.L. 35 

Ilar. 

.101 

. 
Date of 

commence- Term. 
ment. 

~ 
18th Decem- 1 year; 
ber 1916. 

12th Septem-
ber 1916. 

Do. 

24th Hay Do. 
1917 • 

20th. • AprU Do. 
1917., 

7th February 
,1917. 

1 year. 

'18th. Janu- Do. 
ary 1917. 

Do. Do. 

5th Febru-
ary 1917. 

6 montbs. 

8th January 
1917. 

Do. 

28th 
1917 • 

April 30 year •• 

5tq, 
1917. 

May 1 year. 

5th Augu8t 
1917· .... 

6 montha. 

28th August 
1917. 

1 year. 

27th June 5 YearB •. 
1917. 

13th August 
1917. 

Do. 

29th August 
1917. 

6 mentha. 

I 13th October 1 year • 
1IU7. 

Do. Do. 

Do. Do. 
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CENTRAL PROYINCES--contd. 

I 

Di8'lIUOT. . Grantee; Mineral. Nature of 
grant. 

Area 
ill IICres. 

Date of 
commence-

ment. 

I I rerm. 
I 

--------�-----------------�'~----------I------~-!----------~---------!-----·-

Do. 

Do. 

Do. 

Do. 

Do. 

BhandarI' 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

roo 

Do. 

(461) Messrs •. Ramper- Manganese 
shnd Lakshminarayan. 

(462) Babu Kripashan. Do. 
kar. 

(468) Messrs. rata SOlIS llamtite 
&00. 

(464) Do. Do. 

(466) Do. 

• (466) Do. Do. 

(467) Nagpur Manganese Manganese 
Mining . Syndicate, 
Ltd. 

(468) Messrs. Lalbehari 
and Ramcharan. 

(469) Seth Gowardhan. 
dos. 

• (470) Ron~hle Dewan 
lIahadur !;lit Kastur· 
chand Daga, K.C.~.E. 

(471) Khan Bahadur 
llyramji PCIltoDji. 

• (472) Seth Gowardhan-
dos. ' 

• (473)'Seth Mahadeo 

(474) Pondit :Rewashan
lmr. , 

(415) Seth Gowardhan. 
. das. 

(476) Do. 

(477) Seth Mahadeo 

(478) Do. 

(479) Do. 

(4S0) Do. 

(481) Do. 

·Do. 

Do. 

Do. 

DO. 

Do •. 

Do. 

Do. 

Do. 

Do. 

Do. 

·Do. 

Do. 

Do. 

P.L, 

1'.1.. 

<Po L. 

1'. L. 

1 ·P.L. 
'1 

M. ):.. 

M.L. 

M.L. 

M.L. 

M.J.. 

P.L. 

P. L. 

P. L. 

P.L. 

P.L. 

P.L. • 
(renewal). 

1'. L. • 
(renewal). 

P.L. • 
(renewal). 

• P.L. 

2 

171 

6S 

107 

241 

96 

17th Decem- 1 year. 
ber 1917. 

13th October Do. 
1917. 

31st Decem· .Do. 
bet 1917. 

Do. 

Do. 

2let Decem· 
bet 1917. 

Do. 

Do. 

18 23rd .Tanu- 10 years. 

62 

87 

'l~ 

11 18 

211 I 

47 

30 

8 

so 

348 

611 

~ ary 1917. 

15th Decem· 
her 1916. 

·Do. 

12th Decem· 30 years. 
ber 1916. 

18th Decem- 5 years. 
ber 1916. 

21st Febru· Do. 
ary 1917. 

10th January 1 year. 
1917. -

27th March 
1917. 

3rd Febru· 
ary 1917. 

21st lune 
1911 • 

Do. 

26th Septem· 
ber 19J,f. 

10tb June 
1916. 

26th August 
1917. 

lSth Septem· 
ber,lll17. 

Do. : I 

Do. 

Do. • 

Do. 

Do. 

Do. 

Do •. 

• Do. 

Do. 

Do. 
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CENTRAL PROVINCE~U. 

I 
lratnreo~ Art'a - Date of 

Dlftum. Grant<e,. HiDeraI. commence- Term. grant. In &Cnl8. 
mont • . 

Bhandara (482) Beth Gowardhan- lIIangano.m - III.L. . . 19 19th April Will "", . 
elM. 1917. f~'::' 

nal lease 
dated the 
6th 
March 
1916, to 
which i' 

- is supple-
mentary. 

Do. • (483) Beth Bhrlram Do. , P.L. 38 9th Angnat 1 year • 
1917. 

Do. (484) Beth lagannath Do. P.L. SIS 19th AngU8t 
1917. 

Do. 

Do. (486) Seth I!brIram I Do. P.L. 274 29th Se'ptem- Do. 
ber 1917. 

Do. (486) MeoSra. La! Beh.ari . Do. P.L. 
and ~.mchar8D. " (renewal.) 

16 11th 
1917. 

lull' Do. 

Do. (487) Beth lIIabadeo Do. P.L. 46 80th 8eptem-
ber 1917. 

Do. 

Do. (438) Beth Bbriram Do. P.L. 47 29th 8eJ>tem'l Do. 
ber 1917. 

Do. (489) Beth Gowardhan- Do. H.L. 29 17th October 4 yeam. 
elM. 1917_ 

Do. ('90) beth 8hriram Do. P.L. 89 9rd Decem .. 
ber 1917 

1 ye.r. 

Do. (491) . Do. . Do. P.t. 29 13th October Do. 
1917. - . 

BUaapur (192) Tau Iron and trOD ore and other P.L. 6,799 28th Hay De>. 
Steel Co., Ltd •. minerals (Dolo- 1917. 

mite and "lime-
Btone). 

, 
(banda (498) M ... ra. B. Verma Coal H.L. 1,221' 6th Feb- Will e,._ 

and Kanbalyalal. ruar,,1917. pire with 
the . orI. 
ginal 
I .... 
dated 
the Sou. 
octo""r 
1916 to 
which I' 
is Bnpple-
menwy. 

Do. . (494) Mr. 
lrarelbhoy. 

Padamay Do. • . P.L. 8,827 17th 
1917. 

May 1 year. 

Do. ('V6) Do. Do. • P.L. 0 too 17th lnne Do. 
1917. 

Do. tIN) Do. Do. • . . P.L. 840 17th :.ray Do. - 1917. 
0 

, 

E 
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CENTRAL:{>ROVINCES-contd. 

l>ISTBICT. I 
-Nature of Area Date of 

.Jra:utee. MinPral. grant. in acres. commence- . Tenri. 
ment • 

~ 
. 

C!landa (497) Messrs. Hasham- Ooal • - 1'.L. . 2,439 loth October 1 year. 
bhoy&8ons. - 1917. 

Do. ('98) Mr. 1'adamay Do. 0 1'.L. 70 26th Novem- DO. 
- N,,?ibhoy. - ber 1917. 

" , 

.chbilidwara ~anese. 
. 

(499), Khan Babadur 1'. L. 134 27th January. Do. 
Byramji 1'estoDji. 1917. 

-Do. (600) Do. '. Do. 0 · M,L. 83 210t ' Feb- S yeora.-.. ruary1917 . 

Do. (601) Meesrs. H. Verma 
, and Kanbaiyalal •• 

Coal • · · 1'. L. 437 21st May 1917 1 year. 

\ 

Do. (502) Rat Bahadlll Manganese. 1'.L. 119 2nd' April Do. 
Bishesar'Das D~. , 1917. ! ,.' 

Do: 
, 

Do. (603) The Hon'ble Mr. · · 1'. L. -. 129 3rd April Do; 
M. B. Dadabhoy, - 1917. 
O.I.B •. , 

DO. {60') Messrs. H. Verma Coal • · P.L. 146 4th. October Do. ' 
and Kanbaiyalal., 1917. 

-
.Do. (505) Do. .. Do • P.L. 370 19th Decem· Do. 

ber 1917. 

Do. (606) Indian Manganese Manganese. Mol,. 21 17th October Will ex-
Co.-L 1917. pire with - the origi-

I nallease . date d 
I', the 6th 

February 
1904 to 
which It 
is 8upple-
mentary. 

, 

Drug. (507) Messrs'. Bahman- Bauxite, lead, M.L. 3 2nd Novem- Will ex-
ehab F oudar Bros. ' 8ilver~ gold, ber 1917. . pirewith 

cobalt and the origi-
,copper. - nallease. 

, d at e d 
- ,the 20th 

June, 
1910, to 
which it - Is sup!'le-
m~nta.r~·. 

- -
.Juhbwpore (M8) Meesrs Burn & 00. Coal. · 1'. L. 1,127 29th January 

1917. 
1 year. 

Do· (G09) Mr.!'. 0. Du" . .Bauxite 1'. L. 443 5th January Do. 
1917. 

Do. (510) Do. . Manganese. ~.L. 55 22nd • May 
1917 •. 

Do. 
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, CENTRAL PROVINCES--contd. 

- I Nature of Date of Mea T~. J)rllftlcr. Grantee. lIinelal. gran'. in ........ commenoe-
ment. 

;> - -.Iubbu1pore (511) Mr • .,. C. DIIU )I~aneee l(. L. 19 2nd April Will ex 
1917. pile wi'" 

the origi. 
nal lease. 

I d a' ed 
the i 4th,~ 
Septem' 
bel 1915, 
to wbleh 
it Is supo' 
plemen'. 

" 
ary. 

Do. · (512) Do. . Do. P.L. 82 Do. 1 year. 

Do. i513) Do. Bawd'" and iron P.L. 
(renewal): 

148 22nd October 
1916. 

Do. 

Do. · (614) Do. Bauzlte . M.L. 52, 12th 
1917. 

"uly ao yearl • 

h. · (616) Do. . Bauzlte and Iron P.L. · 40' 9th August '1 year. wile. 1917. 

Do. · (5UI) Do. Coal • , P.L. · 38' 2Srd July Do. 
1917. 

Do, · (617) Do. ,. ~J!m:ba~te, 
vanadlum. caesl· 

P.L. 566 80th Novem· Do. 
ber 1917. 

um, cerium, 

- oolumblum, dldy. 
mlum, erbium, 
g&lllwn, gel'JDao 
nlum, indium, 
lithium, niobium, 
rubidium, tanta-
lum, thorium, 
uranium, yttrium. 

- and ziroonium. 

Do. (618) Do. Bauxite lead, P:t. , 212 6th Novem· Do. 
gold,barytes, sU· ber 1917. 
vel, and copper. . 

. 

Do. Do. · (519) BallSlte and Iron P.L. · 653 Do. . Do. 

Manganese, irOD,1 P. L. 
. 

Do. · (620) Do. 298 21st Decem. Do. 
Bauxite, nickel, ber 1917. 
cobalt, cadmium, 

::!\h=~~ 
dium, titanium, 
copper, caealum, 
cerium, oolum-. blum, didYJDium, . 
erbium, gallium,' 
germanium, In· \ 
dinm, lithium, 
niobium rubl· 
dium, tantalum, f thorium, urani. 
um, yttrium and 
airoonium. .' 
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CENTRAL PROVINCES-~. 

, , , 
I 

I :Nature of 'I Area Date of D_O'l'. Grantee. Mineral. 
_lIlant. , inacres. I 

commence- Tetm.-
ment. 

- ------- -.-
labbulpore (621) Khan Bahadm Manganese ; · P.L. I 7~ 7th -Decem- 1 year. B~I Pestonji. her 1917. 

)>0. (622) Messrs. Burn & Co. Bauxite · · P.L. · '.169 - 17th :Novem· Do. 
ber 1917. 

Do. -. (623) Mr. S. R. Dutt Bauxite - and P.L. · 16' 7th Decem- ·Do. I barytes. r: ber 1917. 
---

:Nagpm (6U) Messrs. H. Verma Manganese. · M.L. · 171 16th January 30 yeBlII. &lid Kanhaiyala.l. 
- t917. 

-Do. . (626) Mr. Lakshman Do. M.L. 69 - 28th :Novem- -Do. :Qamodhar Lele. her 1916. --
.DII. (626i Khan Bahadu. Do. I · P.L • 0 489 16th -January 1 year. Byramji Pestonji. 1917. 
Do. (627) Messrs. Goredutt, Do. P.L. U 1st May 1917 Do. Ganeshlal anel M. • D'CVota. " 
Do. (628) Messrs. Babmansba Do. ~ · P.L. 0 184 21st April no. , Fouzdar Bros. 1917. 
Do, (629) Central 

Mining Co., Ltd. 
India Do. P.L. · 646 .. -27th 

1917. 
April- Do. 

Do. (680) MesSrs. Bahmansha Do. 
/' 

P.L.- SO, 19th Septem- Do, · · Fouzdar Bros. - ber 1917. 

Do. '. (681) Seth GOwardhandaa Mica. -. P.L. · S9 21st August 'Do .. 

"- 1917. 
Do. . (632) :Nagpur Manganese Manganese • 0 P. t. .j 63 20th July Do. 

l\1ining Syndicate. - I.~ 1917.-

Do. (63S) R&D Sahib D. Manganese 1'd P.L. · 20 SIst August Do. 
Lakshmioarayan. t>yrolusite. 1917. 

-1l1I. (634) Celitral India Manganese • 0 P.L. 7 9th Novem- Do. 
MiniDg Co~ Ltd. ber 1917. 

Do. (635) Do. 0 Do. 0 -P.L. 475 7th Decem- Do._ 
ber 1917. 

Do. I. (636) Do. Do. P.L. 0 103 18th October Do. 
1917. 

Do. 
(YO ~ 1 Do. · P.L. 240 Do. Do. 

(688) Mir Aslam Kh~n • 

/ 

Do. Do. P.L. · 7 9th Nt1vem- !l0. 
• ber 1917. 

Do. (639) Ral Bahadur Do. · P.L. 81 7th Decem- Do •. 
~issessard" Dag ... ber 1917. 

b.). (640) Do. . Do~ , · p.L. 70 21st Novem- Do. 
ber 1917. -. 
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CENTR.AL PROVINCES-concld. 

I, DlIII'Ucr.· ....... I Natmeor Area Date or 
Grantee. JIlnerai. aommenoe.o ~erm. grW. in acres. me"'. 

11.., ... (WI) Ilir AsIam XbaD. )(anganese. P.!--. ~29 12th Ootober 1,._., 
lil':'. 

-
Do.· (M2) 1I ...... Balunansba Do. P.,L. 32 Btl! . - ~."'IID. Do.~ 

FoWldar Bros. ber 1917. 

Do. , (M3) llIr AsIam Xban Do. P.L. 442 Do. 

Do. (044) Mr. N. V.nkat 'DO. P.L. 111 - ~1I~ -~~'cmJ. .. Do~ , Bamannah. bar 191'1. 

Teotmai (045) Kulla Hasan All Coal M.,L. 1,206 26th Janu· 30 y ..... 
Jiatbubboy. ary 1917. 

Do. (M6) 1)0. Do. • 
"-

M._L. 563 ,Do. Do. 

Do. (547) , Do. · Do. • M.L. 1,291 17th Feb· Do. 
ruaryI917. 

~ -

MADRAS. 

c '(048) M...... St!utin .. 
; 

oImbatore )(lea. · P.L. H7 24th March 1 year., 
f».l' Loodoa. 1917. 

Do. (Mil) M ....... Stanin .. 00. Do. P.L. 1'"" 2nd AUgnA I Do 
.. \, 

1917 • 

anrnool · (0110) A. Gbooe, Eoq. · Berytes ; P.L. 62·07, 27tb Feb-
mary 1917. 

~ 

Do. · (661) Do. · Do. · P.L. 20·85 1Sth May, na: 
1917. , 

f>o. · (662) Do. Do. P.L. 68·70 4th August 
1917. 

Do. 

Do. · (663) Do. . Do. · P.L. 68·S2 18th 
1917. 

July Do. 

lieDore (654) P. KrlBhn88&lDi J4iea. M.L. . 174076 10th Decem· 3Oy .... 
Mndally ... bar 1913. 

Do • . j'~ . .: . ... Do. • · M.L. 2·32 28th Novem· De. 
ber 1916. 

Do. • (656) P. Venkatasaml Do. • · P.L. 0·74 10th .lana· 1,.-. 

(6::upur Subbaraml 

. ary 1917. 

Do. Do.'. P.L. 81·28 28th .lune Do. 
Jleddl. 1917. 

Do. • (668) V. K. M. X. JL Do. • · P.L. 5 2nd March Do. 
Karnppan ChetU. 1917. 

I 



. lo~f 

DJIIWO!r. 

---._. -'-
Nellor. --. 

Do. 

/ 

Do. 

1>0. 0 

. Do. · 
Do. · 
Do. 

Do. 

Do. · ,. 

Do. 

Do. 

Dq. 

Do. · 0 

Trichlnopoly 

Attock' 

8hahpur 

Records· 01 tht Geological SurWt!l of India. [VOL. XLIX. 

l\i:ADRA~ld. 

-

t 
Nature of Area J. Date of 

Grantee. MineraL grant. ··in acres. commence- Term. 
ment. 

-- . 
, 

(669) K. Venkataramaniab Mioa. P.L. 15 1st April 1 year . < . 
1917. . . 

(660) Kh ... Bahadur Do.-;- M.L. 844'54 1st . . April 30 yeam. 
Muhammad Safdar 1914. 
Hussain. , 

(661) M. R. M. A. Do •• 11[. L. · 34'71 6th August Do. 
Bubramania Chettiar. 1911. '-

(662) B. Venkata SUbba Do. 0 
p;;r.. 17·76 1st Septem- 1 year. 

Reddi. . ber 1917 • 

(663) P. Venkataewami Do. • P.L. 48·28 9th April Do. 
) Chetti. 1917. 

-
(664) V. K. M. K. R. Do .• .- P.L. 64·02 28th '" July -Do. 

Karuppan Chetti • . ' 1917. 

(666) I. Bubbarami Reddi Do •• 0 P.L. 80'09 16th August Do. · 1917. 

(666) The _ Sankara Do. 0 . M.L. 1S6·80 1st Deoemo 80 yea ... 
Mining Syndicate. - ber 1905. 

(667) A. Govlndll Reddi Do. 0 · P.L. 26·58 20th' October 1 year. 
1917. 

(568' N. Raghavalu Do .• · P.L. 11-96 6th. Deoem· Do. 
Nayakkar. . beri\l17. 

.,1 
. 

(669) V. K. M. K. R. Do •• 
. 

P.L.", 24·62 1st Deoem· Do. 
Karuppan Chettl. - ber 1917. 

(670) N. Raghavalu ~o •• 0 P.L. 9·41 5th October Do. 
Nayakkar. 1917. 

(571) MoolJl Govlndji Do •• 0 P.L. 0 20 16th October Do. 
1917. 

(672) Messrs; T. St ..... Phosphatic nOdUl .. P.L. 4S0·69 2Srd Juue Do. 
. & Co., Ltd., Colmbatore • - 191~: 

. .. .. ,. 
" 

FUNJAB. 
, 

(573) Attock on Co., Ltd. MinerBloil • · P.L. · 1,280 5th 
1917. 

June 1 year. 

(574) The Burma on Co., Do. ; · P.L. 4,992 10th July Do. 

_Ltd. - 1917. 

P. L.=Plwpemng ~.. H. L =Milling Lea6 •• 
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SUMMARY. 

Provinee. 
l'roBpeetiog lfining Leases. Total of e&ch 

Li ......... PrOvince. 

.Allam 4 ~ 6 

BalucbiataD S 4 7 

BiJuIr and OrLos. 21 14 3; 

Bombay. 4 It-

Burma . 380 12 392 

Central l'roviDceII 81 21 102 
Madra, ~. 20 5 2It -
l'aDjab • 2 2 

~ 01 ueIIldJuI uuI GruulIoltll1ll17 515 59 67' -

I TOTAL 0) 1916 482 50 &32 
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CLASSIFI~ATION OF LICENSES -AND LEASES. - . 
TABLE 27.-Prosp'ectinj/ Licenses and Mining Leases granted~in' Assam 

during 1917. 

Cachar • 
Lakhimpur 
Sylhet • 

PISTBICT. 

TOTAL 

Khasi and JaintiaHills 
,Lakhimpur • 

TOTAL 

1917. 

No. Mineral. 

,Prospecting Licenses. 

/ 

1 
1 
2 

4 

16,000 Mineral oils 
8;238'08 Coal. 

14,547'2 Mineral oils; 

.. 
Mining Leases. 

1,920 J Metallio ores. 
2,227'2 Coal. iro~ slate and shale. . / 

.,\1 ••• 

r 
~\-: 

TABLE 28.-Prospecting Licenses and Mining Leases- granted in 
_ Baluchistan during 1917. 

KaJat • 

I 

DISTRICT. II 
1917. 

No. 

Prospecting Licenses. 
. ] 3 58,240 

, 
Mine,ni.l. 

I 
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TABLE 28.-Pr08pectinu Lieenses and Mining Leases granted in." 
- 1laluckistan during 1917. 

1917. 

No. AreaiD' 'I aore •• Mineral~' 

------------------~~------~----------------~' -,---,~ 

~uett& Pi shin 
Do 

~ibi 

TOTAL 

Mining Leases. 
1 
1 
2 

4 

80 Chromite. 
80 Coal. 
9H6 . Do. 

rABLE 29.-Pr08peding Licens/8 and Mining Leases granted in Biltar 
, and Orissa during 1917. 

DISTRICT. 

!l&zaribagh • 
~&nt&1 Pargan&8 
!inghbhum 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

,-
TOTAL 

. , 

J 
1917. 

No. Arelf.in 
acres. 

Prospecting--Licenses. 
5 
2 
5 
1 
3 
1 

I 
. 1 

1 
1 

21 

I 504 
10,2:19·76 
2,025'5 

11·90 
36,032 
1,330 

75·90 
)50 

06 
4·60 

\' Mineral. 

~. 

Mica. 
Coa.!. 
Chromite. 
Yellow oohre. 
Mang&neoe and iron ore 
Galen&, gold and other 

kindred mineraJo 
Manganese. 
Red ochre. 
Iron ore. 
Yellow and red ochre, 
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TABLE 29-P'I'Ospecting Licenses and Mining Leases granted in ,Bihar 
and O;'-issa during 1917. 

DIl1TRIOT. 

Gya • 
Hazaribagh 
Sambalpur, " 
Sa,p.tal ParganaS ~ 
Singhbhum 

Do. 
Do. 
Do. 

19li. 

No •. I Mineral. 

~ining Leases. 
i -
1 
1 
5 
3 
1 

- 1 
1 

14 

1,557',05 [ Mica. 
70 Do. 

1,300' Coal. 
17·13 Do. 

i,532'30 Chromite. 
800 Iron-ore. • 

1,267'2 Manganese and iron Ole, 
! Gold. 

TABLE 30~-Prosp.ectiiig Licenses and Mining Leases granted in Bmnbay 
during 1917. 

DISTBJOT, 

No. I·Area. in 
acres . . 

19l7. 

Prospecting Licenses. 

Minera.l. 

Dharwa.r (also in Kana.ra district)I-. 1 1,143 ,Galena. 
anel Ka.ira 1 301·95 Manga.nese 

I 
nium. 

Panoh Maha.ls. " 45'5 .Ma.nganese. ' 
Sukkur. 6,008 Mineral oil. 

TOTAL 4 
I' 

Mining Le3ses~ 
. I 

Pa.l\Ilh Maha.is 1 I 680·22 I Mangan~e ore. 

alumi-
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TABLE 31.-Prospecting Licenses and Mining Leas;B granted in Bu~ 
, - during1917. 

19)7. 

DISTRICT. 

Akyab • 
.Amherst 
Bhamo. 

Katha 

. _Lower Chindwin • 
,Do. 

Mergui • 
Do •• 
Do. • 
Do. 

Minba 
MyiDgyan 
Myitkyina 

Do. 
Do. • •. 

Northern Shan States 
- Do 

Do. 

Pakokka 
-Prome. • 
Raby Minee • 

. Salween. 
Shwebo • • 
Southern Slum S$ates 

Ttvoy 
Tbaton. 

Do. 
Do. 
Do. 

Do.'. • 
Thayetmyo • 
Upper Chindwin 
Yamethin 

TOTAl. 

No. 

PrQspecting Licenses. 
2 

12 
1 

3 
3. 

26 
2 

- 3 
1 
2 
2 
1 
1 
2 
2 
2 
1 

~ 
2 
1 
-I 
2 • 1 
9 
.~ 

201 
68 

1 
9 

·3. 
1 

380 

-9,060 
10,133'2 

.5,516'8 

2.,320 

2.940 
3,040 

.27 •• 20'46 
82·92 

3,383'32 
2,626'56 
2,890·2. 

11,790 
1,132'8 
3,200 
3,571-2 
3,200 
5,760 
3,200 

17,402'80 
3,449'6 

640 
3,840 
• ,70. 
2,787'93 
2,560 

11,965 
9,560 

147,824'28 
98,825'5 

29·44 
31,916'82 
19,840 
2,560 

Mineral. 

I 1d1neral oil. . 
All Mineral8 (exoept oil) •. 
All minerals (exoept oil-

and jade). . 
Tin, wolfram. silver, . 

copper, lead.· zino and-
__ gold. 
All minerals (exoept oil) • 
Mineral oil. . 
All minerals (exoept oil)· 
Tin 
WoHmm and tin. 
Wolfram. 
Mineral oil. 

Do. 
Gold and platinum. 
Gold and iridio •. platinum. 
Gold. 
hon. 
Coal. 
Gold, silver. iron an~ 

zinc. 
Mineral oil. 

Do. 
Copper. 
All mineralsJexcept oil/< 
Mineral oil • 
Wolfram . 
Lead. 
All minerals. (exoept; oill-
Gold. . 
All minerals (exoept oil). 
All mineralJ (exoept oil).. 
Mineral oil~ 

Do. 
Dv. 

Lead. 
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''TABLE 3I-Prospecting Licenses. and Mining Leases granted in Burma' 

DISTRIOT 

Hinbu. • . 
::Southem Sha.n States 
Tavoy * 

Do .• 

during 191'1-c.ontd. 

1917. 

No. Area. in 
acres. 

,Mining Leases. 
I 
1 
4 
6 

12 

19 
2,680 
7,335'03 

10,081'38 

I Mineral. 

Mineral oil. . 
Lead. copper and silver. 
Wolfra.m and tin. 
All minerals except oil 
, and preciouB etones. 

'TABLE 32.":"-Prospecting Licenses and .Mining Leases granted in the 
. OentraZ Provinces during 191'1. 

1917. 

DIsTRIOT. 

No. I -r Area in 
a.ores. I', 

. Minerak 

Prospecting Licenses. 
'Balaghat 14 2,135 Manganese. 

Do. 4 507 Bauxite. 
'Bhandara . 18 2,274 Manganese. 
Bilaspur 

I 
1 6,799 Iron ore and other miner. 

als (Dolomite and Lime-
stone). 

·Chanda. Ii 7,376 Coal. 
ChiJ1Dwara 3 302 Manganese. 

Do . 3 ·953 Coal. 
. Jubbulpore 2 1,511- Do. 

Do. 2 " 4,602 Bauxite. 
Do. 3 212 Manga.nese. 
Do. 2 801 Bauxite and inm. 
Do. I 404 Bauxite and iron oxide 
Do. I 566 Manganese. iron. bauxite, 

rj and all metals of the 
rare earth. 
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TABLE 3'!r-Prospecting Licenses and Mining Leases grantedm the 
Central ProvinctJ8 during 1917-contd. 

1917. 

DIsTRICT. 

Mineral. No. 

\ 

Area. in 
J acres. 

ProspeCting Licenses-:-contd. 
Jllbblllpore 

Do. 

Do. 
Nagpw: 

Do. 
Do. 

Bai&gha' 
Bhandam 
Chanda 
ChindwaIa 
Drug 

Jubbulpore 
Do. 

Nagpw: 
Yeotmal 

'fOIAL 

TOTAL 

212 

1 293 

1 154 
17 3.592 

1 39 
1 20 

81 

Mining Leases. 
, / 

3 
-7 
1 
2 
1 

1 
1 
z 
3 

21 

398 
253 

1,221 
104' 

3 

- 19 
52 

230 
3.0I~ 

Rauxite, lead, gold,_ 
barytes, silver and' 
copper. 

Manganese; iron bauxite, 
nickel, cobalt, ~admium, 
molybdenum. litanium, 
copper and minerals 01. 
the rare earths. 

Bauxite and bary'tes: 
Manganese. 
Mica. 
ManganeSe and pyrolusite.' 

Manganese. 
Do. 

Coal. 
. Manganese.' 
Bauxite,lead, silver. gold .. 

cojalt and copper. 
Manganesa 
Bauxite. 
Mangane 
Coal. 
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'-.!['ABLE 33.--Prospecting Licenses and Mining J;eases 'granted in Madras 
. ' . ,during 1917. 

)}ISTRIOT. 

• ·Coimba.tore ._ 
..Kumool 
Nellore '. • 

• ~ohinopoly • 

Nellore. 

TOTAL 

1 No. Area in 
ao~~. 

1917. 

Prospecting Licenses. 
13,71- Mica • 

208·94 Barytes • 
304·63 Mica.. 

Mineral. 

430·69 Phosphatio nodules • 

--.-- -----
.20 

Mining Leases.-

./ 5 

"TABLE 34.-Prospecting Itioonsesand Mining Leases granted, in tne 
-Punja~ during 1917. 

I', 

.Attook • 
'Shahpur 

DISTRIOT 

TOTAL 

"-
No. 

, 1917. 

Area in 
acres. 

r/ospecting Licenses. 

r Mineral 

:1_" --.-~ - __ l":":~_~~ __ 1 Mine::~. oil. " 
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THE SUPPORT OF THE MOUNTAINS OP--CENTRAL ASIA 

(BIiJNGAN' ApPENDIX TO THE MEMO~ ON THE STRUC
TURE OF THE HIMALAYAS,ANb OF THE GANGETIq 
PLAIN, AS ELUCIDATED BY GEODETIC OBSERVATIONS -
I~NDIA}. By It D. OLDHAM,--F.R:S.(With Plate 3). 

-------I N the memoir on "The Struct~re of the Himalayas and of the -
Gangetic Plain, as elucidated by Geodetic Observations in 

India,"! it was shown 'that the outer zOJ.e_of the hills was a ~egion 
'of partial defect of compensation, o.,,·.in other words, of super-
elevation. of the surface, which tt6erea~mount from the outer 
edge of the hills to as far in as definite observations have been made. 
This being only about 40 miles, the -uLtimate course of the discre
pancy between topography and compensation cannot be traced, 
but less certain observatio!¥" and other consider~ions, indicate that 
the defect of compensation _disappears at greate.r distances from 
the edge of the Dills_ and may even be replaced by an excess. The 
conclusion, being an important one in view of its bearing on theories 
of the origin of mountains, requires coDfumation and, in the absence 
of observations in the Himalayan region, this had to be looked for 
elsewhere. In the ile~rch for such information I came a-cross a 
series of gl"!Iovity measurements, made by the Russian Govern
ment, in the region of the Pamirs and- neighbouring parts of Central 
Asia, -which are of special interest as giving Ii complete section 

.across a group of mountains not only comparable in elevation -vrith 
the Himalayas but also, in other ways, of importance in ~he dis
cussion of theories of mountain origin. " 

The geology of this region is still imperfectlY' known, but this 
is of no very ~eat importance as the present investigation is not 
concerned with details of stratigraphy. Enough is knoWl),·.toshow 
that the general strike of the strata; and of the axes of the. folds, 
is about east and west righ~ across the northern part of the district. 
In the southern part, the same strike is found towards the centre, 
but on the east it bends round_ to south-eastwards, and \Vestwards 

1 M em., G'eol. SUNI. Ind., XL:u. pt.!.. 1917. 
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to the south-west. The topography_shows a general agreement 
with the geologicalstructu~e; on the north the 'upper waters of 
the Sir Daria: or Jaxartes, flow through the valley plain of Fergana", 
in ,\fhat is, evidently a structural depression, between the, mountains 
to the 'north and south. South of the Fergana'valley' come the 
parallel ~nges of ~the Alai.and Trans--Alai, separated by the Alar 
plain, near tlle head of the-vaHey- of the Kizil Su, These razig~s are 
continued, further :west,by others named oflmaps as the reter th~ 

_ Great, Hissar" and .ZE?rafshan: which t~gether witt. the, Alai rangesr 

may be regarded as the westerly continuation and termination of 
the Tian Shan mountains, now separated by the erosion of vaiIeys, 
cut more or less along the strike of the rocks. To the south of these
high ranges a number of minor ridges stretch in a more or less south
westerly direction towards the valley of the Oxus, following, in a 
general way, the 'strik~ of the ro~. The valley of th~ Oxus~ or' 
Amu Daria, occupies a structural depression to the- westwards 
of the junction of the Kunduz river, but the upper reaches, occupy 

-what 'bas all the, characters of a valley of erosion, cut through the 
mountains, at times along, ,and at others across, the strike .. 
Further still to the south comes the rartge of the. Hind~ Kush and 
its western contmuation. 

Throughout ,this region there is, as has-been indicated, a generat 
agreement between the geological structure of the rocks exposed 
at the surface and the geographical aspect"of the country, but 
upon' this gen~ral agreement of what may be called the minor topo:" 
graphy, the course of crest and valley; there)s superimposed a; 

major relief, which is quite independent' of the structure' of th~ 
surface rocks and arranged along an axis transverse to, the strike. 
This is very well seen in the hills of the drainage area of the Anlu 
Daria, ,where we have )he lowlands- of Bokhara: on the west, east
wards comes a series of low hills which do not rise above'-5,OOO feet. 
follow~d' by the high plateau of the Pamirs, and, still further east. 
by the mountains of Kungur and Mustagh Ata, which rise to heights 
of over 25,000 feet and form the highest summits ,of. the region. 
The sanie 'feature may, be recognised in the increase in average
height from east to west of the series of ranges which form,the back-

(, bone of the region and is also, and perhaps most conspicu0.llsIYt 
--marked by the feature known to geographers as the Mustagh \ Ata 

range, which lies outside the region covef~ by the gr,avity observa
t~ons, but must be considered, as it will be shown to have an import-
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ant bearing ,-~n the .iD.terpretation of them, and as its characterj is 
generally JIll8understood. 

Maps show a series of high mountains ranged along the border 
of the plains of Kashgaria, which 'are separated from thelPamir 
plateau by deep valleys, and ar.e so conspicuously arranged along 
~nearly meridional line that, in spite of the interruption by two 
deeply cut valleyS, it is natural to . look upon them as forming a dis
tinct and definite mountain range, which is variously designated as 
the Kashgar, Tagharma, or Mustagh ~ta, range; t~e appearance is, 
in fact, so striking t~at it has even inisled some geologists into regard
ing it as a true tectonic range, and accepting a system of disturbance 
of the strata which would cut right across the trend of the structure 
of the region immediately to the west, and of which no trace can be 
found in observ~tion in the field. The Mustagh Ata and Kungur 
arecomposoo of grani.te, and doubtless· owe' their preservation as 
the highest sUIIimits of the region-to this, but to the north Dr. H. H. 
Hayden fonnd that an' easterly strike continued right across the 
line of the supposed range, up to the margin Qf the Kashgar piain,l 
and to the south Dr; F. Stoliczka found a south-easterly strike con· 
tinued, with only a brief local occurrence of northerly strike from the 
edge of the plain till it bent round into the east-south-easterly strike 
of the Pamirs.B . The similitude to a mountain .range is largely due 
to the valleys which separate the summits from thePam,ir plateau, and 
even if these valleys are not wholly due to erosion, there :.:emains 
the fact that the greatest. aCjiual e~evations lie in the extreme east 
of the region, and the common geographIcal interpretation has 
this -much genetic justification,that the. axis of the greatest uplift 
lies on the eastern edge of the hills, .J!hence there is a rapid descent' 
to the plains of Kashgar. 

The major relief of the country is thus seen to cut right across 
the minor relief, or co~se of ridge and valley, and for this no satis-· 
factory explanation can be found in the visible geological structu)?e 
of the country. The structure very clearly indicates .that the region 
has undergone compression in a north and south direction, and this. 
compressiQn would give rise to a thickening of the. crust, to. :which 

. the elevation of the hills. might, and very commonly is, attributed;. 
but there is nothing in our limited knowledge of this region to sug
gest that the compression has been greater in the east than in the-

I Bee., Oeol. S ... ". Ind., XLV, 318 (1916). . 
I Scientific Results of the Second. Yarkand Mission Geology, pp. 35-37 (1878). 
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western portion, at any rate to the extent necessary to account for 
the difIerence.in the -present elevation of the. ground. This, how
-ever I is merely a repetition of what may be found in other parts 
~f the world. Even in those distl-ict~ where the relation between 
inward structure and outward form are most intimate and obvious, 
there is not the' same apparent connection Qetween structure and 
.absolute elevation. The Alps and the Himalayas,for instance, 
have both been c'ompressed in a direction transverse to the 'general 
(lourse of the railge, and the amount of compression seems to be of 
much the same order of magnitude in both cases; the geology 'of 
the Himalayas is less fully known than that of the Alps, but so far 
.as our kIiowledge goes the compression seems to have been, if any
th~g, less in amount, and certainly there is nothing like the twofold 
greater compression, which· would be needed to acco!1nt in this 
way for the twofold greater elevation. In both these cases, as in 
~thers of. a similar character, the-major relief is ranged along much 
the same general direction as the minor, so that it is difficult to 
disentangle the effects of the two and decide how far each may 
~r may not be determined by the geological structure. In the 
mountains -of Turkestan the opposite is the case, and here the major 
.and 'the minor relief are arranged . along difIerent lines, which cross 
each other nearly at right angles, antI, for this reason, the region 
.seems pa~icularlyfavourable for the study of those problems of 
I mountain formation, the solution of which seems impossible by 
geological observation and only to be~ approached by the study of 
geodetic measurements. , 

The results of the observations are published in the report of 
the 1909. meeting of )h? Internatio~al Geodetic Associa~ion, but. in 
less detaIled form than 'IS customa!y, for only the free aIr correctIOn 
is given. The Bouguer correction for visible mass· and the Hayford 
correction for local topography are easily obtained, but the orogra
phic correction for departure of the fctual s1llIface from a plateau 
(lould not be determined with accuracy from the maps accessible 
to me. As the stations are mostly situated in open valleys or out 
in the plain, this correction will in the majority of cases be less than. 
'01 dyne and only in a few cases, w~gre the station is situated in a, 
deep and narrow valley, will it exceed '02 dyne, and is not likely I 

to be greater ·than '03 at any station of the series. 
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The correction for the effect of topography at a greater distance. 
,than 104 miles from the station has been determined., It was 
.computed in detail by Messrs. H;yford and Bowie for the station 
.of Kala Khum,l which is almost centrally situated in the group 
.of stations being dealt with, and, as -the amount of this correction 
varies comparatively slowly from station to stat!on, the adoption 
.of the same value at all would probably not introduce an error of 
more than'02 dyne a~ anyone. Moreover, the error would be a 
.systematic one, changing gradually from one margin of the map 
towards the other, and lib easily recognisable, if not obscured by 
other and greater irregularities. As wlll be seen in the sequel, 
·the differences in the anomalies are much greater in amount and . more 
rapid in their variation than can possibly be accoUnted for by the 
neglect of this correction. Another consideration is the fact that 
·the correctness of the adopted value for the force of gravity at 
Tashkent, on which all the other values depend, is in doubt, I and 
for this reason it has seemed best to confine attention to the differ
.ences, which are most conveniently expressed as positive or negative 
·variations ·from the mean value of the whole group" excluding 
-the anomalous station of Kala Wamar .. The stations are numerous 
. enough, and the ~rea sufficiently extensive and' diversified in 
.character, to make it probable that the mean of the anomalies will' 
:approximately represent the true zero value for the a~ea, while 
·the exclusion of Kala, Wamar is justified by the anomalous 
~haracter of the record. The negative anomaly at this station is not 
only abuormally high, but is nearly two-tenths of a dyne higher 
than at the nearest stations. There is no apparent explanation of 
so great an anomaly at this sta~ion, and it is difficult to avoid the 
.(:onclusion that a clerical- error has crept into either the calculations 
-or their transcription, the alter,native explanation being that there 
is some exceptional and quite local peculiarity at this station; in 

.either case its exclusion is justified. 

On the map attached to this note (PI. 3) the relief of the surface is 
:indicated by the cont.ours .at . intervals of 5,000 feet and the positions 

I The effect of Topography and Isostatio compensa.tion 'uPOI\ the Intenmty 
.of gravity. Washington; 1912; P 84. -. • 

'Comptea Renduea de 1& seizieme Conference gen«!rale de l' Association Geodlllli· 
..que Intem1tionale, VoL m, pp. 138-141. -
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of the gravity stations, with the amount, expressed in hundredths. 
of a dyne, by which the anomaly, differs from the mean value. As~ 
has been mentioned, these values' require a correction for irregularity 
of the . surface, which may reach ·03 dyne and will be less at most 
of' the stations in the mountain region ; they_ are also subject to a 
correction on account. of distant topography and its compensationr 

which will vary gradually from a positive value near one margin to a 
negative value at the other, or possibly may ltary in either positive or 
negative direction from some 'point within the area. Anotp.er possible 
correction is a divergence of the actual distJi.bution of the compensation. 
from· that assumed in the Hayford and Bowie tables, from which 
the figures made use of were derived.; any suc~ assumptioIi., however,. 
,not inadmissible' on -other grounds, would make very small change 
in the amount of the anomaly, the maximum change, Ji,t the stations 
in the very heart of -the mountains, could not exceed '02 dyne at, 
any individual sta~ion and would vary in amount with the altitude. 

An: inspection of the map_ shows that the actual variation in. 
the amount of the anomaly is riot susceptible of explanation in 
any of these ways; not only is the amount of the difference too. 
large, reaching as it does-about two-tenths of a dyne, but the dis
.tribution shows no relation to the situation of the stations,whe
ther in. deep and narrow valleys or iii -the open plain, nor to the 
elevation, nor does i~ vary ina manner .that .could be attributed to' 
the effect of distant topography .. On the other hand, the varia
tion does show a very decided relation to the general relief of the 
'country; in the lowlands to the west we find the anomalies all 
positive, and the positive values continue into the hills on the east; 
as the higher hills are entered the anomalies become ,negatiye, and 
all the eastern stations' show a negative anomaly, with the excep
tion of two' grQups, de in the central region of the Pltmir plateau, 
and the other in the depression ~f Fergana. Expressed in general 
terms, it may be said that the character of the anomaly is such that 
where lower ground borders on higher the anomaly is positive, 
and negative where high ground is bordered by lower. In the 
case of the western plains. of Bokharlt, and again in the Fergana 
depression this relationship is obvious,. but not so on. the Pamir 
plateau, yet there, too, high as the stations lie, there is higher ground 
on all sides, though the barrier on the, .west is breached by river 
valleys.' The station of Jekindi, which' shows a small positive-. 
anomaly, isolated in a' region of defect of gravity, 18 no. exceptiol:\.. 

, I 
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for, though situated in a mountain region, it lies iJ? the upper valley 
.of the Kizil Su and no!i very far from the 'edge of the Alai plain, 
which, lyiiig between the Alai and TranS Alai ranges, appears to 
mark a structural depression between two lines of excess, of uplift. 

Bearing hi mind the fact that a positive anomaly, where the 
-effect of compensation has been considered, means that the surface 
Jevel stands higher 'than it would if a condition of complete isostatic 
equilibrium existed under tl1e station, the distribution of the ano
malies may be expressed in a different way, as indicating that ·the 
low ground is borne up above, and the ranges dep~ssed below, 
their respective proper levels. This· is the condition which was 
~stablish~d as regards one part, and shown to be probable as regards 
the other, in the case of the Himalayas, and, ip. that connection, 
was shown to suggest a certain amount of residual. rigidity in the 
.crust of the earth. The way in which this would work can be
illustrated by the diagram, fig. 1, where an originally level surfac.e 
.is supposed to have been subjected to elevatory forces such as 
would result in a surface as represented by the firm line between 
A and H, if the surfa.ce level everywhere coincided With the upward 
·or downward forces; if, however, the crust were possessed of a 
.degree of permanent rigidity which would not allow it to adapt 
itself to the flexures, the resulting surface would take some such 
form as that :sepresented by the dotted line, the exact form dependin~ 
.on the degree of rigidity of the crust and the abruptness of the 
Jl.exures. . 

Co 
F 

£ 
A ------ "'-;:~= ___ ....;H 

G B 

Fig. 1. 

Here we see that on either side of the central u.plifted tract, the 
1evel surface is bent upwards and stands at a higher level than it 
otherwise would, while the 'outer. edges ·of the uplift are held down 
'below the level which they should have reached. In . the centre 
·1)f the plateau it might be that the surface would be forc~ up 
above its proper level by an arching upwards of the crust, asa 
'result of the bending down on. either side. 

-The conditions assumed in the diagram have. been reduced 
-to an extreme simplicity, but a similar result would follow in more 
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complicated ~ircumstances, and, further, ff we suppose the elevato~y' 
force to be the result of the same changes which have given rise to
the compensati.on, we should find an apparent excess of gravity 
in all thos.e regions where the dotted line runs abQ!e .the firm one, 
and where the actual amount of the compensation would be less-· 
than that deduced from the measured altitude; where the do~ted 
line runs below' the firm there would, similarly: be an apparent 
defect of gravity, the real compensation being greater in amount 
than was allowed for in the computation. 

Before passing on to the consideration of the observations 
it may be well to point out that if the compensation were an indirect 
,result of the accumulation of surface material to form the plateau,. 
the relationship betWeen- the .real sUrface and the surfac~ of equili-
brium would be the opposite of that shown in the diagram. In 
this case the ground on either side of the platea~ would be borne
down, and a defect of gravity would be observed, while the plateau 
would. be ·supported above the level of equilibrium and show an. 
excess of gravity. 

Examining the anomalies in the light of, this explanation, we-' 
find, in the first place, high positive values· in ~hemost westerly 
stations; then, entering the hills, this positive anomaly decreases· 
in amount in an easterly direction, as' the high plateau of the Pamirs 
is approached, till it disappear~ and is replaced by a negative anomaly 
both in the stations along the course of the Oxu:s and in the hills t.o' 
the notth of it. 
_ In the upper Oxus valley, the anomaly has a negative. value 

of about'06 dyne at ~la Khum, of which'Ol' is due to the omission 
of the orographic correction. At Kala Wanj, Kharuk and Ishkasham: 
the negative. anomaly amoun~s to '08, of whic.h some '02 to '03 may 
be due to' the orographic correction, and at Langar Kisht, where
this correction is probably larger than at any other station, the 
negative anomaly of '11 woul.l be reduced to '07 or '08. . 

Eastwards of these high negative values there are no stations· 
till the Pamir plateau is reached, where a group of positive anomalies 
is met with" the greatest of which amounts to '11 dyne, at Robat 
Musko!. This very high value may be attributable, in part, to' a 
purely local variation in the density of the rocks under the station, 
and it may be .that the 'lesser positive anomalies at the neighbouring 
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tt;ations would be made negative by a computation including the· 
effect 'of more distant topography,· but any such change would 
still leave the values positive in comparison with the anomaIle~ 
at the stations round' about. ---

.' 
Taking an anomaly of '03 dyne as representing in round numbers 

the attraction of 1,000 feet thickness 'Of average roc1l;, we may inter
pret, the figures as showing a superelevation of about 3,000 feet in the 
plain about Bokhara, a depression of rather less. along the edge of 
the high plateau of the Pamirs, about Kala Khum' 'Or K!Lla Wanj, 
and a superelevatron of about, the same amount in the central part 
of the plateau round about Robat Muskol. The d~tance from 
Charjui to Robat Muskol is about 550 miles and the. maximum 
difference of load equivalent to about 5,00Q feet of rock, indicating 
a permanent strength of the crust of more than doub,Ie that wh,ich,. 
according to Prof., Barrell, is revealed by the observations in the 
United Stat~s" but only - about one-half to three-quarters of that 
exhibited by part of the 'floor of the Pacific Oceau.1 

On this line of section, a distu~bing .element may. come in, of 
the effect of which we can form no estimate, for the line is flanked 
on the north by the high ranges stretching westwards between the 
Oxus and Jaxartes· valleys, and on the south by the Hindu Kush 
and its westerly continu~tion. Nothing of the same proportionate
amount needs consideration on- the transverse section from north 
to south across the Pamirs. Beginning from the south, we find; 
a negative anomaly at Langar Kisht which, allowiitgfor the effect 
of the orographic correction, is equivalent to a depression of about 
3,000' feet. This station is close to the crest of the Hindu Kush. 
and to peaks which rise to an altitude of 22,000 to 24,000 feet. 
At Murghabi, the depression has sunk· to -'04 dyne· and, as the 
wgraphic correction would be comparatively small, the depres
siOn may. be put at about 1,000- feet. At the next station, Robat 
Ak Baital, there is a superelevation of about the same amount, which. 
,increases to 3,000 feet or more at Robat Muskol. La!re Karakul( 
seems to stand at about the level, due to the compensation but 
northwards the depression ,at Bordaba amounts to 1,000 feet and. 
to 3,000 feet at Ak Bossaga, diminishing again to about 1,000 feet 
at Sufi Kurgan and Gulcha. At Liansar and Osh, in the Fergana 
valley, there is a positive anomaly, indi~ting a superelevation of 

I JUUf'1l. Owl., XXII. SO, S7, SS- (1918), 
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less than 1,000 feet, surroundell: on three sides by stations indicating 
a depression of the sudace level,· as the mountains are ~eared. 

On this section the bearing up of the low ground, and the bearing 
down of the high, 'is very clearly.exhibited. In the case of the 
Fergana valley it is obvious enough, and, as has been pointed out, 

. the central region of the Pamir plateau is in much the. same ·case, 
in spite of its altitude, but here another cause may co-operate in 
producing superelevation. The observations indicate· a bending 
down of the crust towards the north and south, and towards the 
west; on the east no observations exist but we may infer that a 
similar condition would be found towards the plains of Kashgar. . 

-G:!:anted. the correctness of this interpretation, the strength ·and 
rig~dity ot the crust implied by it might well give rise to an upward 
bending of the portion of the crust lying between and so to an uplift, 
reaching- its maximum .... in the centre and dying out on either side, 
as was suggested in dealing with the suppooitious ca!!e illustrated 
in fig. 1. ' 

However thi.s-may be, we have a sectio~ which may be regarded 
as something over a complete wave, having ~·length of about 150 
miles from crest to crest or trough to trough, and a height of about 
7,000 feet from trough to crest. This last figure may be excessive, 
and partly due to this increase ofjihe maximum anomalies by purely 
local causes, but the general average of the observations shows, that -
the _ difference is at least equivalent to so~e 5,000 feet or 2,500 
abo-ve and below the mean level of equilibrium. 

Westwards from Fergana the stations in the drainage area of 
the Sir Daria, or J axartes, show the !!ame features, of negative 
anomalies on the . east giving place to. positive. anomalies to the 
westwards, as was founSl further,south. It is not possible to recognise 
any influence of the' high mountains . which lie between the two 
rivers, as-there are no stations within the ranges or close to the~ 
and the elevated mass is so insignificant in volume, as compared with 
the Pamir plateau, that'the effect of the latter would be predominant,. 
and any influence exerted by the former only recognisable by a 
larger number of more closely set stations than are available. 

Taken as a whole, the results agree in a remarkable manner 
with those obtained from the study .of the geodetic observations 
in the Himalayas, indicating ,that 8 condition of general. isostatic 
~qui1ibrium, .of the mountains as a whole,is' subject to considerable 
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local departures from this £ondition. In both cases these departures 
from complete equilibrium are distributed with a marked relation to 
the greater relief of the surface and are just such as would -result 
from the uplift being due to some deep-seated cause, acting mainly 
in a vertical direction, combined with some considerable strength 
and permanent rigidity of the overlying crust, which is, consequently, 
prevented from adapting itself completely to the bending, and so may 
hold the surface level down below or upraised above that at which it 
would otherwise stand. The limit to the amount of the departUre 
from the level of equilibrium is about the sam~ in both regions and 
reaches a maximum of some 3,000 feet; the observations which 
have been made hi the Andes suggest a similardepp.rture from 
eomplete equilibrium and to about the same amou.nt, We find, then, 
that three great mountain ranges, each of about the /lame magnitude, 
and the three greatest in the world, agree in showing the same 
phenomenon and to the same degree: This would in' itself give great 
support to the supposition that there is a real connec~ion and a 
eause common to .all. There' are, besides, within the limits of 
the regi~n now' under consideration, two groups of facts, wholly 
independent of each other, and each in its way giving support to 
the deduction that the greater relief of the_ surface is independent 
()f the superficial geological structure, but is directly due to the 
same processes -as have given rise to the compensation. 

The first of these is the- fact that the course- and distribution 
of the principal mountain ranges and the larger features of the r~lief 
of the ground are not directly' determined by the geologicalstruiture. 
The point is very clearly brought out in a paper by Dr. Ellsworth 
Huntington, on the Mounta~ of Turkestan, and can hardly -be 
more graphically ~nd succinctly "expressed than by three brief 
extracts from his aocoun1r, in which he consistently writes of the 
Tian Shan Mountains as a plateau and never as a range.1 

II In physio~aphic terms, the TiaIi ShIm plateau may be described 
as a peneplain which. has been highly uplifted and warped, and is 
now in a state of extreme youth ". * * * It The result- of these 
geological changes is that, although the internal structure. of the. 
Tian Shan region is highly mountainoul!, its external. appearance, 
or, ~ other words, its geographical aspect, is that of a. plateau" 
• * * II The ridges rise by long gentle slopes"tJo flat summits, 

I Geog. Juurn •• XXV, pp. 22.40, 139·158 (1905). 
'" -
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where often for many miles the ski·line is an almost straight crest 
from which the rouna.ed slopes of pure white snowfields descend 
gradually toward the -basins. Here and there the crest line is 
notched by high passes, the lowest of wltich' are but 1,000 or 2,000 
feet below the top of the ridge. Oftener the summit 'of the ridge
is broken into individual mountains, broadly flat topped and of 
nearly equal height." v I~ 

The description of this author is borne out by that of ,every 
other traveller,'-and the region appears as one which has undergone
a very considerable amount of disturbance, accompanied by a 
general compression of the strata, which may have given rise to
true tectonic irregularities in the form of the surface. These originaL 
features had been worn down and the country reduced to a lowland 
type of gentle relief, such as it is the fashion to describe as a peneplain~ 
when, at a later date, the country ..was uplifted and, by the oppor
.tunity so given to the action of denudation, the surface carved into 
steep slopes, and deep-cut . valleys, c.onverting _a downland plateau 
into,the aspect of a series of mountain ranges. , The uplift waif not 
uniform, but greater along certain lines than elsewhere, and in some 
cases these lines of greater elevation followed the general course of 
the earlier' axes of disturbance of the strata, so that the present 
range of high' crests has the appearance of being a true tectonic 
range, but even in these cases the amount of the later elevation 
varies along the length of the range, and the variation has no rela
tion to the geological structure. More generally, however, there 
seems no direct connection, and the most conspicuous geographical 
feature of the region, the line of ,mountains running north and south, 
between the Pamirs and -uhe Plains of Yarkand ,and Kashgar~ 
runs right across the trend of the geologicaf structure. This series 
of p:lOuntains is. so ~stinctly ranged 'aloll.g a. definite axis that it 
may naturally be regarded as a definite range, and the study of the 
topographical map I has even led geologists to infer the existence of 
a meridional range of true teetonic character. As has already been 
mentioned, the surface observations- are opposed to this conclusion" 
and show that, if the range is in any sense of the word a tectonic
one the tectonics 'are more deeply seated than those of the distur-
bance of, the rocks near the surface. . 

The consider~ion of this range, which is seen to be probably 
a true range, genetically as well as in superficial appearance, merely 
emphasises the conclusion drawn from the general,study of the region r 

" 
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that the broad features of the major relief, 'as well as the deter-· 
ruination of the more restr~cted zones of greater uplift,' are riot the· 
result of processes apparent in the structures visible at the surface, 
but of more deeply seated, and possibly quite independent, proCeSfieS,. 
which are not accessible to surface observations, and are, presumably,. 
connected with .the cause of cOlIlpensation. 

The second group of facts hQ.s a more' direct bearing on the
particular nature of the changes, or processes, which produce the· 
compensation. It is known that great earthquakes send out two· 
sets of waves, which are transmitted thrpugh the interior of the 
earth and recorded at distant stations. In addition to the recOl;d. 
of the waves which have travelled by direct courses, there are· 
subsidiary records which are attributed to those w1tich have .been 

- one or more times reHected ; though the interpretation of the records 
has been questioned, and is certainly doubtful as to some of the 
supposed twice or more times reHected waves, the concordance of' 
a very large proportion of the records seems to have established the 
pres~nce ef the two types of singly r~Hected waves, thlY condensa- . 

_ tional and the distortional; each reHected from a midway point as 
the same form of wave, In the mathematical treatment of this 
question it is usu~ to al!Bume a reHection from the surface of a. 
solid sphere, and this is too loften taken to mean that it takes place 
at the surface of the earth; this, however, is impossible,. in the case 
of the actual records, for the rocks. of which the outer shell of. the 
earth is composed are too heterogeneous t~ transmit a simple form 
of wave-motion without repeated breaking up into waves of more 
than one form, and the constituent rocks have, almost wi.thout 
exception, so' different a degree of elasticity in' different directions 
that they are incapable of t~ansmitting either of the simple forms of 
wave-motion. The res~lt is, that the simple waves, on entering the
outer crust, become broken up into more complex forms and lost; 
consequently, it. is not at the surface of the earth that we must 
look for the surface of reHection, but at the under surface of the 
heterogeneous crust, and it is reasonable to find an explanJtion,. 
of the greater or less conspicuousness oCthe record of thereHected. 
waves, in the varying degree of abruptness of transition to the 
more uniform material below. Now it has been observed that,. of 
all the earthquakes registered at European obse~vatories, those· 
originating in the neighbourhood:oi the Philippines, that ..... is, those 
"'Which have the central point of reHection under the region of high.. 
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mountains of Kashmir and'the Pamirs, give-the most co~pic~ou~ 
record of ~ the reflected waves, usually -ilvim larger than that of the 

--distant ones. . . ' . 
The obvious interpretation of this' is that the transition from 

,the outer crust to the underlying material. is more than usually 
xapid and sharply defined in the region under the Pamirs,. and it 
is natural to associate this with the changes which have given rise 
-to the compensation of this gr9uP of mountain' ranges, the largest 
.and loftiest in the world. And so we reach the same conclusion 
·as was, drawn from the gravity observations, that the processes and I 
-changes, to which the effect is due, are localised, or· at, least concen
trated, in the lower part of' the crust, or in the layer immediately 
.beneath it. 

The conclusio:q. reached in the course of this investigation may 
not be ·.without importance on the geodetic side, as a guide in the 
,determination of the nature, and distribution'in depth, of' the com
,pensation. On the geological_ side it is of great interest as sho-rng 
that two distinct causes and actions have been at work' and must 
be taken into ·account in any attempt-to elucidat~ the origin' of_ 
mountain ranges. On the one hand, we haye the actions wh.ich 
have given rise to the disturb!1nce of sedimentary rocks from their 
.originally horizontal position, a.nd to the intrusion of igneous rocks 
:among them. The weU':established importance. of trend-lines of 
structure is unimpaired, ang to the structure ,set up in this way, 
combined' with' the effects of surface' denudation, the details of 
.surface form and the course of 'ridge and valley are due. The 
boundary between hill and plain is nften determined by the same 
·-cause, and to it ranges of hills may sometimes be due, but there is a 
distinct limit to the, amount of the difference of elevation which 
can be produce a in this way. 'No exact figure can be given for 
these limits; they are uobably incapable of precise numerical 
·definition, but the limit of height must be somewhere about 2,000, 
or possibly, 3,000 feet, and the limit of breadth 150' to 200 miles .. 
Where the difference becomes greater than this, we must look to 
some other cause than compression of the rocks, for the load imposed 
on the crust becomes too great for it. to bear .. and so the conclusion 
is reached that the larger differences in elevation, and the more 

·extensive areas of uplift, are due to some cause which is independent 
·of t1}.at -which has given rise to the structures r,evealed by the geolo
gical examination of surface rocks. 
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As 8 speculation this is not new, but the present investigation: 
has given clearer indication of its. truth than had previously' been. 

,published, within my knowledge, and more -especially has shown, 
i~ the-first place, that the uplift of the 'higher mountain ranges is· 
directly connected with those changes which have given rise to the' 
defect of density under the ranges, known as their' compensation" 
and, in the second place,_ '~hat these phanges are deep-seated and 
take place at the lower limit of the outer crust. Of the nature of 
these changes, or the way in w:J.rich they are brought about, the inves
tigation gives no direct indication, but, from the intimate connection 
between the uplift and-the compensation, it follows that the centre
of gra.vity of the two is probably at the same averag!l depth, and this" 
according to Mi. -Hayford's investigation, is somewhere about 35 
miles below ~he surface. . Further, the distribution of the departures 
from complete local equilibrium are - such as to show that the 
compensation is ntlt the indirect effect of the formation of the moun
tain ranges, but that it is the. primary phe_nomeno~ and the originat
ing cause of the uplift, of which the mountains are the indirect 
result and to 'which t.bey owe their present altitude. 

• LIST OJ' STATIONS AND DBTAILS OF OBSEBVATIONS UTILISED. 

[NoTB.-The StD.tions in this' list belong. to two series of. observations., 
one based on Tashkent, the other on TiBis. As the value adopted for the
base station in the former differs from that determined for the same place 
in the latter, and earlier in point-.o£ date, by ·015 dyne, acorrootion of 
this amount has been made at the other aations iD: order to bring the two 
series into uniformity. Stations of the series based on Tiflis, to w9icl'i 
the correction has, been applied, are distinguished by an asterisk, SPillling 
of place names follows the Survey of India, or a similar system where the, 
name is not to be found on published maps.] 
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NANABHAI DAYA~HAI DARU. 
, , 

I T is with much regret that I have to record. the death on 
September 26th of Mr, N. D. Daru, AssistantSuperin£endent 

in this -Dep~ment. Mr. Daru, after training in England and 
Canada, joined the Geological Survey of In?ia OJ?- Decem.bex: 4th,' 
1907, and was emplo)lEld at first· in reporting ~ the aluy!!' indus
try in tl1e Salt Range. He was subsequently attaChed to the 
Central I:qdia and Rajputana party, and carried out the revision 
of the geological map of Dungarpur State. His n!;1tural bent, 
hQwever. led himr~ther to the educational ,side of his subject. 
and he occupied the post of Lecturer on Geology at the Poona 
Engineering College for three years and of Professor of Geology 
at the "Presidency College, Madras, for, two years. Soon after' 
his resumption'of, field-work in .1916 his health gave "way; he 
returned from leave on medical certificate only in April last, but 
was' again compelled to take similar leave almost immediately . 
.His ~arly death is sincerely regretted by all his colleagues. 

H.-H. HAYDEN. 
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,.. ", i DlSPOSI nON LIST. • .. . 

" '1. During the period under report". the officers of the Dep~rtinent: 
were. ·employed as follows,:-: ' . 

-". , 
, " 

Superintendents. '. 
MR. E. VREDENBURG. At headquarters as Palreontologist through-

-
, DR. L. L. FERMOR 

DR'. E. 1I. PASCO:m 

DR. G. ~. PILGRIM 

• 

MR. G. H. TIPPER .. 
". , . 

MR. H. WALKER 

out the period. ' 

Returned to headquarters on 23rd '. April., 
,nns. 'Services placed at the disposal 
of the Indian ..Munitions Boar:d during" 
the following periods-

'from 20th May to' 13th June 1915, 
from . 8th July to 3rd August 1918, 
from 29th October to 7th November 

1918. 

On privilege leave from 21st .to 28th. 
October 1918. "At headquarters from. 15th 
Nove~ber ·~~18 . 

. Returned 'to, teadquarters on . 19th Janu
ary 1918. Deputed to Mesopotamia 
and left for the field on 5th November 
1918. ' 

• 

A~sistant §uperintendents. 

• .,Dn deplltation in Persia throughout the 
year except fo~a brief period from 24th. 

, March to 22l).d April 1918 . . 
'. Employed in the mica-mining area of, 

. Hazaribagh. 

Returned from' the' field on 18th" April 
1918. Appointed Curator with' effect from 
27th October 1918. 
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.MR. K.- A. K. HALLoWEs Returned to headquarters Qn~13th' Aprii 
. . 1918: Posted to BurJlla and lefthea<1.· 

quarters on 30th October 1918. . 

:MR. G. DI11' P. COTTER 

]JR. J. COGGIN BROWN . 

MR. A. :rd. HERON 

At headquarters as Curator up to 26th -
October 1918.Exami,pedd~m !lites on 
the Usri and Barakar rivers, .near Giridih 
from 17th to 21st April 1918. Deputed to 
examine the kaolin of Kasumpur, 'Delhi, 
and th& ~oda deposits of Sind an~ left 
for the field on 26th October 1918. 

Employed in Tavoy in ·connection with the 
wolfram mining industry ... 

Returned to headquarters on 13th Febr)lary 
1918. Posted to J3urmato examine the 
antimony deposits of the North. B.han, 
States and left headquarters Oil 25th 
February 1918. Returned from Burma; .on, . 
)nd August. l!h8. . From 1st N:ovembe~ 
1918 engaged 'in examining dam sites ~ 
Saugor and Bilaspur districts, Ce:p.tril
Provinces and· iron ore deposits in 
Singhbhum . 

... 
Employe«;l in Tavol in connection withthe 

wolfram·mining industry. 

• .DR. M. STUART • Returned ·from Burma on. 3rd June 1918. 
Engaged frolXl 17th iuly to 9th August 
1918 in investigating ,t~e' area- affected 
by the Sriinangal earth~uake of StIr 
July 1918. Deputed to examine li.JD.estone 
deposits in various parts.· of India and 
left headquarters on' ~4th ' November 
1918. . -
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MR .. C. S. Fox '. Completed on the 19th April -1918 the in-
vestigation of bauxite deposits in Chota· 
Nagpur; was placed in charge of Jorasi-
mar mica mine, Haza~ibagh, with effect 
from 30th April 1918. " 

MR. I!.W. PALMER On military duty. 

-
DR. W. A. K. CHRISTIE 

" 

Chemist. 

Services placed temporarily at the disposal': 
of the Government 6Llndia in the Finance
Department with ~ffect from 12th April,. 
1918. 

Artist. 

MR. K. F. WATKINSON At headquarters. Granted privilege leave-
for one month and 22 days from 2nd:_ 
December 1918. 

$ub-Assistants. 

l\fR. S. SETHU RAMA Returned _from the field on 8th May 1918 .. 
_ RAU. , On privilege leave from 1st to 8th Octo-·· 

ber 1918. Posted' to Tavoy and left 
headquartcrs on 22nd October 1918. 

, 
0l\1R. M. VINAYAK RAO. 

/ 

," 

BABU BANKIM BEHARI 
GUPTA. 

Returmd from the field on 16th May 1918. 
Granted privilege leave for one month 
and four days from 5th Septembe~ 191~. 
Posted to l'avoy and left headquarters 
on 30th October 1918 . . 

Assistant Curator. 

Appoin:ted on the 26th. August 1918 at 
headquarters. 
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ADMINISTRA TlVE CHANGES. 

2. Dr. G. E. Piigrim officiated as Superintendent from .2Oth 
May'to 13th Jun..e 1918, from 8th. July to. 

Promotion and ap. 3rd August 1918 and fro.m 21st October' to 
~olntment&. 

7th - November 1918, vice Dr. L. L. Ferinor, 
on deputation to the Indian Munitions Board. 

. Mr. H. Walker was appointed· Curator with efiect : from the 
'27th October 1918. . . 

13abu Bankim Behari. Gupta was appointed Assistant Curat.or 
-with efiect from the 26th August 1918. • 

3. Dr. L. L. Fermor was granted privilege leave from the 21st 
-to 28th October 1918. . • 

Mr. K. F. ,Watkinson was granted privilege"leave for one month 

Leave. 
and 22 days with efiect from 2nd December 
1918. . . 

Mr. Sethu Rama Rauwas granted privilege leave from the 1st 
-to the 8th October 1918. 

Mr. M. Vinayak Rao was granted privilege -leave for one montlt 
ansi four days with efiect from the 5th September 1918. 

MILITARY SERVICE. 

4. Only Mr. R. W. 'Palmer remained in the Army throughout· 
the year, all other members of the Department haviI}g been re!Jalled 
for civil duty. Lt. Colin Campbell, whose services have been lent 
to the -Geological Survey by the military .autho:dties, remained 
with this Department throughout the year. 

STUDENTS. 

5. Babu Harendra Mohan Lahiri, M.Sc., post~giaduate schola.r, 
-continued to carry on research. work in the Museum and Laboratory 

. '~hroughout the year. 

PROFESSORSHIPS-AND LECTURERS HIPS. 

6. On proceeding to the fiell in O~tober, Mr. G. de P. Cotter 
was- relieved by Mr. H. Walker in his' appointment as Lecturer 

,OIl Geology at the Presidency College, Calcutta. 
Mr. E. Vredenburg continued to actas·a. Professor ofOeology 

at the Calcutta University, in addition to his . own duties, through
·,out the year. 
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LIBRARY. , 
7,The additions to the 'library amounted ,to 1,887 volumes, of 

which 726 were, acquired by purchase and 1,161 by presentation_ 
and e~Mnge: 

PUBLICATIONS. 

·~._OWmg to pressure, 'of 'wo;k, it has been found unpossible:· 
to. issue, t~e usual number of publications during the year ~ only' 

. three parts of Records Volume XLIX, were pubJi,shed, the fourth, 
part sta:nding' over til! the beginning of the new year. The issuec 
(It a yery important work, however, was completed; in 1917, the 
first part 'of the' new Bibliography of Indian'Geology and Physical 

,GeographY, compiled by Mr. La Touche, was published, while the
I!econd part, consisting of an Annotated Index of Minerals of' 
Economic Value, was issued during the 'year under review. This, 
lVork is already in considerable]:equest, "and shourd' prove of great 
'yalue to, those interested in the' economic development of the 
'~ountry. ,One memoir of Palreontologia Indica' (New Series, Vot. .111, 
No .. 2) dealing with the Brachiopoda of the Namyau beds,Northern. 
'~lian States.. was also issued during the year.' ,. 

MUSEUM. AND LABORATORY., 

.9. Mr. G. de.P. Cotter was Curator of the Geological Museum, 

Staff. 
and Laboratory from the beginning :.of ilie 
year until the end of October, when he left 

Calcutta for. field-work in Sind. Mr. H. Walker took charge of 
the duties for the remainder of the year. Mr. ·A. K. Banerji was
Assistant Curator until the 26th August, on which date he was 
transferred to 'the. pos!,' of Head Clerk The senior Field Collector, 
Babu Bankim Behari Gupta, was promoted to Assistant' Curator. 
Babu - Baroda Charari Gupta, senior Museum Assistant, was pto-, 
moted ,:Wield Collector . 

. 10. Dr. W. A. K. Christie was Chemist in the .Departmen.t 
from the beginning of the year. to the. 12th 

• , Chemist. • d _, • April on which day his serVlCes wete place ' 
iemporarily: at the disposal of the Government of India· in the. 
'1inan~e De;partment. 
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, )1. The numb,er of specimens ,re.ferred to the Curator for eu· 
. ", mination and report was 460" of which .assayl! 
Determinative .... ork and' analyses were made of 93. The corre-

and ,analyses.. sponding figures for the' previous. year~~~ ~ 
j,n<f 83. The chemical work included. analyses of kaolinite, ~me~ 
stone, coal, wolfram and sulphur-bearIng, rocks and assays of. ores 
of aJltiIqony and lead. ' J 

12. During the year various specimens, of r~cks, minerals and 
Donallons t41 Museums, fossils were given to :- ' 

etc. 

. (1) The Is1amia High English ';'Scho~l,. Gaibandhl£ '(Rangp~,. 
(2) University College of Science, Calc1l.tta. ' :' 
(3) The Superintendent, Mayurbhal\i, State. 
(4) St. Mary's Convent, Allahaoad. 
(5) ,The Mining Engineer. Gwalior Sta~e. 
~6' Agricultural College, Poona. 
(7) M.c~ahon.Museum, Quetta. 
(8) Agricultural Mus~um, MuzafIarpur: It _ . 

A small coll~ction was sent on loan for the Gwalior State Exhjbi1fion., 
,.l3. The following forei~n specimens were added t9' the co.l41c~ 
AddItIons to the col- tions during the year :-

'Jectlons. ' 

(1) Asbestos, from the Belingwe District, Rhodesia, presented 
by Captain L. Ludlow, Bedfordshire Regiment. 

(2) Asbestos (chrysotile), from the Goedverwacht mine, Trans
vaal, presented by' A,. G. Grimley, Esq. -

• "Amongst the Indian specimens re~eived, the following may be 
mentioned :- . .( 

(1) Allanite, from Bahea, Ranchi· 'District; piesented by P. 
E. B,illinghurst,' Esq. 

(2t Scheelite and wolfram' with copper pyrites from thE 
P,gaye' mine, Tavoy District, preseutid by Messrs. 
The Bombay-Burma Trading C6:, Ltd.· 

(3) Mica hom Chatiparan., ·H~zarigagh District, presell.ted by 
C. C .. Augier, Esq .. 

14 •• D~~g -the year' .the . rearrangement of the slow-cases ;n 
.' '. the . fossil, gallery has' been completed and:. lfll 

Rearrangement of-
the fO.ln gaUery. ' all 'except a few cases new printed " labels 

have been placed in POIjiJ;iOll. TM work will 
be completed early in' 1919. 
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. PETROLOGY. 

15. In his account oi the geology and coal resources of Korea. 
State, Central Provinces,1 Dr. Fermor described some puzzling 
rocks under the name- of the Chirmiri volcanic series. Subsequent 
work-on the Bokaro coalfield showed that these rocks were the 
products of the fusion of shales and sandstone due· to the burning 
of coal-seams at the outcrop.1I Dr. Fermor has now studied the 

. microscopic aspects of these products and finds them to consist 
of. vitrophypc rocks containing crystals of various minerals in a 
glassy base,· amongst ·the -minerals recognised being cordierite, silli
manite, pyroxenes, plagioclase, blac1c ores, and a mineral closely 
allied. to fayalite. These rocks show the structures and text~ 
of volcanic rocks ; but oj[ account of their production from sedi
mentary rocks.. with resultant peculiarities· in chemical and mineral 
composition, Dr. Fermor designates them para-lavas on the analogy 
of the terms para-schist and para-gneiss. . -

PAUEONTOLOGY. 

16. Mr. Vredenburg has pontinued his work on the Tertiary 
Gastropoda, which, however, is not yet complete. He hopes to 
finish shortly a monograph containing a complete review of the 
OYp"reidre and Ovulidre. 

HIMALAYAN STRATIGRAPHY. 

17. In my Ge~ral Report for the year 1917 I refe'rred to the 
supposed discovery at Solan, by Babu Hem Chandra Das ,Gupta, 

.M.A., of fossils in rocks regarded as of Infra-Krol age. 1 pointed 
out at the tbne that the fossils were badly preserved, and that 
th~ir_ determination ~ Palreozoic brachiopods was not 'entirely con
vincing. :An opportunity,_ afforded by a journey to Simla, enabled 
me to visit· ths. locality; the only fossiliferous rockS qbserved were of 
lower. Tertiary age, ElJld although the matter can.not yet be. regarded as 
definitely decided, my visit.confirmed the accuracy of Mr. Medlicott's 
map, on which' the localitj . in. question is shown all lying on 
Tertiary beds. "'.. • 
. 18. It is interesting to record the discovery of fossils in the 
neighbourhood of the Shali peak a few miles to the north of Simla, 

1 Mem. O. B.I., XLI. Pt. 2. p. 138. (1914) and .Rec. O. B. I., XLIV, p. 13, (1914). 
ITr""" Mill.., Oeol. lnBC. 0/ India. XII, pp. 60·63, (1918). . '. . 
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The locality lies on the ridge running from Matiana to the Shali 
peak and at about ene mile north-west ot the village of Barhana. 
The f088ilif~ous beds consist chiefly of shaly limestones, . and can 
be traced for over a mile or more to the N. N. E. along the ridge 
towards Kanda Devi.· The fossils are extremely badlJ.preserved, 
but have a general Upper Mesozoic aspect. They consist chiefly 
()f lamelIibranchs, but there· are also numer~)Us. irreguiar tubular 
structures for the determination of whic'h as chretopod worms 
I am indebted to my colleague, Mr. G. H. Tipper. These annelids 
belong to the genus SerpuZa and are remarkably like 'tlertain Juras.
sic and Cretaceous forms. So far I have only been able to spend. 
a few hours at the locality,. but it is hoped that further examination, 
may yield a better preserved and more characteristic fauna. 

ECONOMIC. ENQUIRIES • . 
Antimony~' 

19. Mr. H. C. Jones visited during the year antimony deposits 
in Mong Hsu State and also in the neighbourhood of Keng Tung, 
Southern Shan States. Two localities were visited in Mong Hsu,. 
viz., Loi Hpwe (Nakeng) and Loi Hke. A certain amount of pro,s
pectirig work has been done by private individuals or by companies 
on these ore--bodies, but most of the ore hitherto recovered has 
been obtained from detrital ~oulders lying on the surface.. Most 
of the· workings were inaccessible owing to water. No definite 
c.oncl~ion could be arrived at therefore ~ith regard to the Nakeng 
deposit, a1though the fact tha~ the boulders lying Oll the surface' 
have all been found along a na~ow band seems to indicate. <that 
the stibniteore--body is not a large one. Mr. Jones considel'ild 
ihat ~e Loi Hke deposit was )lot promising. 

20. Small qUantities. of stibnite were also noticed' at Hkumhpok 
and Loisang in the Mong Kung State, where "Small quantitie~ of· 
(lre had been extracted from time ~ time by the local inhabitants, 
bnt the aJhount 'vailable was apparently insignificant. 

• 21. Small quantities of' stibnite. were noticed in pits in the 
neighbourhood of the Railway near Lebyin station between Kalaw 
Jl.nd Pyinyaung. The stibnite appears to be sparsely~ di.striouted 
through a small vein of fine--grained quartz; it is ~onsidered by 
Mr. Jones to be of no economic value. 
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22. Mr. Jones also took the opportunity of visiting a locality 
in Keng Tung State from which specimens of antimony ore had 
been sent to this DepartIhent. The ore occurs near the village of 
Mong lng, which lies in the hills ~bout 2.~ miles south of Tongta, 

.. 241 miles from Taungyi on the road to Keng. Tung. The deposit: 
is a small stibnite vein or pocket in. limestone, and is too small 
.in ~xtent and too poor in quality to hold out any hopes of success
·ful ·working. 

Apatite. 
23. AI~hough the magnetite.apatite-rocks of Singhbhum contain. 

on the 'Merage more apatite than magnetite they are for the sake 
of convenience referred to under Iron (p. 14). 

Chromite. 
24. The discovery' of chromitil at the Suru Pass in the -Kolhan 

'in Singhbhum was recorded sOql-e years ago.1 

. During succeeding years numerous small deposits of chromite 

Singhbhum. 
have been discovered in the. same country, 
leading to the export during the past· few 

years of some 8,000 tons- of chromite. In March and April, 1918, 
Dr. Fermor re-visited this area and prepared a map of~the occur
rences on a scale of 4 i~hes to' the mile. Three separate patches. 
of peridotite give· rise to prominent hill masses knoVl'"D. respectively 
as Kimsi Buru, Kitta Buru, and Chitung Burn-Roro :auru, and 
these are surrounded by a comparat~vely little metamorphosed 
Dhar~ar terrane_of slates, slaty shales, and quartzites, with" occa
sional thin bands of limestone. The ultrabasic rocks appear to be 
laccolitic intrusions several hundred feet thick'that have partici
pated in 'the .',fater stiges of folding of the Dharwars. The component 
rocks have been much altered, but were originally saxonite, dunite, 
and subordinate ppoxenite,-saxonite, with fluidal "arrangem~nt of 
pyroxene (enstatite 1 being the most abundant type; one specimen 
of lherzolite was also found. These rocks'·have been very largely 
serpentinised, 80 that it i~ very difficult to find' a §pecimen showing 
unaltered olivine; but fairly fresh enstatite is common. Chromite 
occurs almost "invariably ·as. 8!3attered grains in the setpentinised 
dunites, and frequently, but not always, in the altered 'saxonites~' 

1 Bee., O. S. 1., Vol. XXXVIII, p. 34, (1909). 
" 
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In addition bands of ore, are found in both serpentinised duIiite· 
and altered saxonite. These bands o..f OJ;e are rarely a foot thick, 
usually less, but· are the source of the' chromite ,exported £rOUL 
this area. The eviden~e collected proves conclusively, even, more 
satisfactorily than. in Baluchistan, that the chromite bands are
of primary (magmatic) origin, contemporaneous With the dunite 
and saxonite~ , 

25. Whereas the chromite deposits of Baluchistan usually 'lake
the form of irregular masses or lenses, roo.dering it difficult to' make 
reliable estimates of quantity of ore- available, the SinghbhuUL 
deposits are definite bands, which in some cases have been traced. 
by quarrying operations for thousands of feet. Thus on the east 
side of Inde Buru (a portion of Roro Buru) and the south slope 
of Chitung Bpru, one- band of ore has been traced at intervals for 
over a mile, the interruptions being due to numerous small cross 
faults. This ore-band is sometinies single and, from 7 to 10 inches 
thick, but in other place~ it is split into several thin bands, of about 
the same aggregate thlckness, but distributed through a total. 
thickness of ll- of 2 feet to rock. 

26. The. alteration of these peridotites has not always resulted: 
in the prod.uction of !!erpentine. At or close to the ~argins, talc
slates or {!Chists have' almost alwaYjI been formed, but in places 
schistose serpentine is found. Further" the thin tongues of ultra
basic rock, where the effects of folding have been most intens~, 
have usually been converted entirely into talc-rocks. 

27. The formation of the Singhbhum serpentine appears to 
have been effected by the action of siliceous ,solutions, for the ,occur
rences are characterised ,by the' absence of magnesite and, by the 
formation "Of great quantities 'of chert, usually along the margins 
of the ultrabasic masses, but someti~es as dyke-like, streaks pene
trating • the serpentinous rocks, as in Chitung Buru. These cherts 
have bean formed by the replacement. of the lXlagnesian rocks and. 
reveal theu- origin, both by their position; their structures, 
and their resiclual enclosed chromite grains. Where the magnesian. 
IC¥lks are free from chromite, the adjacent cherts are found to 
follow suit. ' , ~ 

28. Too strong emEhasis cannot be laid on ,the chemical stability 
4)f chromite in nature. Chromite~bearing· magnesian rocks have 
been replaced by" silica with formation of chrome-cherts; in one 
place later carbonate solutions have attacked the cherts with: 
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replacement to a marble still containing unaltered chromite grains, 
giving, in fact, a chromite-marble, Subsequent ~iliceous solutions 

. have veined this rock with quartz. . 
29. As regards economic prospects the cbromite deposits of.:-tJ:!.e 

KoThan may be -stratigraphically continuous to as great depths all 
-the enclosing ultrabasic rocks, but the thinness of the chromite 
bands and the numerous. small faults will render it economically 
-impracticable to resort to underground mining, so that the inoustry 
'Will probably cease as soon as all the ore that can be extracted 
byopencast methods _has been removed. At present only first
·grade ore is -removed, but the' possibility - of treating in concentra
-tion mills low-grade ores containing not Jess than 10 per cent 
of Cra Os' as in Canada, may one day be worth • consideration, 
especially if future prospecting should lead to. the discovery 
-of additional peridotite massifs in the unexplored portions of the 
Kolhan to the south. ' 

30. Numerous veins of chrysotile, some of which appears to 
-be of good quality, have been found in some of the chromite excava" 
tions. - • 

Coal. -
31. A considerable amount of interest was aroused- in Burma 

-during the year by reports of the discovery of valuable coal-seams 
-on the flanks of the Arakan Yoma near Minbu and in the Northern 
Shan States. _ The Geological Survey was called upon- to investigate 
the matter. On enquiry it was found that the reports with referencE 
-to coal in the Northern Shan States referred to the Namma 
-and Lashio fields, which had already been. examined -by Messrs 
La. Touche, Simpson and Brown of the Geological Survey somE 
_years ago. More edended prospecting operations have, as might 
~have been expected, resulted in an increased amount of fuel bein€ 
-shown to be available. The material in question, however, wafi 
shown by Mr. Simpson to be a lignite of poor quality; it was found 
unsuitable for locomotive· purposes, while its lack of coking quaJi
-ties has r&ndered. it hitherto unsuitable formetallurgical purposes. 
The advances that have recently been made in the employmen1 
-()f inferior coals in the pulverised form may possibly provide USE 
for these lignites of the' Shan States, but. even if the conditione 
.{If exploitation and distribution prove favourable, their use will 
::probably be restricted. ,. 
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32. In consequence of promising' reports on the coal found in 
the foot-hills to the west of Minbu, ~fr. K. A. K. Hallowes was 
d~puted to exanUne the seams. It had been stated that locoino: 
ti~ trials on a bulk sample had shown the coal to be not greatly 
inferior to Bengal stE!am coal, and it was hoped that it might be 
possible to reduce the cost of transport sufficiently to make success
ful competition with the latter possible. 'Unfortunately, however, 
the so-called bulk sample proved' to be a carefully hand-picked 
specimen which represented merely a. band ·of two or -three inches 
of fairly pure lignite occurring in the middle of a seJl-m of extremely 
inferior quality containing from ~3 to 26 percent. of moisture and 
14 to 30 per cent. of ash. The seams themselves also proved to
be typical .of all" the lignite occurring on- the eastern flanks of the 
Arakan Y oma and t~ be merely small lenticular patches extending; 
-8S a rule, for only a few hundred feet. 

Engine.ering Questions. 
33. A large number of sites for dams were examined during the 

year on behalf of various Local Governments. Mr; H. C. Jones 
reported on five sites in the Saugorand Bilaspur districts of the 
Central Provinces. Mr. Walker reported on the foundations of 
the Lake Arthur Hill dam at Bhandardara in the Bombay Presi
dency, and Mr. Cotter examined sites in connection with proposed 
reservoirs on the Usri and Barakar rivers. 

Gold. 
34-. During the course of his investigation of the mineral resources 

of.Putao district in Upper Burma, Dr. Stuart examined some small 
.alluvial workings for gold on the banks of t.he Nmai Hka about 
half a mile below the confluence of the Nam Tamai and the Taron. 
The workings proved to be small and of no particular -economic 
value. Other workings are reported to be found in' the Aky~ 
valley, w1ier~ nuggets of fair size are said to have been ·obtained; 
bnt as the locality is extremely inaccessible and the information avail
able very Bcanty and unreliable, it was, considered advisable to 
postpone the investigation ot the Akyaung valley until further 
information had been collected. 
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Iron.· . 
35. Some years ago the Bengal Iron Steel Co., Ltd., secured 

two deposits of iron-ore in Saranda (Singh-
Hematite deposits, bhum.) forming parts of two large hill masses 

Slnghbhum. 
known -as Notu Buru and -Buda Buru ~spec-

tively. During the past two years further prospecting in this part of 
'Singhbhum has'led to the discovery of numerous additional deposits of 
-iron-ore, the extension of which has been traced into Keonjhar and 
Bonai States in Orissa, a total ,qistance of some 40 miles in a S, S. W. 

-direction. On account of the reports from various sourqes of the 
large supplies of Iron-ore thus found Dr. Fermor paid a visit to the 

-:Bengal Iron.& Steel Co.'s mine at Pansira Burn, a. portion of Notu 
"Buru, the only deposit yet opened up, and the one that now feeds 
-the Barakar ironworks. Pansira. Buru rises to - over 2,500 feet 
.above 'sea-level, the low ground on the west side being at about 
i,100 feet above sea-level. The uppermost 400 to 450 feet 

·-of this hill has now been opened up, and the workings indicate 
-the existence of a deposit about a quarter of a mile long, perhaps 
400 feet 'thick and proved on the dip for about 500 feet. The ore

Dody appears to be interbedded wi~h the Dharwar slates, from whicli 
:it is separated by banded hematite-jaspers. The ore itself is 
high-grade micaceous hematite, often lateritised at the outcrop. 
'Cross~cuts into the interior of the deposit show that the hematite 
becomes very f~iable not far below the outcrop. In fact the 

-characteristics of this ore, including - the surface lateritisation, are 
-almost exactly reproduced in the iron-ore deposits of Goa and 
Ratnagiri, and' this agreement serv:es to confirm Maclaren's correl~

-tion of the Singhbhum .. sub-metamorphics" with the Dharwars of 
'Southern India. • 

36. At·the elld " the year Mr. H. C. Jones commenced a more 
·detailed examination of the iron-ore ranges in Saranda. • 

37. The existence of apatite-magnetite-rocks at Patharghara and 
Musaboni in Dhalbhum' has been known for 

Magnetite-apatite some y~ars,l and deposits~ have, now been. loca-
-4ellosits, Slnghbhum. 

'''' ted along a belt stretching for 12 miles in a 
-{}irection S. 37° E. from Patharghara to Khejurdari, and included 
in concessions seeured by the Bengal Iron & Steel Co., Ltd., for 
;iron-ore, and by the Great India Phosphates Limited for apatite. 

1 BU .• ,G. 8. I., Vol. XXXVI, p.128, (1907). 
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An - opportunity was taken this year of deputing Dr. Fermor to 
make a study of these occurrences. -He _ finds thit the-magnetite
apatite-rocks _ occur as lenses in the Dharwar schists parallel to 
thl! strike and varying in size from 90 feet long by 24 feet thick 
in the middle, through lenses 2 feet or p feet- by 1 foot down to 
lenticies a few inches long, and then to separate granules and crys
tals disseminated in the associated _ schists. As a pule apatite is 
the predominant mineral. The apatitic belt coincides: roughly with 
the belt of old copper workings and the introduction into the Dharwar 
-schists of the apatite, magnetite, ancf chalcopyrite has been accom
panied by chloritisation of the schists. It was anticipated -that 
the magnetite-apatite _ rocks would prove to be igneo~s -introduc
tions analogous to the apatitic magnetite ore-bodies of Lapland: 
but the facts prove to be better e~lained by regarding the magne
tite-apatite rocks as due to pneumatolytic introductions from the 
'Singhbhum granite. Where they occur together the chalcopyrite 
1Ieems to be later than the magnetite-apatite rocks and may be 
:referred to a later hydrothermal phase of. activity. -The apatite 
itseli seems to be sIishtly earlier than the magnetite., At one I 
locality (Sunrgi) incrustations of, uranium Duca ,are found on the 
magnetite-apatite rocks, but ~he primarY uranium mineral has not, 
yet been detected. 

38. During hi!!, visit to Pal Lahara State to examine mica deposits 

Pal Lahara. 
cDr. Fermor obtained specimens from the 

_ mountain mass known as Malayagiri (3.,895 feet) 
which he was unable personally to visit, proving the existence, 
"hitherto unsuspected in this part of Orissa, of hematitic quartzites 
-of Dharwar aspect. Amongst the specimens was sQme high-grade -
micaceous hematite, pointing to the desirability of examining this part 
-of' Orissa for still another iron-ore field. 

Kaolin. 
39. At the request of the Chief Commissioner, Delhi, Mr. G • 

.de P. Co~ter visited the kaolin quarries at Kasumpur an~ sub
mitted a report. ,-

40. At the request of the Local Government, Mr. Hallowes has 
been employed in Burma in examining reported deposits of kaolin 
in Pakokku and Yamethin. The investigation had not been com
pleted at the end of the ye~. 
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Lead. 
41. In consequence of the' report~d occurrence of large quantities 

of lead slag in the district ofPutao, which has recently been brought 
under the administration of the Government of Burma, the Local 
Government askeil that- a_member of the Geological Survey' should 
inyestigate the mineral resources of that distriCt. Dr. Murray 
Stuart was detailed for the w9rk, and spent the greater part of 
the field-seaso~ in Putao and the neighbouring valleys. He found 
the reports regarding the lead slag to haye been exaggerated; the 
total t uantity seen· by him. during the whole of his tour. did not 
amount to more than about a ton, while the veins' from which 
. the lead-ores had originally been won were 'merely thin' stringers 
of no possible economic importance. .• 

Mica. 
42. The demand for mica continued' throughout the year. 

~'Ir. G. H. Tipper was ill eharge of the Bihar and Orissa party, 
and devoted most of his attention to tile Hazaribaglt. district, 
including the Kodarma forest, where he Was .. frequently called 
upon for advice and assistance _ by the local district officers, as 
well as by the mining community. He also did a con~derable amount 
of geological work in the neighbourhood of Mahesri .in Monghyr 
district, where his investigations proved of great assistance in the 
subsequent mining operations. 

43. Two mica-bearing prope;ties in th~ province of Bihar and 
Orissa, which were lying idle owing to litigation, were taken over 
by the Local Government under the Defence of India Act. The 
larger . of ...the two ~as handed over to a commercial firm to ~e 
worked' on behalf of the Government, and, owing to the difficulty 
of finding mining engineersr it was -arranged that the services of 

.Lieutenant Colin Campbell, - at present attached to the- Geological 
Survey, -should be made available· for the, supervision of the mining 
operations in that area., Mr. Campbell threw himself into the 
work with the greatest enthusiasm and energy, and prepared for 
development on a large scale; and although his operations were 

,seriously hampered by rain and cholera,· he succeeded ultimately in 
bringing his output up to 90. marinds of rough mica, equivalent 
tIS over t ton of cut mica, per diem. 
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44. The second property taken over by the Government of 
Bihar and Orissa is situated in the gadi Masnodih. It- was worked 
first under the direlt supervision of the Local Government, but 
was subsequently handed over to the Geological Survey. The 
property is a smalt "orie, but has been de.veloped during the last 
few months ~th great success by Mr. C. ·S. Fox, whose work deserves 
high praise. . 

45. The occurrence of mica in Udaipur State was referred to in 
the GmeraZ Rep(YJ't for last year, in which it was stated that the 
attention of the U4aipur Darbar had bJen drawn to the promising 
nature 01 the pegmatites. Unfortunate!], however, no immediate 
steps were -taken by the Durbar for thetr development but, after 
prolonged negotiations a leas~ was granted to. Messrs. Chrestien 
and Dadabhoy for the joint working of the property. 

46. Attention was also directed during the' year to the Tra
vancore phlogopite, small quantities of which had' been extracted 
and exported in the past, and one of the leading firms engl1ged hi 
mica-mining in India has now opened up negotiations With the 
TravancoreDurbar for 'the development of the properties . 

. , 
Soda. 

47. From the end of November 1918 till the beginningof February 
1919. Mr. G. de P: Cotter was engaged in examining the carbonate 
of, soda (chaniho) deposits" of Sind. 1lliese are distributed ovet 
two areas, the fifst being a belt of country about ten miles in breadth, 
bisected by the channel of the Eastern Nara river, and lying between 
latitudes 26° 47' and 26° 5', and the second area being a tract neal 
the border of Sind. and Jaisalmir, lying between latitudes 26° 21' 
amC26° 30', and longitudes 69° 40' and 69° 55'. The first area lies 
mainly in the Khairpur State and 'the Nawabshah (formerly called 
the Nasrat) taluqa of the Nawabshah district, bl;lt includes a small 
portion of the Sanghar taluqa of Thar and Parkar district. ThE 
second area lies entirely in the Khairpur State west of the old fori 
known as Kot Jubbo. Both these tracts are covered with hills oj 
desert sand, under which" is concealed the old alluvia} soil, which ill 
the exposed portions is full of 'l'eh or kala'l' effiorescence. The rain 
water which sinks through the sand is held up by the old alluvial 
soil underneath, and flows horizontallY Underneath the sand, eme~· 
ging in any low lying places or hollows in the sand hills where 'h~ 
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alluvial soil is exposed !lr close· to the surface. Here shallow lakes 
are formed, locally known as dhands. The wate!.. of these dhands 

'is continually being supplied with the soluble salts of the sojI and 
sub-soil, so that eventually they contain concentrated solutions of 
whatever salts are Ui the soil. In the areaS abeve named carbonate 
of .soda is the predominant 'salt, with lesser portions of chloride and 

. sulphate: In other parts of Sind the chloride predominates. The 
lakes are at their highest, concentration in the early summer just 
before the rains, and it is then that most of the chaniho is collected. 
An analysis made of the Chaniho clearly sh~ws that it- is the same 
mineral as trona or urao, (Na2C0,1- NalIcOa .. 2H20). Only. th03e 
lakes which are. very- shallow (usually 1 . to 3 feet deep), and which 
thus form natural evaporating pans, are worked forchaniho. There 
are however many dhands, which are Qver 3 feet deep, which never 
become sufficie:r;ttlj concentrated to. deposit chaniho. Mr. Cotter 
is of opinion that, provided that the price of soda does not fall con
siderably as a result of the development of the· Mag~di deposit in 
British East Africa, it would be profitable to work the larger dhands. 
T,he quality of the urao obtained from those at present w01:ked 
inig1!.t also be much improved by the intelligent use of hydrometers. 
Chatard has shown that the concentration should not be allowed 
to pass a specific gravity of 1-280. (Bull., U. S. deol. Survey No. 60, 
p. 65). As no attention is now paid to this poiYJ,t, and as the dhand 
is sometimes allowed to dry completely before any chaniho is c)l
lected, the mineral is contaminated by the presence of the impurer 
fractions which are deposited after the urao, and ~hus it contains 
large or small quantities of chloride or sulphate according to the 
originl!ol composition of the solution. The traijic in chaniho in the 
Sanghar and Khipro taluqas of Thar and Parkar district was. put 
down by the Salt rApartment in 1902, because the product .pilt on 
the market contained more than 50 per cent. of. chloride, .and was 
therefore dutiable:: 

48. A portion of the ()han,ih" is sold in the bazaars of Hyderabad 
and Karachi, and is usedm' washing, dyeing, cookery, etc. The main 
portion is exported, the export figures for 1916 being 14,519 cWt. 
valued at Rs. 87,1l6,or Rs. f) per cwt. The amount produced 
might 'be considerably increased, doubled or possibly' trebled, if 
the larger dhands were worked by means of constructing "sod~ 
gardens" near their margins, ·'a.nd alloWing the solution to--.,concen

,trate . by solar evapo:tation:The amount of soda annually produced 
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-will never· be veri great, and is not likely to exceed four or five 
-thousancl.tons. 

Sulphur. 
49. Dr. Pilgrim completed his ~xamination of. the sulphur mines 

'at Linga andBostanah in the Persian Gulf, but, owing to his absence
from headquarters. in connection with other investigations; he has' 
not yet been able to submit his report. The samples collected 
by him from the above deposits yielded, on analysis, sulphur con
-tents ranging from 12 to over 55 per cent. 

50. It was not possible to ,take up during 1918 the re-examina
-tion of the old sulphur mines near Sanni in- Baluchistan, but this 
will be completed during the' current field-lleason. 

Tin~ 

51. The Geological Survey Department ha~. frequently drawn 
'~ttention to the fact that certain alluvial deposits of the Tavoy 
·district 'carry cassiterite and that their valuation by ·modern methods 
'of iesting was worth undertaking, to prove finally whether' the 
ore can be won from them on a profitable sca.le or not. It is 
gratifying to report that considerable attention was paid to the 
subject by various large firms during the year and that a'boring 
-campaign was" initiated in several localities. 

Tungsten. 
52. The Geological Survey party continued- its work in Tavoy 

and Messrs. Coggin BrowD. and Heron remained 
in Burma throughout the year. In the open, 

.season Mr. Heron ,was employed in - geological survey work but 
during the rains he visited other parts of the province and while 
in Tavoy assisted Mr. Coggin Brown in his routine- duties. These 
consist in advising the local authorities on matters connected with 
the mining industry, sucll as the grant of pxospecting licenses and 
.mining leas., water rights, boundary disputes, etc., and in periodi
~a1 visits. to all parts of the field.. in connection with the upkeep 
and development -. of wolfram and tin mining. The Tavoy output 
for the year amo~nted to 3,636 tons compared with 3,/?54 tons 
in 1917. The small decrease is attributed to the severe influenza. 
.epidemic of October and November. Mr. Coggin Brown continued 

Burma. 

02 



20 Records. 01 the.,Geological Survey of India. [Vor,. L": 

to act as. a member of the Mining Advisory Boayd and as Inspector 
of Mines. - .' . 

53. Tl:J.e small deposit of wolfram being worked near Kalimati 
in· Singhbhum was visited by .Dr. - Fermor in Singhbhum. 

- April. The wolfram has been obtained from 
pockets. on the sUrface of a bed of Dharwar qu~rtzitEl ov.erlau;. by 
muscovite-quartz-schistand dipping 42° to N. 35° E. The quartz~ 
ita contains some interbedded veins 'of quartz, and the introductio~ 
o~ the wolfram' was probably eonne(lted with the forniation- of 
these veins. The wolfram has been followed to a depth of 108 f~et 
from the surface ana was stilI in evidence at this depth at the 
bottom of an inclined shaft. 

GEOLOGICAL SURVEYS. 

54. It was not possible to resume systematic survey operations 
during the year 1918 except in Tavoy and 

. neighbouring districts, where such operations 
.had a direct bearing on the output of wolfram." Mr. J. C. Brown. 
remained in charge of the Tavoy party. He was not able to take 
any active part in· the surveys, but l\h. Heton and Messrs. Sethu 
J!.ama Rau and M. Vinayak Rao continued the survey of the Tenas
serim province on the scale of 1"=1 mile. Sufficient material' has: 
now been collected for the publication of a geological -map of Tavoy
on the scale of 1"=4 miles, and this is now in the hands of the 
Survey of india Deparlment for. reproduction. Mr. Heron has 
completed large-scale geological maps of some of the chief mines 
of Tavoy using as a basis the mine-plans 'kindly put at his disp~sal 

Burma. 

by the companies concerned. . . 
55. In his' tour through _ the Orissa Feudatory States in the 

winter of 1917-18 in search of mica, Dr. Fermo!:' 
Orissa. .wa~ enabled to visit a tract" of India much 

of which had not been previously traversed· by a geologist. . The 
brief examination thus rendered possible of the Archrean rocks over 
a wide tract. of country showed that from the geological point of 
view Orissa must be regarded as a composite province, 'the' northern. 
portion being related to 'Chota ·Nagpur and the southern to the 
Eastern Ghats. • . 

56. Throughout Sonpur,Baudh, the western end of Daspalla" 
in southern' Rairakhol; Athmallik and southern" Angul, . and in 
'Hindoland Dhenkanal,. nearly all the . varieties of Archman rOcks 
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are rich in garnet, and in addition to porphyritic garnet-gneisses 
and garnet-granulites, ~hondalite ranges occur. 'Such rocks are 
also known to occur in Kalahandi and west of Borasamb~, and_ 
of course are amongst the chief constituents -of tlul Eastern Ghats. 
In the area now referred to they extend, approximately, as far 
. north as the southern edge of the Talcher coalfield. 

57. On the north side of·theTalchet coalfield, as seen in Talcher 
:and Pal Lahara States, and in Bonai State further to the :north, 
. the rocks are of a totally different facies, the gneisses being as a 
rule devoid of garnets, whilst instead of the khondalites we have 
high ranges of schistose sericitic quartzites~ with sericite. and mica
schista and hematitic quartzites, in tact rocks of a Dharwarian 
lacies. The entire. facies is indeed, reminiscent of Singhbhum. 

58. Using garnet as an ind~x Dr. /Fermor regards the Eastern 
-Ghats as a portion of the crust that has been subjected to more. 
'intense metamorphism than Chota Nagpur. But it must be left 
to future research to decide whether the differences between these 
two regions are entirely a function of dynamic history or whether 

-there were also original differences as regards composition both 
stratigraphical and. mineralogical. Whatever the rela~ive ages of 
the rocks of these two regions, however, the deduction that the 
J,"ocks of the Eastern Ghats facies have been subjected to a mdr~ 
intense grade of metamorphism than those, of Cl!.ota Nagpur indi-

·.cates, according to Dr. Fermar, the existence between the two regions 
·either of some form of shear or fault zone or of a zone of passage: 
and considering both the facts of distribution referred to above and 
the-..results of interpreting the statements as to the distribution of _ 
the crystalline and metamorphic rocks contained, in the papers on 
'Orissa in Vol. I of 'the Memoirs, Dr. Fermor deduces. that the 
boundary .betweenthe Dharwar-nongarnet-gneiss facies and the, / 
khondalite-garnet-gneiss facies must run roughly westwards from the 

. coast, through the lueak in the coastal hill ranges . opcupied by 
the Brahmani river, through the Talcher coalfield, across the 
Mahanadi river between Sambalpur and Sonpur, and_ thenpe to 

-the north of Borasambar. 
59 .. As the result of his visits to' Singhbhum this year and in 

Slngbbhum. 
the past Dr. Fermor is able to formulate certain 
conclusions concerning the geology of this in

teresting district, and the' sequence of ote deposition therein . 
.Droadly speaking the district - is occupied by a wide sprl'ad of 
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Dharwat rocks with various igneouS intrusions, of which the chief' 
are the granite o~ Central, SinghbhuIn _and the Dalma Trap and, 
epidiorite dykes, with subordinate ultrabasicintrusions in the 
Kolhan (see p. 10). Still speaking broadly the Dharwars have suffered~ 
a much higher degree of metamorphism in Dhalbhum at the easte~n end, 
of -the district than in-the Kolhan ,at the western end. Slates have 
become phyllites and schists, andqul}-rtzites' with recognisable, 
detrital grains have become vitreous quartzites. Interbanded with_ 
the Dharwars of Dhalbhum are numerous potstones, but no chro--
mite has been found. . 

60. It' seems a fair hypothesis to regard the Dhalbhum potstones, 
as-the representatives of the Kolhan peridotites, serpentines, and talc-
schists, in which ,a greater degree of metamorphism has led to the' 
complete conversion of the magnesian rocks to talc; no detailed, 
mapping of the Dhalbhum potstones has been attempted, but they' 
appear to, occur in: smaller masses than' the Kolhan magnesian. 
rocks. A smaller thickness would also have aided' the more com--
plete meta:Qlorphism. . 

61~ -With the correlation of the Dhalbhum potstones with the, 
Kolhan magaesiari. rocks, the parallelism of Dhalbhum and the 
Kolhan seems complete. The facts as to the order of the various. 
intrusions are regarded by Dr: 'Fermor as conclusive, and the- sequence 
of events in Archrean times is'believed to have been :- ' 

(1) deposition of clays,-sands, and limestories (arid hematite 
deposits): extent 'of metamorphism prior to 2 unknown; 

(2) intrusion of ultrabasic laccolites and sills; 
, (3) last period!>f severe earth movement, more ,intense in.. 

Dhalbhum than jn the Kolhan ; 
(4) intrusionso~ granite (sometimes streaky); CC' --

(5) intru~ions .of d.,1erite, since alt~red to epidiorite. 
Associat!ld with t~e phyllites- and schists D.f Dhalbhum are also, 

some hornblende-schists. These must represent an earlier set of 
basic eruptions, prior to the granites.' Thein age relative to the· 
ultrabasic rocks, and 'whether lavas '(basalts) contemporaneous with., 
the sediments, or sills (dolerites). intrusive' therein, is at present 
undetermined. ' 

62. With' reference to the sequence of mineralisation in Singh
bhum Dr. Fermor considers that the iron of the hematites was
probably deposited contemporaneously with the Dh~rwar sediments,. 
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but the extent to which this iron has suffered subsequent rearrange
ment is at present unknown ': the chromite was intreduced with the 
ultrabasic rocks, and the wolfram, apatite-magnetite, and chalcopyrite, 
were probably· introduced into. the Dharwars from the granitic 
magma in the order mentioned. According to Maclaren thedeposi
tion of the gold was connected with the dolerite magma, but there 
seems to be no reason why the introduction of the gold also 
should not be due to the granitic -intrusions. 
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THE POT ASH SALTS OF THE PUNJAB/ SALT RANGE AND , . 

KOHAT. By MURRAY ,STUART, p.Se., Assistant· 
Superintendent, Geological Survey of India .. (With 
Plates' I to 8). 

I.-INTRODUCTORY. 

THE re-examination of part of the salt deposits of the Punjab Salt 
Range and Kohat, described. below, was undertaken to ascer

-tain as faJ:. as possible what amoUnts of potash1occur' in .the salt beds, 
and. their - economic value. The investigation was begun in De
-{:ember 1915 and extended over the two. field-seasons 1915-16 and 
1916-17. The deposits had been examined by A. B. Wynne in_the 
-early seventies, but they had not been examined especially from the 
:point of view of the potash salts, although the presence_of potash. 
:in places was detected by him. 

Comparatively recently the section opened up by the Mayo 'salt 
. :mine at Khewra. in the Punjab was examined in detail by Dr. W. A. K. 
-Christie for the existence of potash seams, and potash was detected 
by him also in the Nurpur mine, but beyond that no systematic 

'work had been done on potash in the area. 
Although the examination of the salt deposits was incidental to the 

llotash investigation the former are described below with' details of 
their peculiarities and nature,' as far as they are known, and the 

:potash deposits fall naturally into this 'description in their proper 
'place, since they are part of the great salt formation as a whole. 
In the present note I deal ;only with the observed facts as to the 
:Qistribution of the salt a:dd with the economic aspect of the in
cluded potash deposits, while in a subsequent paper I propose to 
·suggest a new interpretation of those facts and -a new theory regarding 
,the salt and gypsum formations. 

The area examined (infra; PI. 25) comprises most of the exp~ 
:.SlUes in the Punjab Salt Range between the Nilawan ravine in the 
.Jhelum district and Kalabagh on the Illdus; thence the salt exposures 

1 Throughout this report the word potash means any of the naturally ocCurring 
'potassium compounds, and where the compound K.O is referred to it is called potas
'!6ium oxide to avoid confusion. 
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were followed up through the Lun Wan pass to Nandrakka in Kohat, 
and from there westwards along the range through l\falgin to. 
Bahadur Khel OD'_ the Waziristan frontier, a total distance. of . over 
200 miles. In addition to the above, iSQlated exposures at Banda 
Daud Shah and Jatta Ismail Khel in Kohat· were also examined. 

I am greatly indebted to the Commissioner and' officers of the 
Northern India Salt Revenue Department for the assistlj.nce they gave 
me throughout mi investigation, and especially to Mr. F. Reid, 
Assistant Commissioner of ,Mines at, Khewra, whose knowledge of the 
salt beds and the various mines, saved me both time and. labour,. 
and helped very consider\bly to the results I have obtained: 

I do not propose here to give a com.plete list of previous observers. 
The salt deposits have been thoroughly examin~d by Wynne and 

, Warth, and the results of their work together with a bibliography is 
published in the Memoirs of the Geological Survey of India, Vols~ 
XI, pt. 2, .and XIV. C. S. Middlemiss did further work on the salt. 
marl and-published his views in the Rerords of the Geological Survey, 
Vol. XXIV,· page 19. Finally, recently,. Dr. Christie thoroughly 
examined the salt deposits of the ]\fayo mine at Khewra ana also' 
the Nurpur mine, and published his results in the Records, 
Vol. XLIV, pt. ~ 

These four publications incorporate everything having any,bear
ing on the economic question tha~ had been done up to the date of 
their pUblication, apd consequently are all that I need· mention. 
here. • 

The Punjab. salt is red or brown in colour .and occasionaliy 
grey; it is· massive, and sometimes coarsely crystalline. . The Kohat 
slLlt is grey, and generally IItrikingly schistose (see Plate 1); reel 
salt is exceedingly rare in Kohat, . but is not entirely absent as stated. 
by Wynne and Warth. 

The rocks of· the Kohat district are classified 
J 

Tbe Kobat Dlstrl't. by Wynne in their natural order of superposi-
tion as follows:-

(6) Upper and Middle Tertiary sandstones, etc. 
(5) Lower. Tertiary sandstones, etc., or Murree beds. 
(4) Nummulitic limestone. 
(3) Red clay zone. 
(2) Gypsum. 
(1) Rock-salt. . . 



.:30 Records 01 ,the Geological Survey oj India. [VOL. L. 

The Nummulitic limestone and. the. red clay zone both contain 
'nummUlites, and / are - classified by him as Eocene, a' classification 
-with which I am entirely in accord. The und.erlying gypsum and 
rock-salt are classified by him as probably Eocene also, a deduction 
-for which I have failed to find support. 

The salt is described by Wymie, but, as my observations differ 
materially from his - description, I will give 
them first, ~nd will then. point out w4.erein 

-they differ from his description. The rock-salt of the Kohat 
.area isa schis~. It frequent1y .cleaves easily _ 'along the planes 
-of schistosity, and in the west of the district, as· for instance at 
Bahadur Khel and Karak, it is sufficiently fissile to be quarried by 

:Simply.Jlplitting into slabs by means of iron wedges held between 
-the quarryman'!,! toes and tapped with round ·stones about six 
:inches in diameter. Plate 1, fig. 1 shows a photograph, natural 
.size, of Bahadur Khel salt, and illust~ates its schistose character. 
Plate 1, fig. 2 represents a salt quarry at Bahadur Khel, and 
shows the steep angle at which the ,planes of schistosity dip 
towards the north, and t!te iron - wedges, rounded stone, and 
freshly jr~c1;ured slabs of -salt~ illustrating the method of working 
.-descrioed above. The -foliation of the salt in the Bahadur Khel 
.salt-field will be discussed in detail below. In --the east of the 
-district the cleavage -of the salt is less apparent but its schistose 

The rock.salt •. 

-nature is still evident, even at Malgin and Jatta, where the salt is 
blasted out instead of being split along' planes of schistosity. In 
other 'words the schistosity is greatest in the west of the district 
.and least in the east, but it is still perceptible even in the east~ 

The salt possesses a characteri&.tic whltish or grey colour through
out the district. Red salt does occur, but I have- only found -it in 
two places, in the clays to the west of the middle of the eastern .salt 
hill at Bahadur Khellsee sketch plan"Plate 8), where it is obviouSly 
--recrystallised, and in bands in the dark grey salt of Nandrakka in 
the extreme east of the :Kohat district .. The 'Nandrakka. outcrop is 
·of special interest because it is a distinct link between the Punja.b 
.and the Kohat salt, and shows not only both red and grey salt, but 
also chemical characters intermediate between. the two types. Eartliy 
impurities are commonest in the western part of the district, whe]:e 

. :the largest exposures of ~lt· occur ; they consist of bands of bluish
grey clay, generally discontinuous, and isolated fragments of the 
:same clay scattered through t~e schiStose salt all constituent .. 
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components of the rock. When the salt weathers these fragments of 
-clay are left on the ~ of the salt as projecting particles, and 
~how up the foliation bands in a most marked manner. .Plate 2 shows 
.. photograph taken on Bahadur Khel salt-field illustrating this-the 
hummocks of salt in the middle distance are about four feet high-and 
it will be seen that the foliation of the saltis strikingly delineated by 
the clayey particles left projecting, owing to the fairly.rapid solution· 
of the salt nnder ~he action of the usual weathering agents. 
The direction of foliation of the salt at Bahadur Khel does 1),ot 
-correspond with the run or arrangement of the overlying gypsum 
formation" and is frequently at right angles to it. Thesketch-plan 
of the Bahadur Khel salt-field, Plate 8, shows this wen. The 
foliation planes were followed ou't and mapped whe~ever well 
seen, -and their arrangement is shown . by the broken lines on the 
sket~h map.' It will be seen that tliere is no apparent· connection 
between them and. the overlying gypsum and Eocene formations, 
:neither of which follow the ruD. of the foliation planes exhibited by 
the salt. -

The field- was extensively tested for the presence of potash but 
:none was detected.. This may mean either that no potash was 
present in the original salt from which the 'schist was formed, or 
that, being more soluble than rock-salt, any potash that may have 
originally been present, has been removed in solution. In either case 
the Bahadur Khel salt does not offer any encouragement to further 
search for potash. 

Kark and Guruza.-The salt here is exactly like that of Bahadur 
Khel and is worked by splitting it along its foliation planes. No 
trace of potash was detected. 

Intervening outcrops between 'Bakadur KkeZ and Malgin.-The 
various outcrops intervening between Guruza and Bahacfur 'Khel 
.and Malgin were all'examined"but no trace of potash was g,etected 
in any of them. The salt· is of the usual grey colour in all of 
them and is distinctly' schistose, although the cleavage.is not so 
marked as at Bahadur Khel and Karak. 

Malgin.-The salt is grey and shows less tendency to cleave along 
the pllj.nes ~f schistosity than iii! the case in. the west of the 
·district. It is. worked by blasting'; nevertheless, here also, distinct 
schistosity can be clistinguished, especially on weathered surfaces of salt •• 

Jaua.-Here again the salt is less markedly' schistose, but 
..nevertheless distinctly a schist. 
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Nandrakka.-Thesalt here occurs in two solution craters. The 
underlying salt has . been 'remoyed in solution and the overlying 
gypsum has. fallen in, leaving a deep crater-like hole, into which 
streams flow in the wet weather and find their way through dissolved
out channels in the salt to the Teri Tawi to the north. Salt is 
exposed in vertical' cliffs in the sides of these 'craters in two places 
at the Nandrakka post anclalS'o near the Eja post. -

The _salt is blackish-grey with bituminous matter incorporated 
in its upper layers, and also in the overlying gypsum. Irregular 
streaky bands of pink salt occur in the grey salt in both exposures 
immediately east of the Nandrakka guard-post. Also .. numerous 
stalactites of salt are formed in the salt caves by percolating water; 
and the water dripping from these was in numerous instances 
found to give a distinct reaction Jor both potassium and magnesium • 

. I ~do not suggest-that potassium is present. in quantities pf com
mercial importance, but the interest of the obSl!rvation lies in the 
fact that this exposure, which is intermediate in position between 
Kohat and the Punjab contains both grey and red salt and also 
traces of potassium and magnesium, which are strilringly absent 
through()ut all the Kohat exposures investigated. The next exposure· 
of salt, in -the., Lun Wan pass, !lPproximately 20 miles to the 
south, near Kacho, belongs to the Punjab type. Consequently 
the Nandrakka exposures are intermediate in type; -they are a 

.distinct link between the' two salt areas and of themselves give 
rise to the very strong presumption that the two salt deposits are 
parts of one great salt formation and are not distinct ~nd unconnected 
formations. '.' • 

.As I have already pointed out, the Punjab salt is red- and occa-
. ,sionally grey, and generally contains 'salts of 

The Punjab salt area. ,k,' d . . It 1 .. 
ma6u~slUm an potasslUm. s usua pOSItIOn 

is below the Purple Sandstone of the Salt Range, which underlies 
the Obolus Shales of. undoubted Cambrian age. Occasionally it is 
overlain by Nummulitic limestone, as at Vasnal in the Jhelum 
district, or by Tertiary sandstones and clays; as a.t Kalabagh. 
But'in every case, just as in the Kohat . area, it is the lowest forma
tion seen, and nothing has ever been found definitely underlying it. 

The salt -does not occur in regular stratified beds, but as has 
.been noticed also by - Wynne and Christie, frequently occurs in 
lenticular and irregular bands; these possess a' foliated character
although on a-scale mU\Jh larger than is."usually understood by that 
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term. It in fact appears to be a toliated deposit. but whereall , 
in Kohat the foliation is on such a fine scale that the rock 
can be called a schist, in the Punjab'the foliation is on sUJll a .large 
scale that the individual foliated bands are, feet, ana sometimes 
yards, across. 

This first be~ame""evident when I was investigating the N'\U'pur 
mint. On tracing out. the potash seams, in detail there it became 
at once clear that they are not only discontinuous, but thicken 
and thin .abruptly along theD: length. ,A glance at the pl .. n of the 
seams investigated in the Nurpur mine, will make this evident 
(Plate, 5). 'The -western seam ends abruptly just to the south 
of the point at which it was tested by Dr, Christie,l and its 
eastern boundary follows a very curved course. The eastern' seam 

,thickens and thins in an abrupt and extraordinary manner along 
its length, varying, for instance, from a thickness ofa few inches, 
at a distance of twenty-five feet from the southern end of the drift, 
to mor~ than thirty times that thickness fifteen feet further' north. 
The curves of the. eastern boundary of the western potash band do 
not agree with the curves in the western boundary of the eastern 
band and obviously neither of them is !Ion ordinary stratified bed 
bounded by planes of stratification. Equally obviously ~he salt and 
salt marl bands occurring between the two ,potaaIr ,bands canno:t 
exhibit planes of stratification in the ordinary sense of the' wor~ 
since they must thicken and thin 'in agreement with the boundaries 
of the potash bands. The salt ,bands were not ,examined in 
detail, but the thickeillng and' thinning of some of the marl bands 
in them is abundantly evident. ~ 

An e:xami.nation of the Mayo salt mine at Khewra, in ,order to' 
ascetiain if the dip of the beds changed in the north-east corner 
of tIie mine, showed that here also the banding, of the salt was 
not due to stratification. I 

Ir.-POTASH IN THB SALT DEPOSITS. 
During the investigation for potash salts the whole of the Nilawan 

ravine was examined and every outcrop tested. The Nurpur mine 
was examined in detail as was also the Warcba. mine. Khewra had 
already been examined by Dr. Christie, but as most of the potash 
salts-there had already been worked out with the salt from the 

1 Rec., Geol. Sur. ind., XLIV, 247. 
I Thill will ,be dealt with further in a subsequent paper. 

D 
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chambers and· what was left remained chiefly in the pillars, the 
investigation 'was largely of scientific interest only, while I under
stand that. owing to the present great demand for salt it is considered 
inadvisable to attempt the production of potash at "Khewra; unless 
of course some hitherto unsuspected thick band comes to light--
an event. which I regard as extremely unlit:ely. 

After Warcha, Kalabagh was inspected and from there tM in
vestigation wa~. c~rried on thrOl;gh the Lun Wan pass into Kohat 
and'thence westwards. to the Waziristan frontier. Potash was de
tected and mapped).n the Nurpur mine, and in the Warcha mine. 
Traces of it were detected at Kalabagh and at Nandrakka in Kohat, 
but in each of these two latter cases no seam of potash salt was 
found, its presep.cebeing merely, detected in dripping water, or in 

j;he water "lying in some of the quarries. 
The' method of testing adopted was the perchloric acid method. 

A measured quantity df pulverised material from the band to be 
tested was dissolved in a fixed quantity of water and then treated 
with perchlorio aoid, any" potash present being brought down" as a 
white pre.oipitate. By 'using graduated test tubes the volume of 
precipit'ate obtained oould be measured and from that a roughly 
approximate idea gained of the percentage of potassium oxide P!esent. 
The quantity of pulverised material taken was measured in a 
small quartz spoon oontaining' about, one oubio oentimetre. This 
was dissolved in 4 0.0. of distilled water and the potash thEm 
precipitated with perchlorio aoid. After preoipitation the tube was 
allowed to stand for exactly five minutes-to allow the precipitate 
to settle-and then the volume of J>reoipitate obtained was 
read off in oubio oentimetres. 

From actual experiments the following results were" obtain~d : 

Precipitate obtained in cubic centimetres. 

0-2 
0-4 
0-6 
0·8 
1-0 
1·2 
1-4 
1-6 
2-0 
2-5 
3-0 
4-0 

Percentage of potassium oxide present in 
material being tested. 

" 

5 percent. 
7. 
9 

11 
13" 
15 
17! 
20 
23 
27! 
32 
43 

" 
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'These figures are more accurate in the lo~er quantities thaD in the 
higher as experimental error is greater in more highly concentrated 
solutions. They are in any case only approximately quantitative. 

In order to keep the quantities correct in the tests, the method 
adopted was to take a double quantity of material and dissolve it 
in 8 C.c. of water; this was then filtered through a dry filter paper 
and' exactly 4 C.c. of filtrate taken. By this means One is sUre of 
obtaining the full 4 c.c., and the degree of conooniration of the 
solution is unaltered. 

As regards the taking of material, potash seems to' be generally 
-exceedingly' soluble, and much more deliquescent than salt, conse
quently it would not be satisfactory to test the surface of a salt 
outcrop if it showed the least signs of weathering. I came to the 
conclusion, however, that the material six inches inside perfectly 
solid fresh salt was unaffected by weathering, and that there
fore materIal tested from such a depth was no be relied upon. I 
consulted Mr. F. D. Reid, Assistant Commissioner at Khema on 
this' point and he agreed with· me. Confirmation also seems 
to be given by the one test in the Nilawan ravine giving a, -potas
sium reaction, where the potassium-bearing material was found in 
the very -face-clean and unweathered, it is true-of the outcrop, 
where it had been exposed to the rain and air: the effect of the 
rain being apparently simply to remove a film off the surface by 
solution and leave the undissofved material Unaffected. 

In cases, where weathering or differential solution had taken 
place or where there was an efHorescence on the face of the outcrop, 
the outcrop was cut into until hard frelth material was obtained, and 
material was then taken from a depth of six inches by drilling into 
the face with a iumper. 

The actual taking of samples, and cutting into the'salt, as well 
as the work in the mines, was done by a number of experienced 
miners kindly lent me by the Salt Department. In testing an out
(lrop a sample was .taken from every band of salt, and, where t'he 
bands were more than a foot in thickness, at intervals of a foot, 
except in a few cases where the bands of' salt Were very thick. 
and obviously of uniform character and purity, when tests were taken 
only every two feet. 

While it is possible, therefore, that insignificant pockets of pota_sh 
may have escaped unnoticed, nothing of any commercial or economic 
value can have done so. 

D2 



36 "[l-eco;is 0/ the Geological SU1"Ve'!l 0/ India. [VOL. L. 
1 ~ , 

In Kohat, at Bahadur Khel, a cut was made right across the salt 
and all the material from this was tested, so that there none was 
missed. 

The Nilawan Ravine. 
The Nilawan ravine occupies the centre of a steep, faulted anti

cline running in a general north and south direction. The prevailing 
dip D£ the rocks of the Salt Range in the neighbourhood is N.N.W.~ 
but the Nilawan ravine anticline seems to have been a subsidiary 
sharp pucker in the rocks due to east and west compression. The 
fault seems generally to occupy the centre of the anticline, and is 
probably very largely the cause of the ravine. 
- Generally t1!e anticline is steep and .narrow, and the salt marl 
only occurs at the bottom of one or both sides; but in the neighbour
hood of the Nurpur mine the anticline seems to have domed .:up, and 
a much greater thickness of salt-bearing rocks is seen. In fact the 
salt seams opened up by the mine are probably the lowest exposed 
in the ravine. 

The following is a list of the outcrops tested in the Nilawan 
Ravine-:- . 

,putcrop {acing north under guard-post 12. 

Every seam ~ested-20 teats-resul,t nil. 

Southern outcrop under guard-post 12. 

Tested every tw~ feet-41 tests-result nil. 

Outcrop under guard-post 11. 

30 . tests-potash detp;cted in uppermost band (gave O·lc.c pre-' 
_ cipitate). ' ExhaUllfiv~ tests proved, however, that this was. 

merely an isolated occurrence, and the salt around the spot, 
and also behind it, gave no reaction whatsoever.. Practically 
all the potash was removed in the first material taken for 
testing purposes. The outcrop was cut into to a depth of ten 
feet but there was no recul'rence of potash: Everywhere else 
the tests in the outcrop gave no result. 

, Outcrop at gUO/J'd-post 11· on east side 01 stream. 

Tested every seam-46 tests-result nil. 
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~crop in west bank 01 stream, sout~ of g'U~rilrpost 11. 
I-

Tested every sp,am-15· tests-result nil. 

Outcrop N. w. 01 guard-post 10, east 01 ravine in side stream . 

. Tested in every impure band and where the bands were thick 
at intervals of 18 inches-25 testll-r~sult nil. .. 

Western outcrop opposite guarilrpost 10. 

Tested every band of any thickness and, where the bands are 
thick, at intervals of 18 inches-51 tests-result nil. 

Eastern outcrop south 01 guard-post 10 in right bank 01 stream. 

Tested every band of any thickness and, where the bands are 
-thick, at inter~ars of 18 in!3hes-61 tests-result nil. 

Small cleared outcrop 300 yards S. 01 g'Uarilrpost 10 and east 019. 
4 tests-result nil. 

Outcrop 100yaras S. 55°W. 01 guarilrpost 9 in. west ba'fJl; 01 small 
stream. 

Tested every two feet--46 tests-result nil. 

Outcrop east 01, and opposite, guarilrpost 9 in kit bank 01 stream. 

Tested every foot-27 tests~result nil. 

Old mine ~ guarilrpost 9 . 

. This is unsafe to work in owing to the state of the roof .. It was 
exam.iri'ed as much as possible-result nil. _ 

Outcrop between present mine and guard-post 9 in right bank 01 stream. 

Tested every foot-8 tests-result nil. 

First outcrop west 0/ present mine in same bank in BhaZ ravine. 

Tested every foot-6 tests-res1llt nil. 
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Second outcrop west of present. mine in same bank in Bhal ravine. 

Tested -every foot-7' tests-result nil. j 

Third outcrop~ west of present mine in same bank in Bhal . ravine. 

Tested at approxiinately one foot intervals-4 tests-result 'nili 

Fourth outcrop, west of present. mine in same bank in Bhal ravine •. 

Tested at one foot intervals-9 tests-result nil. 

Outcrop (exposed by me) east. of guard-post 7 in right bank. 

Tested every seam-24 tests-result nil . 

. 
Outcrop opposite guard-post 7. 

Tested every seam-57 tests-result nil. 

Two smatl outcrops facing north in right bank of stream i~t below mine. .. 

Tested every salt band-24 tests-result nil. 

Outcrop in small stream in left bank S.S.E. of guard-post 13. 

Tested every foop-15 tests-:-result nil. 

Outcrop N.N.E. of guard-post 14 in left bank. 

Tested every foot-17 tests-result nil. 
,I 

Outcrop north of guard-post 14, facing north in left bank. 

Tested in every seam-34 tests-result nil. 

Bottom outcrops 'opposite guard-pod 14. 

Tested in every seam-57 t~sts=-result nil. -

Outcrops in enclosed ravine just no.'t}" of above. 

4 tests-result nil. 
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Northern"..ftnd ol.main outcrpp lYfYPosite guard-post 14. 

Tested every foot-21 tests-result. nil. 

Middle DI main outcrop opposite guard-post 14 . 

• Tested every two Jeet-26 tests-result nil. 

Southern end almain outcrop opposite guard-post 14. 

Tested every foot-26 tests-result nil. 

Outcrop in left bank at stepping stones between guard-posts)4 and 15. 
Tested. every seam-27 tests-result nit. . • 

Out'crop under guard-post 15. 
Te9ted every se~---35 tests-result nil. 

Northern O'l.{trtrOP under guard-post 16. 
Tested every seam-69 tests-result nil. 

Outcrop at top 01 bank under guard-post 16. 

Tested every seam-17 tests-res~lt nil. 

Second outcrop Irom north under goord-post 16. 

Tested every se~m-89 tests-result nil. 

Main portion under guard-post 16. 
Tested every seam-95 tests-result nil. 

'. Outcrop opposite guard-post 17. 

Tested every seam -117 tests-result nil. 

Two outcrops u..n~1' guard-post 18. 

Te!ted every seam-45 tests-':'i:esult nil. 

Outcrops in bluU opposite' guard-post 19.' 
Tested every seam-110 tests-result niZ. 
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Outcrops south-west 01 guard-post "20, lacing- north. 

Tested" every seam-53 tests-result nil. 

Small outcrop west 01 above, beside stream. 

4 tests-result nil. 

-Outcrop south 01 guard-post iO;tacing south. 

Tested every seam-19 tests-result nil.' _.~-
fI , 

Outcrop south 01 guard-post 20, lacing west. 

Tested every seam-46 tests-result nil. 

Outcrop under guard-post 21. 

Tested every seam-30 tests-result nil. 

The Nurpur Salt Mi:ne. 
There are' two -potash seams in this mine, in the east· ~nd west 

'aIls of wl,tat is known' as the "potash drift." I have already, 

East Wall. 

DIS' Al>PROXlMATB PBROENTAGB 011 POTASH. 

'ANCH 
IITBST' 

Depth into wall; 'ROil 
OUTH 
BRN 

2' 6"/.3' /4' 6' 

BNDOII . 
t'OTASH 6' I' l' 6· 2' s' 6· 4' 0' 6' 6', 6' 6' 6· 

DIIlIIT. I 
.' --~ --- -" -2-

1
-2-1-

10' nU. 9 I) 8 

20' nU. _nU. ni:'. nU. nU. nU. • .. 
80' nU; nU. nU •. nU. nil. nU. .... 
40' 9 9 10 17 - 17 15 13 13 26 , 13 

50'"" 6 6 13 13 '-8 16 32 15 17 18 15 13 2 

60' 16 16 11 6 '21 21' 18 

70' 17 9 5 marly nil. nU. nil. 
, 

SO' 
nil, 
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referred to the way in which they thicken and thin and even end 
abruptly: phenomena which ~ ascribe to metamorphis_m that has. 
occurred in the salt deposits. Not only do the potash bands va~y 
abruptly in thickness and direction, but they. vary throughout. 
their length' in the percentage of .-potassium present in them. .A 

-glance at the above figures will make this evident. They represent . 
. the results of tests made in the sides of· the potash drift in the 
Nurpur mine. This drilt" was run witli the intention of -keeping 
in touch with, but just outside the eastern boundary of" the: 
western potash band which had been located by Dr. Christie. 

In order to test the deposit, holes were drilled into the side' 
walls of the drift on both the east and west sides, by means of a.. 
jumper, and .the material extracted was collected and tested after 
each . six inches of progress. In this way a series of tests was. 
made, giving the average potassium content of every six iI\ches. 
drilled into the walls. These drill holes were earned -into the walls 
as far as wa~ possible with the jumpers at my disposal' and whel'e it. 
seemed necessary to get furtber in than could"'be done in this w~ ~ 
the walIa: were blasted out when the jumpers had" been dJ.'iven in 
as far as poss~ble, and so further progress wall ina!ie possible. 
These tests were made into both ·walls at intervals 'of ten feet 
starting fr'om the southem end of the drift'. . 

_ From these tests it will be seen tha~'the ~ot~assium contents of 
the two seams, or bands, of potash ate not"fi~ed' quantities for the 
respective seams, but vary throoghollt their length.' For instance, 
it is obvious that material excavated to a ~ptb.· of ·two feet six 
inches into the west wall at lI. distance ot 10 feet from the southern 
end of the potash drift, would have an '~pproximate content of 
12 per cent. K10 (corresponding to an average 'precipitate of 0''94 
c.c.), while potash excavated from a 'similllr depth into the band at 
a distance of 50 feet from the southern end of tpe drift~th"e potash 
band is I'tlparated from the drift by a thickness of one foot of salt 
at this point~would only have an average content of .6 per cent. 
K10 (corresponding to an average precipitate of 0·3 c.c.). 

This is of great importance in any statement made regarding the 
analysis of samples taken from the potash seam. In each case the 
results of the analysis are merely indicative of the average potassium 
content of the band at a particular point, the point where the sample 
was taken. The potassium content may be, and almos~ certainly is~ 
very different a short distance away. For instaAce,'in t~~"particular 
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-cases -mention.ed above there, is a variation of something -IIke 
100 per cent. ilf the potassium content of the potash band in' a length 
of 40 fetlt. . 

A series of investigations was also carried out, on material taken 
froon the southern face of the western potash band, by the Director 
of Industries, United Provinces, the results of which were kindly, 
communicated to. me by the Commissioner, Northern India Salt 
Revenue~ and permission to use them in this report was given me 
by the Director of Industries. 

The first results were obtained by the platinic chloride and the 
mixed chlor~des methods of analysis for potassium, and. gave a 
result 9f 22·6 per cent. potassium chloride, KCl, which is equivalent 
to approximately 14·3 per cent K 201, This agree~ .yery closely with 
the rougher analysis done in the ordinary course of myinvesti
gatioJ].s, 1·0 C.c. of precipita~e. being obtained by me. 

The Director of Industries; United Provinces,further suggested 
.. the composition corresponds 'Very closely to that of kainite." This 
agrees with my __ own con,clusions. 

At the risk of being thought to repeat myself I would' again point 
out that these fi~es and conclusions merely refer to the potash band 
at the southern end of the drift and not to any other point in it. 

The above brings me to the pr~cautions necessary in the mining 
. of potash at Nurpur. What has to be avoided 

Mining the potlllh, is the. mixing Qf'salt with potash either when 
excavating the material or when bringing it out of the mine. Crude 
p'otash has a definite .value and that value is diminished if the 
potash contains an admixture of salt. It may, I think, be talrcn 
that the value does no~ decrease in proportion to the percentage 
of salt included, but that there is a very rapid decrease in value as 
the salt 'increases. 'lhat being s6 it is obviously necessary to 
prevent salt becoming mixed with the potash while extracting the 
l~tter iIi the mine. ' 

1 The detailed analysis obtained was :-
"K 

Mg 
SO, 
Cl 

Per cent. 
, n·g 
, 9·g 
• 46·3 

, • 17·9 

85·g 

~ . ~ , 
. 'rhe rest bfling presumably s~dium, water, and traces of insoluble matter.' -
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Since the bands of potash do not behave as normal stratified 
deposits their boundaries can be determined only by actual experi
ments. Appearance is of no use at all; potash tan sometimes be 
detected in this way, but confirmatory tests show that one is misled 
as often as one is correct in identifications made thus, and frequently 
there is no visible difference whatever between the material just 
inside the boundary of a potash band and the adjoining material 
just outside it. 

Taste is a fairly reliable test once ; after that one's palate is so 
affected by the bitter taste of the potash compounds that it is im
p088ible for about half an hour to distinguish between potash and 
salt. Consequently the only test that remains is the chemicl!-L one. 
Chemical tests should be made continuously, therefore, and the posi
tion of the boundaries of.a band indicated to the miners, so that they 
may extract. only the potash and leave the salt; and as the bands 
vary so greatly in thickness, these determinatioIllJ will have to be 
made every foot or so along the run oi tIle band. 

The best plan will probably be to have the drift a little wid;r 
than the potash band, and to mark out the two boundaries of the 
band on the working face; the miners. should then cut into 
the salt, or salt marl, immediately outSIde these boundaries to a 
depth of a foot, and blast out the potash· between .their cuts. After 
this, the position of the boundarie@ should be verified or corrected, 
and the same procedure' repeated; and so on. I~ is necessary that, 
the edges or bound.aries should 'be cut, and not blasted;- since 
"blasting will give an irregular edge and bring in a certain amoun~ of 
salt. Miners find the potash hard to cut with picks, but, in the 
procedure suggested it will be noticed tha.t they need not cut into 
the potash, but into the salt or marl immediately outside the boun
daries of the b'ands. 

As progress proceeds it wiH be necessary to keep the sides of the 
drift wider than the potash band so as to allow for the ready follow
ing of any wide~ing of the band, but there should be no difficulty in 
keeping the potash extracted from between the two cuts separate 
from the material removed from outside them. 

The Warcha Mine. 
Potash was found to o~cur in three chambers in the Warcha salt 

mine. It occurs in the working faces. of 'the, disused portions of 
chambers 2 and 3, and also in the middle, of the old exploration', 
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-tllnnel in chamber 4 (see plan and sections of part of Warcha mine, 
'Plates 6 and 7). ' 

. Its . occurrence is peculiar. It. ~as encountered unexpectedly 
whil~ ,the chambers were being worked for salt, and since its pre

. )lence made the salt unpalatable, work was stopped in these particular 
{jhambers (2 and 3). 

In view. of t4e experience.gained at Nurpur, it would appear that 
the end of a potas~ band has been reached in "each case, and that 
that band is starting abruptly, just as the welltern band at Nurpur 
does. How fat, it runs in a forward direction it is impossible to 
say, but some information is given by the new exploratory drift run 
by the Salt Department at my request from the bottom of chamber 
No.4. All the three occurrences first mentioned are sufficiently

'nearly on the sanie plane for them to belong to one and the same 
'potash band: The new exploratory drift at the- bottom of 
chamber No. 4 cuts through potash also on this plane, so that 
the inference that they ,are one and the same se~m is justi
fied. l'he potash in the l'!ew exploratory tunnel is only a trace, 
'however, and shows that under the lower portion of chamber 4 the 
potash, rather than thickening, thins away to almost nothing. An
other small seam" of potash about eight inches in thickness and 
yielding about IZ per cent. of K 20 occurs in this new tunnel, at 

,a higherhoriton than that just mentioned. 

The structure of the salt deposits opened up by the mine is in~ 
teresting. More or less through the centre 6f the working chambers 
of the present mine there runs a band of Ip.arl and magnesium 
salts which is a very characteristic feature of the mine. We 
'may in fact call it the 'main marl band' of the' mine. About 
50-55 feet below this in the section of the salt, is a peculiar red 
salt-marl breccia abo'ittwo feet thick. It seems to consist of a 
salt-marl matrix: with, brecciited lumps of marl containing less salt 

. than the matrix. It is quite characteristic, and, once seen, cannot 
be mistaken; throughout the mine it is parallel to the foliation 

,of the salt, forming a valuable, and easily recognizable, horizon. 
It is seen in, both the exploratory tunnels in chamber 4, and also 
in the tunnel just to the north of the disused chamber in No.2, 
and also in the new lower tunnel now being driven to open up the 

lower workings of the mine. About 20 feet below this Red Ma.rI 
breccia is the potash in chamber ·No. 2 and in the exploratory 

·drifts in No. '4. 
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About 20 feet below the potash horizon in the exploratorv' drifts 
in No.4 is the line of an apparent overthrust, marked by shattered 
'and brecciated beds containing clay, gypsum, red and grey salt; iIi. 
shattered lumps]; beneath this is grey salt· with grey clay, not 
regularly banded as the red salt is above the' line of the ·overthrusj, .. 
but much contorted, and in its upper portions overfolded towards 
the south; it is best seen in the lower exploratorr·tunnel in No.4. 
It indicates that the overthrust has come from the north; and the 
plane of faulting seems to be approximately parallel to the general 
direction of foliation of the overlying red salt. 

The strike of the foliation. of the salt is not always uniform, how
ever. The main marl band. is found to rise when traced along the 
low-level- tunnel through chambers 3, 2 and 1 and then to dip down 
again under the floor of the old mine, until .at the extreme north
east corner Qf the old mine I estimate that it is about 24 feet below 
the floor of the mine. This would bring it across the new lower 
tunnel just east of survey peg 81, and. one finds, 23 feet along -the 
tunnel in a westerly direction measured from peg 80, a marl band 
resembling it so closely that there is-little doubt as to the identity 
of the two. 43 feet along the tunnel in an easterly direction from peg 
80 is the Red Marl breccia, in its right place, about 50 feet in section 
below the main marl band, and immediately below this is the over
thrust showing the same characteristics that it. did in the bottom of 
the lower exploratory tunnel in No.4. This is followed by a bad 
• wash-out,' and for som\, distance eastwards in· the tunnel only' earth 
debris and rock fragments 8jl"e seen, and then comes contorted grey 
salt with grey clay and brecciated wpsum fragments comparable wit~ 
that seen below the overthrust in the lower exploratory drift in No.4. 

The potash seam of chambers 2, 3 and 4, seems to be cut out 
py the overthrust here, and, consequently is not seen; if the over
thrust were not there, its position would be abov.t the middle of the 
section occupied by the wash-out. The new lower tunnel gives llS 
no assistance in the matter of this potash seam therefore. 

There is evidence of more potash above the 'level opened up by 
the mine. Water dripping in the disused chamber No.2 reactS' for 
potash. Also water dripping in the high-level tlmnel at the corner 
of chamber 2, and water dripping in the Brattice tunnel near No.2, 
reac~ for potash; also water dripping from the roof of No. O .. This 

1 This ill discussed more fully u;. the fopowing paper. 
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may be the same as a thin seam of combined magnesium and potassiUm. 
Jlulphates . that crosses' the new lower tminel at· survey peg 82. 
There is only a trace of potash in it there, but quite sufficient· 
,to be..,. cQllected by percolating water. It is at a highe:t. level in the 
sectiOll of" the salt than the main marl band and therefore, if conti
nuous, ·would. be somewhere above the roof of the existing mine. 

The following sketch section of chamber, No. 4 shows the 
arrangement of the various bands I have been discussing and of the 

... overthrust :-'- . " 

The potash so far exposed in the mine- is 'not promising. The 
following are the results of the tests made :-:-

• 
OhamberNo. 2. 

Tests were made ,flvery six inches vertically in four positicns In 

the face with, the following results (giving a~proximate percent~ 

age of KilO) :-:- ". 
, 

No. of test. Position A. I Position B. • Position C. Position D . 
~ . 

Per cent. Per cent. Per oent. Per cent. 
1 . · nit. nil. nil. nil. 
2 · 7 nil. 11 7 
3 

. 
nil: 6 nil. 11 

4, nil • • 

I 
2 10 trace . 

nil. 13 '" trace •• 13' 5 
6 · flil. flil. 11 . nil. . 
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No. of test. Position A. Position B. Position C. Positi~:P. 

Percent. Per c'ent. Per cent. l'.r cent. 

'1 nil. nil. trace 11 
8 nil. -9 nil. 16 
9 trace 6 7 - 8 

10. trace 9 7 ,13 
11 nil. :t 18 11 
l%" nil. 5 5 8 
13 ,"1. 9 nil. trace 
14 nil. 9 trace 8 
15 nil. trace 5 5 
16 nil. 'llil. 5 7 
17 nit trace 8 21 
18 1li a nil. 8 17 
19 nil. trace 21 .19 
20 nil. nil. 40·5 nil. 
21 ~ nil. trace 5 trace 
22- .. nil. nil. ·trace 11 
23 nil. nil. nil. nil. 
24 nil. 2 nil. 
25 nil. 13 . : nil • 
26 nil. nil. trace 
27 nit nil. 
28 nil. nil. 
29 nil. 
ao . trace .... _,_ . 

-. 
--

In addition to the above a small ,isolated mass in the south walJ 
of the chamber gave, . when tested, 40·5 per cent. KaO. 

Cham~er No.3. 

Tests were taken in three po:itions in the face of ·the salt, the 
test holes being. six incheq apart, with the.. following result :-

1 
2 
a 
I 
,; 
6 
'1 • 
8 
9 

II o. of test. 

.' 
.~ 

'" 
p- 1 

. ~ 
.' 

Position A. 

* 

... 1. 
nil. '. 
nil. . 
nil .• 

trace 
nil. 
nil. 
nil. 
nil.-. • 

- Position B. Positio n- C. 

Per cent. Per. cent • 

'. '1 nil. 
nil. 7' 

• nil. trace 
6 S 

nil. nil 
trace nil • 

6 " nil. 
. trace nil. 

4&il. nil. 

E 
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10 
11 
12 
13 
14 
15 
16 / 
17 
18 
19 
20 c. 
21 
22 
23 
24 
25 • 
26' • 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

~~ 
39 
40 

No. of test. 

. ' 
" 

" 

',. 

Upper expl~ratory d~ijt . ' 

Position A. Position B. 

Per cent, 

nil. nil. 
nil. 5 
nil. -8 
nil. trace 
nil. 7 

. ' nil. nil. 
nil. nil. 
nil. nil. 
nil. 8 
nil. nil. 
nil. nil. 
nil. trace 
nil. trace 
nil. nil. 
nil. nil. 
nil. 2 
nil. 5 

trace 
13 
10 
13 

S. 
trace 

{) 
nil. 
11 

trace 
nil. 
nil. • nil. 
nil. 

oU Ohalmber No~ 4. 

Position "C. 

Per cent.-

nil. 
nil.· 
.5 

trace 
6 

nil . 
nil. 
nit. 
nil. 

- nil. 
nil • 
nil. 

5 
nil 
nil. 
nil. 
nil. 

... nil. 
trace 

5' 
nil. 
nil. 
~il. 
nil. 
nil. 
nit, 
nil. 
nil. 
nil. 
nil. 

! nil. ' 

• • 
20 tests across tl"e potash band at intervals of six inches. 

No. of test., 
t 

3 
4 
5 • 
tl .' 
7 • 
8 .' , ~. 
9 • 

10. 

,. 
'~ 
" 

.. 
r 

'. 

" 

. . 
• • 

Percentage' of KtO, 
5 

16 
trace. 
1,2 

10 
8 
8 

• -'nil. 
'traoe. 

nil • 
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No. of test. Peroentage of K .. O. 
II nil. 
12 • 5 
13 • traco 
14 • nil. 
Hj. nil 

l~ • nil. 

17 nil. 
18 • nit. 

19 • trace. 
20 • nil. 

The same seam in th.e· lowel!~ e!]>loratory 'drift off No. 4 tJ.ad 
thinned away to almost the merest string and. ollly gave a f~int 
;reaction for potash. . 

Kaiabagb: . 

The salt quarries at Kalabagh were all fairly thoroughly ex
amined'. Potash was detected either ill. dripping water, or in. water 
lying il'l.tJIe quarries, in Nos. 6, 10~17 and 18. 

As the numbers at Kalabagh"-8.re not riumpers of the quarries, 
but are numbers assigned to oe.rtain quarrymen it is ob~ous that 
·a number may take itself off to some other situatio~; Plate 3 is from 
a plane-table plan of' the Kalabagh' quarrie~. in,dicating those in 
'which potash was detected.. • . 

No seam of potash was detected in any of the quarries, the only 
,trace being shown by the percolating. water. ~ .' . . 

Calcium sulphate is generally present in the salt and can be 
.detected always in a ch.emical test, while ..magnesium cOfnpounds 
.seem to be present only in very small quantitjes ... r also noticed the 
formation of stalactites covered with a' cotton-wool-like . growth 
.of sodium sulphate; bands of, grey salt al~ occur., . 

III.-ECONOMIC CONSIDERATIONS. . . 

Potash. 
IIi discussing the economic possibilitie~ o~ potash in the salt 

.deposits,. I will deal first of all with the various localities at which 

.it is known po occur, and ,~hen with the Salt Range as a whole. 
:m2 
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Potash salts occur in, the 'Mayo mine at Khewra. They were-

Kh 
' discovered in 1873 by H. Warth. They have-

ewra. Ib h . recent y een very t oroughly exammed by Dr. 
Christie and described in a paper published in Vol. XLIV, of the
Record.~, Geological· Survey' o/India. He describes the deposits in. 
detail, and gives an idea of their magnitude. It must be realized~ 
however, that most of the exposures"'seen by Dr. Christie are in the 
pillars between the chambers, and that the potash has been exca
vated from the. chambers, together with the salt, many years ago. 
It is, of course, impossible to excavate anything ·from the pillars, 
since this might endanger the stability of the mine; hence most 
of the exposures are only of sCientific interest and represent no eco-

. nomic possibilities. What Dr. Christie ealls the Buggy potash.seam, 
however, appears to be thickening in a forward direction down the
dip of the fol.iation, and it mightb~ that..if this were followed be
yond the present end oithe m~e .a. workable quantity of potash 
would be found. Its ~thickest exposure, as seen by Dr. Christie, 
is only 0·95 metre, but as it thins out as it is traced up the rise 
of the foliation bands, it is quite possible that' it may thicken. 
somewhat down the dip. As Khewra. is the main source" of supply 
of salt. in. Northern India, and as the excavation of irregularlenticles 

'and folire of potash. would upset the scheme of·, pillars and 
chambers of the mine, it isa question whether it would be worth 
while to"attempt to 'do anything with the potash. It might .be' 
worth while t~ run an exploratory. drift dQwn the dip of. the band 
from the poinp described by Dr. Christie' as "s" in chamber' 
No. 30, to see whether th~ potash thickens to any apl>reciable· 
extent. 

If further prospectlng is attempted at Khewra, the best ;o~se
would be to put It "boring down, at the northern end of the Khewra. 
glen, and so cut through a greater thickness of ,the salt than 
is opel!l.ed up in tlie Maya mine. A certain amQunt of potash wilt 
always occur .a'.s lentjoles in the foliated salt of Khewra and Warcha .. 
The evidence so ... far obtained indioates that these lentioles will,. 
however, be discontinuous, and will not all lie on the· same foliation· 
plane, and a boring 'p~t down through the salt at any particular' 
point may"~and, if deep, enough, almost certainly will-pass close by 
the end of one or mo;e of these, lenticles, or folire, of potash, without 

, showing, in the" core obtained, .any indication of its presence~ It is: . , 
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Unfortunate that this should be so, but it is one-of the disadvan
tages from which the Indian deposits suffer as compared with 
unmetamorphosed deposits in other parts of the world. 

The potash bands at_ Nurpurhave been discussed and a plan 

Nurpur. 
showing their positiGn and extent is appended 
(plate 4). The salt at Nurpur is more con

torted and distw:bed than that at ~hewra, and is foliated 'rather 
than banded. The lenticles of potash Ij,re more irregular than those at 

-Jthewra, and thicken and thin, and even end, abruptly. The 
greatest - care sllOuld be exercised in working them, and the oDly 
plan to adopt would be to follow them so long as they continue to 
exist. Once _ they end there is. no reason to suppose that they 
will continue again further along the sanie foliation plane; the nexi( 
potash lenticle may be on - another foliation plane. Prospecting 
in the mine could be done by exploring in a. hori~ontal direction 
towariis the ~ wesj beyond the - most westerly point' yet operfed 
up by the mine, but there is no particular evidence to show that 
potash will be met -with close at hand. A boring could - of 
course be put down anywhere along the ravine, south of the mine, 
where the salt is less intensely folded, but owing, to the fact that the 
Nilawan ravine lies along· a faulted subsidiary anticline, . and that 
the centre of it is a running stream, there are many other places in 
the Salt Range -where a boring could be put .down with greater 
advantage; the difficulty and cost of transport· is ano1(.he. unfavow:-
able factor at Nurpur. ... 

There is one main potash seam in the. mine at Warcha. It is 

_. Warcba. 
seen in .the working faces of the abandoned 
chambers NOB. 2 and 3 and' also in the upper 

and lower exploratory drifts in chamber No~ 4. It has indications 
of being of some thickness in the working faces of chambers Nos. 2 
and 3, is only a few feet tb,ick in the upper exploratory drift in 
chamber - No.4, and where cut by the lower drift it has t4in
ned out down the dip of the foliation to the merest string of potash. 
-There is another small string of potash cui by 'this lower drift, 
but it is only a few inches thick and evident1t does not -continue 
up the rise of the foliation planes. There ~ also a trace of potash 
in the new lower tunnel at peg 82, but it .is a mere trace. It pro
bably continues over the mine, for watet dripping from the roof 
:frequently. shows traces -of potash ..;when teste~. 
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As I have pointed out above' (p. 45) the salt bands rise along 
the low-level tunnel as one passes from chambers 3 .'to 2 and 
thence to 1, and then fall away again rapidly and dip down below 
the floor of chamber 01. A bulge, which may be due to a thick 
lenticle, 'appears to occur under the floor of the chambers at this' 
place, since all around it the dip and strike of the foliation planes is 
unchanged; 'and i~ is possible that the potash thickens here into a 

'large 'augen-shaped lenticle. ~,liis is of course purely hypothetical, 
but I think it is sufficiently' probable to merit exploration. The 
top of the lenticle should be 40 or 50 feet below the floor of the
existing chambers;· hence, if there, it could be safely excavated 
in chambers below those now existing; 'at the same time there is 
no reason why 'it should not be thirty feet or even more in thick
ness, but the lowe'r portion would probably be cut off by the sub
sidiary overthrust which divides the red salt of Warcha-which 
may be called the productive zone of the mine-from the'impure
and grey contorted salt which underlies it,-:-which latter may be 
called the non-productive zone of the mine. Even so a considerable
quantity of potash wohld be present. In order to determiD.e whether 
~his presumed potash lenticle ,really exists, either a direct boring 
might be put down or an exploratory drift might be run from 
chamber No. 1 at right angles to the foliation of the' salt and 
approximately under the low-level tunnel. If it be found impracti
,cable to run an explol'atory drift so steeply, it should be run in such 
a way that it will intersect a line, drawn from chamber No. 1 at 
right angles to the foliation, at a point 50 or 60 feet from that 
chamber. . 

The following diagram shows a, hypothetical section along the 
line of the low-level tunnel :-

O'f OVERTHRUSl 

As in the case of Khewra, a boring might also with advantage 
be put down through the salt deposits at the northern end of the 

. ' 
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Warcha glen, close to the northern guar~-post, and on the western 
side of the glen. This would pass through a considerable thickness 
of salt not seen in the mine. Nothing can be deduced, in this con- • 
nection, from the dip of the .foliati!!n planes, but investigation would 
be interesting and should yield lenticles of "potash. The same dis
advantage exists here as at Khewra, and indeed throughout the 
Salt Range, that the lenticles of pot\sh are discontinuous a..nd many 
may be missed owing to the boring passing just outside their 
limits. 

Warcha is now eonnected with Gunjyal railway station by" a. 
broad-gauge siding, hence the cost of transport-would be low. 

No ~eams of potash were found at Kalabagh, thougli potash 

Kalabagh. " 
w~s detected in both dripping water and in 
water lying in the quarries, in Nos. 6, 10, 17 

and 18 (see PI. 3). The salt is more contorted than at either 
Khewra or Warcha, and no thick seams occur. For reasons which I 
will give in a subsequent papeJ", I do not think that Kalabagh 
calls for any further investigation, or offers any prospect of success_ 

This salt is the grey variety of the Kohat zone, with a few bands 

Nandrakka. 
of pink salt interfoliated with. it. Traces of 
potash were detected in water dripping from the 

deposit, b.ut no potash seams .. I do not think the locality offers 
any proDJ.lse or calls for any further exploration; and its inac
cessible situation renders it of still less economic interest. 

Other than at 

Kohat. 

condemned. 

Nandxakka, no traces of potash have .been 
detected. in Kohat. From the point of view 
of potash, therefore, the Kohat area mus~ be 

On the whole the evidence collected during, my investigations. 

Summary. 
points to the conclusion that no continuous bed 
of potash will be found in the Salt Range or 

in Kohat. The salt is a foliated rock and the potash salts occur in 
discontinuous lenticles and irregularfolire. Where the foliation is of 
the nature of banding, bands of potash -may persist for some little 
distance, but even then they will probably thicken and thin through
out their length. The prospects of obtaining potash in the Salt 
Range are not. therefore promising, and it is not likely to be worked 
profitably except as a by-product of salt-mining. 
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EXPLANATION OP PLATES. 

PLATE I.-FIG. 1. Ba.hadur Khel sa.lt showing schistose structUre. 
FIG. 2. A sa.lt qua.rry a.t Bana.dur Khel 

Pr.ATE 2.-The schistosity of Ba.hadur Khel sa.lt. 
- Pr.ATE 3.-Pla.n of salt quarries a.t Ka.la.ba.gh. 

PLATE 4.-Pla.a of Nurpur mine. 
Pr.ATE 5.-Pla.n_of pota.sh drift, Nurpur mine. 
PLATE 6.-.:...pran of portion of Wa.rcha sa.lt mine. 
PLATE· 7.""'--8ection of cha.mbers in Warcha mine. 
;PLATE S.-Sketch map of portion of Bahadur Khel sa.lt-field. 
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SUGGESTIONS REGARDING THE ORIGIN AND HISTORY OF 

THE ROCK-SALT DEPOSITS - OF THE PUNJAB AND 

KOHAT. By MURRAY STUART, D.~c.J Assistant 
Superintendent, Geologica! Survey of India. (With 
Plates 9 to 25). . 

1.-INT~ODiJCTlON. 

I N the preceding paper I have dealt with .the general nature of the 
potash deposits as far as they are-known, and have given details 

of the experimental work carried out in an investigation recently 
made with a. -view to ascertaining their economic value. DW'ing 
that investigati,on a number of -facts were ob;:;erved which have 
hitherto attracted little or no attention. The consideration of 
theSe has suggested to tile a new and simple hypoth!!Sis of the history 

-and anangement of the salt and gypsum forqtations. ; 
As pointed out in the preceding paper t~ area. examined com

prises most of the exposures in the Salt Range between -the Nilawan 
ra vine in the Jhelum district and Kalabagh on the Indus; thence' 
the salt exposures were followed up through the Lim-Wan pass to 
the Nandrakka salt exposure in Kohat, and from there westwards 
along the .range through Malgin to Bahadur Khel on the Waziristan 
frontier, a distance of over _ 200 miles. In addition to,.. the above, 
isolated exposures at Banda Daud S~ah and Jatta isinail K~el 

. in Kohat were also examined. 
Since Wynne's time the salt deposits have always been. the 

object of much· speculation,- and SiT Thomas Holla~d and many other 
geologists have offered suggestions attempting to link up the two 
great deposits of the Punjab and Kohat, joining them as one salt 
formation rather than - considering them, -as Wynne was content 
to leave them, two widely separated formations in point of time, the 
one of pre-Cambrian1, and the other of Temary, age. 

1 Wynne merely classed the Punjab salt as pre-Purple San"astone, but the discov?,"y 
b,· Warth-subsequently confirmed by Middlemiss (Ree. G. S. I., XXIV, p. 24)-of trilo
bites in the ovmlying Obohts Shales established the age of the Purple Sandstone as . 
earliest Cambrian at leeat. 
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I~- the preceding paper reference has already been made to
the literature on the subject !Jf the salt and it is only nece~sary 
to add here one further reference, tltz., to the article on the geology. 
of India, by Sir Thomas Holland, published in the -Imperial Gazetteer 
(1907). 

n.-GEoLOGY. 

The salt is everywhere the lowest formation seen. Whether it 
is in its normal position, or not, has been the subject of much specu
lation. Wynne apparently came to the conclusion that it was in its 
normal position in the geological section in each case, in both the 
Punjab and Kohat and that there had been two salt-forming periods. 
the one pre-Cambrian, and the • other early Tertiary; whereas Sir 
Thomas Holland suggested that the two salt sheets are parts of one 
extensive formation, and, taking Wynne's interpretation of the Kobat 
area as correct, and assuming the Kohat salt to be approximately 
early Tertiary in age, he suggested the existence in the Punjab of 
an overthrust bringing the Purple sandstone and Cambrian beds 
above· the Salt marl, which would in that case be early Tertiary 
in age.1 

The origin of the" salt and Salt Marl has always been the subject 
of conjecture and theory. Fleming first attempted to explain it 
by considering it to be of an eruptive character. Subsequently be 
abandoned this view, and assumed. }hat the salt deposits were 
originally stratified, but that they had probably undergone meta
morphism from igneous influence .• Warth always tOQk it for granted 
that the' deposits were sedimentary in character, but- does not 
appear to have stated his reasons for holding this view. Owing 
to the numerous instances of lenticular arrangement in the deposits._ 
to' his frequent obseriance of <r layers of the salt thinning out. 
convex above and below" and instances of anomalous contortion 
in certain bands of. salt, W~e hesitated to enunciate any .. definite 
opinion on this questio1,1. in his memoir on the Salt Range.. Christie 
weighs up the evidence for and against a sedimentary" origin, and 
thinks that the observed facts may be explained by the evapora
tion of a saline inl~nd lake, preferably shallow, and that the lenti
cular beds observed hy 1!-im in the deposits were due to the fact 
that under such. conditions "crystallization would not necessarily 

I Op. cit., I, p. 64, (1907). 
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proceed uniformly, but the mother liquors would accumulate in 
the lower basins of the region, th~re depositing their potassium_ 
and magnesium salts and giving rise to lenticular peds such as we
find in the Buggy' section of the Khewra mines."! This suggestion, 
however, does not seem. tQ explain satisfactorily the convexity or 
the lenticular layers both above as well as below; it appears pro-
bable that under such conditions the upper surfaces of the lenticles 
could at most only be flat, and would in all probability be concave._ 
The. hypothesis, therefore, fails to explain the present observed 
lenticular nature of the deposits, for which some further explana
tion must be sought. Atth~ same time Christie does not regard_ 
the sa.lt deposits as wholly unaltered sedimentary strata, but' ex
presses the view that they have' experienced a certain amount 'or 
th~rmal metamorphism, and also that they have assumed a pasty 
character, under pressure, and have to a slight extent undergone
some form of internal flow movement under its influence; the 
present banded character of the salt, however, and its lenticular_~ 
arrangement, is attributed by him to original stratificlttion. 

The salt generally has a distinctly- banded appearance and 
consists of myers of different colour and purity. Wynne describes
this appearance as follows:-

.. The rock-salt •. alternates with thick, dark-brownish red beds of impure' 
sa)ine marl, called by the natives kallar, and is pink, reddish, or white, rarely having 
grey blotches, but frequently showing numerous alternatioIlJ! of lamina! of small. 
thickness, reddish and white colour -and different degrees of opacity. 

• • • * * -~ 
The banded structure of the salt beds is chiefly caused by layers of different 

colour, the bands being most solid looking or of darkest colour about the middle.
and softened into a paler tint on the edge; sometimes there are alternating layers. 
of & red earthy nature from which Epsom salt effloresces. • • • . • • •. the bands 
or layers having' in some pla.ces for considerable distances vertical to their planes. 
a general thickness of 6 to 8 inches varying to 2 feet, while for several yards across 
the strike in some of the larger beds no lamination at all is seen. There are also 
numerous irregularities of the bedding showing -milch lenticuIa.r arrangement of 
deposition ,....... No sign of current (ripple) mark or of well-developed oblique. 
lamination could be found. Layers of the salt thinning out, convex above and 
below, were frequently seen." 

A photograph' of this banding effect in the salt is shown on 
Plate 20, which also shows the lenticular nature of ,some of the:· 
bands. (Seen best if Plate is viewed from a distance of several feet). 

,. 
1 Bee. Geol. Surv. India, XLIV, p. 259. 
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After careful study of the salt deposits throughout the Salt 
Range and up to the borders of Waziristan, I have been forced to 
the conclusion that the present banding in the .salt is not original 
.stratification. It frequently shows a distinctly lenticular arrange
ment, the individual crystals very often have a lenticular. shape, 
'Corresponding almost exactly to the augen in an augen-gneiss, 
~nd when the salt contains a certain amount of marl the appearance 
.of How-structure is frequently so striking that I have been. forced 
to the conclusion that at'some time subsequent to their original 
deposition the deposits have been subjected to pressure, and under 
this, aided probably by the action cJ heat and the presence 'of 
water, have become sufficiently plastic to How, and have thus 
.acquired a How structure very similat- to that produced by move.. -
mentf! in a nearly solidified igneous ma~a,-'-the result having 
been to produce a banded How structure, which is. sometimes a 
10liated structure consisting of lenticular bands-of salt and associated 
'minerals, and sometimes. more or less regular bands similar to 
those occurring in a banded gneiss, but di:ffering, in this case, 
in· that the individual bands may be feet and even yards 
.across. 

There is an interesting confirmation of this idea, beyond the 
.observed behaviour and frequently lenticular form. of the bands 
of salt and allied minerals, and this is given' by the existing salt 
marl (kallar) bands. These bands c~n!list Of rock-salt, with calcium 
sulphate, impalpable ferruginous clay, and innumerable quartz~grains; 
of all sizes .up to about 0·2 JllII'J.. and almost all highly angular :in. 
.outline (see Christie, op. cit., page 260). H a series of sediments consist
ing~ ~f strata of different hardness (such as a series ofSa:lt beds with 
-occasional.interbedded bands of argillaceous and arenaceous mat~rial) 
were subjected to, dYAamic metamo,rphism, it might be expected 
-on theoretical grounds that the hard bands would be converted 
into a sort of crush-breccia. H,in addition to this, 'mo~ement 
-of the nature of How took place, these crush-breccias would assume 
the ,form oj bands in the direction of the How, and should give, 
in the instance cited above, a rock corresponding to the salt-marl 
'bands existing at the present day. This indeed would seem to be 
the simplest :method of accounting for those bands and for the 
'manner in which they repeatedly vary in thickne~s, as well as 
'for their behaviour generally. It- would also. offer. a satistactory 
.e~planation of the le.nticular form -of ~ome of the salt bands and 
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the potash ··bands, as well as of the anomalous occurrences observed 
by Wynne and Middlemiss. . 

In order to avoid confusion, therefore, I do not propose to
refer in this paper to beds and bedding in connection with the salt 
deposits as they Wst at the present day, but to bands and banding. 
or foliation planes. . 

Middlemiss suggested an igneous origin for the Salt Marl of the. 
Salt Rarlge,but this does not seem to have found much acceptance. 
The possible reasons are: firstly no parallel instance can be. 
pointed to in any large salt deposit _ and secondly the compo
sition of the Beams, and of ,ihe Jhinerals they contain, corresponds 
closely with that of undoubted salt-lake and desert deposits, such as 
the Stassfurt salt of Gemiany, the resemblance extending even to the 
occurrence ot the. pecUliar bluish or indigo staining sometimes found 
in salt crystals at Sta$sfu.rt and attributed by S. W. Johnson 'to the 
presence of sodium subchloride, by Ochsenius to the presence of 
sulphur, and by. Witt jeri and Precht to an optical effect due· 
to the presence of thin cavities,' having parallel- surfac~s, with gas. 
inclusions (Ber. Chern. Ges., XVI, 1454, p. 1883). Crystals showing 
this bluish or indigo eolour were ShOW1;l me from the Mayo mine. 
Khewra, and I also found them .at Warchain an exploration drift 
which the Salt Department were excavating for me in the lower 
levels of the mine. So far as my own observations are concerned,. 
I have no reason to doubt that the salt was originally deposited ,from 
an evaporating saline solution, b'lt I am also .or opinion that since 
their original deposition, the deposits have acquired flow structure 
under the influence of -pressure, probably assisted also by heat and 
the presence of a certam amouri.t of wat-er. 

, .' 
In my earlier paper I have dealt fully with' the. foliated character 

of the Kohat salt, but I left for subsequent consideration the observa
tion'"'that the bluish-grey clay in the salt at Bahadur Khel 
contains sulphide of iron. Crystals of sUlphide of iron are not rare 
in the blue clay, in fact in places in the Bahadur Iq1el sal~-field. 
they are sufficiently abundant, and decompose sufficientlY rapidly 
uder atmospheric agencies, for th& particular clay bands to smell 
distinctly of wlphurett~~ hydrogen at:er a hefl.vy show~r of rain. 
A saniyle of clay containing no visi~le pyrites placed in the e~d of' 
a closed tube, the other end of 'whiCh was 'Connected to an ordinary 
filter pump, caused the immediate darkening, of ~ lead test paper 
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-placed in the outer end of the tube, when the end containing -
-the clay waS' gently. warmed. Moreover, ·-not only do the 
·clay bands contain sulphide of iron, but crystals 'of pyrites 
·occur in the salt itself. This was also rec~rded by Wynne, who 
writes :-" In the eastern parts of the district, besides the foreign 

. matter previously noted, the uppermost portion of the salt. • 
is sometimes slightly pyritous . . ." Similarly at Bahadur Khel 
;Samples of salt taken, by my staff were found to contain crystals of 
pyrites. It may therefore be said that pyrites is not confined to 
.any particular part of the salt, or of the area, but occurs occasionally 
throughout the Kohat salt. The grey coloration of -'"the Kohat salt 
is probably intimately connected. with-this presence of iron sulphide 
in the salt deposits. If ,anything occurred to convert the ferruginous· 
matter into sulphide during the deposition of the Kohat salt, it 
would follow naturally· that the deposits would be coloured grey 
:rather tha.n ted. Sulphuretted hydrogen springs or .an accession in any 
:other way of sulphuretted hydrogen to the evaporating saline solution 
is the only- assumption necessary to account fully for both the presence 
·of iron sulphide in'tne salt and clays deposited at th~ time and 
also for their grey colour as opposed to the more usual red. 
"When the blue clay, or the salt, cOmes into contact with calcareous 
-alluvium, such as is carried by the brine -stream that flows over 
the Bahadur Khel field, crystals of sel~niteform. Plate 9 shows 
.such a formation of selenite cry~tals. it is a photograph of a 
grey clay band where the surface has· had a thin coverip.g of 
-calcareous alluvium washed on to it, with the result that the surface: 
.is now covered with selenite crystals, which only occur on the' 
surface of the clay and a.renot incorporated with it,. Below 
the surface the clay is entirely, free from' selenite. On exposure 
to .. the sun and atm"phere the selenite crystals split into flakes, 
become stony and opaque, and finally coalesce into a band of gypsum, 
which in course of time becomes solid, shows nQ trace of the consti
tuent "devitrified" selenite crystal, and is indistinguishable from the 
:massive gypsum that overli~s the salt deposits in order ot sequence. 
Plate ·9, fig. '2, shows a number of different stages in this process, star
ting with !resh selenite crystals in the middle foreground; devitrifying 
:selenite. crystals in the left foreground; the. same, at ,a fu~her stage ' 
cemented into a rock, but still showing their characters and distinctly 
recognizable, in the left background; and, .in the right background, 
the final stage of massive gypsum .. Plate 19,· fig. 2, showS a diminutive 

" . 
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:liff of gypsum formed in the same way; to the left there is grey 
:iay, and to the right ordinary recent calcareous alluvium; the 
~sum _has formed at the contact of the two, and 1s not yet suffi
:iently consolidated to have lost all trace of the original selenite 
~rystals. Not only is this instance seen, but, where the salt is 
wvered .to any extent with calcareous alluvium, a thick, fairly con
tinuous sheet of gypsum'is forming at t4e junction of the salt and 
the alluvium at the present day. For instance, at the eastern end 
of the Bahadur Khel salt-field, where the salt is much covered with 
thin calcareous sand and alluvium, this sheet of gypsum, formed at 
the contact plane, is strikingly evident and is sometimes four or 
five feet thick. Plate 12 illustrate!! this. 

Gypsum forms .also in the same way wlJ.ere the salt is brought 
into contact with calcareous rocks. Along the south-eastern end of 
the Bahadur Khel field a fault cuts out the. gypsum, the red bed, 
and the nummulitic limestgne, and brings the' salt- against the Murree 
beds. Gypsum is forming along this fault in exactly the same 
way as the sheet of gypsum ~entioned above is tanning in places 
over the surface. Plate 11 shows a photogtaph looking west 
along the fault and it will be seen that the line of the fault is 
clearly marked by the band of secondary gypsum whicli. in the 
background forms a hill of marked size. To the left (south) of the 
gypsum are Murree clays,. which are calcareous, and sandstones; 
to the-right (north) of the gyps,!m band is salt. 

Where there is no calcareous detrital material resting on the 
J3ah,adur Khel salt, or grey clays, crystals of selenite are not found, 
indicating that the selenite is not merely recrystallised calcium 
sulphate, originally present in the salt formation and left behind 
{)wing .to ·the removal, in solut;io~, of the salt, but is due -to the 
definite reaction 'of sulphuric acier with the calcareousmate.rial 
brought' Into juxtaposition with the salt or grey clay. 

It ma.y.be thought that I am rather labouring this point of the 
presence of iron sulphide in the salt and clays, and ·its decomposi
tion under atmospheric agencies, with- the liberation of sulphuric acid, 
but it will be seen shortly what an important factor it is, in my 
{)pinioIi, in the dedllc.tion of the origin and nature. of the salt deposits 
and the gypsum: ~Qthel effect produced "bJ" the decomposition of 
this includeci. iron ~ sulpruae is the formation _of sulphate of soda 
(mirabilite) by'. the action, of the liberated sulph1!ric acid on the 
salt. Plate 22 is JJ: ~ew n<?rth":!Iords across. the Bahadur Khel field, 
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taken be~ween the two salt-hills. Most, of the .white, patches on the 
alluvium ill the foregro,und are, sulphate of soda, especially tho_se 
besiae which the men are standing.' 

Plate 15, fig. 2, shows feathery growths of sulphate of soda breaking 
,thro~gh ,a salt .deposit in the site of a dried-up. brine puddle on the , 
alluvium. The same feathery crystals. creep up the sides- of the 
alluVium above the level of the saft along the sides 'of the brine 
stream, and in places break through the salt crust of the stream 
itself; the same' feathery growth forms' on" the surface of the salt. 
This efflorescence is not £ree from sodium chloride-one would 
not expect it to be--:-, 'but its form is due to the creeping and 
crystallisation of sodium sulphate, and the" greater part' ,of the 
efflorescence consists of that material. From the efflorescent nature J 

of the crystals, and the fact that the fresh salt itself Qoes no1:',co~tain. 
sulphate of soda~· the latter is obviously forming under atnio,spherip 
agencies at the surface of the salt, owing ~o the decompositinn. of 
the sulphide of iron contained in the salt and clay particles, and 
the consequent {ormation of mirabilit!'. . ' 

In addition to' sulphide of iron bituminous matter frequently 
occurs in the salt. I will quote, Wynne on the subject, as I have 

. nothing to add to his observations: 

" In the eastern parts of the district the uppermost portion of the salt is fre· 
quently bituminous, this salt and the .adjacent gypsum smelling strongly ot petro" 
leum. The bituminous salt prevails, however, only for a few feet from the upper 
~urface of the deposit, though layers of bituminous or fretid clay ~ay be found 
apparently in the body of the salt rock.'" . . . 

I have found this bitumen even in the shishi nimak mentioned 
by Wynne; this' is clear salt which occurs in blotches throughout 
the formation, and is recrystallised salt. _In the case that T' mentiOIi. 
some' s[1,ishi nimak at, Malgin contained enough hituminous matter 
to make it black in culour, and when a thin crystal ,was held up to 
the light it was seen that the bituminous matter was arranged. as if , 
along planes offoIiation through the crystal. The, rock appears 
in fact to be a salt-bitumen schist in which the salt has rearranged 
itself by recrystallisation, so as to give a sort of semi-pegmat~tic 
structure, the Salt bemg in crystalline continuity, while the bituininous 
matter, not being of a crystalline nature, - is not continuous, . but. 
merely retains its ori~al position throughollt the recryetalpsed salt. 

Small fragments of gypsum also occur scattered t!rrough the salt. 
schist in the Kohat area and' form a part of the schist. These 

/' ' 
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fragments maY' be ~econdary and were possibly calcareOus clayey 
material originally. . < 

The points on which my observations differ-from those of Wynne and 
Walth are therefore the loliation of the '~lt; the widespread presence 
,of sulphide of iron in the Kohat salt, over and above the few instances, 
recorded '1!y Wynne, of the occurrence'of isoi\tted crystals of ,pyrites; 
and the discordance between the foliation bltnds in the salt and 
the ron of the succeedin.g gypsum formation. 

There is one point worthy of n~tice here while discussing the 
salt and the presence in it of sulphide of iron. 1n his memoir on 
the Trans-Indus salt, Wynne describes an interesting section near 
Lakkona (Memoirs, Geological, Survey o{ India,41, pt. 2, page 174) ; 
he .l&ys :..,.... , -, -

... .h interesting but complicated iection is exp~sed in_the A1gud (stream 
.which qrossea the range running I10rthward in' a deep ravine between the Kurar 
syiwlin&l, and the Speena gypSIltn tract. 'Descending thiS'ravine from near Shaidan 
red and grey tertiary sandstones. and clays are passed. through, . dipping 
southward at 700

• or more ~ly verticaL Red clays of· the red zone, with, 
a thickness of 150 feet, underlie ~hese, ,or wou.Id if there was any underlie 
to·speak of. Gypsum, nearly _vertical or dipping at a very high angle to 
the south, 155 feet thick, and with greenish clays on both sides, is then 
passed.' In the lower part of. this gypsum the southerly' dip .lessens to 600

, 

and ·the beda are contorte<J. A few yards further ,on. apparen~ly' the same 
II1IIo8S of gypsum, curved an~'und.ulated, seems to increase enormously iQ. 
'thickn_ up to 300 _ or 400 feet, 30 feet 'of its lowest part being dark, or 
black, bituminous, calcareous shale. ,At this place sulphurous· -springs break 
out at the sfdes of,' and in, the 4Jgud, the whole place smelling strongly 
of aulplmretted - hydrogen!' • 

1 visl£ed these ~prings and found them 10 be ,sulphuretted hydro-
. gen spripgs 8S Wynne had stated, ~ut an- interesting point that he 

did not mention. is that _ they are 'not ordinary. fresh-water, spr~gs 
containing sulphuretted hydrogen, but springs of satutated brine, eon
taining also enough sulphuretted hydrogen to make _the ~~ighbO~i"Iiood 
sme\l.b.npleasantly. There can be little doubt that they pass through 
the salt which underlies the gypsum, and the associatioll' of brine 
and lIulphuretted hydrogen is interesting in -view of the observation 
of the ,presence of sulphide of iron throughout the Kohat salt and 
its included clays. , - - -

Wynne. 'gives an- accurate description of the gypsum. It is. 
. generally white, showing up plainly even on dark 

Oypsum. daYlat long distances among the hills, but it 
sometimes has a greyish hue, more' rarely vari~gated With deep 

J' 
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red, from decomposition of ir~>n, and in its lower part often passes 
Into shaly beds, qtti.te black,' aM sm.elling strongly of petroleum.; 
its texture, varies from 'Sub-~ompaQt·to more crystalline varieties. As 
a rule, the gypsum. is, 'pure Pond homogeneous, but 'foreign matter 
!S observ~ble in hand-specimens'in places, the chief being grey clay, • 
<:rystals- 'of iron, pyntes, 'crystltls of -quartz, dolomite, more rarely 
anhydrite, and the bitUminous portions of the black parts. Associa
ted with the gy:psum. "in the eastern· part of the district ~re one or 
.more'ban~ of alum. ,shales, ,so charged with, pyrites' as to have 
fo~erly. led to. their being. wo~ked -for sulphur, which OCQurs 
native in small, ,quantities, the' result, apparently,' of chemical 
reaction going o,n 'at'the places where the shale occurs, and from 
which'sulphurQUS Jsases emanate., Closely associatM' with th~ gypsum. 
itself are certain:thick zones of greenish, sometimts sm()othly stratified, 
day, often containing translucent erystalline plates or· fragments' of 
selenite. 

In appearance the gypsum. shows every gradation between the 
sheet that is forming at the present day'" over the surface of the 
l3ahadur Khel salt-field, and massive ,compact gypsum.. Its stratifica
tion is not uniformlyeyident. In some places the beds appea~ to be 
thIck and massive, or the bedding laminal are indi.stinc~.. In 'others 
it is. thinly divided and Baggy. The gypsum of the gypsum. forma
tion is indistinguishable from that which has formed along the -fault· 
to the south-west of the Bahadur Khel salt-field, aJld yet the latter 
has undoubtedly arisen as a secondary product 'from the interaction 
()f sulphuric acid, set free by the 'decomposition of the sulphide of 
iron in' the salt formation, and the calcareous material in the Murree 
bEds which are here fawted against the salt formation; the similarity ... 
£ven extends to the presence in both of gypsum in which the 
qecaying selenite cryslAls are still strIkingly obvious. 

-The lamination 'of the gyp&um. is usually contorted. and obscure, 
bilt where h is well seen it follows the surface of the salt on- which 
it is resting and shows no relationship to the direction of foliation 
of the salt.' . . .: 

In places gypsUm. that is not really part of the gypsum 'formatioIl 
proper-:by this I mean the formation that overlies the' 'salt-has un· 
doubtedly been formed by the interaction of sulphuric ,acid,· ~et free 
from decomposing pyrites, and carbonate of lime; as,' for • instance, 
in the case of the gypsum aroun'd the sulphur' mines at' Ganjalli 
()rl the extreme north-east of the area mapped by Wynne~'" This 
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gypsum 'was treated by Wynne as ~art of the gypsum formation bu~. 
I append:a photograph (Pla~e· 10! fig. 1) sho~g a weathered boulder
of nummulitic limestone that had rg'lled dow.g. on to the alum shale 

, area; the l"emains of the coating . .of gypsum :that had formed all 
round 'it 'are still 'Visible in the hollows of the 'boulder, arid this 
gyps~m, which is part and parce\ of the gtps~m o~ this locality, was 
not part of the .gI"$t gypsum formation that overoes the salt for
mation. The 4ct that it. has in' this instance formed around a 
-weathered boulde'r -of nummulitic limestpne, shQwsthat· its ~ge" 'is. 
not only subsequent to the nummulitic limestone' bift . to the-' present 
'arrangement of the rocks, that it is, in fact; recent. In this 
locality ~he alum sl).ales are now almo~t entirely- replaced by gypsum. 

" Nofuither.explanation needt I think, b'8 sought. lor the origin of 
.. '. . the gypsum that overlies' tne salt formation 

Origin of the gypsum beyond the view that it has been formed-like 
'formation. . 

the s~eet of gypsum over the present surface 
~f the Bahadur Khel-field,' the gypsum along the fault .at the south
west end of the field, and the Ganjalli gypsum-by the reaction 

-()f .sulphuric acid, set free by the decomposition of sulphide of iron 
-in the salt, on adjacent calcareous material. It occurs exactly. 
-where it should occur, if such had' been its origin, and the frequent 
. appearance' in it of portions in which the partially broken down 
selenite crystals are still clearly distinguishable, gives it every 
'l1ppearance of hav.ing been' so. formed, thus making it similar in 
character to the gypsum formed along the fault on the south-west of 
the Bahadnr Khel field. The suggested origin is extremel.Y simple and 
seems more probable. than the suggested derivation from· warmed-up 
'mother 'liquors,...or from a solution of calcium chloride coming into 
·contact with water impregnated' with· sy.lphat'e of magnesia or 
soda. Finally, it is a process which cilD be seen taking place at 
"the present day whenever the salt' comes into contact with eal- , 
careous. material. It has one important bearing on the geology ~f 
"the u:ea.: it makes the gypsum a 'subsequent rock-sonm of It 
is undoubtedly forming at the. present day? if one may judge by 
the freshpes~. of t1i.e selenite crystals-,and not a geolo$ical form~
tiontha.t)s ,part of a stratified series. Also it simplifies the geology 
·of the ~rea i lor. the gypsum' then occurs in its proper place' above 

. the s~lt and no lon!!pr requires a variety of assumption~ to account 
for its,1>resent Eosition.. What the exact process '" is by .which 
"the selenite loses its crystalline form and becomes consolIdated 

F2 
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1nto- a massive rock, I do not know: I have analysed both thE 
fresh selenite crystals and the gypsum rock lor combined water anc 
have lound no appreciable difference oetween them in this respect 
But the process' may be one of partiaf dehydration and, re-combina 
tion with water wider th~ somewhat extreme variations of temperaturl 
prevailing here, the crystals losing some of their water ,of crystal 
lisation in the heat of the day and re-absorbing an equal amoun1 
during the cOQI of the night, or during subsequent rain. But what· 
ever the explanation, the process of change from selellite to massivE 
gypsum undoubtedly occurs, and can be observed occurring . 
• . One of' Wynne's observations I was unable to confirm. HE 
states :-

.. The alternation of the gypsum with the grey clays is in places ve~ 
distinot, in others most obscure,· and ~wards the top ot the main gyp. 
seous band, this frequently passes by alternation of thin layers into the ree 
clay zone which follows. Where the soft clay has been washed from betweeI 
these upper gypsum layers, as well as occB.sionally..in other parts wheJ:e thE 
stratification is clear, distinct current or ripple marks have been observed o~ 
-the surfaces of the beds, indicating their having been accumulated in shallo\1 
water." .• . 

I have not succeeded in finding any traces of ripple-marks, thougb 
the effect of solution on the surface often produces a pseudo-ripple. 
marked appearance. Even if ripple-marks do exist, I think it unsafE 
to draw any definite deductions from them, since they may originatE 
in so many ways. Wynne also writes: 

.. Though prevalent in great, and more or less continuous, masses, thE 
gypsum cannot be said to form an unbroken' sheet, its "pparent discontinuitl 
being perhaps due to dislocation or denudation, or both. Nor is it limitee 
either above or below by . any arbitrary boundary. Thus, in the !tlalgeeI 
Saya Hills. a. layer of salt was seen· to separate a mass of gypsum .froIl 
the rest above; in othl';l parts of the· eastern side of the district layers 0: 

limestone, or of limestone and clay, were observed near the top of the mai~ 
gypsum mass; beneath a less strongly developed _bed of the latter, and i~ 
about the centre of the salt region, thick bands of gypsum occur among thE 
basal beds of the nummuIitic series. T~ey are not however constant, and onE 
was' traced until it thinned out between the adjacent beds of limestone." 

The bearing of the above on my interpretation of the geology oj 
the Salt area is'so important that I have ventured to 'reproquce it. 

The Kohat Salt. 
Bahadur KheZ.-I do not propose to repeat the whole of Wynne'~ 

description but only to explain in what my observations differ from. 
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his. The ,Bahadur ~hel sa~t-field is about eight miles long an(l 
about a quatf;erof, a mile, \Vide. In the western end the salt; is 
more or less bare, wIiilst. in ,the eastern end the salt is more 

,covered with alluviUm.. Exeept' in the south-western corner the 
salt is bounded on both si<les by gypsum, followed by the red zone 
and this by- nummulitic limestone and the Tertiary claYIil and sand
stones. In the south-western· corner a fault cuts- off It corner of 
the san and throws it against Tertiary clays and sandstones: I 
have alreaay 1liscussed how secondary gypsum is forming-along 'his
fault, and is already massive enough in places to form large cliffs. 

On the salt-field are two salt pills about 200 feet high, each 
covered by a·cap (see Plate 8) of greenish-grey clays and gypsum.. 
The gypsum·cliffs on both sides of the field are of app~oximately 
the sam& height. 

As stated in the preceding paper, the salt of the Bahadur Khel field 
is a sclllst and is worked by splitting it along its planes of schistosity. 
The direction of th~ feliation planes in the salt is shown on the' 
sketchmap, Plate 8, which also shows that the foliation does not· 
follo\Y .the run of the gypsum or of the Red bed or of the Num
mulitic limestone. There is in fact obvious discorduce. 

The section drawn by Wynne to illustr~te the structure of 
~he Bahadur Khel salt-field in the neighbourhood of the salt hills 
is the follo~g:- 'J 

1. Rock-SaI~ 2. Gypsam.3. Red clay.' 4. Sandstone. 8: Nammulitic limestone. 
6. Murree series. 

To him, one of the most puzzling things in connection with the 
. Bahadur Khel field was the existence oD. .the top of each of the two 
-central hills of salt of a cap of gypsum having greenish-grey clay 
interposed . between it and the underlying salt. He says (page 
.145) :-

.. It iI difficult to account for such a.ppearances as these except under the 
..supposition tha.t before the ground BIlSum~ ita present denuded form, the. 
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solution and removaJ of salt beneath allowed portioruj' ~f the gyPsum to slide
bodjly from their places to l~wer positions." 

On the' following page he continues his description of the field as:. 
~oUows :-

.Figure '39 is.a' reduced 

Thlcknes~ of ~alt. sketch 'of a 
. . rough survey 

Scale't 
" 0 100 200tt. ~ :::; 

Nearly vart.ical~~' 
_.,..-------~~Ii. " 

I, 

from' one side of the salt ex
posure to tpe other with the. 
dips marked, from which it has 
been oolculated that the thick
ness of the salt at -this place 
is trom 1;000 to 1,230 feet, or 
even more. Its stratification 
fs almost" e'irerywhere distinct, 
and .rendered more evident by 
thin earthy layers alternating 
with the beds: Here thii dip 
is everywhere northerly-in the 
lower' beds from vertieal to 70° 
declining to 50° or 55°, forming 
a bold half aroh in the central 
'hills, again high after passfug 
these, but > gradually becoming 
lower to '30°, irhere the last· 
of the salt is seen. There are 
'Only two points, marked 0; 

and b. on the plan, where 
some curva,ture of tne beds or 
disturbance of the steady high 
dips occurs, likely to reduce'the 
total thickness of the section, and these curvatures appeared to be quite local .. 
not being' traceable for any distance, but though the consecutive high dips
follow from bed to bed, the strikE! is not. parallel throughout, a result which 
may be due to pressure" or even to concealed fractures or faults, though no 
such features could be observed in this section, the only marked divisional. 
planes 'indeed, besides .those ,of bedding, being sorne strong nearly horizontal 
joints. , 

If The gypsum capping the central hills presents more difficulty withe 
" " . reg!1rd to accepting the measured thickness of the salt 

Gypsum capping cen- as 'true. That to the north succeeds the salt as else
tral bills', and their rela- where with apparently perfect conformity. The capping 
!~~~:o!~ ~he rest of the on ,the .hills has the same arrangement as already noticed' 

to the west in the interposition of a greenish-gray clay 
band between if and the, salt, and there is,. at all events, a certain amount 
of; parallelism among these 'beds. Still it is clear' that if the salt beds to 
the nortp of the hill were produced upwards, they would pass, even at a... . 
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much lower slope, flu' above the outlying patches; hence, if the latter are 
conformable and in their' original ,place; the'y must either have lieen 
embedded in the great salt deposit, or else, being really the -lower pad of 
the succeeding zone, the enormous thickness which the· salt exhibits must 
be a false appearance due to concealed faults· or to curves lhe connexion ef 
which is no longer visible. 

"But these cappings of gypsum need nol; neCessarily -be n6w iIi .theU: . 
original places, we have the same rock to the sout6. in utterly abD.ormal 
positions, and there is no good reason why these- two patches should not 
also have transgressively subsided "from higher levels owing to dis~ol-ring 
of under-lying salt ;-the situations in which they rested having decided the 
formation of tile "hills, to the soluble strata of which they formed a. pro
tection against~ the atmospheric erosion. 

"One of the hills considered by itself presents much the ,appearance 
of half of an anticlinal curve, and where inversion 

Curvature la bedding is so common (the rule rather than .j;ae, exception) 
of salt. there would be' little difficulty in supposing the salt 
beds to the southward all inverted, if any clue could be; found to the fact 
beyond the reversed dips of. some portions of th& series just all the line of 

.fault (already mentioned) where local complication lessens theu- vahle.. . 

.. By introducing faulting to the north of the. hills, the appearances 
might also be 'e~hined with great probability, but of this no evidence has 
been detected. . , 

"The similarity ot the salt·rock throughout' gives it. as a .. ~aS8. a.. Unity 
'. . of character, remlerin~ contortion 'repeating the same 

SimilarIty of salt.r!'ck beds more probable thaD. dislocation; a sameness 
throughout agamst h eli faulting. of aspect, too, all hut fatal to the ope o~ s-

covering repetitions among the layers, more particularly 
as these are in places strongly obliquely laminated (or false bedded) inducing 
distrust of discordant appearances.' . 

.. However the caso may be, the fact remains that a cutting 1,500 feet 
. in lengt)1 could be made as the shortest straight 

POSSible reduction of line from side to side tlirough highly inclined rock-salt 
thickness Incapable of, . . f I proof. and nothing else, except the small quantity 0 c ay 

associated with it, yet it does seem strange, that while 
the anticlinal .atructure pointed ,out to the west recurs even more strongly 
about a mile and a half to the' east, its disappearance should be, at this 
the widest exposure of the salt, by an apparently enormous thickness of 
the deposit, and at the same time the clearest evidence of disturbance at . 
the place, instead of explaining this appea.rance, should be limited to a 
large down throw fault at the outer limit of the salt to the south, 'which it 
is not easy to connect in any way with the usual thickness of the aal~' itself, 
a thickness which, even if capable of reduction from the above .co!,-siderati0':ls,. 
would still remain large, probably from 350 to 700 feet." , 

The explanation appears to be that the salt is not an ordinary 
stratified deposit, as I have already poin.ted out/but is a Bchi,st, ap,d 
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that what, Wynne took to bebedding-pla~es are re~lly foliation 
planes, and are not bent into a simple anticline, or even a faulted 
anticline, as he supposed, but hav.e the structure shown in the 
accompanying sketch :-

Plate 14 is a drawing hom a photograph and shows the sharp bend 
over of the foliation planes to the north on tue northern side of the 
salt hill: Plate 15, figure 1 shows a nearer view of the same hill. 

The eastern side of the hill shows the s~me sharp bend over of 
the ,foliation planes to the north. In this case the complexity of 
the bending and folding is strikingly evident. Plate IS. i~ a near 
view of the north-east side of the ];till and. shows the folding' in 
greater detail. 

It would seem therefore that the salt of, the Bahadur Khel field 
is not only foliated but has been overfolded by movement from the. 
north: probably the same movement that ridged 'Up the rocks of the 
country into the long steep east and west"anticlines and synclines that 
are the feature of the area. The explanation of ' the two salt hills of 
the field being capped bYI gypsum follows as a "natura1 sequence. The 
salt was overfolded and' the line of the reversed limb runs through' 
the two hills. Its course is indicated on the sketch-plan of the 
field, Plate 8, by the "line of clay wJ;tich {)ccupies a more or less 
central position along the western end of the field for some distance 
east and west of the hills. The'sketch-map shows also the difference 
in the complexity of the foliation to the north and south, resllect
"ively, of this overfold, the foliation being much more complex in 
the northern. half of the field than it is in the" southern, this again 
seeming to indicate a thrust from. the north. As shown on the map. 
clay was caught up in this overfold and now occupies an irregular 
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course along the position of the fold. This clay is not a uniform 
band; sometimes it is pulled out to the finest string, and in 
other places. it occurs as t~ick lenticular patches. Two such 
patches apparently occurred in the original undenuded salt in tIre 
'positions occupied by the clay caps to' the two hills; during denu
·dation these clay lenticles came into contact lVith calcareous material 
.and a covering of gypsum was formed. The clay and overlying 
gypsum then formed a protective cover, or umbrella, and shielded the 
salt underneath from subaerial denudation. Th!t surrounding unpro~ 
tected salt was' denuded, and so the two hills were left standing 
above the level of the rest of the field'. The fact that the two hills 
and the gypsum hills bounding' the- field are approximately of the 
same height makes it probable that the height of the hills represents 
the amount of denudation that has occurred in the- field, and that 
if we hew the approximate rate at· which the level of the field is 
being lowered at the present time we could approximate to 8 
rough estimate of the period that has elapsed sinjle denudation first 
began to. operate on the field. 

The field was extensively tested for the presence of potash but 
none was detected. This indeed is _only. what might have been 
expected, for, iust as the original clay beds appear to have been 
sheared across, and the breccia~ fragments strung out along the 
foliation planes, with the result that the clay now occurs as isolated 
fragments which are integral constituents of the salt schist, so 
potash, if any seams of it existed.in the original beds from which 
this salt schist was formed, would atso exist now as i.llolated particles 
scattered through the scrnst. As already stated the failure to detect 
any in the schist may mean that no beds of. potash existed in the 
-original beds from which the schist was formed, or it may mean that, 
oeing 'more deliquescent than salt, and the salt schist being distinctly 
pervious to water in places, any particles there may have been in it 
may have been removed in solution. 

In the preceding paper I have given details regarding the 
:Ma.lgin, Jatt8 and Nandrakka, exposures and have p~inted out that 
the last-named are intermediate in type and seem to form a fu;J.k 
between the two salt areas, thus giving rise to the pfesumption 
-that the two salt deposits are part of one great salt formation and 
:are not distinct and unconnected formations. 
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, 'The Punjab Salt • 
• 

I have also already poin~ed out that the Punjab salt is red and 
oEcasionally grey, and generally contains' salts of magnesium and 
potassium. Its usual position' is below the Purple Sandstone oj 
the Salt Range, which underlies the Obolus Shales of up-doubted 
Cambrian, age. 'Occasionally it' is oveIIain by NummuIitic lime
stone, as at Vasnal in the Jheluin district, or by Tertiary sand
stones and clays, as at Kalabagh. But in every 'case, just as in 
the Kohat area, it is the lowest formation seen, and nothing has 
ever been found definitely .underlying it. In the Punjab the 
salt occurs in a peculiar red marl and the junction between this 
Salt Marl and the Purple Sandstone is a disturbed one, generally 
marked by a' breccia. The relationships of the Salt Marl to the 
other rocks have been throughly inve:;tigated by Middlemiss (Ree. 
Geol. Surv. Ind., XXIV, pt. I, 1891), who found that the normal 
junction was a breccia, and that occasionally the Salt Marl behaved 
as if it had been injected or squeezed into abnormal positions in 
the ()verlying rocks. I cannot do better than quote him on the 
point. He says :-

"Mr. Wynne, though unable to find in the range or elsewhere any evidence 
of what lies beneath the Red Marl, does not appear to 

Alleged passage 'Of have had any misgivings as to the relation of the Red 
the Red Marl Into the' '. . ' , 
Purple Sandstone. Mad to what comes above It. . He states (p. 85) that the 

, Red Marl apparently passes up mto the Purple ,Sandstone. 
If therefore, my efforts to show that the marl is not in normal stratified succession 
beneath the Purple, Sandstone are to .be "Successful, 1 must show this apparent 
pasl!age to be unreal., . ' • , 

"Now continuous sequence between, two formations is best established by 
the one formation being found interbedded.' with ,the 

Interbeddlng the be;t other. But there is no such continuous ssquence as 
~~~~c:,f continuous se· thi~, b,tween th) ~ed Marl and the Purple Sandstone-

no f.liernating layers, first of marl an~ then of sand
stone, dovetailing the two together. The very few' isolated and doubtful cases 
in which some apparent interbedding takes place are justly mentioned witt 
considerable reservl! by Mr. Wynne himself. Speaking broadly, there is no 
interbedding' between the two." 

"The only sense then in which the 'Red Marl could be said to pass up 
into the Purple .Sandstone would be by the ,existence 

No petrologlcal_ p~s. of a,n intervening layer of rock petrologically neither 
sage. a marl nor a sandstone, but a mixture of the two. 
And this is what Mr. Wynne relies on to show the above passage. For 
my'-own part I could never satisfy myself of such a passage bed indicating 
continuous sequ,ence. I admit that in nearly evety section of the two rocks 
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in c~n~t there is what at first, sight might !'e mistaken for a passage bed,. 
but which I was able to determine at very many places to be of' an entirely 
different nature. • . 

• 
"The Red Marl, from its proneneSS' to soften at the surface when rain. 

falls upon it and to become in consequence much, 
True nature of the mixed up with fragments of. rocks from the liff 

Junction of the Red Marl, , c s 
and Purple Sandstone. above, IS generally a. difficult rock to study. In a. 

aountry less arid and bare indeed, it would be a.lmost 
'impossible to find. a natura.l section of the rock free from its load of surface
dEhriB. AIl it is, there are occasiona.lly exposed reliable junction sections of 
the Red Marl ·and Purple Sandstone in close conjunction. In everY' one' 
of these the layer of rock at .the junctiolJ..is brecciated-Buch a junction in 
fact as might be understood in a variety of ways other than that of the
natural deposition of the Purple Sandstone conformably abtlve the Red Marl. 
I will now detail some sections, which, will, I hope, tend to clear up the-

, mystery in part at least. 

"The Srst instance I will give occurs at the north edge of the exposure· 

J . of RecI Marl west of the main road from Khewra to 
unction exposure Ch S 'd S1.-h It' t" ti f th ~ d north-west of Khewra oya- &l an- w> • IS a con mua on 0 e uan 

• of . Red Ma.r1 which crosses the road about two miles 
north-west of Khewra railway ,ta.tion. On descep,ding into the depths of the 
little canons among the masses of white and red rock mixed largely with 
surface debri8, we find at the north edge of the ma.rl, where it comes tn. 
juxtaposition with the Purple ~a.ndstone, an a.rrang'llment, as seen in Sketch 
Section No; '3, Plate m To the right of the section there ,is the massive,. 

well-bedded .Purple Sa.nd
stone, which; as it approa. 
ches the marl, becomes 
much shattered, more like a 
rock approaching a fold-fault 

"than anything else that I 
can thiDk of. The masses 
"r the sandstone first keep
a' rough parallelisin, though 
broken a.cross, shat.tered, 
and deta.ched flom the con
secutive layers of sandstone. 
Further on, tow1rds the
marl, there comes a well
marked layer, 3 or 4 feet 

SKETCH SECTION 'No, III. a.cross, AA of the section, 
in whioh the fragments of 

Purple Sandstone are smaller, though keeping their angularity: and t~rned 
about in. all directions; the matrix in which they are sca.ttered b~mg a ~xture
of what appears to be powdered-up portions of the ~ndstone mIXed With Red 
MarL Thi& abruptly ceases, and a band of g~Bum, G, follows, and ·then 
• layer of the pure amorphous Red MarL 
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"The junction layer AA is an important one to which attention must 
be drawn. Its internal evidence proves that it was formed subsequent to 
-the contained fragments, of Purple Sandstone, which oriented, as they are, 
jn all directions, nevert~eles!l keep their individuality in. a most perfect way. 
We must, I think, conclude that it is of the nature of iii breccia, and marks 
.a line of relative movement between the two formations. 

" A similar section up the' Khewra glen, where a. mass of very pure Red Marl 
Junction exposure underlies the Purple Sandstone &,t a.mu?h.lower angle, pre· 

north of Khewra. sents the same features, there bem~a distm6tly brecciated 
band a few feet wide separating the sandstoge from the marl. 

"..At Kavhad, where the glen' bifurcates, there. is also a. very good expo· 
sure of the above rocks in conjunction: This is 

Junction section. at 
Kavhad. illustrated in Sketch Section ·No. 4, Plate III. On 

th.e left is good, strong, normal Purple SandstOne, , 

SISETCH SECTION '·No.IV, 

ilometimes veined. with pale grJen tints, whilst on the right is bright, scarlet 
and sometimes vesicular Red Marl, of iii wavy tufaceous aspect, already 
-described Lsee ante). In between the two comes a zone which in the distance 
-<>ften has the appearance of a passage, as stated above~ It is two yards 
'across, and is in truth half marl and half purple sandstone, but in this way 
-the two are not interbedded in the ordinary sense of the term, nor is there- iii 

gradual passage from· the one rock into the other, but there is a matrix 
of reddish and greenish marl which is stuck full of fragments of Purple 
Sandstone, sometimes roughly indicating bedding. Certainly, all the fragments 
are angular and lie more or less in 'the direction of the general bedding, 
but there is no suggestion of a passage from the marl to the sandstone. 
'The appearance in fact is just that of a brecciation of one rock by intru· 
,sion of a later o,ne among' jt. This line of junction can be followed along 
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the glen for so~ way up stream. I have selected it for description partly 
on account of the verticality of the beds in a. clifi' section.. which can b& 
trusted a.s being entirely free from surface re-arrangement. 

.. These -three examples may, I think, stand by themselves as sufficient 
proof of the general statement that I have made, to the effect -that there 
is never auy real passage upwards from-the Red Marl to the Purple Sandstollo8." 

Mr. Middlemiss also describes in detail numerous instances-where
he regards the Salt Marl as having been squeezed into abnormal 
positions and as now ,?ccupying the core of 'inverted flexures or the 
line of the middle limb of a sigmaflexure, or the line of a te~ring 
or thrust which has followed on the formation of the sigmafiemre. 

He mentions1 also the following section at Kalabagh which obvi
.ously means either overthrust or intrusion of the Salt Marl : 

;~,~. 
b "<04, '-9.>;, 

'1>.,,,, . ~'I' "-9 C .,,,_1-
~ . ~L-"-_~'--' 

"'<!: 
1'~.? 

R E 
w 1 D U 8 <"1-; 00< ~ 

~~ 0". '"' ~ -"7/11 qll; 

,. .Ie c; 
.. The ••• section 'at Kalabagh •••• -h~ -always been a -puzzle of no simple 

. order on the accepted idea that the Red Marl is the 
b T:.e &ection at Kala- ba.sal formation of the Ra.nge. I h&ve copi~ it from 

ag Mr. Wynne's own drawing {Memoirs of the ~logical 
Survey of lndi&, VoL XIV, p. 269), a.s it is not his observations I1I1t his con
clusions which mnst be called in question with regard to it. I have, ho~evel, 
altered the index names of the conglomerate &nd the Tertiary Sandstones, . ip. 
Conformity with later observations made by Mr. Wynne &nd by Dr. WaageIL: 

.. It will be observed that in that section the orange coloured beds 
(called the Orange series by Dr. Waagen in his Geological Results, VoL IV, 
Part I) are in direct superposition on the red, white, grey, or bluish-grey 
rock salt of the Saline series. 

'0 I infer from the following considerations that this junction cannot be a 
normal one dne to the deposition of these heds on the top of some exposed 1'eef of 
Salt Marl:-

(1) The Orange series, whatever be their particular age, .undoub~y 
belong to the younger Tertiary epoch. and may With certainty 

.I I. e., p. 37. 
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be placed stratigraphically somewhere above the Nahan .sandstone 
and somewhere beneath the Upper Siwalik Conglomerate. Stated 
differently, they are the middle portion of a geological and petro
logical series, of immense extent and thickness, which covers 
vast regions on the North-West-frontier, along the southern 
'borders of the Himalaya, and in 'Assam and Burma. Throughout 
this great extent of territory the' middle rock-stages ·of that 
series are never found in superpositiOlt .above anything but a 
lower stage of the same series. What is' perhaps of mOl'e ..im
portance for the present argument, is that in the immediate 
neighbourhood of Kalabagh, along the_ very wonderful and 
striking section up the Indus" river from that place, the same 
fact is above all manifest. There is no trace of unconformability in it. 

(2) A still more comprehensive local generalization may, even "'be made. 
The Tertiary system, as a whole, though Ij,howing a distinct 
break between the NummuIitic Limestone and" the Nahan Sand
stone, does not anywhere in the Punjab exhibit the Nahans 
superposed above anything' but nummulitic strata. 'Thus, there 
is no parallel Instance anywhere in. the Empire on which to 
frame a line of marked unconfol'mability among the middle 
stages of the Upper Tertiaries, and we must therefore admit 
that the abnormal junction of the Orange series on" the top 
of the Saline series is not due to the position of the Orange 
beds above, but to that of the Saline series beneath. 

(3) A further point strengthening this conclusion is that the Orange 
coloured beds, composed of soft sandstones and clays, 01,' shales, 
begin as such immediately in contact with the salt-bearing 
beds. There is no .basal conglomerate, and there is no gradual 
or rapid change downwards in the nature of the sediment of 
the Orange series as the Saline series is approached-nothing to 
indicate the beginning, at this point, of a set of detrital rocks of 
such marked features and extent as those of the Upper ,Siwaliks. 

"A painting with the foreground and middle distance cut away would -
1lot more· plainly indicate- mutilation than does this ruptured section of 
the Orange,. beds. '. ' • 

"According to Dr,' Waa'len, the whole of his Red !feries, Grey Sand
stone series, and Purple sedes, which come beneath the Orange series, are 
absent in this Kalabagh section, whilst they are in full thickness further 
IIp the Indus river. . 

"In the Sketch Section above I have copied from Mr. Wynne's figure, 
because I think it truly represents the relation of the rocks visible on. the 
river face. In his Trans-Indus memoir (Memoirs, Geological Survey of 
.India, Vol. XVII, part 2, Po 46) a section through the samll hill, but along a 
·different line, is given. As it primarily represents other points, the above 
relation of the Orange series to the Saline series is not given due prominenoe." 

As a m~tter of fact, from' a close investigation of this section in 
the field, I b~lieve that most of the apparent contortion of the 
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'Orange series, is false and is merely a deceptive appearance given by 
-uneven slipping of the outcrop down the steep slope of the hilI. This, 
however, does' not upset Middlemiss' deductions in any way, and 
is merely meDtioned as this section,is so often quoted. . 

From the above facts it may be taken, I think, that the junction 
between the Salt Marl arid the overlying beds in the Punjab is not 
-either a conformable one or a simple unconformity, and the inference 
-seems unavoidable that movement has occurred along the junction, 
and that a certain amount of intrusion has occurred, the Salt 
Marl having been ~queezed in places into .flexures and fissures in 
the overlying rocks. 

The Salt Marl has been thoroughly studied by Middlemiss and 
again I have nothing to add to his observations, .the most important 
-of which .arel ;-

.. The" Red Marl, with its immense masses of rock salt and gypsum, 

M W 'd'" has been very thoroughly' described by Mr. Wynne 
r. ynne 8 escnp·. hi . 70 84 I h II ull f f lion. . m s memoll', pages - -. ·s a c a ew 0 

hilt" paragraphs as being of special iiiterest, or as 
bearing on the present theory. Of the Red Marl itself, he gives Dr. Fleming's 
.remarks on its .chemical compo~ition, which run as follows:- . 

• It does not disintegrate whe:" treated With hydrochloric acid, but 
in powder effervesces strongly, the greater part remaining 
undissolved as a red mud, composed of clay and sulphate of 

• lime; the portion soluble in ~id -consists of carbonate of lime 
and carbonate of magnesia in about equal proportions wit~' Ii. 
little alumina and peroxide of iron, to which it owes its colour.' 

" Mr. Wynne concludes from the above that the term .. gypseous marl' 
i 8 not inapplicable. As to its petrological nature and aspect he. writes-

The marl forms the most noticeable, portion of the saline group, 
but in close association with it are thick beds of gypsum and 
thicker ones of rock salt. It is tough rather than hard, but 
when very dry, possesses much the consistence of sun-dried 
brick • 

.. He further writes-

• Beyond the gypseous, saline, and dolomitic layers the. red marl 
bears few originaltr~es of stratification, or inter-stratification, 
generally none at all;' hence it is difficult to form any correct 
idea of its thickness. ' .". * It may be doubted whether 
another example could'- be found of such a homogeneous" 'argil. 
!aceous and aqueous deposit of the same depth in which . sig~s 
of stratification are equally absent. In strong contrast to this 
is the perfect lamination frequently seen in the enclosed' salt, 

I Ibid, p. 27. 
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and in, the platy dolomitic layers. From ~he contorted state of 
,. the latter and the curvature of the beds of salt in some of the 

mine!\, it maY' be presumed that, whether stratified or not, 
!~e sal~ marl is liltewise disturbed.' 

"It is necessary to.emphasize .some of the, points quoted a.bove. So 
far as I have seen, I should say that the Red Marl, 

No divisional plan~s. except when it encloses masses. of . the dolomitic rock • 
. or when it is in. combination with beds of gypsum and rock salt, never 
shows any stratification whatever; nor is there the slightest trace of any 
divisional planes in it. On taking a lump in 'the hand, the broken edges 
are precisely such as one would get in any structureless, amorphous mass. 
The likeness to a sun·dried. brick mentioned by Mr. Wynne applies as much 
in 'the matter of homogeneity as in hardness. Seen in large masses· on 
"the! hillsides, it .equally displays a lack of structural planes. In this respect 
it· differs from limestone and other sim.ilar~ chemically formed rocks; for 
a compac"t 'amorphous limestone, though evincing but little trace of strati. 
fication in ·the hand JlPecimen; vfl.ry often.. gives to the' surface of the earth 

c either a scarp, cliff, or moulded sl~pc, by whi~h its obscure planes of ori· 
ginal deposftion -can .be discerned. But there.is no· such hint thrown out 
by the Red Marl -Denudation acts ·on it as it would on a heap of sand, 
making streamlets here, and rough hillocks there, the former winding in ii' 
capricious ,.manner, and the la1!ter strewing the slopes at random: , 

"With the. absence of divisional planes there is also an 'absence of 
Nib . d' colour handing.' The Red Marl, though varying somewhat 

o co our an mg. in the J:>rilliancy and depth of. its colout;: is of one 
. general hue throughout.. There is no parallel system of tints, such as the 

colour banding of slates (which reveals the original stratification of the slates. 
although the power to split along it has been taken away). 

* * *. * * • 
" •••••• I have some new facts to bring forward now regarding the 

Positive evidence. 
interrelations between the dolomitic layers 'and the' 
Red Marlon the one hand, and the dolomitic .layers 

and the gypsum on the other. . 
"At Kavhad ·there is a good exposure of the Red Marl showing' the 

following . pecuIiarities~-(l) Its brick.red. COlOlll' and 
homo!leneoUs aspect is broken by a· net.w'!.rk or 
spor.ge-work of filmy, anastomosing strings of gypsum; 

Absorption of the 
dolomite .rock by the 
Red Marl. -

(2) ,The' pale grey: dolomite involved in the R!d 
Marl is' not disposed in' continuous beds _ but in vesicular or honey.combed 
lumps,.of irregular shape' and size; (3) 'The. bright red matrix, if examined 
carefully, is seen to be dotted· aU over with pale greenish grey patches. 
Some of these are as large as an inch across but most of them are' mere 
specks. It is noticeable, howev:er, that these specks are drawn out like 
the sputtering of a' pen, and that in their course through the rock they keep 
very generally a. more ·or less pllorallel direction for a short distance, but 
waving about. They give an ..irregular streaky and' patchy appearance to. 
the marl, as if "the former had .:been kneaded up ,;with the latter, just as 
patches of w~te bread are sometimes found incorporated by mistake in a. 
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loaf of whole meel Bour. But the most important point in connection with these 
grey specks ·-ill that· they may be traced by evePy gradational form into 
disintegrated patches of the honey-combed dolomite; The latter, in its larger 
pieces, is 8011 c!istinct from the. mq,rly ,ma.trix as an included fragment of 
IIChist often may be in a granite; but as these lumps become more honey-

., combed, and more Ve81cular, tJ:!ey split into. gmups of three or more strag
gling and eorroded 1 remnants of dolomite, and these again into clusterBshow
ing a gradual change into ·the. greenish-grey specks previouSly mentioned. 
In the latter condition they are one with the Red MarL The Red Marl 
in fact seems -to have devoured the dolomite, to have absorbed or digested 
it, just as a po. of molten lead absorbs the solid bits thrown into it. Of 
C01l1"88 the actual process of the transformation described above is not soon, 
bu' only the various stages which I have thus vivified for facility of descrip-: 
tiOL . 

.. A parallel, change from the dolomite into gypsum is also· indicated 
p. f b d f by numberless passage fonns at..a great- many places 

dol':~:~nt: gyp~u':n. 0 in .th& Salt RangI!. Two mjles north of Burl Khel 
. ... ~ere is a good example. The dolomite, roughly 

bedded in some places, sofi,d in its central portions, ~ut· crumbling and 
honey.eombed at the edge., occupies areas of many square yards among 
the gypsum and. Red Marl· The smaller papches of the dolomite exhibi1> 
the following stages of change :-(1) the hard fiinty-loolOng rock become. 
dotted with minute .punctures, either iii rows.or nebulous patches. These 

_ holes are ... fine as a pin-point. (2) In th~. near neighbourhood another 
lump of dolomite may be taken in wb,ich there . are larger ragged hole'll, 

_ suqh 8011 appear in·· a moth-eaten ga.rIQ.ent.· Close examination Bhows that 
these larger holes' are bordered by the 'Jninute "PunCturllB,_ and· indicate that 
the former were made by the close approximation and fusion of the latter. (3) 
Joining these larger ragged holes th~ run canals sometimeS roughly following 
joint planes in the dolomite. (4) Another lltage of chang!!' may be seen by 
the dolomite &IISuming a honey-combed structure,' somewhat resemblins puiirlce 
in which the holes are larger than before.' At the, same time the joint 
planes at right angles to one another. are C~lUVerted into widened fissures 
cutting up the lump. into irregular cub~ and masses, gypsum· taking the 
place of the dolomite along the. crackj ana holes. (5) Groups and strings 
and lumps of the dolomite in the final stages. are honey-combed· to Ii spongy 
and then to a' reticulate fibrous textUre, the' Jioles .' and meshes. belng 
occupied by gypsum. .. . ' .' .. 

.. r take it 88 beyond dispute· that ·the one .. roc"k. has gradually ,replaced 
.. the other original rock. probably· by some metamorphic· change tba~ finda 
a parallel in the well-known example of laterite fOf!lled from gneiss. It would -
thus aeem that, according to circumstances, a genuine stratified deposit of 
dolomite has been Ilbnverted, either ~to a pUre gypsum, or iJ?-to a .less. pure 
gypsecus marl .. 

It will be observed . that the mode. of forination of gypsum, ~ as 
described by Middlemiss, agrees perfectly with that of the Kohat 

.. I I use the verb 1. to oorrode' here in a general sense for want of a b~tter word." 
Q 
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gypsu~ ob~erved ~Y me, ,a~d 'no further explanation seems necessary 
if the. two salt deposit!! are :really parts of one formation. : ' 

There is nothing new to record about the gypsum. It agrees in 

The gypsum. 
character in' every way with the Kohat gyps:um 
except. that a pink COlOlU is 'perhaps more 

'common. Here, ali in Kohat, abundant instances can b~ found of 
,half-formed gypsum," intermediate in character between· selenite 
and gypsum rock and showing Clearly the breaking down or devitri. 

. fying selenite crystals., As in Kohat too, the gypsUm contains 
not op.ly foreign minerals, such as the famQus bipyramidal quartz 
crystals of Mari and Kalabagh, and the LUll Wan pass into Kohat, 
h.ut also incorporated foreign rocks Iluch as dolomite, and. grey 
shales, as at Kalabagh, and evell trap as at Khewra, where trap, 
apparently. uncomi'ected '!ith anything else, occurs in the gypsum. 
The gypsum often occurs' in a: disconnected l\'ay, through the Salt 
Marl -and its relationships with the ma.rl and the salt are difficult 
to determine. 

A,1i! already. stated the 'salt does not' occur in regular stratified 

111e salt. 
beas~ but in lenticular and irregular"bands having 
a foliated character, the foliation. however, 

being on. a much larger ~~ale thaJ!l is usually as~ociated with that" 
term; and whereas in Kohat the foliation is such that the rock can. be 
"Called a schist, in ~the Punjab 'it is on such a large' scale that the 
indiVidual bands are feet and sometimes yards across, and the foliation 
suggeElts flow structure. "" 

The variation in thickness' and the discontinuity of the potash 
bands at ~Urpur have' already been referred to in detail in the 
preceding paper, in which) have"also pointed out that in the Mayo 
p1ine at Khewra the banding of the, salt does not ~ppear to be due 
to o.rdinary stratification. The first thing that struck me on 
going into tlte J;tte~ mine by ·the main entrance was the appearance 
of frequent 'marl bands in the salt. ,These cut the new tram 
tunnel obliquely and give asllriking appearance of flow structure • 

• The marl is strungo~t in streaks that t~st and ramify and coalesce 
exact1j as the streakl! in a solidified magma showing flow structure, 
and· they suqound and 'include lenticular patches of salt, all arranged, 
with thei!.'" fong p,xes parallehq the apparent direction "of ,flow. Wha t- . 
eyeJ: they ar~' due to'; one'realises at once that the present arrange
ment ofth~e particular parts of the salt formation is not due to 
original stratification. 
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~ examination of the banding in good 88lt showed that here also· 
it does not conform to the la~s, gove~ing ~rdinarY,· sedimentary 
strata. I attach a photograph to illustrate this. Plate 20 shows 
what is called well stratified salt. On studying it, it is seen th~t 
tlie' bands are: not reguIaJ stratified beds, but that they thickell 
and thin • and branch into other band& as bedS of deposited salt 
co~d not do. L I may add thall I have never seen anything of 
t1u~ natnre of false bedding occur in crystallizing salt. There is a 
brinelltream running over the Bahadur Khel field and depositing 
8alt tt evaporati9n. :The I!tream is shallow and flows fairly swiftly, 

_ but no sign of fals~ l>ed.ding appears in the deposited salt on its 
floor, or bed. Each crystal is firmly fixed in the place where itr 
first began to grow, and there it remains cemented to the other 
8alt on which it lies, and no movement such as might produce the 
effect of falSe bedding is possible. 1 am loath to admit therefore that 
false bedding could occur in deposited salt beds l , but in any case· it 
'Woul4. not explain this particular instance. Plates 18 and 23 show 
the bands of marl that QCcur in the salt: they show clearly that 
they are not stratified beds. Finally Plate 19, figure 2 taken. in 
the new lower tunnel that is just being -run, and showing some of, 
the lowest Salt Marl exposed in the mine, strongly suggests flow 
structure rather than stratification. . 

Thus, everywhere the salt apparently shows signs of foliation
most intenSe in the Kohat area and least in the' PUnjab-and 
nowhere does it seem to be entirely unmetamorpllOsed. 

III.,,-OENERAL DEDUCtiONS. -I am of opinion that the salt in the Punjab, and Kohat, all 
belongs to the same period, and is paJ;t of tIie same formation I 
and that the overthrust suggested by Sir Thomas Holland. as 
occurring between the-, salt deposits and the' overlying rocks in 
the Salt Range (op. cit.) undoubtedly occurs, but that it extends 
through Kohat as well, its age being, of course, earlier thaJl 
the folding movements which ridged up t.he

6 

Kohat rocks into 
their existing. arrangement of steep' ,anticlines a~a· synclines. 

-
1 The lenticuJa.rity is much more obvious if the photograph Is iooked &t from a dis.' 

tance of four or five feet. • 
I Wynne &Iso recorda the f&ct th&t .. DO sign of curre~ m&rk or well.developed oblique 

l&mio&tion could be found" in the B&lt deposita. Mem. Q. B. 1., XIV, p&ge 78. 
. 02 
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The brecciated j~ction, between the Purple 'Sandstone and the 
Salt Marl, and' all. the various abnormal occurrences noticed by 
Mid.dlemiss and Wynne, are explicable on the assumption ·that there 

'is an overthrust bringing the other rocks on to the sal~a ·view 
that is greatly strengthened· by the existence of subsidiary over-
thrusts in the salt itself at Khewra and Nurpur. " 

Up to the present it has merely been shown that the ·gypsum 
not only need not be, but does not appear to be, a geological forma
tion followjng on the salt in natural order of sedimentary sequence; 
but that, on the contrary, it may be a contact mineral formed at 
the junction of the salt formation ,with other sediments containing 
calcium carbonate or holding water carrying calcium carbonate 
in solution. This being realized not only as a possibility but' as 
,a probability, its influence on the reasoning applied to the salt 
formatiolJ· is of great llnportance. So long as it was assumed that. 
the gypsum was a normal geological forination having its place 
in a definite and conformable stratigraphical sequence, the conclu
sion was unavoidable that the salt exposed underneath the gypsUm 
must all belong to the same horizon,. or approximately Sl). But· 
if the: gypsum is not a stratigraphical formation but ,a contact 
mineral formed 'by chemical' reaction subsequent to the deposition 
of the overlying beds, then the . possibility becomes apparent that· 
the salt found beneath it in the various exposures need not belong 
to the same salt zone or -horizon,. unless the strata overlying the 
'gypsum are always the sam~ and conformable to the salt, a condi-
tion which certainly is not the. c!l-se. \ 

Further than this, if the gypsum is a subsequent rock formed 
at the junction of ~he salt deposits '~nd the adjacent rocks, then 
an the variousforeigr/ rocks that. occur in it, or partly in it and 
partly mixed with the topmost layers of the salt, such as the 
bituminous salt and gypsum of Kohat, the alum shales on the 
north-east of the Kohat area, the dolomitic' beds, the greenish grey 
calcareous clays, and even the trap at Khewra, can be regarded 
as fractured and isolated patches of rock that have been caught up 
and carried. forward along' the line of the overthrust. The corro
sion. of the dolomite that was such a puzzle to Middlemiss needs. 
no further explanation; and th~ confused arrangement of salt 'and 
gypsum observed by. Wynne in Kohat, and in the upper layers of 
the Salt Marl, is to be .expected. 
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The simplest interpretation of the evidence at present available 
then, seems to, be that the sedimentary formations at present 

- overlying the salt have been brought into place' by an overthrust, 
and that along. the plane of this overthrust secondary gypsum 
has been formed by the reaction of calcareous material in the sedi
ments, with the sulphuric acid formed by the decomposition of 
iron ~ulphide in the salt formation. Now if the salt were orignally 
deposited from an evaporating saline solution, which I agree with 
Wynne and Christie in thinking was. the case,·· it is improbable 
that it would be of uniform composition throughout, but it would 
have been deposited originally in zones. An example of this may 
be seen in the Stassfurt deposits of Germany. F. Bischof divides 
the Stassfurt beds proper into four {egions vertically, correspond
ing, he observes, to the natural order of origin from an evaporating 
solution 1 ;-

(4) the carnallite zone, 
'(3) the kieserite zone, 
(2) the polyhalite zone, 
(1) the anhydrite zone; 

and if the Indian salt deposits were deposited from . solution, it 
is probable that they too followed originally some such arrangement 
as that detailed by Bischof. Subsequent alteration and meta .. 
morphism in the Indian deposits might alter the actual mineral 
constituents of the zones, but nevertheless some kind of differ-

.- entiation into ~nes should still' be recognizable in the Indian 
deposits. Viewed from this standpoint, the different constitutional 
characters exhibited by the different salt exposures in the Salt 
Range and Kohat become significant. It becomes no longer neces
sary to try and find reasons why the salt in different places exhibits 
different constitutional characters, and the probability becomes clear 
that these differences may be explained by the fact that in the 
different exposures the salt represents portions of difierent zones or 
horizons in the original salt formation. For instance, the Kohat salt 
deposits exhibit different characteristics from the Kalabagh salt, the 
Kalabagh salt from the Warcha salt, and the Warcha salt from the 
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Nurpur and Khewra salt, and' these differences may be due to 
the fact that the Kohat s!l-lt, the Kalabagh salt, the Warcha salt. 
and the Khewl'a salt each represent a different horizon or region 
of the original deposits. This I believe to be the case, and though 
no exact parallel can be drawn with the Stass:ru.rt deposits, never
thel~ss a certam. similarity can be observed in the differences ex
hibited by these presumed zones and the differences exhibited 
amongst the recognised zones of the Sta~sfurt deposits. The Kohat 

. salt deposits on analysis show the presence of calcium sulphate but 
no potash or magnesia, and tli.is' would seem to imply that they 
represent a low horizon of the original deposits corresponding - to 
the period when only calcium sulphate and sodium chloride, were 
l>eing deposited. The Kalabagh deposits begin' to show traces of 
potash and magnesia, but nQ recognizable thickness of these latter 
saits has been found; they are merely found in brine pools in some 
of the mines, ,having obviously been dissolved from the particular' 
salt in which the' minQ is situated. CafCium ~ulphate is still 
cQmmon in the salt. 

The Warcha salt differs nom the Kohat salt and the Kalabagh, 
salt in that i~contains a large quantity of magnesium sulphate 
and a certain a~ount, f)£ combined magnesium and. potassium 
sulphates. The outstanding feature of the Warcha salt is, however. 
magnesium ~ulphate. The Khewra and Nurpur salt does not contain 
so much magnesium sulphate, but contains potash compounds in a 
higher percentage compared to magnesium sulphate than the. Warcha 
salt. It, therefore, seems that the suggestion that these different 
exposures of salt represent different horizoits of the, Original salt 
formation is justified, and that their relationship to one anotMr 

, in- the original vertical section of the salt deposits may· have been 
'approximately the followiD,.,g :-

(d) -the Khewra salt 'zone, 
(or the Warcha salt zone, 
(b) the Kalabagh salt zone, 
(a) the Kohat salt zone:' 

An exact parallel between these zones and' the' Stassfurt zones 
cannot, of course, be made, but I suggest that the Kohat zone, 
corresponded probably originally with the anhydrite zone of Stass_ 
furt, the Kalabagh zone probably to somethinghetween the anhy_ 
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drite and the polyhalite zones, the Warcha zone to something be
tween the polyhalite and the kieserite zones, and the Khewra zone 
to about the kieserite, or something between the kieserite and 
the carnallite zones.' -

The foliation 'of the salt may be due to overthrusting, at least 
in part; and the facl;, that the folIation is most intense in Kohat 
and the discor~ance between it and the strike of the overlying Ter
tiary beds most marked there, seems more than significant when 
it is alslt realized that 'in Kohat the salt deposits do not follow 
the run of the Salt ran~e, but swing- away to the north-west 
from Kalab~gh, .while the" trans-Indus continuation of the Salt Range 
continues westwards and southwards across the Indus. 

The next_ point for consideration. is the age of the salt deposits. 
Wynne put the age oftha Punjab salt as pre-Purple Sandstone, 
i.e., approximately pre-CambriaIl" and, ~ view of -the fact that in 
the whole -section of rocks. above it there is neither a repetition of 
the salt nor of continental, desert or salt-lake deposits, it seems 
improbable that lhe age of the salt is post-Purple Sandstone. 
Moreover. in Kohat the great salt deposits occur within ten miles 
of the Trans-Indus continuation of tpe Salt :Range in which neither 
the section of "the Tertiary rocks, nor of any of the rocks exposed 
down to :the Permo-Carboniferous, gives any etidence of'salt-lake 
conditions. So that it seems reasonable to suppose that the Kohat 
salt is at least earlier than Permo-Carboniferous in age, a conclusion 
that does not disagree .with my supposition that the salf in: the 
Punjab is pre-Cambrian. I therefore place the age of the salt 
formation as. pre-Cambrian. Whether any connection gan be traced 
between the "sulphur" peJioo of the salt deposits -indicated by 
the Kohat zone, and the volcanic activity of either Vindhyan or 
Bijawar times, or whether the Purple Sandstone is part of the desert 
sands that must have accumulated during the salt period, and has 
been brought forward on to the salt by the overthrust, and is 
thus approximately contemporaneous with it instead of subsequent 
to it in age, are matters of conjecture; but. the evidence, in my 
opinion., points to the salt deposits having formed about that time, and 
being of either Cuddapah or: Vindhyan age, or possibly astride the tW() 
periods. • 

I am aware that my views necessarily increase the estimated 
thickness of the salt deposits as a who!e; but in salt" that has bee~ 
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fDliated and has been. fDlded' and DverfDlded in places, it is impossible 
to estimate the original thickness of the: beds. 

With reference.tD the Khewra mine, althDugh I regard the salt 
. expDsed in the- mine as belonging to. 'the kieserite and possibly partly 
to. the carnallite ZDnes, it does nDt necessarily' fDllDW that the Warcha 
and Kalabagh zones will be found ~derneath it, since at . the 
bottDm Df the deep· explDratiDn drift in No. .. 12 Pharwala, what 
appears to. be a fault-breccia is fDund alDng t~e line of subsidiary 
.overthrust, and below it· is . grey salt; and it IODks as if the equi
.valents Df the Warcha ·and Kalabagh sa!t might have been cut DUt 
by the subsidiary Dverthrust. . • 

The age of the gypsum is uncertaIn; it may be' anything frDm 
that Df the Dverthrust to the present. day. 'Much Df it. is undoubtedly 
recent, and SDme is fDrming. nDW. PrDbably the truth is that the 
fDrmatiDn Df the .gypsum extends over the whole periDd from the 
time Df the Dverthrust to. the present day, its fDrmatiDn being quickest 
alDng expDsed and denuding junCtiDns. 

IV.-SUMMARY. 

'rh~ observations seem te). fit· into. and'snppDn one anDther, 
I •. . 

and to. leave little unexplained; they seem also. to -pDint to. the 
inference that 'the salt was o.riginally se'tunentary' in 'o.rigin and 
l>cI~nged to' one . fo.:tnlation; The. chief'8.rguments . in . favour o.f 
this are:-- - ,. . 

(1) the :KDhat salt is grey; the Nandrul:ka salt grey with bands 
of pink salt; the Kalabagh Salt ,red With bands of grey 
salt; and the Punjab Salt Range salt .red ; 

(2) the salt in KDhat contains calcium sulphate, but no. potas
sium Dr magnesium cDmpounds; tIle Nandrakka salt 
cDnta~s trac~ Df pDtassium Ihld magnesium, as well as 
calcium sulphate; the Kalabagh E'alt cDntains mDre pDt.aS
shim and magnesium cDmpounds, hut still Dnly in small 
quantities, and calcium sulphate; and the ~ali stalactites 
o.n the mines frequently have a "cotton-wool" appear-

-!tnce due to the presencE! Df sodium sulphate; t~e Warcha 
salt contains comqin~d .. magnesium and potassium sul
phat,es; while the Nurpur and Khewra salt contains no . 
combined calchun iulphate, Imt .sulphates and chlorides, 
both combined and free of magnesium and pDtassilun; 
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(3) the foliation and schistosity of the B8:.lt is greatest in the 
western part of ~ohat,and gradually diminishes in an 
easterly direction, until it is 1east evident in the eastern 
.end of the formation around Khewra; this may arise from 
the overthrust bcing greatest in Kohat and least on the 

-east of the salt area. 

The above observations coupled 'with the fact that an evapora
ting saline solution _depo/lits salts in successive· zones, each differing 
from the one below it in mineralogical composition, in the order 
given by Bischof, suggest. that the rock-salt of Kobat and the
Punjab belongs to one great .salt formation, and that the differences 
in character of the salt exposed in the different exposures are due to 
different zones of tbe salJ; being exposed at 'different ,places. It 
is suggested that the Kohat salt belongs to approximately the lowest 
zone, and there may be a gradual transition through salt which 
originally belonged to higher and higher zoiles in the original stratified 
section until, at Khewra, salt ,which may" have belonged to the 
kieserite or possibly to the carnallite zone, is met with. 

Since they have apparently'unaergone metamorphism, and since 
this metamorphism affects the included potassium, magnesium and 
calcium comp'ounds chiefly, it is obvious that an exact parallel cannot 
be expected between the mineralogical composition of the Indian salts 
and unmetamorph08ed deposits such as those of Stassfurt. There 
is a certain apparent parallelism, but not enough to make it desirable 
to adopt Bischof's :nomenclature. It is more convenient to give the 
different salt zones aSsumeil here names that will have more meaning 
in these particular dep~sits. It is now suggested that the salt was 
deposited in a great salt ~ke by evaporation, and in zoneS com- . 
parable to those of Bischof, 'but that it has since been metamor
phosed. The, following classification of the' Indian salt is now 
proposed :-

, 
(41 the Khewra zone, 
(3) the Warcha zone, 
(2) the Kalabagh zone, 
(1) th~ Kohat zone. 

The Kohat zone would :th~ repres~nt the first. Salt'to crystallize 
out, and would therefore contain calcium sulphate and little or no 
other salt except sodium. chlo~deja~ ferruginous. materia. Its 
difference from the anhydrite zone of Stassfurt maybe due,. either 
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to sulphurous springs in the originl!'l salt lake,or to the presence 
of sulphuretted hydrogen introduced in some other way-how, does , 
not affect the present question-, the fimuginou& material pres~t 
being converted into sulphi,de of iron, which would colour the 
salt mud grey instead of red. It' is' further assumed that the 
sulphuretted hy4rogen period ceased before the accumulation of .the 
Kalabagh salt, since it and th& Warcha and Khewra salt are red. 
Whether- any representathre of the carnallite zone of Bischof is 
present in the Salt Range or not, it is impossible to say. It may be 
that it is represented in part by some of the Khewrll; salt, or it may 
be that the overthrust has everywhere removed it. With the' 
knowledge at our disposal at present it is impossible _ to oficr a' 
decided opinion. 

Neglecting, for a moment, the foliation of' the salt, the ~uggested 
general arrangemen~ of the deposits is approximately that shown in 
the following section :-

LINE OF -~_:::::----=.,;;;~~~..-:....::::.:.:..:::...:~~~ __ --.;. __ _ 

s A . L T 

Above the. salt com~s the seconda:r:y gypsumOthat has formed 
along the line of the Qverthrust and represents that line approxi
mately; and above this are the various geological formations .. 
, The Salt Marl of the Punjab may be composed of comminated 

material resulting from the -overthurst and thus be comparable 
with the ground moraine or till that forms below an ice-sheet; 
and if so. it possibly cons;Jts largely of original salt-lake and desert 
matllriaL Its absence in the Kohat area may be explained by the 
amount of oveithrustbeing greater there than in the Salt R.ange. . If.' 
as seems possible, tbePurple Sandstone represents some of the desert 
deposits that surrounded the drying up, '_or dried up, salt-lake,. and 
consequently is contemporaneous with, -or just younger than, t.he 
salt itself, the' a.ctual overtluust in the east of the salt area, such 
as at Khewra, need not be very great. -- , 
. It is further assumed that the gypsum is a contact -product be-
tween the salt and. the overthrust calcareolls . formations; and 0 
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although the Khewra and Warcha zones of the salt do not contain 
much sulphide of iron, the presence of ~ey M.lt' of the Kohat zone
in both ~he Warcha' and Khewra mines, owing to subsidiary over
thrusting, enables me t6 suggest that sufficient sulphide of- irOD: 
was incorporated in the Salt 'Marl during the overthrusting, to
result in the formation of gypsum in. the latter. 

If the above assumption is correct,_it ~ollows that the gypsUIlL 
masks th~ overthrust, and that had it not been for the secon!ilj,ry 
formation of that mineral, the br~cciated junction wit~ the over-, 
lying rocks, the complicated fractures, and the masses of fpreign. 
rock caught 'Up in the overthrust-such as the alum shales, the 
bituminous '-shales, the dolomi~e, the green clays, the Khewra.. 
trap, and all 'the various isolated, and, what might well be called 
II erratio,'''' fragments of other geological formations )low incorpor
ated in the gypsum, would have made the overth~st strikingly 
evident at once. ' 

,I have neglected the foliation of the salt in the discussion of 
the present general arrangement of the salt zones, since what 1 
regard as foliation has no relationship ,to the arrangement' of the 
zones, and only' produces a false impression of stratification. The 
general run. of the Salt Range, and ·the salt-bearing ranges in Kopat, 
is east-west: The general ..strike of the salt, except in subsidiary 

'puckers and folds; such as' are found in the Nilawan ravine, Tanges 
between E.N.E . ..,....W.S.W. and N.E.~S.W. and the dip between 
N.N.W. and N~W.; this is opposite to the arrangement of, the 
zones shown in th~ SKetch section and described above. From 
this I infer that the dip and strike of the salt, as now seen,.are the dip 
and strike of foliation planes, and do not necessarj,ly coincide with 
the dip and strike of the original stratified beds and zones. Hitherto 
it has been customary to regard the salt bands as normal stratified 
beds, a view which was unquestioned by Wynne, and 'Yas definitely 
adopted by, him. 1 now_ suggest on the other hand that the existing 

. dip and strike 'of the salt bands is not stratification, but is- foliation 
in a different and opposite direction, due to the original stratified 
deposits having been sheared or having flowed in a plastic state 
in a direction oblique _ to the original stratificatiQn planes, and 
thus become converted into foliated material having its foliation 
planes in a new and different dire~tion. If this. view is correct, 
and if the present dip has in general no relationship to the original 
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bedding-planes but i~ usually in a different direction,. itS bearing 
>on' prospecting operation~ for potash will be of '~eat importance, 
.since inferences based on the assumption that the banding corre
spondl\ to stratification would inevitably lead to.- wrong concIu
;sions.1 

The Kohat zone being the lowest, it would appear that the 
.salt deposits should end not "very far west of Bahadur Khel, and 
that_ the salt is not likely to extend far into Waziristan.2 

In the foregomg pages I have recorded the "facts" observa'ble 
at the present day, and from 'them I have deduc'ed·what appears 
to me to be their logical outcome. 1 have also 1hown how these
-deductions fit in with and offer an explanation of the various exist
ing characteristics of the salt formation and the gypsum taken 
as a whole. They seem to me to lead up to a simpler explanation 
than any yet put forward and the manner in which they account 
fur many observed phenomena that hitherto have been distinctly 
puzzling gives' them a high probability -of being correct. It is 
worthy of note too th~t· deductions based on entirely different 
>observations 'lead to the same conclusion. Thus 'the nature of 
the banding of the salt, its frequent lenticular arrangement, th~ 

>occasional striking appearance of How structure in it, and the 
:nature of the salt marl bands led me to infer that the originally 
:stratified beds of salt had subsequently been subjected tp How 
and that the direction of movement had not coincided with the 
odirection of the original bedding. ' , 

The occurrence of marl particles as isolated fragments scattered 
through the Bahadur Khel salt schist instead of as continuous 
bands, seems to make; this- inference inevitable. Furthermore, if 
the salt was originallJ a stratified deposit, it must, presumably, 
nave- been arranged in zones and was not uniform in composition 
from bottom' to top. The charateristics of the different - existing 

1 It is no doubt possible that in certain places the direction of flow or foliation may 
.coincide with the original stratification. If the salt stra.ta. were folded at all before, 
-the foliation occurred, then places must almost certainly have existed where the two 
were coincident. But these pla.ces would be few, and have not yet been observed; 
hence 'on general grounds the possibility is ignored in this report. .-

I Judging from the reports of the trans-border people it Beems probable that salli 
-exposures do not exist west 01 Bahadur Khel in the trans-frontier country, and it is 
interesting to note that deductions based on the arrangement of the salt zones agree 
with this information. ' 
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expos~es are ~onsistent with this view, and, assllIIlipg it to be 
correct, the following zones are suggested as occurring in the India~ 
sal~; in ascendjng order :-(1) the Kohat ione, (2) the Kalabagh zone" 
(3) the Warcha zone and (4) the NurpW; al),d-Khewra zone. These 
salt zones are thus arranged as if they had a dip containing an 
easterly component. Now the general dip of the present banding 
(which I regard as foliation) is N.W. to N.N.W., or in the opposite 
direction to the suggested arrangement of the zones which must 
of course have coincided originally with the stratification. These 
two difierent lines of reasoning, therefore, both lead to the same 
conclusion, -and suggest an hypothesis by which to ,eiplain the 
undoubted irregulatity in thickness and composition, and the len
ticular and discontinuous character of the potash bands. Another 
instan,ce of the way in which these deductions mutually support 
one another is afforded by the gypslfIll- This, as has been shown 
by Wynne, overlies the salt. From what I have seen taking place 
on the Bahadur· Khel salt-field and especially along the line of 
fault on its south-western extremity, and from the nature and 
characteristics of the gypsum itself, I have inferred that the gyp
sum may be a' contact mineral formed at the junction of the salt 
with neighbouring formations. If the salt was originally ,a strati
fied deposit and arranged in zones,then the gypsum, if also part 
of this stratified formation, would occupy a definite position in 
the vertical scale. We find, however, that this is not the case, 
but that it lies indiscriminat~ly on the Kohat, the Kalabagh. the 
Warcha and' Khewr~ zones, and this leads to the inference that. 
it has come into its present position after the salt was arranged 
in its present form and position. It seems impossible, ·by any 
conceivable process of folding o~ 9verfolding, to account for its 
present unconformity with the salt zones and frequently with the. 
banding in the salt. If it were a sedimentary ,deposit one would 
expect to find ,it below the salt; since it should have come ciut 
of solution earlier than the salt; whereas, if it is a -contact mineral. 
we should expect to find it just where it now O<lcurs . 

• V.-ECONOMIC RESULTS OF THE HYPOTHESIS. 

If the deductions drawn by me in the foregoing pages are correct. 
it follows that the salt exposed in the Khewra 

Khewrl. mine belongs to the Khewra zone _and should 
be underlain normally by the Warcha zone, . followed in tum, in. 
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,descending ~rder, by the Kalabagh and Ko.hat zo.n~. The pre
'Sence of the Warcha zo.ne,' ho.wever, is do.ubtful. Near the 'botto.m 

'-of the deep explo.ra~o.ry drift in No.. 12 Pharwala, is a subsidiary over
thrust, marked by.3 fault-breccia, and belo.w this is grey salt resem
bling that o.f. the Ko.hat zone. It is possible therefo.re that the 
Warcha. and Ka,abagh zo.nes with their included Po.tash fo.lim and 
Jenticles, are cut out by a subsidiary o.verthrust' under the Khewra 
'Zone., The Ko.hat zo.ne co.ntains -no Po.tash, and therefo.re pro.spect
ingfo.r Po.tash belo.wthe 'salt eXPo.sed in the Khewra mine is no.t 
likely to. succeed; the subsidiary o.verthrust may have cut o.ut the 

-Warcha zone' alto.gether and· bro.ught the Khewra zo.ne directly 
-on to the Ko.hat zo.ne, o.r still mo.re disturbance may have o.ccurred 
below, and so.me' salt of the Warcha zo.ne may be present. Th~re 
.are, however, no. indicatio.ns that the latter is the case. It has 
,already been Po.int~ out in, the preceding paper that if further 
pro.specting if! attempted at .Khewra, the best co.urse would bff 
,to. put a boring down at the no.rthern end of the Khewra glen, 
and so. cut, thro.ugh mo.re bands o.f the salt than !tre o.pened up 
in the Mayo mine. Whether the suggestions put fo.rward . in 
,the fo.rego.ing pages are right o.r wro.ng, it has been amply demo.n
-strated by actual experience that a certain amo.unt o.f Po.tash 
wil~" as already stated in my preceding p!l-per (supra, p. 52), o.ccur as 
irregulal lenticular bands in the salt o.f Khewra and Warcha. 
These bands will be disco.ntinuo.us and, almost certainly, 'very 
variable in ",idtp. and co.mpo.sitio.n thro.ughout their length, and will 

-no.t all lie o.n the same fo.liatio.n plane; hence a bo.ring put do.wn 
-through the salt at any particular' point will miss certain lenticles. 
Whether the, salt under the no.rthern end o.f the Khewra glen ~ 
fo.liated material derived fro.m a? Qriginally higher zo.ne in the 
,deposits than -that whicr; went to. fo.rm -the fo.liated salt, eXJlo.sed 
in the Mayo rome, or whether the opPo.site is the case, there is no 
evidence at our disPo.sal to. sho.w: but it seems pro.bable that it is from a different zo.ne, and that a boring put down thro.ugh it 
either "to the grey salt o.r right thro.ugh the depo.sit, is likely to 
pass thro.ugh potash fo.lim that are no.t seen in the Mayo. mine. 

. As in the case o.t Khewra, a bo.ring might also. with advantage 
be put. do.wn thro.ugh the salt depo.sitS at 
the northern end. of the Warcha glen, 'clo.se 

to the no.rthern gual:d-Po.st, and o.n the western side oftha glen. 

Warcha. 

'This would pass thro.ugh & co.nsiderable thickness of foliated salt 
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not seen in the mine, and might possibly pass through part of the 
Khewm zone. ~othing can be deduced, in this connection' from 
the dip of the foliation planes, but investigation would be interesting 
and should yield lenticles of potash. The same disadvantage exists 
here as at Khewra, and indeed throughout the Salt Range, that the 
lenticles of potash are discontinuous. and many may be ~ed 
owing to' the boring passing just outside their limits, 

No seams of potash were found at Kalabagh, though it was 

Kalabagb. 
detected both in dripping water and in water 
lying in the quairies. ' 

The Kalabagh salt seems to be transitional between that of 
the Ko~at zone and of the Warcha zone; potash'is n,ot likely to 
occur iB it in any quantity, .and for *his reason further 'search 
here does 'not seem to offer any prospect of success. 

This salt is the grey variety of the Kohat zone,' with a few bands 

Naodrakka. 
of pink salt interfoliated with it. It probably 
represents the top of the Kohat" zone and a 

than that of the Kalabagh salt. 
Nandrakka., no_ traces o~ potash have been det~ted 

in Kohat. Owing to .the fact that the salt of 
the Kollat zone was presumably thEl first., to 

crystallize out of the evaporating saline solution, it is unlikely-

lower horizon 
Except at 

Kobat. 

that any valuable potash seams ever existed in: it; and if as. now 
suggested, it has been subsequently sheared across its bedding
planes and converted into a foliated rock sometimes comparable 
in texture with a schist, the l'resel\.ce in it of potash of commerckl 
vljolue is improbable; but if po~h does occur, itwilI-be foUnd only 
in minute and isolated fragments scattered through, ~and f9rming 'an 
intergr~l part of,' ~h~ sc~ist,. a mode of occurrence' whic!\ wo~ld' 
render It valueless commercmlly. . . 

If the hypotheses put fQrward in this paper are correct,. the highest 
salt zones exposed along the . southern scarp of 

Tho Salt Raolte al. 'the Salt Range will be found at the eastern. end 
whole. • 

of the J;ange, and the IQwest zonesm the 
western. llortions of the Kohat. Range; it is therefore, advisable to· 
prospect for' potash in the eastern portion of the SaIt Range. Speakiqg 
broadly, the further prospecting is carried towards the east, the greater 
the 'probability of fulding the higher salt zone~: The salt exposed. 
at· Khewra" and Nurpur 8ee~J before foliation, to have b.elonged to a 
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zone. corresponding to the peserite, and possibly to the lower, portion 
of the' carnallite, 'zone of Stassfurt, It is possible that, to the east 
of Khewra, there may be salt, beloniin~ originally to a still higher 
horizon than that seen at Khewra, It is doubtful, however, whether 
this is worth investigating, The section around Chambal (330 20': 
73" 29') consists, according to Wynne, of faulted and steeply dipping . 
rocks. and it 'Would, therefore, seem preferable to bore near Khewra. 
where the salt is less tilted: A boring at the head (nOrlh) of the 
Khewra 'glen through the Salt Marl and right through the salt forma
tioh would be~ exceedingly instructive. 1£ it }Vere intended merely to. 
prospect for potash, the boring could be stopped on reaching the grey 
"I:!~lt of the Kohat zone. It seenis certain that-subsidiary.pverthrusting 
,ha's occurred in the salt itself and improbable, therefore, that the 
whole section 'of sa1~ would be met" with, but this.,is likely to be the 
case everywherefuoughout the range. The advantage of prospect
ing ilear' .Khewra is that here is perhaps the most easterly gently
dipping, salt Qf the range, or sufficiently nearly so to maKe it the 
'most suitable spot, owing to its proximity to the railway and to 
~he miD,jng 'village. Another place wliere a boring might be put 
down with advantage is at the northern4 eXtremity of the Warcha 
glen, opposite to the northern guard-post and, on the western side 
01 the glen. The salt of the eastern side seems to be more disturbed 
and 'the western side is there~ore the more suitable. Although the 
dip .of" the foliation planes iIi the salt at Warcha would indicate 
that higher folia! are exposed at the head of the glen than near its 
mouth, it by no means follows that the original salt zone, from which 
the sal~ seen at the head of tlie· glen is derived, is a higher zone 
than that to which the foliated sal10 seen in the Warcha mine belongs, 
but it is proJ>ably a different zone, "and a boring at the head of the 
glen would probably peis through, more' salt t~an one at the moutli 
of the 'glen, . There is no evidence that salt corresponding to that 
of Warcha will be met with in the Khewra boring just advocated, 
and it therefore seems desirable that both should be undertaken, 
In either case potash is not likely to be met with after the grey salt 
of the Kohat zone is reached, although the. continuation- of· the
boring right through the salt formation would be of great IIcientific 
interest. 

I have already pointed-out the possibility of the bore-holes pass
ing near to, but just outside, potash lenticles, and thus giving no 
indication "of their presence; this, unfortunately, cannot be avoided, 
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and is one of the disadvantages consequent on the foliation of the· 
saft. Although I have been able to suggest a rough idea of the arrange
ment of the original salt zones in an east-west direction, I have no
data which will enable me to do so in a nortlL-south ·direct\on, and 
in this connection I would again lay stress on the· suggestion that 
the foliation planes are not the original bedding-planes and have
no connection with them, and that if they be regarded as such,: 
any deductions drawn therefrom will be based. on a false hypo_ 
thesis and consequently misleadblg. . 

As already stated in the precedblg 'paper, it is not probable· 
that any contbluous bed of potash will be found either bl the 8aft 
Range or in Kohat. If the salt has been foliated as now suggested,. 
the potash salts will have been re-arranged in discontinuous ana 
irregular lenticles. ·Whe~ . the foliation ill of the. nature of banding~ 
bands of potash may persist for some little' dista,ilce, but even 
then they will probably thicken and· thin throughout their length j. 

for if the salt, with its potash, was originally deposited in stratified 
beds which have been sheared across their lkdding-planes obli
quely, llnd the whole converted into a foliated rock; it is improbable 
that any continuous thick bands ar folire of potash ~ll be found in 
the present salt, ~lthQugh a· barid or lenticlemay thicken out 
abruptly here and tllere. The prospects of obtaining,pot'ashfrom. 
the salt of the Salt Range are not '~romising, ap.d ,the .Indian 
deposits, having been foliated, are at a gr~at disadvantage as com
pared with the stratified deposits of 8tassfurt, where the 'presence 
of potash, once known at. jlny Point •. --can be predicted over large· 
areas with tolerable certainty, both as regards position and thick
ness. In the Indian foliated salt,' it is like looking for a needle
in a bundle of ltay; beyond the tact th:~t the Kohat zone does 
not contain potash in detectable quantities, no as~ertion can be
made al to where a lenticle of 'potash will occur, or as to its 
dimensions or shape. when located. 



'98 Records 'oj the, peological Survey oj India, [VOL. L. 
. ' . ~ 

. LOCALITY INDEX, 

Bahadux Khet ' 33° IQ,' 71° 0', 

Banda Daua Sha~ '," 33° 17" 71° 11', 

Chambal ; 33° 20', 7:3° 29' 

'Cbshanna Ghanda ·33° 22', 71° 36', 

- ~anjaJJi , 33° 25', '71° 46'. 

,Gilruza -'. 33° 7' , '71° 2'. 

Jatta;:¥;mail Kh~l ," . .... .~ . 33° 18', .71° 17'." 

Kacho 33° 6', 71° 33'. 

Kalabagh ; ." '33° 58', 71 °'33'. ... 
Kara.k .. ... . . , . 33° 7', 71° "9' • 

Kh!lwra \ 3r 33', 7,3° 4'. 

Kurar. .. - 33° 13', 'llo 20' • 

Malgin . l!3" 18', '71° 31',-

Mari 32° 58', 71° 35' 

NaDdrakka. ..... 
" 

33° 15'; 71° 33' • 

Nilawan RaVine 3,2° 34~' 72° 38'. 

Nurpur 32° 39', - 72°,36'. 
I ~. 

Sbahidan " "33° 12', 71° 16', 

Speena (Spina) 33° 13', 71° 1-6'. 

Vasnal 32° 43', 72° 33'. 

Warcha ~ 
32° 25'~ 71° 58 
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LIST, OF PLATES. 

Px:ArB 9.-Fig. I. Formation of oryst91s of selenite "On grey clay, 
Fig. 2. Stages in formation of rook gypsum. ' , , 

!'LATlil IO.-Fig: I. Gypsum erust coating a limestone boulder. 
Fig. 2 Formation of a modern miniature oliff o{ gypswh. 

,!'LAn 1II.-Fonnation of gypsum along line of fault. ' : 
!'LAn 12.":"Formation of a modem sheet of gypsum over Bahadur Khel salt 
, field. '_' 
l'un 13.-Overfolding and puckering of grey 'salt, Warch~ mine.,. 
PLAn -l4.4ketch of wes€em face of western' salt hill, Bahadnr KheL 
!'LAd 15.-Fig. I. Western face of western saJt hill, BaQ,adur KheL' 

• Fig. 2. Sulphate of soda breaking through salt crust., 
Pun 16.:....-N. E. oomer of western salt hill Ba~ur K]J.el. 
!'LATlil l7.-Flow structure in the Warcha. mine. 
PLAn IS.-Main matl·band, Warcha mine. ' 

,PLATH 19.-Fig.l; Augen·shaped 1enticle of magnesian salt, Warcha. 
. Fig. 2. Flow structure exhibited by salt, Khewra. 

!'LAn 2O.-WeD banded Khewra salt. 
!'LAn 21.-Lenticles of saJt outlined naturally by marl, "'. 
!'LAn 22.-Patohes of Sulphate of soda, Bahadut Khel salt field, 
,!'LAn- 23.-Bands Df marl in Khewra salt. • _ 
!'LAn 24.-The western end of the Bahadilr Khe! salt field • 
.PLAn 25.-Map of the Salt ~ea; 
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FIG 1. BAHADUR KHEL SALT SHOWING SCHISTOSE STRUCTURE. 
( N afural siu.) 

PluJfograplu "y lIfurray Stuart. 

FIG. 2. A SALT QUARRY AT BAHADUR KHEL. 

G. S. I. Calmtta. 
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G. S. E. Cal&utta: 

.THE SOHISTOSITY OF BAHADUR KHEL SALT 
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PLAN 
OF 

NURPUR MINE 
(Reduced (rom pian 

kindly supplied by Northern India Salt Rev. Dept.) 

SCALE 40'= 1" 

C. S. f. Calcutta. 
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Sleet,,, 6)1 M.wra)l Stuart. G. S. I. Calcutta. 
PLAN OF THE POTASH DRIFT, NURPUR MINE, 

(Showing teat holes drilled into the walls, and the potash bands.) 
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PORTION OF 

BAHADUR KHEL SALT FIELD 

SKETCH MAP 

-----
(SHOWING FOLIATION Of" SALT) 

Sealt aboul 6 inches = , mile, 

mTITIill ttummuliti" limestone 

~ Red bed 

_~ Gypsum 

t;;=~-:~~j Salt (showing foliation) 

~ Dark blue, purple or greenish o!a~ with selenite 
~ and occuional pyrites. 
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Lit!to G. S. I Calcutta. 
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Ph%grat" 6.y .11"/,/,,,)· s/",,,·/. C, S. I. Cal,ulla, 
NORTH-EAST CORNER OF THE WESTERN SALT HILL, BAHADUR KHEL 
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FIG.1. WESTERN FACE OF THE WESTERN SALT HILL, BAHADUR KHEL. Showing folding~ 

Photographs 6y Murray Stuart. G. S. I. Calcutta. 

FIG. 2, SULPHATE OF SODA BREAKING THROUGH SALT CRUST. 
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PI .. to,\·mfli 6y 1I1urmy Stuart. G. S. I. Cal<ulla. 

OVERFOLDING AND PUCKERING OF 'GRE'!' SALT' BELOW THE OVERTHRUST IN'THE WARCHA SALT MINE. U Natural,ize) 
( Q. Q. Ire brecciated fragmenh of gJPlum from the fault brecciL) 
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Photog,'aph by JlI,,,.ray Stua,'t G. S. I, Calcutta. 

FORMATION OF A MODERN SHEET OF GYPSUM (G) OVER BAHADUR KHEi. SALT, 
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Pllotograpll 6y Murray Stuart. G. S. I. Caltutta. 

• FORMATioN OF GYPSUM ALONG THE LINE OF THE FAULT AT THE SOUTH. WEST BOUNDARY 
" OF THE BAHADUR KHEL SALT· FIELD. 
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FIG. 1. GYPSUM CRUST COATING LIMESTONE BOULDER. 

Pkotographs by 

FIG. 2. FORMATION OF A MODERN CLIFF OF GYPSUM, IN MINIATURE. 



GEOLOGICAL SUR VE Y OF INDIA. 

I Records, V91. L, PI. 9. , 

FIG. 1. FORMATION OF CRYSTALS. OF SELENITE ON THE SURFACE OF GREY CLAY, 
BAHADUR KHEL SALT·FIELD •. 

Photo~ajhs· by Murray Stuart. G. S. I. Caltutta. 

FIG. 2. STAGES IN THE FORMATION OF ROCl< GYPSUM. 
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PI/olograph by Mun'ay Stua,'/ , G, S t, CalCutta 

FLOW STRUCTURE EXHIBITED BY THJ; POTASH AND MAGNESIA BANDS (P), IN CHAMBER No,3 OF THE WARCHA SALT MINE, 
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Pkoto,frapk 6y Mur,-ay Stuart. 
Tli..E.J!AIN MARL BAND OF THE WARCHA MINE 

c: s: /. ealeu(fr.i. 

Showing thiokening and thiiln!~lfor the inoluded magneaia band. (Chamber No.4) 
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PIIOtOg.-aP" oy lrlu1-.;ay Stuart. G. S. I . Calcutta. 

LlNTICLES OF SALT OUTLINED NATURALLY BY MARL BANDS, IN THE NEW LOWER TUNNEL, KHEWRA SALT MINE. 
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Photogmph by "fUlr ay Slua,.I. G. S. I. Calcutta. 
PATCHES OF SULPHATE OF SODA ON ALLUVIUM, BAHADUR KHEL SALT -FIELD. 
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Photograph "y Murray Stuart. G. S. I. Calcutta. 

BANDS OF MARl. IN KHEWRA SAI.T (f Natural size) Showing olearly that struoture is not ordinary stra.tifloation. 
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1 

Photograph by MUI"'ay .',I"art. c. S. I Calcutta 
THE WESTERN END OF THE BAHADUR KHEL SALT-FIELD, 

as seen westwards from the Nishpa guard-post, showing the two salt hitls in the left middle distance, and the rectangular fracturing 
of the salt shown up by the clay bands and alluvium whioh occupy the cracks. Two men are seen taking samples of salt, 
immediately below the x. 
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FIG. 1. AUGEN· SHAPED LENTICLE OF MAGNESIA SALT, 4 FEET THICK, 
IN THE MAIN MARL BAND OF THE WARCHA SALT MINE. 

G. S. I. Calculla. 

FIG. 2. FLOW STRUCTURE EXHIBITED BY THE SALT AT KHEWRA. 

rf; Natural dOl.) 
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Photog,'a!;' by uIu,.,.ay Stuart. G. S. I. Calcutta. 

WELL BANDED KHEWRA SALT, ahowing lenticular nature. (f', natural aize). 
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Scale 1 inch = 24 miles. c. S. I. Caltulta. 
. • A 

MAP SHOWING SALT LOCALlTIE'-" AND DEPOTS, NORTH-WEST FRONTIER PROVINCE AND PUNJAB . 

• GOVERNMENT SALT DEPth. 
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ON PITCHBLENDE, MONAZITE AND OTHER MINERALS 
FROM PICHHLI, GA yA DISTRICT, BIHAR AND ORISSA • 

• By G. H. TIPPER, M.A., F.G.S.", F.A.S.B., Geological 
Survey of India. (With Plates 39 to 42). 

IN April 1917, the late Mr. H. E. Tiery, who had previously 
_ discovered pitchblende near the- village of Pichhli, "brought to 

the Geological Survey Office a number of specimens which he had 
found associated with this mineral. Among them was a reddish b~own 
mineral identified as monazite. I visited the IO!lalityin May 1917. 
Owing to urgent work connected with -the war the examination of 
the material then collected could not be carried out. The following 
description embodies the completed results. 

SITUATION. 

Pichhli (350 26' : 240 34' 18") is a hamlet 3 miles north of Dilwa 
Railway Station and 7 miles south-west of Rajauli, in the Sin.gar 
Zamindari, Gaya District, Bihar and Orissa Province. About t 
mile east of the village is a line of small conical hills running from 
north-west to south-east. In the second of the small" hills counting 
from the north-west the minerals" about to be described occur. 

d!l:OLOOV. 

The small hills already referred to have been carved out of a 
mass of pegmatite intruded into garnetiferous mica schists. The 
pegmatite strikes N. N.W.-S. S.~. The form of the pegmatite 

"II 



256 Records 01 the Geological Survey 01 Injlia. [VOL. L. 

cannot be made out as it is largely obscured by a thick overburden 
of quartz and felspar rubble derived from the weathering of the 
finer grained portion of the pegmatite and partly from the quartz 
core. The texture of the pegmatite varies from a comparatively 
fine crystalline ¢xture Qf quartz, felspar and mica with ,black 
tourmaline intergrown with the quartz, to fairly large segregated 

.masses of the main constituent minerals. It is in the latter that a 
s~ll prospecting pit had been sunk for mica and from ...,which the 
collection of minerals' to be described was made. The felspar is 
microcline and in the larger masses is graphically intergrown, with 
quartz. It is generally yellowish 'in coloux but crystals were found 
pink and flesh red. The mica is distinctly greenish. in colour and 
often badly cleaved. The quartz is dark, almost black, but trans
parent. The colour is completely destroyed at a bright red heat, 
leaving the mineral clear and white. Pink garnets are not uncom
mon and occur, flattened and platey in the .small b~Dks of mica. 
The rarer accessory minerals, pitchblende, monazite and columbite 
occuned together in tHe small pit and in the coarser portion of the 
pegmatite. -

PitchJ>lende. 
In the' felspar of the pegmatite and particularly in that near the 

masses of columbite and in one case intergrown with the latter 
mineral, occur a large number of nodules of a light. yellow colour 
varying in size from a quarter of an inch to two inches or more in 
diameter. On breaking some of the larger nodules a black core of 
pitchblende is exposed. The smaller nodules are completely decom-, 
posed and no core now remains. 

The black core.is never quite unaltered. The mineral is usually 
dull and pierced by a. ;ietwork of cracks filled with a. reddish, trans
lucent substance. The radiogram on Plate 4~ fig. 5, obtained by 
exposing a. plate- direct to a smoothed piece of pitchblende shows 
thfs feature quite welf The black c'ore. shades off gradually into 
the yellow aureole of decomposition for which uranium ochre is a 
convenient term. The specific gravity : a piece o,f, the black mineral 
is only 6·68. ' 

The chemical changes involved in the formation of uranium ochre 
from pitchblende are shown in the following partial analyses. These 
analyses have no claim to great accuracy but they were done 
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under similar conditions and seem to represent fairly the changes 
involved. 

Pitchblende. Uranium Ochre. 

;8iO. 
U,08. . . . . 

1-16 
66·24 
13·9 
12·49 

12'09 
34·74 
23-16 
19-1 

Rare earths including Thorium 
PbO 

In addition both . contain iron, manganese and barium. The 
ochre reacts strongly for phosphates. The changes are chiefly 
leaching out of the urahium which no doubt goes to form uranium 
bearing minerals of secondary origin, the phosphatisation of the 
~chre and probably alsocarbonatisation. It is interesting to note 
that there is evolution of large quantities of gas from both on solu
tion in nitric acid. 

Crystals in .Uranium=Ochre. 
The mode of occurrence of the uranium ochre as rounded nodules 

in the felspar is very suggestive-of an isometric habit for the original 
mineral. Careful search with a little development brought to light 
five beautiful specimens of a crystallised variety. The faces are 
clean and well' formed with sharp edges. Parallel growths are not 
uncomniOli. No complete crystal has been found but there 'is more 
than sufficient material to enable the forms to be determined as a 
combination of the cube (100) and the octahedron (111). The 
uranium ochre being rather soft and friable, the .. measurement of 
the angles without injuring the faces 'was a matter of some diffi
culty. This was solved by cutting an approximate angle as judged 
by eye in a piece of moderately stiff paper. This was then trimmed 
until it fitted when the angle was measured direct. 

There can be no reasonable doubt that these crystals are pseudo
morphs in uranium ochre after uraninite. The largest and most 
perfect of these crystals is shown on Plate 39, fig, 1. To the right 
.of the large example is another smaller but similar. 

Torbernite 

Torbeniite. 

Other Uranium=hearing Minerals. 
is common and occurs encrusting mica, apatite 

and other minerals of the pegmatite, lining 
cavities and along cleav~e cracks in the fclspar. 

B2 
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The form is the usual thin,' square table and the mineral is bright 
green in colour. 

Autunite occurs 

Autunite. 

as a lemon yellow-incrustation on som~ of the
minerals. It is, however, much.less common tlian 
torbernite and is not found crystalline. Both 

these'minerals seem· to . be of secondary origin, the uranium being' 
derived from the decomposition of the uraninite. 

The occurrence of pitchblende at Abraki Pahar, which lies 
about 5 miles east-south-east of Pichhli, was 

Ab~~l3P:!~:~' with described-by the late Mr. R. C. Burton and his 
description given in the Annual Report of 

Geological Survey of India for the year 1913 (Ree., G. S. 1., Vol. 
XLIV, p. 24). I also have had two opportunities of examining 
this locality and I merely ~sh- to compare and contrast the occ_ur
rences. 

-T-he mode of occurrenco of the pitchblende is siniilar in the two' 
cases as nodules surrounded by. an aureole of yellow uranium ochre 
but, at Abraki Pahar the nodules are of. much larger size and in 
addition are often found in masses of "triplite." As a consequence 
of the larger size the central uraninite is much less altered and the
density is much higher. No. crystals or pseudomorphs have yet 
br.en found at A.braki Pahar. As at Pichhli. autunite and j;orb~rnite 
occur. Columbite is com,mon at both places but whereas at Pichhli 
it)s generally in well-formed crystals, at Abraki it is generally in 
flattened striated plates. 

The" triplite" of Abraki is not by any means a, simple mineral 
but is a complex mixture of at least four phosphates, the relation-
ships of which have not been worked out, One is grey and resem
bles apatite, a second is dark green and transparent, a third is brown
and may be true triplite, the fourth is a beautiful dark purple. They 
differ in physical and "themical properties: At 1?ichhli th~ phos
phates found a;re_ apatite and monazite, often Tntergrow~. . At 
A braki a common mineral is a' dark brown, almost black zircon. 
It occurs in crystalline masses in the pegmatite and as isolated 
crystals in: the felspar and occasionally in the quartz.. The-forms 
are a (100) and p (111) .. An interesting feature is the presence of 
well-marhd and beautiful zoning (Plate' 40, ,fig. 2). The dark 
colour oHhe mineral is destroyed by heat. ;No mineral of this type' 
has :r.et been found at Pichhli. As at Pichhli the felspar is generally
microcline and the quartz is _dark coloured . 
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Monazite. 
This mineral occurs as isolated crystals and semi-crystalline 

·masses in the felspar. Frequently it is intergrown with columbite 
a.nd in one instance a small crystal of monazite is completely 
enclosed in the former mineral. It is also intergrown with mica. 
With apatite it forms' an intimate mUture illustrated (In Plate 41, 
. fig. 1. In: this many small crystals of monazite are seen enclosed 
in a matrix of light green apatite. The density of the mixture 
is 3·8 corresponding to 30 per' .cent. mona,zite. A single di
nexagonal crystal of apatite was found growing on a portion of 
.8 monazite crystal (Plate 41 fig. 4) . 

. The size of the crystals varies but many are of exceptional size. 
A fragment of one weighs 500 grams and is some 8 cm. long, while 
'the. smalleet is a little over 1 cm. in length. One of the semi-crYstal
line masses weighs over It kilos. 

ne smaller crystals are. sharper and better preset:Ved than.. the 
lalger, but all have suffered considerably from corrosion from some 
.()ther mineral, mica, felspar, etc., with'the effect that ·some of the 
faces are so badly scarred and. distorted as to be useless for ,the pur
poses of measurement. Curve!! Jaces are' common, partieuiarly- on 
the larger crystals. Parallel gro~hs (Plate 41, fig. 2) and inter
penetration groups (Plate 41, fig. 3) are frequent. 

The crystals Ire prismatic and also' flattened II to -a. The. fol
lowing forlnS have been distinguished:-

a (100) 
b (Om) 
m (1l0) 
ID (101) 

n (120) 
e (OIl) 
u (021) 
r (111) 

The dominant faces in all the-crystals ·~re in order of importanc.e 
.w, Ii, and m. The face ., is usually present and conspicuous; u 
and e are small; b is only developed sparingly on a portion of a 
large crystal. The tendency is for the right hand part of the crystals 
·to be more fully developed than the remainder (see Plate. 42, fig. 1). 
'The illustrations of three good small crystals on Plate 39, figs. 2, 3, 4, 
·give an excellent idea of the habit and external ch~racters 'of the 
mineral. 

The eolour of the mineral is reddish-brown with a resinous lustre. 
The specific gravity is 5·2. Thin sections show that the mineral has 
~ndergone a considerable change from ~eathering and also that the 
.colour is yellowish.' The cleavages ar~ those usttal in monazite. 
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Absorption bands can be readily obtained with ,a direct vision 
spectroscope. 

';['he' thoria content is high, an average of three determinations
giving 9·95 per cent. Th 02. (As these determinations were done on 
a single fragment, they do not _ necessarily represent the average of 
the whole of t1!e monazite found.) The thoria was precipitated' by 
means of hydrogen peroxide. 

As is well known extensive deposits of monazite occur in the
sands on the coast of the State of Travancore. 

Com~ariSon with other It .has also been found in the pegmatites in_ 
monazite deposits in • 
India. the State. The mmeral as there found does 
not resemble that of Pichhli in its physical characters. Monazite 
occurring near Bangalore, Mysore State (5th milestone, ,Bangalore
Kakarihani road) referred to in Mineral Resources 01 Mysore; 
p. 191, resembles the material from Pichhli very closely. It is similar 
in, colour, density and external physical characters. It- is, however, 
fresher and its thoria content is lower. The cleavages are more 
perfectly developed and it shows in a very striking manner, 
multiple twinning, parallel' to the face b, which in -thin section 
under polarised light makes it an object of great beauty (Plate 40,. 
fig. 1). -

Columbite. 
This mineral occurs as crystals ()f varying sizes arranged as !an-

shaped aggregates in the felspar of the pegmatite, the termina
-tions of the crystals being directed outwards. Its association with 
monazite' and uranium ochre has already been noted. 'Practically 
every piece of columbite was_crystalline, either complet~ in itself 
or broken from some otJ;kr crystal. -The size' of the crystals varies 
from a small good crystal weighing only 51 grams to one weighing 
over 6 kilos. ' -

The crystals are well formed but only singly terminated. The' 
faces are sometimes bright and clean but more often 'covered with 

_ a thin, brownish limonitic deposit or a yellowish crust reacting for 
uranium. Pitting and slight corrosion by quartz and felspar also-' 
occur. Groups of crystals in parallel growth (Plate 39, fig. 5) are 
very common. Sometimes the growths are not truly paranel, 
as in the specimen figured on Plate 39, fig. 7, wher~ the smaller 
growths are distinctly curved. ' -. 
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The crystals are prismatic and ,elongated vertically and if doubly 
terminated would resemble a double-edged axe. The following 
forms have been ,identified ;-

a (100) 9 (130) 
b (Otil) e (021) 
c (001) 'It (133) 
m (110). n (163) 

The face c, is often mISSIng or only slightly developed. The 
other-Jaces are ,generally fairly equally shown. Three good examples 
are illustrated on Plate 39, figs. 5, 6, 7 and a clinographic projection 
on Plate 42, fig. 2. - , 

The mineral is opaque even in the thlnnest sections. Inclusions 
parallel to the direction of cleavage comprise quartz,monazite, 
felspar and a yell,ow mineral which reacts microchemically- fol' 
uranium and may possibly be autunite. 

Thll specific gravities of nine clean crystals are respectivel,} 
5'28, 5·3, 5'37, -5'41, 5'41, 5'42, 5·42, Q·44, 5·52 showing that the 
mineral falls well within the limits of the columbite species. 

A single di-hexagonal crystal of apatite was found growing 
Apatite. on a fragment of L monazite crystal (Plate 

41, fig. 4). The apatite is completely encrusted 
with bright green scales of torbernite and was at first mistaken 
for beryl. The question was quickly settled by a chemical 'test. 
Apatite also occurs intergrown with monazite forming small semi
crystalJine nodular masses in the felspar (Plate 41, fig. 1). 

·Two crystals of this felspar wer~ found. One is flesh-red and 

Mlcrocllne. 
the other pinkish. Although 'dull to the eye 
thin sections show them' to be quite fresh 

and clear. The better preserved crystal is twinned on the Carlsbad 
law with a (100) as the composition face. The forms pres,ent are-

b (010) 
c (001) 
m (110) 

It is figured on Plate 39, fig. 8. 
Interesting as this occurrence' is from a scit'ntific point of view 

and the. rarity of such an association of minerals 
Commercial p~88Iblll. in India it seems advisable to emphasise the 

tiel of the depOSit. '- • 
fact that no conclusions can .be drawn as to 

the co~ercial prospects of a find of this kind. All the minerals 
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described come from one sD;lall prospecting pit in a pegmatite of 
some size and no definite run of the minerals has been established. 
Much more work is necessary, particularly in the sinking of pro
spectipg pits, as, owing to the weathered condition of both the pitch
blende and the monazite, th~y are apt to be overlooked in mere 
surface searching. It is also necessary to point out that there is 
little chance of mining monazite at -a cost which will enable the pro
duct to compete with the extensive and more easily worked deposits 
on the coast of 'Travancore. -There is ~o hope of finding concentrates 
in the stream-bed near Pichhli as the conditions there are in no way 
suitable. 

1 should like to thank my colleague -Mr. C.-S. Fox Tor much 
generous help and our artist for the _ care taken in the 'preparation of 
the photographs.' " 

EXPLANATION OF PLATES. 

PLATE 39.-Fig. 1. Pseudomorph in uranium ochre after uraninite. To the right 
of the large example is a smaller but similar crystal. ' 

Fig! 2. } 
Fig. 3. . Monazite crystals. 
Fig. 4. 

Fig. 5. J 
Fig. 6. Columbite crystals. 
Fig. 7. 
Fig. 8. Microcline crystal. 

PLATE 4O.-Fig. 1. MuUfple twinning in monazi~e from Mysore. Crossed nicols. 
X 19. -

Fig. 2. Zoned zircons-from Abraki Pahar. Ordinary light. X 19. 

PLATE 4V-Fig. 1. Intergrowth of monazite and apatite. Small crystals of 
monazite in a matrix of apatite. Reflected light. X 3. 

Fig. 2. Monazite crystals showing parallel growth. The prominent 
face is;W (101). Natural size. . 

Fig. 3. Interpenetration group of monazite crystals. Natural size. 
Fig. 4. Dihexagonal crystal of apatite on monazite. Natural size. 
Fig. 5. Contact photograph with a piece of pitchblende from PichhIi 

.showing cracks filled with decomposition product. 

PLATE 42.-Fig. 1. Clinographic projection of monazite. The face r has been 
transferred to the left hand to enable u and e to appear. 

Fig. 2. Clinographic projection of columbite. 
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NATURAL GAS IN BITUMINOUS SAL1 FROM KOHAT. By 
MURRAY STUART~ D.Se., Assistant Superintendent~ 
GeologicalSurvey of India. (With Plates 43 and 44.) 

THE obj ect of this short note is· to place on record certain' pheno
mena observed in connection with the bituminous salt of Kohat. 

This salt, which has already been mentioned in my report on the 
rock-salt deposits of the Punjab and Kohat,l ocCUfS locally in 
the uppermost few feet of the rock-salt, generally in the form of salir. 
bitumen schist, though in some' places the' salt has recrystallized 
naturally into large crystals which, when held up-to the light, show 
the bituminous matter arranged along what appear to be the 'ori
ginal planes of schistos!ty. 

Plate 43, fig. 1, shows a ph,?tograph (natutal size) of bituminous 
salt frDm· Malgin in eastern Kohat; the schistose nature of the salt 
is well seen, as is also the abrupt nature of the contact between 
the bands of black bituminous salt schist and the non-bituminotls 
pale grey salt. Fig. 2 on the same plate shoW's a photograph: by 
transmitted light, of a portioI!' of a crystal of recrjstallized bitu
minous salt (twice natural s~e), and illustrates how the-. bituminous 
matter remains distributed through the crystal along what were 
the planes of schistosity in the original bitumen-salt schist. 

My attention was -drawn to the presence of~tural gas in this re
crystallized material by the fact that, when placed in water and 
allowed to dissolve, the salt gave off a continual stream of bubbles. 
I collected 'some of the gas and found it to be inflammable, burning 
with .a practically non-luminous trame.· As the amount of gas 
collected was surprisiDgly large, I made the following experiments, 
to ascertain, as far as possible, how the gas is contained in the salt 
and what is the nature of the other inclusions. . 

Since the black bitumi~ous contents of the salt-schist are by no 
dleans uniformly distributed, I selected, for the experiments, what 
appeared to be an average specimen of salt. The specific gravity, 
taken in a saturated brine prepared from the same salt, was found 
to be 2·49. A portion of a crystal of recrystallized bituminous salt. 

1 Bee., Orol. SUN}. Ind., Vol. L, p. 64. 
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similar to .. that illustrated in Plate 43, fig. 2, was weighed and then 
placed in distilled water,' and the liberated gas collected in Ii. graduated 
tube. The salt weighed 90·0 grammes, and the amount of gas. 
collected was 19·5 c.c., the temperature at which the experiment 
was carried out being 30°. That is to say, apiece of a bituminous 
salt crystal having an approximate volume of 36 c.c.· liberated, on 
solution in water, 19·5 C.c. of gas. In addition to the gas, a trace of 
oil appeared on the surface of the water, and a quantity of insol
uble solid matter remained at the bottom of the vessel. The gas 
is colourless, and has a characteristic paraffin smell. On analysis. 
Ina~ Hempel apparatus, it was found to belong. to the saturated 
hydrocarbon. series (paraffins), and to contain no carbon dioxide, 
oxygen, unsaturated hydrocarbons, carbon monoxide, or nitrogen .. 
It burned with. only a slightly luminous flame. A test for sulphurett
ed hydrogen with lead acetate paper showed the presence of a.. 
small quantity of that gas; it ill uncertain, however, whether this 
may, not "have come from the salt, as'its presence is n~t rare in the 
salt of' Kohat. In order to determine the amount and nature of 
the insoluble residue, a second piece of the re-crystallized bituminous 
salt crystal was weighed and dissolved on a filter paper by allowing 
water to drip slowly on it. In this way all the soluble matter passed 
away in the filtrate and the insoluble matter remain~d behind on 
the filter. This insoluble residue was dried at 1000 C, weighed, and. 
then treated successively with benzene, carbon disulphide and 
ether to dissolve out any bitumen, dried again at 1000 C, and again. 
weighed. As much of the final residue. proved to be gypsum, it 
was not considered .desirable to burn off the filter paper and ignite· 

. the residue before weighing, and the method of two counterbalanced 
filter papers was used, the second being subjected to exactly the· 
same conditions as th;Ale to which the paper containing the residue 
was subjected. The result of the experiment was that 25·801 

", grammes of salt yielded 1·a45 grammes of insoluble mineral matter 
. and 0·08 grammes of bitumen. As 'stateq, above, the amount of 
oil liberated in the experiment is merely a film ~>n the surface of 
the water. By dissolving ,a large quantity of salt, however, and. 
then extracting this liberated oil, it was possible to obtain sufficient· 
to test its boiling point. It began to distil over at 700 C, but nearly' 
half its volume consisted of an oil distilling over between 250° and 
3000 C. The insoluble mineral residue consisted of minute highly 
~ngular quartz gtains and fragments of selenite in about equal! 
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proportions, together with some stony gypsum containing black 
bituminous matter. The average size of these angular grains of 
quartz and selenite was between ·07 mm. and ·036 mm. In addi
tion to this fragmental matter, the residue contained one minute bi
pyramidal quartz crystal about 1 -mm. long and two nearly perfect 

"trystais of, selenite, each about ! mm. long. 

In order to ascertain, if possible, how the gas is contained in 
the bituminous salt crystals, I took _a photomicrograph, focussed 
into' the centre of a crystal, with a magnification of.. 53 diameters. 
The result (Plate (4) shows minute bubbles of wliat appears to be 

_ liquified gas scattered tli!'ough the salt. These bubbles do not 
seem to be necessarily associated with solid bitumen, but are scattered 
through the cleu portions of the salt as well, probably, as with the 
black bitumen inclusions. This is further evidenced by the fact 
that the grey, non-bituminous salt-schist, where it adjoins the black 
bituminous layers, also contains this gas. It will be seen that in 
many cases the diameter of these, bubbles is less than ·01 mm."and 
in only a few cases is it more than ·07 mm. ; while the wide distri
bution of the bubbles probably accounts for the strong smell of 
paraffin noticed when a crystal of this bituminous salt is merely 
bruised. -That these minute bubbles contain gas in a highly com
pressed and probably liquid form may be demonstrated by placing 
a dissolving crystal in a beaker of water and on a suitable sounding 
board, when, as the salt dissolves, the bubbles can be actually 
hea.d bursting their way out of the containing salt, and little bursts 
of bubbles may be seen, exploding out of the surface of the dissolving 
crystal as each report is heard. TJ,tere can be no doubt that the 
gas is present in the salt under considerable pressure, sufficient 
probably, except in the case of m~thane, to convert it to the liquid 
state. 1 It is clear that the gas could not get into the salt in the 
gaseous state by sedimentary deposition, neither is it likely that it ori
ginated in it by a process analogous to the artificial "cracking" 
of saturated hydrocarbons, since it is found to contain no unsaturated 
hydrocarbons. There remain, therefore, two alternatives. The first, 
suggested by my colleague Dr. E. H.' Pascoe, is that the- Ur
material from which the gas and bitumen subsequently developed 

. was contemporaneous 'with the salt, and that the bitumen and gas 

I Methane would not, of course, be liquid, since the critical temperature of 
methane is considerably below the llresent temperature of the salt, but even BO

the gal.ould have a apecific graVlty comparable to that of a liquid. 
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src subsequent products of this cQntemporaneous Ur-material. The 
1!lecond -alternative is that suggested in my report on the' rock-salt 
-of the Punjab and Kohat, viz., that the occasional bituminous 
matter in the uppermost layers. of the salt and the occasional bitu~ 
-minous matter incorporated in the gypsum immediately overlying 
the salt may be regarded as extraneous material. caught up by and 
-carried forward along the plane of an overthrust and incorporated 
in places into the upperm~st layers of the salt. l Tliis would mean 
that the salt was not the original home . of the bitumen, oil and 
.gas, but that they have escaped from .their parent rock2 along the 
-overthrust an.d ha've been _incorporated in places in the topmost 
layers of -the salt schist immediately under the thrust-plane. Of 
-these two alternatives I prefer the second. The first J!eems improb
.able, in view <if. the fact that the bituminous material occurs in 
small isolated patches in the uppermost ,few feet of the salt schist. 
'These patches of bituminous. salt schist are exceedingly scarce 
.and. occur in only a few exposures, n~tably at .Malgin, Jatta and 
Nandrakka in 'eastern Kohat. They are generally associated with 
bituminous gypsum or with bituminous shales incorporated in. the 
-overlying gypsum. The salt itself is devoid of any indication of 
-organic matter associated with it other than those few small patches 
-of bituminous. salt.3 One is faced, therefore, with a discontinuous 
-outcrop of salt schist and f,oliated salt -extending from the frontiex 
in Kohat to the Jhelum distri9t in the Punjab, a distance of over 200 
:miles, showing no trace of organisms of any kind, but containing in 
its uppermost layers a very few4 isolated patches'- of bituminous 
;fIalt schist, each only a few cubic yards in volume.' It seems un
likely that Ur-material would occur only in a few isolated patches 
·of this kind in a length of salt stretching for over 200 miles if that 
material were contemjloraneous with -the salt and had been incor~ 
'porated in it when the salt was' first deposit,ed. If Ur-material 
~ould and did exist in the saline -water from which the salt was 
-deposited, it should be fairly evenly distributed throughout the area 
of deposition, and not isolated in a very few minute patche.'!. It 
Jileems more probable that the bituminous matter, oil and gae 

• 1 Bee., Geol. Surv., Ind., Vol. L, pp. 84 & Ill. . 
B Probably the nummulitio limestone or shales. 
I This observation is confirmed by Wynne' (Mem., Geol. SUN!. India, XI, pt,? 

. -po 44 and XIV, p. 84) • 
• Probably not more than five or six such patches are known to exist. -
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escaped from some other formation liuring the process of overthrust
ing, and that some of it became incorporated locally into the upper
most few feet of the salt schist, while some, together-1Vith bitu
minous shale, remained in the brecciated material along the line of 
the overthrust, being incorporated later in the gypsum sheet which 
formed along the overthrust plane. Petroleum, is known to occur 
in the rocks which hav!} in places been brought into contact with 
the salt by the postUlated overthrust, and such incorp~ration of 
bituminous matter in the uppermost few feet of th~e salt schist see~ 
not only possible but probable1 .. The above observations seem to
confirm· the conclusion already arrived at on other grounds and 
put forward in my report quoted above, that the paraffins and the
bitumen are extraneous matter introduced into the uppermost 
few feet of the salt along the thrust-plitne during the formation of 
an important overthrust. If this view is correct,· it is probable
that the' gas occurs in the re-crystallized bituminous salt.in practi
cally the- same state as that in which it existed in the oil-bearing 
rock from which it escaped during th~ overthrust; and since these 
crystals are transparent, they afford a valuable means of studying 
the state in which the gas actually occurs. 

EXPLANA TlON OF PLATES. 

PLATE 43.-Fig, 1. Bituminous salt schist from Malgin (Kohat), natural size. 
Fig. 2. Portion of re-crystallized bituminous salt in transmitted 

light, twice natural size. -
PLATE 44.-Photomicrograph of Ifentre of crystal of re-crystallized bituminous 

sa.lt, showing bubbles of liquid gas (x 53 diameters). 

1 As examples of petroleum occurring in formations which have in places been 
brought into contact with the salt by the overthrust, the. following may be 
cited:- . 

(il the oil issuing from the nummulitfo limestone at Jaba (Wynne, Mem_, G. 
S. I., XIV, 264-5, 297); . 

(ii) the bituminous shale and clay included ~in the gypsum at Jatta (Wynne, 
Mem., O. S. [., XI, li!9). 
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I.-I~TRODUCTION. 

THE geological formations hitherto identified in the Central 

O I · Provinces are shown in the following list in 
eo ogy. rd f' . .. . o er 0 mcreasmg antIqUIty, the Dharwarian 

formations being, as far as is known the most ancient rocks identified 
not only in the Central Provinces but in India:-

All ' { Newer. 
UVlum. Older. 

Laterite. 
Deccan Trap with Inkrtrappeans. 
Lameta and other Infra-brappeans. 
G d' {Upper Gondwana. 

on wana Lower Gondwana. 

Purana Lower Vindhyan (with 1 the Sullavll-i" series). 
{

Upper Vindhyan. 

Cuddapah (including the Bijawar~ and the Pen
ganga series). 

-{pegmatites, granites, gneissose granites, and basic 
intrusives. 

Archooan Schistose gneisses. 
Dharwarian: formations-includIDg . Chilpi Ghat 

. series, Sonakhan beds, Sonawani series, etc. 
The foundations of the province are, of course, constructed of the 

various Archooan formations, which are exposed over a large portion 
of the province and build up many of the hill ranges. Furthermor.e, 
the structure of the Archooan complex has to a large extent deter
mined the disposition of the later geological formations. In the 
northern portions of the province the average direction of the: 
Archooan fold axes is E. to E.N.E., this being also the strike of 
the most important orographical feature, viz., the Satpura range,built 
of Archwan rocks, covered at intervals by the lavas of the Deccan 
Trap formation, and extending as a geological entity at least as 
far east as Korea State and probably as far as Ranchi. Speaking 
generally, it separates th~ drainage of the Nerbudda and Son rivers 
on the north from that of the Godavari and Mahanadi on the 
south. The general strike of the Bijawars, Vindhyans and Gond
wanas, as well as the alignment of the Nerbudda alluvial valley, 
also conform to this direction. In the southern portions of the pro
vince the average .direction of the Archooan fold axes tends to be 
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N.N.E., i.e., parallel ro the Eastern Ghats, a~d certain Vindhy~~. 
and Cuddapah ranges .also conform to this strike. 

The N.E. and S.W. margins of the province are, however, bounded 
by terranes with a rotally different strike, viz., N.W., or at right 
angles to the average Archrean .strike. This strike is ewbited by 
the Rampur (Raigarh-Hingi?) coalfield on the· north-east and _by 
the Wardha valley and Godavari valley coalfields in the south
west, with, in the latter case, belts of Lower Vindhyan and Cuddapah 
rocks of the same average strike. Of a different type is the struc
ture of the wide spread of CuddaEah rocks forming 'the gently 
dipping Chhattisgarh basin. '. 

The wide-spreading flows of the Deccan Trap occupy nearly 
the whole of Berar, as _well as wide strrtches of the S!I'tpuras, 
and- give rise to the plateaus known as pats in Sarguja and 
Udaipur; this formation appears also as intrusive dykes and sills 
in various parts of the province, particularly in Korea State, 
where the dykes show the E.N.E. Archrean strike and where 
there is also an enormous doleritic sill intrusive_ in the Gondwanas 
and extending for many miles to the west inro Itewah State in 
Central India. Immediately ,tmderlying the traps in many places 
are various Infra-trappean rocks,· some of which (the limesrones) 

. ~ .. 
are due to -the replacIDg action of waters derived from the trap 
upon. underlying gneisses and other rocks, whilst, others are 
sedimentary sandstones and clays of Upper Cretaceous age. The 
Deccan Trap is apparently horizontal, but careful surveys show 
that there have been wide-spread post-trappean earth movements, 
causing gentle warping and dips and sometimes faults of considerable 
magnitude. Capping the Trap' in many places, e.g., in Seoni, 

- Balaghat, Mandla, and on the pats of Sarguja and Udaipur, are 
roughly horizontal sPpets of laterite occurring at altitudes of 2,000 
ro 3,500 feet abovE!" sea-level. 
- Finally, the majority of the rivers are. bordered by strips of 
alluvium, amongst which two divisions may be detected: an older 
(probably Pleistocene) often rich in kankar, and now suffering 
denudation, in consequence of slight earth movements; and a newer 
(often darker) alluvium in process..of formation at the present 
day. The wide-spread older alluvium oC the Nerbudda and the 
Purna rivers appears ro occupy basins· formed as the result of gentle 
post-Deccan- Trap warping of the Peninsula along an axjs having 
a. N.N.W. a.lignment. Finally, resting upon all the geological 
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formations ani the recent-soils varying greatly in character and fertility 
according to the underlying formation and ranging from the light 
sandy soils so often found on the crystalline rocks to the heavy 
black cotton soil characteristic of Berar and usually associated with 
th~ Deccan Trap. 

-The mineral resources might be discussed in two ways-either 
according to their mode of geological occur-

Qeological occurrence • 1 h b t' 1 d F I of mineral deposIts. rence, or map a e lca or er. or genera pur-
poses the latter is the more convenient and 

will be followed here; but, in order to .give an idea of the relative 
value of the various formations as sources of mineral wealtlrlhe fol
lowing list has been compiled showing the mineral substances of 
possible economic value known to exist in each formation. Those 
substances that have proved in the past, or are likely to prove in the 
near future, to be of considerable economic value are shown in italics. 
From this list it will be· seen that the most important formations 
from the mineral point of view are the Dharwars, with their 
deposits of manganese-ore, iron-ore, steatite, red ochre, limestone 
and dolomite; the Gondwanas, with / their stores of coal,' fire- and 
pottery-clays; the laterite, with its bauXite and building ston~; an!! 
the alluvium with its supplies of brick-clays and kankar. Excellent 
building stones may be obtained'-from almost all the formations, 
as well as materials for the manufaCture of cement, particularly in 
the Lower Vindhyans and Cuddapahs; and many minor mineral 
products may be developed in the £pture. Unfortunately, none 
of. the pegmatite veins (with mica, quartz, and rose quartz) or mineral 
veins (with copper, lead, silver, wolfram, fluorspar, and baryt;es) 
hitherto discovert1tl have proved to be of much value. 

Mineral deposits classified according to geologicaZ jO'rmations. 

ALLUVIUM-Bxick-cZays. kankar, salt, gold. 

LATERITIC FORMATIONS- '-.... 
LATERITE-Batnite, wilding-stone, pyrolusite, iron-ore, ochre~ 

diamonds. 
LATERlTOID-Iron-ore, manganese-ore, ochre. 

DECCAN TRAP-Building stone (basalt), agate, carnelian, jasper. 
opal, rock-crystal, soda (trona), mineral waters, Iceland spar. 

IN17BA-TRAl'l'EAN (U L.ulETA ")-Limestone, manganese-ore. 
o 



2.72 Records of the Geological Survey ot India; [VOL. L. 

GoNDWANA-
UpPEBl-Poltery clay, fireclay, coal, jasper pebbles. 
LowER--Ooal, fireclay, sandstone, pottery clay, iron-ore, manga

nese-ore. 
VINDHYAN-

UpPEBl-Sanastone,liinestone, lithographic stone, manganese-ore, 
lead-ore. 

LowER-Limestone, fuller's earth, shale, lithographic stone, sand-
stone, diamond. 

BIJAWAR-Limestone, sandstone, jasper, iron-ore" lead-ore, silver. 
CuDDAPAH-Limestone, lithographic stone. 
PEGMATITES AND MINERAL VEINS CUTTING AaCHlEANs-Mica, quartz, 

rose quartz,. fluorspar, barytes, wol£ram and ores of copper, 
lead, silver and gold. 

GRANIT~Building stone. . 
GNEISS-Building stone. 
DHaRWARIAN (including Chilpi Ghat and Sonakhan beds)-Manga

nese-ore, iron-ore, limestone, dolomite, marble, ochre, steatite, as
bestos, jasper, garnet, opal, spinel. 

The relative importance of the various' mineral industries hitherto 
Statistics of mineral . established in the Central Provinces can be 

production. judged from the following table:-

Mineral Production of the Central Provinces from 1909 to 1918. 

-- Average. 1914 1915 1916 1917 1918 1909-.13 . 

. 
Tons. Tons. Tons. Tons. Tons. Tons. 

Asbestos (1910) 3 - - - 7 13 
Bauxite · 449 514 876 750 1,363 1,192 
Clay . · 17,382 I; 33,738 33,359 - - 2,918 
Coal · 227,960 ' 244,745 253,118 287,832 371,498 481,470 
Corundum - - - - - 80 
Fuller's earth · ' . 100 109 '139 179 334 218 
Iron-ore. '. 2,612 18,402 4,747 4,464 3,~69 6,097 
Laterite. · - - 16,445 - - -
Lead-ore - 3 7 7 - 3 
Limestone anc\ " 

kankar 79,816 148,471 63,079 45,555 86,444 134,798 
Manganese-ore. 488,485 564,890 399,215 558,828 517,841 438,628 
Marble - - ~ 143 - -
Ochre . · 258 lOs,. 12 8 900 -- 16 
Steatite 

: I 
476 502 329 892 2,422 3,493 

Wolfram 1'3 - - 1'3 - -
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To -'all students of the mineral resources, of India LaTouche'a 
"A Bibliography of Indian Geology and PIrysical Geography, with 
an Annotated Index of Minerals of Economic Value," issued by the 
-Geological Survey of India. in two parts in 1917 and 1918 respectively, 
must prove a standard work; and in compiling the following account 
'01 the mineral resources, of the Central Provinoes, r have drawn 
freely upon this work and upon the Quinquennial' Rev:iew of Mineral 
Productio.n in India. published in Vol. LXVI of the Recmds of the 
-Geological Survey of .India, In this account I have judged it unneces
sary to refer in detail to the .original papers, as the full references 
can usually be obtained in LaTouche's Bibliography, But at the 
end I have given a bibliography of the more important papers dealing 
with the mineral rejources of the Central Provinces. 

II.-MINERAL DEPOSITS. 

Aluminium=ore (Bauxite), 
Some years ago it was discovered that many of, the lateritic 

-deposits of India are highly aluminous, such aluminous varieties being 
identical with bauxite. Field-work carried out since 1903 by the 
officers of the Geological Survey has revealed the 'existence of exten
sive deposits of this material in various parts of India, and chemical 
investigation in the Geological Survey Laboratory and at the Imperial 
Institute has shown that certain of the Indian bauxites compare 
very favourably with the Irish, -French and American bauxites placed 

. -on the English market. 
The richest areas yet discovered in India are the Baihir plateau 

in the, Balaghat district and'the neighbourhood of Katni in the 
Jubbulpore district, both in the Central Provinces. But valuable 
ores have also been found in other parts of India, as well as in' the 
Sarguja and Jashpur States and in -the Mandla and Seoni districts of 
the Central Provinces. The' bauxites to which most attention 
has been up to the present devoted are those of Balaghat and Jubbul
pore. Eight analyses of specimens and samples of the Balaghat 
bauxites have given results ranging between the following limits:-

AI.O, 
Fe.O. 
TiO. 
BiOI 
H.O 
Moisture -. 

Per cent. 
51-62 to 58-83 

2-70 to 10-58 
6-22 to 13-76 
0-05 to 2'65 

22-76 to 30-72 
0'40to 1-14 

02 
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- corresponding to 71'2 to 80·8 per.cent. of Al20s after calcination~ 
Two Katni bauxites gave the following analyses:-

No.1 No.2 

Al.0. • 65·48 52·6J 
Fe.O. 3·77 ~7-04 

TiO 
, . • 11-61 7·51 
SiO. 0·38 1·26 
RIO · 19·38 29·83 

From these figures it will be seen that the Balaghat and Jubbulpore 
bauxites' are of very -high grade. There seems also to be little doubt 

. that large quantities of this ore are available, and the commercial 
feasibility of making use of these deposits has consequently been under 
investigation for some years. 'There are, three ways in which the_ 
Indian bauxites might be developed:-

(1) Simple export of the raw or calcined material to Europe 
or America for use -in the alumina factories. 

(2) Manufacture of pure alumina locally by extraction with 
alkali, and export of the pure oxide to European or 
American aluminium works. 

(3)- Manufacture, of the, metal in India. 

The first proposal i~ impracticable on account of the low prices. 
of raw bauxite at European ports (228. to 238. per ton was an ordinary 
pre-war price),' whilst the third would involve a heavy capital outlay 
under untried conditions, and, elaborate-pienminary investigation 
before Iower works could be erected. The second proposal involves 
much fmaller ri:;:ks, and it has been found on investigation that' 
there are no technical difficulties' in the way of manufacturing 
alumina. from Indian / bauxites1 ; and in this connection. it is of 
interest to note that 'the price obtained for manufactured alumina in 
England varied from £5-10-0 to £7-10-0 in pre-war years. Several 
concessions have been taken out for working the bauxites of the. 
Central Provinces, in the' practical investigation of which' consider
able progress ha.s been made. 

The occurrence of aluminous laterite at Tikari near Katni, 
Jubl)ulpore district, was first noticed by Mr. F. R. Mallet in 1883.:t 

I Bee. Geol. SUf'1I. Ind •• XXV. p. 29; XXXVI, p~ 220. 
• Bee: ~eol. Surll.Jnd .• ,XVI., p. lI3. 
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Early in 1905, after the Geological Survey had drawn attention to 
the identity of aluminous laterites with bauxite, Mr. P. C .. Duttof 
Jubbulpore secured an exploring license over this area, and later 
prospecting licenses were taken. out by Mr. Dutt and a syndicate 
formed by him called the Bombay Mining and. Prospecting Syndicate, 
with Messrs. C. Macdonald & Co., of Bombay, as Managing Agents". 
The objects of this syndicate were varied, including the_manufacture 
of hydrated alumina, alum and aluminium, of cement and lime, 
and of pottery, fire-bricks, etc.; materials for all these purposes. 
being found within the bauxite concessions" ' 

In August, 1912, the Katni Cement 4Lnd Industrial Company, 
Ltd., was floated to acquire the Katni properties of tlJ,e above sin" 
,dicate; including the bauxite deposits. 

It is understood that investigations are now in progress concem" 
ing the feasibility of utilising the .bauxites of this province for the 
manufacture. of aluminium. 

Asbestos. 
Small quantities of crude asbestos have been won at .Tumkhera 

Khurd' in the Bhandara district, but the samples received by the 
Geological Survey of India were of very- inferior quality.; The 
mode of· occurrence has not been investigated. _ 

Barytes. 
One of the copper lodes at Sleemanabad in the Jubbu'lpore district 

proved to be rich in barytes, aQd. a wagon,load of this was despatched 
to Calcutta about the year 1904 for use in the works of the Shalimar 
Paint, Colour and Varnish Co., Ltd. The quality· was, however, 
found to be poor. This locality is, in any case, not likely to b~' ~f 
much value as a source of barj1ies unless it should provo feasible to 
work the lodes for their metalliferous contents. 

Building Materials. 
Materials suitable for building purposes occ~ in great variety 

.and abundance throughout the province and in all the geological 
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formations. The alluvial tracts, not only of- the Narbada, Puma,. 
Wainganga, Kanhan and other big rivers, but also of many of the' 
smaller. streams, yield excellent brick-clays, whilst kankar is fre
quen tly abundant in the tracts of older alluvium. Laterite, as is 
well known, forms an excellent material for roads and culverts.
and is abundant -in some parts of the province, and its valuable· 
varietYr bauxite, has at times been unwittingly used for road-metal 
and building purposes (e.g., in Balaghat). The Deccan Trap areas 
provide an excellent buildlng stone, viz., basalt (e.g. at Sitabaldi,. 
on the Satpura branches of the Bengal-Nagpur Railway, and in 
many parts of Berar). The so-called Lameta or Infra-trappean lime
stone, cropping out from below the Deccan Trap in, many parts of 
the province; e.g., in the Satpuras and in Nagpur. and Chanda 
(Karamgaon), . consti~utes an excellent ragstone, and has been succes-
fully used for bridges on the Nagpur-Chhindwara branch of the
Bengal-Nagpur Railway. 

Turning next to the Gondwana formation, clay suitable for 
pottery purposes is quarried at Jubbulpore from the Jabalpur 
group of the Upper Gondwanas, whilst sandstones suitable for' 
ashlar work and fine carving may be obtained from the Kamthi 
division of the Lower Gondwanas. Well-known localities.are Bhutara 
hill and Isapur in the Chanda district, Silewada near Kamthi, 
Akhundin Nimar and Ellichpur in Amraoti. Fine white sand
stones are quarried at Sirgora and Pathe in Betul from the Talchir 
stage. 

The Vinahyan formation is a well-known source of. good build
ing stones, the red, yellow and buff sandstones used in· so many 
of the famous buildings of. Northern India being derived from 
-various divisions of th, Upper ViD.dh~ns. In the Central Provinces~ 
the Rewah group neaf Hoshangabad has yielded thin red sandstone 
flags for use as roofing tiles." 

The Lower Vindhayan limestone of Katni has been quarried 
for some years by Messrs. Cook &, Sons and others for lime-burn
ing and building purposes, and is also now utilised by the Katni 
Cement and Industrial Co., Ltd., together with Lower Vindhyan 
shales, for the manufacture of cement. Similar materials are to be 
used by the newly-floated Central Provinces Portland Cement 
Co., Ltd., the works of which are also to be placed near 
Katni. 
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The Raipur limestones and underlying Chandarpur sandstones 
of the Chhattisgarh basin are variously regarded as of Lower Vin. 
dhyan and Cuddapah age, more probably the latter. The limestones 
are now being extensively used for building purposes; in particular, 
s dark bluish limestone from Sikosa in the Drug district has been 
used ,extensively for flooring in buildings at Nagpur. The Pem 
or Pen ganga limestones (Cuddapah) are said to yield good building 
stone in places in the Chanda district (at Kandara). Future in
vestigation may prove the suitability of Chhattisgarh for the estab
lishment of a cement industry based on the use of the Raipur 
limestone, with shale derived from one of the neighbouring coal
fields. \ 

The building stones obtainable from the Bijawar formation are 
of inferior quality. The limestone has been used in the construction 
of temples at Khudia in Hoshangabad, but, owing to siliceous 
bands, is usually too hard to be worked with ease. The coarse sand
stone of Chirakhan in the same district has been used for building 
the fort at Joga and temples in the neighbourhood. The red 
jaspers occurring in this formation might be used for ornamental 
purposes. 

In the Arcruean formations several excellent building and orna
mental stones occur. The most valuable and beautiful is marble, 
often dolomitic, of Dharwarian age. The best known locality is 
the Marble Rocks in the Jubbulpore distric~, but numerous excellent 
marbles occur in the Betul, Chhindwara, Nagpur and.Seoni districts. 
The most accessible localities are at Khorari in the Nagpur distrct, 
and in the Sausar tahsil of the Chhindwara district, where some 
beautifully marked serpentine marbles are found (e.g., near Devi) ; 
but hitherto they have been used only for local railway culverts 
and bridges. In the Dharwar outcrops there are also bedded 
quartzites, e.g., in the kbagarh range in the Bhandara diStrict. 
Such quartzites have been used in the forts at Ramtek and 
Ambagarh. Amongst the various phyllitic and schistose rocks of· 
the ChiIpi Ghat series, slabby rocks suitable for roofing and flooring 
could perhaps be discovered. In the Archman tracts of the Central 
Provinces there are also wide stretches of gneiss and granite, many 
of which would form excellent polished ornamental stone, e.g., 
the gneissose granite near Jubbulpore and in the Satpuras near 
Lamta on the Jubbulpore-Gondiabranch of the Bengal-Nagpur 
Railway. 
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Coal. 
The province contains' over 30 coalfields, of which the following 

is a list::-

SATPURA AREA

Narshingpur district-
1. Mohpani (8). 

. BetuZ district-
2. Lokartalai. _ 
3. Shapur. 

Ohhindwara district-
4. Tawa R. (partly in Betul) 
5. Kanhan R. 

• 6. Hingladevi. 
7. Barkui or Pench Valley. 
8. Sirgora. 

CmlATTISGARH & CmlATTISGARH FEUDATORIES

Korea State-
9. Sanhat (part of Sohagpur field in Rewah). 

10. Jhagrakhand do. 
11. Kurasia (30-50) 
12. Koreagarh. 

Jhilmilli State-
13. Jhilmilli. 

Sarguja State- . 
14. Ramkola-Tataparii (partly in Central India. 
15. Panchb1.arni. 
16. BisrampW. 
17. Bansar. 
18. Lakh~npur (partly in Bilaspur). 
19. Rampur. 

Bilaspur district-' 
20. Damhamunda (in Matin). 
21. Sendurgar (in Matin). 
22. Lapha (part of the Korba field). 
23. Korba. . . 
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CHHATTISG.ARH & CHHATTISG.ARH FEUDA.TORIEs--contd. 

Udaipur State---:-
24. MandR. 

Rai(Jarh State-
25. Raigarh-Hingir (Ramp{u), partly in Bihar & Orissa. 

W .ARDHA VALLEY GRO~ 

Chanda district-
26. Bandar. 
27.Warora (14). 
28. Ghugus (45). 
29. BallarpUr (partly in Hyd~rabad) (36). 

Yeotmal district-
30. Wun-Papur (50). 
31. Wun (2,100). 
32. Junara & Chicholi (partly in Chanda) (75). 

Space will not permit an account of all these fields, for which refer
ences should be made to the "Coalfields of India" by V. Ball and R: . 
R. Simpson. 

All the above coalfields belong to the Barakar division of the 
Lower G.9ndwanas, but, in addition, coal has been found in Upper 
Gondwana rocks at Lameta Ghat and other localities in the Narbada 
valley; such coal has, however, never been considered worthy of 
exploitation except for local purposes, and will not be referred 
to further. 

Considering now the Lower Gondwana coaia of the Central 
Provinces, it may be said that, generally speaking, those hitherto 
worked have yielded coal of second- or third-class quality as compared 
with the best coals of Bihar and Orissa. Samples from some of the 
unworked fields, such as the Kurasia field in Korea State, show, 
however, that the ~ovince does possess' coal of first-class quality, 
though usually in the less accessible parts. As regards' quantity 
the amoUnt of coal in some of these fields is very considerable, 
and, according to the estimate of Hughes, the fields of the 
Wardha valley contain 2,525 million tons of coal, of which 1,Z14 
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million tons is regarded as available! of this 1,500 million tons lies. 
in the Wun field. In cases where estimates have been made, the 
quantities are indicated in millions by the figures placed after the· 
names of the fields in the list given above. 

In spite, however, of the. existence of this large number of coal
fields, the majority have not been worked, partly owing to their 
situation as regards communications and . partly on account of 
inferior qllality. The Warora field, after being worked for 33 years. 
~s a Government colliery,' was closed doWn in 1906, and replaced 
by the Ba.llarpur colliery, which was handed over to a private
fum in 1913. The Mohpani field was first opened up in 1862 by the 
Nerbudda Coal & Iron Co., Ltd., and in 1904 was sold to the Great 
Indian Peninsular Railway. In the Pench Valley (Barkui) field,. 
collieries have been at work sinpe)905, and this field is now served 
by both the Bengal-Nagpur Railway and the Great Indian Penin
sular Railway; and, as will be'seenfrom the figures given below,. 
this field is now the' chief producer in the, Central Provinces. A 
colliery is also 1:Jeing opened out on the Ghugus field, where a pit was. 
sunk and worked for a time as long ago as 1870. Prospecting opera
tions are being conducted in the KUrasia field in K~a, to which 
it is proposed to construct a branch line from the Katni-Bila1:!pur 
Chord of the Bengal-Nagpur Railway. Coal is also being raised 
from the Raigarh-Hingir field, but from the portion situated in the
Sambalpur district of Bihar and Orissa. The following figures show 
the- output of coal from the coalfields of the Central Provinces 
during the years 1914-1918 :-

-

- 1914 1915 1916 1917 1918 

Tons. Tons. Tons. Tons. Tons. 

BaJIarpur . . 89,292 94,880 48,889 95,303 135,375 

Mohpa.ni. . 59,774 5lj,086 48.395 71,693 78,79Z 

Pench Va.lley . 
·1 

95,679 103,152 154,548 204,502 267,303 

TOTAL ·1 244,745 253,118 287,832 371,498 481,470 
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The quality of the coals of the Central Provinces may be judged 
from . the following selected. table of analyses of coals from some· 
of the 'best-known fields. 

___ ~~ ___ -II. _H_ois_t_ure_. !.~::.~ l.i;~~~· ~ _S_u_IP_hur_ •. 1-----

BalpW"1J oool/ield&

Hohpanl, coal 

do. spUnt 

Barkui field 

Barknl 

Sirgora 

CMotlvga,lI ooolfield..-

Sanbat field, lower seam 

do. upper do. 

Kurasla field, Kurasla 

do. Chirmlri 

Bisrampur, Rer & 
PU&Dg riven. 

Bisrampur Mahan & 
1rlasan rivers 

Lakbanpur (Parsa) 

Korba (Ghordewa) 

Wardlla Val,." ooal{Uld8-

Wun·Papur (pisgaon). 

Ghugus 

BaJlarpur • 

2'52 

2'84 

1-73 

5'79 

4-19 

8'66 

7-7 

7'50 

6'91 

11"10 

24-26 

20'55 

22'8 

24'07 

28'0 

28'22 

24'00 

30'92 

29-1 

87·8 

19'6 I 
28'70 

29'08 

19'4 

38-49 

81-56 

48'71 

87'42 

53'6 

52'59' 

61-6. 

44'80 

44'00 

48'86 

51-2 

57'0 

48'0 

50'90 

58"93 

68'9 

45'61 

45'47 

Copper=ore. 

24-01 

38'24 

23'6 

21-61 

10-4 

21-19 

27·81 

11-56 

12'0 

19'6 

12'90 

10'10 

16'7 

20'90 

11'87 

A. verage of-

0'50 10 samples.' 

0'95 

- 3 samples. 

0·73 1 sample. 

3 samples. 

5 

6 

10 

2 

3 

5' 6- seam 

5' seam (2" 
samples.) 

2 samples. _ 

32 boting sam .. 
. pies (32' 
seam). 

1 sample from. 
boring core. 

Copper-ores have been discovered at several localities but none 
of these occurrences has hitherto proved to be large enough' for 
exploitation by modem methods. The best known occurrence is
at Sleemanaoad in tl!,eJubbulpore district, where a series of veins 
up to 4 feeft wide, a:6.d cutting across the strike of dolomites.' 
of Dharwarian age, were made' the object of prolonged prospec-. 
ting operations by Messrs. P. C. Dutt and Bum & Co. some years
ago. The chief ores found were chalcopyrite, tetrahedrite, . and galena, 
with barytes; and selected samples yielded . up to 200 ounces of 
silver per ton. The lodes did not, however, prove', t<.. be large 
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~nough nor sufficiently persistent to justify mining operations. 
Azurite and malachite with oxides of copper occur disseminated 
through schists regarded as of Bijawar, but more proBably· of 
Dharwar age, at Birman Ghat on an island in the Narbada ~ Nar
singhpur district. These ores were mined by the Niubada Coal 
.and Iron Company some 45 years ago, and a certain quantity of the 
-ore was sent to England, but the mine was ultimately abandoned. 
Several of the e~rly samples yielded from 12·6 to 47·8 per cent. 
-of copper, the average yield being 28 per cent. Incrustations of 
wpper carbonates have been found in excavations on a quartz reef 
in the Chilpi Ghat series at Malanjkhandi in the Balaghat district, 
and also in the galena-quartz vein traversing the gneiss near· Chicholi 
in the -Drug district (see page 289). 

Fire=cIay~ 

Fireelay is often found in the Indian _coal measures associated 
-with coal-seams, frequently as ,. an under-clay,. and could probably 
be . obtained from most of the coalfields of ·the Central Provinces 
if required. In particular, it ha3 been noticed as a stratum 11' 3" 
thick above No. 2 s~am at the Warora colliery. Some of t:~e white 
Upper Gondwana clays of J:ubbulpore are found to be exceedingly 
refractory and are used in Messrs. Burn & Co.'s and other local 'pottery 
works. . 

Fluor=spar. • 
Fluorite is found in small quantities in the galena-quartz vein 

.at Clticholi in -the Drug district, and has also been found in minute 
quantities in a vein of altered q.uartz-porphyry carrying copper
and l,ead-ores at Sleemanabad _in the Jubbulpore district. Neither 
occurrence appears to be of -any value as a source of fluor-spar. 

Fuller's Earth. 
This substance has b~~n raised for some years from the Lower 

Vindhyan rocks at Katni, the' average annual output for the 5 
-years (1914-1918) being 196 tons. . 

Gemstones. 
Diamonds were formerly worked at Wairagarh in the Chanda 

.district, but by 1843 the ,workings had been abandoned. The gems 
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lre said to have been obtained from a lateritic grit, and it is suggested 
~hat the source of the diamonds was the Lower Vindhyan (lCud .. 
dapah) rocks of this district.. The geodes of the Deccan Tra~ 
formation are the' source of many varieties of semi-precious stones, 
aU_ of them forms of silica, such a,s agate, carnelian, onyx, jasper, 
amethyst, and rock cry.stal. These minerals are commonly found 
in rivers draining off the Deccan Trap, and their abundance in the 
bed of the Narbada has led to the establishment,of an Indian lapi
dary industry at Jubbulpore, where many varieties of polished 
ligate may be purchased. Although it is not a gemstone,yet it is· 
convenient to mention here that crystal-clear pieces of calcite 
suitable for use as Iceland spar· for optical purposes are sometimes 
found in geodes in the Deccan Trap. Such material would 'probably 
prove to have a considerable market v~lue. 

The Archrean rocks occasionally contain rose-quartz suitable for 
use as an ornamental stone, as at Khaiti in the Chhlndwara district. 
The crystalline limestones of this district sometimes carry a lilac
coloured spinel,which has not hitherto been found in gem quality, 
however. 

Gold. 
Alluvial gold has been obtained from time immemorial by local 

gold-washers or jh<Yras from the river-sands and' gravels of the 
province, but there is no evidence that it exists anywhere in suffi.- /' 
cient quantity to be worth exploitation by modern methods. 
Amongst the districts and states that have thus yielded alluvial 
gold are Balaghat, Bastar, Bhandara, Bilaspur, Jashpur, Mandla, 
Raipur, Seoni, and Udaipur. Such alluvial gold has probably. been. 
derived ultimately. from the ancient Archrean rocks, but the only 
localities where gold has been obtained in situ are Sonakhan in the 
Bilaspur district, where a gold ,mine is said formerly to have existed, 
and Sleemanabad in the Jubbulpore district, .where gold has been 
found in the copper-ores in quantities ranging' ~p to 15 dwt. 
per ton. 

Iron=ore. 
Iron-ores are widely distributed throughout the province, which 

is now perhaps the chief home in India of iron-smelting in small 
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indigenous blast furnaces. The following table shows the number_of 
furnaces at work. durip.g recent years:-

iJaspur 13 

B 
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Returns showing the quantity of iron produced' in these' furnaces 
are no longer available, bu,t the average annual yield per furnace 
is only about It tons. At one locality, Ghogra, in the Jubbulpore 
.district, manganiferous iron-ore is smelted' with I production of a 
-steely iron known as 'khel'i. 

The iron-ores are found in four geological formations, V!2:., 

laterite, the _Chikiala aud Barakar divisions of the Gondwana, the 
'Bijawar, and the Dharwar, of which the last is the most important 
to the modern smelter...', ' 

Lateritic ores are most abundant near Katni in the' Jubbulpore 
<l.istrict, but are also found in Drug, Saugor, Yeotmal and other 
districts. In the Jubbulpore district the lateritic ores are well seen 
at Bijori and in the Kanhwara hills; in the latter locality three band's 
{)f ore, ranging _ from 2 to 21 feet thick, are estimated to cOJ.tain 
49 million tons of ore. One sample yielded 57·52 per cent. of iron 
and 0·76 per cent. of P 206' 

Further south in this district, the upturned edges of the Dharwar 
hematites are capped by lateritoid limonitic ores formed by replace
ment: 
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Brown and red hematite occur abundantly in the . sandstones of 
the Chikiala stage in the valley of the Pranhita, and are smelted 
in native furnaces at ,Yemlapali in Hyderabad territory and at 
neighbouring localities in the Chanda district. 

TIle ores of Barakar age occur as ironstone zones at two horizons 
in the R8.igarh-Hingir coalfield in Raigarh State, being most abund
ant near Kodoloi. / 

Iron-ores are also found in the Bijawar rocks in Nimar, Hoshanga
bad and Narsinghpur. In thetwo former districts the ores ar!' 
almost invariably· hematite, obtained from breccias occurring itt 
,the Bijawar 'series near the junction with the Vindhyans, or from 
debris derived from the same rocks. There is no evidence that these 
.ores exist in suffi.ci~nt quantity to' interest a modern smelter, although 
they have been largely used in the. past by the native smelter. 

At Omarpani near Tendukhera in the ~arsinghpur district both 
hematite and limonite occur irregularly distri-

Narslnghpur district. . .• 
buted ill fissures and hollows among the BlJa-

war limestones and quartzites, and -were formerly smelted extensively 
by indigenous methods. In 1855 to 1857 some 70 to 80 :fur!laces 
were at work with a production of about 140 tons of iron annually. 
This metal was of unusually good quality, and a portion of it was 
ronverted into steel by- re-heating, hammering, ~tling in burnt 
~ow-dung, and plunging into water. No estimate of t~e quantity 
·of ore available appears to have been made. 

'The most valuable and abundant of the Oentral Provinces iron
-Ores occur in the Dharwarian rocks, particularly in the Chanda, 
Drug, and Jubbulpore districts, but also in Bastar State. Magp.etite
has been reported from the Archrean tracts of Kenda zamindari, 
Bilaspur district. 

Wit4 the exception of the Chlhlala- ores referred. to, the iron
ore deposits of the Chanda district are all 

Chanda district. situated in. the Archrean tracts, where they 
form well-marked bands (possibly beds) usually associated with 
Dharwanan rocks. The ore is usually hematite associated with banded 
hematite-quartzites, but magnetite is sometimes -present. At least 
ten separate deposits have been located, and although they have 
not yet been exhaustively prospected, there i:!. little doubt that some 
of them are of large size. The two best known are Lohara, where the 
iron~ore forms a hill ith of a mile Ion&. 200 yards wide, and 120 feet 
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high, and has been traced for a further distance of 21 miles;· and. 
Pipalgaon, where a .very )ine mass of red hematite has been located. 

In 1875 unsuccessful experiments '!.ere made at Wa~ora in 
smelting iron-ore from Lohara and Ratnapur with ,Warora coal 
and a few years later a scheme was proposed for the establishment 
of modem iron works at Durgapur on the E"rai riyer to smelt the
ores of Lohara and Pipalgaon with charcoal fuel, the suggested. 
scale of production being 25,000 tons of pig iron annually. Nothing, 

.however, resulted from this proposal, and the Lohara deposit is now 
leased to the Tata Iron & Steel Co., Ltd., and held in reserve, ~xcept 
when small quantities of this very low-phosphorus ore are requiroo. 
for special purposes at Jamshedpur. The quality of the Chanda 
ores can be judged from the following analyses: 

Asola. • 
"Dewalgaon. 

Lohara 
Pipalgaon 
Poser 
Ratnapur (limonite) -

~ 

Fe. 

65·99 -
61·2 
67-76 
69·21 
71-05 
69·8 
49·7 

BiOI' 

3·89 
11-04 

1-50 
0·82 
4·5 

26·0 
(inaol.) 

B. I 

0'012 
trace. 

P. 

0'005 
trace. 

The occurrence of valuable iron-ores in parts of the RaijlUr district 
(now included in Drug) was not known until 

_ Drug distrid Mr. P. N. Bose briefly referred .to the-chief 
deposits in a paper published in the Records, GeolofJ..icaZ Survey of 
India, Vol.- XX, page 167 (1887). The district having been explored ..... 

. again on oehalf of Messrs. Tata, Sons & Co., by 
-Iron-ores of the Drug Mr. C. M. -Weld, a large area in the Dondi-

district, C. P. .• •• 
- Lohara. zammdarl1 ill the western part of. the 

district was -taken up under prospecting license for detailed exami
nation. The iron-ores, on account of -their resistance to weather
ip.g agents, stand up las 'conspi~uous hillocks in the general peneplain. 
The most striking of these is the ridge ~hich includes the Dhalli 
and Rajhara. hills, extending for some 20 iniles in a zigzag, almost 
continuous line, and rising to heights o~ . sometimes 400 feet above 
the general level" of the flat country around. The iron-ores are 

1 This portion of the Raipur district has bee~ included in the new district of Drug. 
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associated with phyllites and are often of theuaualtype of banded 
quartz-iron-ore schists characteristic of the Dharwar· system. But 
in pIaces, thick masses, apparently lenticular in shape,. are formed. 
of comparatively pure hematite, and one of these in the Rajhara 
hills has lIeen subjected to very careful examination by diamond 
drilling. The Rajhara mass was carefully sampled across the surface 
at each point selected for a drill hole, and the cores obtained were 
also analysed in lengths representing successive depths o~ 10 feet 
each from the surface~ giving altogether 64. sampl~s, which were 
assayed for iron, phosphorus, sulphur, silica, and manganese. The 
average results obtained for the surface ~mples were as' follows: 
Fe, 66·35; P,0'058; S, 0·108; Si02, 1-44; Mn. 0·151 per cent; 
while for the cores the averages were Fe, 68·56; P, 0·064; S, 0'071; 
Siog, 0·71 ; Mn, 0·175 per cent. 

In this mass the prospecting operatiqns thus proved th,e' existence 
of 21 million tons of ore carrying about 67,5 per cent.-of-iron and a 
phosphorus content slightly below· the Bessemer limit. The quan
tity estimated is that which may be regarded as are in sight, while 
almost certainly much larger . quantities ~ay be obtained by conti
nuation of the ore-bodies beyond their proved depth. There are 
other large bodies of are in this area which have not been examined in 
the same detail. These· masses of hematite include. small quanti~ies 
of magnetite, but separate determinations of the iron in the ferric 
state have· not ~een made in order to determine, the relative propor
tions of the two minerals. 

The iron-ores of the Jubbulpore. district have long been famous, 
and although the native industry now e~sts 
'on only a small scale, some of the localities' . 

such lUI Majbgaon near Sihora, are very accessible, so that the in
digenous processes of iron smelting' can be readily studied. A 
.fir,e red ochre has been quarried for some years for' paint manu
facture .at Jauli. The lateritic limonite .deposits of this' diStrict 
have already been referred to. The hematite deposits, apparently 
interb£dded with the Dhalwar phyllites, had for years been supposed 
to be very rich, but prospecting operations conduc;ted. in this area 
by E. P~ Martin and H. Louis have shown that while iron-ore is. 
widely distributed,lmd the formations in ,which it, occurs are promi-
n( 'nt in the district, there are no rich ore-bodies of large size that 
could be Ieli£d cn for the output necesEary to maintain an important· 
u:eushy, ar:d mest of the (lIe, being in the form ~f soft micaceous. 

Jubbulpore district. 

D 
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hematite, would be physically unfit in its natural condition for 
. use in a blast furance. . Generally, also, the ores in' this district 

contain a proportion of phosphorus too high fo,: acid Bessemer steel. 
The following analyses, '-extracted from Messrs. Martin and Louis' 

report (Agricultural Ledger, Calcutta, 1904, No.3), give ~n idea of 
the nature of the ore in the principal occurrences in the Jubbulpore 
district :-

- Iron. SiOa• 
! S. \,' p. _ I Moisture. 

I. Agaria hill. Lateritic ~ 57·58 7·28 0«)2'1~ 0·45 
. cap covering most of 56·85 8·17 0·02 0·125 0·67 

the hill. 3 samples 45·67 l3'90 0·03 0'187 1 0·69 

Soft micaceous hemati-{ 60·70 7·45 0'019 0'075 ! 0·25 tic schists. Ore·lay· 58·40 8'40 0'022 ~ 0'081 I 0·33 
.' 

era only. 2 samples. 

0'074\ 
II. Agaria ridge. Bed Of! 

hematite 4 to 5 feet 50·07 11-37 a'036 \ 0'44 
~hick. dipping 50·. 

"""\ I 
, \ 

III. J auli. Soft handed ~ 64·67 3·70 0'027 ! 0'023 : 0'30 
hematite· quartz- 54·64 16'05 .0'033 \ 0'200 I 0'48 
schists. Picked 65·50 3·37 0'032 0'110 : 0'33 
samples. 55·22 17·32 0'030 0'053 ' 0'21 

The hematitic ores -occur. interbedded with DharwaJ: phyllites. 
Near Sihora silice~us brown hematites were found, 'poorer in 

iron, but physically more suitable for the blast furnace, and in this 
,area there occur patches of manganiferous iron-ore.1 The following 
analyses were obtained from samples obtained at Mansa'kra (Silondi) 
near Sihora. :-

., 
Wider band. 
Narrower band • 
Manganiferous iron-ore ~

e. .1 Mn. I SiOa• ,I S. p. ~~sture 
• 52-I~ ~I~ 0·022 ~~ 
• 44·95 6·28 14·55 0·027 0·352 0'2? 
• 24·45 ,21-47 I 19·60 .0·022 0'163/ 0'80 

The above ores occur as lateritoid replacement products on the 
upturned edges of the Dharwar 'hematite ores. 

I Cf. Bee., Geol. SUNI. Ind., XVI, pp. 101-103. (1883); TraM. Min, Geol. I'Mt. Ind., 
I, p. 99. (1906) and 'em., Geol. SurlJ.jnd., XXXVII, pp. 814,815,821-823, (1909).' -
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Lead and Silver. 
Lead-ores have been located -in several places in this province, 

but in no case have these occurrences been found to be of sufficient 
magnitude for exploitation by modem methods. .As \would be ex
pected, the majority of these deposits are in Archlean rocks, but 
$trings and nests of galena have been' found in Lower Vindhyan 
limestone in the bed of the Mahanadi river near Padampur in 
the Bilaspur district, whilst -some old excavations in the Bijawar 
limestone at Joga Khurd in the . Hoshangabad diStrict yielded a 
.sample of limestone with disseminated galena carrying 21 ounces of 
£ilver to the ton of lead. 

The other occurrences ar~ in Arch8'lan rocks. The most im
-portant deposit is probably that at Rani..talao ilear Chicholi in the 
Drug district, where a well-marked quartz-vein, ranging in width 
from 6 to 30 feet, has been traced for a distance of I! miles through 
gneiss. The vein contains both galena and fluorspar, but the propor
tion of galena to vein-stufi appears to be small. SpecimenS of ore 
yielded over 9 ounces of silver per ton of lead. A small output of 
lead-ore from this district was reported in the years. 1914 to 1916, 
but it is not known whether the production was from the locality 
mentioned above. 

Argentiferous galena also occurs in association with the copper
lodes of Sleemanabad - in the Jubbulpore district, whilst fragments 
(}f galena have been found near Nimbha in the Nagpur district. 
Finally, galena has been recorded from two localities (Bhelaunda 
and Chirai Khurd} in SargJlja State • 

• 
Lignite. 

In 1884, Mr. P. N. Bose described' an occurrence of lignite in logs 
up to6 inches in diamater elJ).bedded in alluvial peaty clay below the 
sand of the Karun river 3 miles south-west of Raipur. _ Similar deposits. 
were said to occur at other localities in the same neighbourhood, and 
:Mr. Bose concluded that the quantity available 'might be. consider
able. The composition was as follows (average of two samples):-

Moisture 
Volatile matter 
Fixed carbon • 
Ash 

16-70 
48-60 
2H5 
5-55 

100-00 

D2 
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Lithographic Stone. 
The occUlTence of stone suitable for lithographic purposes has 

been recorded from two. localities in the province. The material 
from one source, viz-,' the Raipur district, and therefore presumably 
a Cuddupahlimestone, was. formerly used at the Raipur jail press. 
The other locality is near Hatta in the valley of the Sonar river in 
Damoh district, where a. thin-bedded compact limestone of Upper 
-Vin.dbY/l,nage is found. No trial of this stone appears, however. 
to have been made. -' 

Manganese=ore. 
Judged either from quantity . or varne of the annual production, 

the manganese-ore' industry is the ~ most important mineral industry 
of the province, which contains· some of the finest· manganese-ore 
deposits in the world. These'cleposits are associated with a series of rocks 
known as the gondite series; regarded as me~morphosed mangani
ferous sediments of Dharwar age and characterised by. the presence of 

-various manganiferous silicates, the most ilhportant of which are the 
manganese gamet, spessartite, and the maiiganese-pyroxene, rhodonite. 
The ore-bodies consist typically of braunite and psilomelane, occasionally 
with hollandite, vredenburgite and sitaparite, and occur as lenticular. 
masses and bands intercalated in quartzites, schists,and gneisses 
of Archrean. age. The rocks of the gondite series are developed 
typically in the Chhindwara, Npgpur, Bhandara and Balaghat 
districts (and to a small extent in Seoni); in the' portion of the 
Balaghat district .east of ~he Wainganga river the manganese-ore 
horizon occurs near the base-of the Chilpi Ghat series, which is regarded" 
as a less metamorphosed facies of the rocks to the west of· the 
Wainganga. That a portion at least of these ores is of primary 
origin'is proved by the OCCUlTence in intrusive pegmatites of fragments 
of the invaded manganese-ore deposit. . 

Although the occurrence of manganese-ores in this province has 
. been recorded on several occasions from 1829 onwards, it was not 

until 1899 that the first prospecting license was applied for in the 
Nagpurdistrict, the .first shipment taking place in 1900. Work 
commenced in the Balaghat district in 1901, in the Bhandara district 
in 1903, and in the Chhindwara diStrict. in .1906, and together these 
four districts have been responsible fOJ practically the whole of the 
output . of manganese-ore from this province up to date. In the 
first year, 1900, the production totalled 47,~57tons, rising to 351,880 
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tons in 1906 and 565,017 tons in 1907; thereafter, it has averaged 
about 500,000 tons annually, the -maximum production being 649,307 
tons in 1913. Except for small quantities of this ore that have 
been smelted at Jamshedpur and Kulti with production of -ferro
manganese, the whole of this ore is exported: The export values of 
the Central Provinces' manganese-ore production since 1906 have 
fluctuated between £403,526 in 1909 and £1,363,648 in 1917, the 
highest pre-war total being £1,314,412 in 1907. 

As an index to the large size---of some of these deposits" the fol
lowing table may be of - interest:-

Total Production of Manganese-Ore from certain .Oentr,al J;>rooinces 
Manganese-Ore Deposits. 

. Year of com- Total-pro • 
Mine District. mencement duction to· 

of work. end of 1918. 

Tons. 
Balaghat , · Balagbat. 1901 1,069,192 

Kandri · · · Nagpur. 1900 670,281" 

Chikbla (with Yedar~uchi) • Bhandara. 1901 638,196 

Thirori Balaghat. 1902 503,194 

KachiDhaQ80 · · · Chhindwara. 1906 441,740 

lIansar · Nagpur. 1900 438,023 
· . 

LOhdongri ~ 
do.· 1900_ 268,161 

Kodegaon · · · .- do. 1903 214,~19 

lUiragpur • · - Bhandara. 1905 199,976 

Bukli . . · · · · · do. 1905 191,620 

Gumgaon·. · Nagpur. 1901 184,560 

Ukua (with Gudma and Samnapur) .' Balaghat. 1906 135,891 

Kosumha • · " · Bhandara. 1905 107,161 

J unawa.ni • · Nagpur. 1906 10~167 
• 

Bhodan Hurki · · · • · . BaJagbat. 1912 105,783 

Ramrama. · · · ; · . do. 01906 103,853 

Kacharwahi · · · · Nagpur. 1902 . 103,901 -
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The quality of _the nui.nganese-ores from these foUr districts 
may be judged from .the following .figures;-

Range oj Analyses oj Manganese-Ores frmn the gonditic depo.sits oj 
the Central Provinces. 

- Balaghat. Bhandara. I Chhindwara. Nagpur. 

Number of analys~. 13 13 I 9 ..... ~O 

Manganese · 49·08-54·51' 49'~54'07 48·95--54·97 42·28-56'52 
Iron 5·28- 9·10 3'86-10·25 5'00-ll-77 2'09-16'34 
Silioa 1-62- 6'02 2·08- 6-50- 4·98-10·63 2·90-18-48 
Phosphorus . 0,04-- 0·24 0·06- 03·4 0·06- 0·28 0'04- 0·65 
Moisture · 0'12- 0·85 0'09- 1·00 0·00- 1·27 O'll- 1'32 

Means oj above analyses. 

~ Balaghat. Bhandara. I Chhindwara. Nagpur. 

I 
< 

Number of analyses. 13 13 8 . 30 

Manganese 51-88 51-94 52'72 51-53 
Iron . · . NO 7·27 7·08 . 6·24 
Silioa 3·74 4-59 7-16 7-25 
Phosphorus O'll 0·14 0-11 0-215· 
Moisture .- 0-37 0·44 0-38 0-49 .. , 

The above samples ,were taken at or close to the surface, and· 
deeper -working ~ revealing a tendency .towards a progressive in-
crease of phosphorus 'contents with· depth. . 

_. For information as .to costs. of working and other economic 
conditions, reference should be made .to pages 135 .to 169 of Records 
Vol. 'XLVI, (1913).' " 

In addition to the gonditic areas referred .to. above, relatively 
unimportant manganese-ore, deposits are found near Sihora and 
Gosalpur in the Jubbulpore district on the outcrops of rocks of 
Dharwar age, associated with the latter in such a manner as .to !eave 
little doubt that 'the ores have been formed by the replacement 
at the sU1&face of .Dharwar phyllites and quartzites. The masses 
of ore thus formed do no~ _ consist entirely of manganese-ore, but 
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often contain considerable quantities of iron-ore; and every grada
tion is tQ be found from manganese-ores' tm:ough ferruginous man
ganese-ores and manganiferous iron-ores, to iron-ores.. The masses of ore 
thus formed are often more or less cavernous and bear corisiderable 
resemblance to ordinary laterite and have in consequence been called 
lateritoid ores. The mineral composition .of the ores thus formed 
is usually fairly simple. ~e manganese-ores are pyrolusite, psilome
lane, and wad, whilst the iron ores are limonite and earthy hematite. 
Chemically, these lateritoid ores show a greater range of cOD;lposi
tion than the gondi1ic ores. The manganese is usually relatively 
low, so that the ores won consist mainly of second-grade manganese
ores and third-grade ferruginous manganese-ores: Such deposits 
would be worked to the greatest advantage if a market coWd be found 
for the iron-ores and mB.ngairiferous iron..ores, as well as for the 
manganese-ores. The ores of this district are of little value 
econOmically, bui"there has' been a small. output of recent years, 
possibly for special purposes:-

1907 
1908 
1910 
1915 
1916. 
1917 
1918 

/ 

. /:-
~/ 

Tons. 
7,100 

48 
300 

11 
576 
300 
65 

The quality of the 
analyses :-:-

pres available-js--.sllown by the ~ollowing 

I MA.NOAlllESB·OBB. MANGAlII~BOUS mON·OBE. , 
--

Range. Mean. Range •• Mean. 
---.... 

. Number of analyses. 3 / 3 7 7 .. 
Manganese 34·53-56·80 45·56 6·20-25·60 20·26 
Iron .1-60-10'30 4·79 19'17-47·10 28·78 
Silica .. 1-40- 4·79' 2·68 4'40-23·40 I 12'99 
Phosphorus '0·03- 0'46 0·215 0'02- 0·85 0·25 
Moisture 0·39- 0·90 0'56 0'12- 0·65 -

Two occurrences of manganese-ore, at Ratanpur and Gorakona 
in the BiIaspur district, consist of pyrolusite,. psilomelane, and wad,. 
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formed by the replacement of rocks" mapped as belonging to the 
Chilpi Ghat series. 

In addition to, the occurrences referred to' above, . manganese- _ 
ores of nO' econon;ric significance have been found in several other 
districts. Impure wad has been. found at Sontulai in the Hoshan
gabad district associated with ,rocks of presumed Bijawar age. In 
the Chandgarh and Harsud tahsils of the Nimar distriCt four occur
rences are known associated with four different geological formations, 
viz., Bijawar, Vindhyan, La:t;Jleta and Deccan Trap, and, except the 
last, are probably examples of surface impregnation and replace-. 
ment, and are of no economic value. In the Yeotmal district, 
manganiferous sandstone and nodules of manganese-ore in red 'clay, 
hoth of LOIVer Gondwana age but of no value, have been found. 

Mica.' 

In the Central Provinces pegmatitic rocks abound, but although a 
certain amount of attention has been given to mica by prospectors, 
no deposits worth exploItation have yet beea located: The largest 
plates hitherto discovered were obtained from .Tungani in Bastar 
State and measured 4 to 5 inches across, but, they were weathered 

. and damaged by' gliding planes: Attempts to work mica have 
also been made at Chitadongriand Bamni in the :8alaghat district 
and at Komochoki ill Bilaspur district. 

Mineral Waters~ 
• .-

Although lndia is endowed with a large number of thermal and 
medicinal springs, 'yet no attempt has been made by modern enter
prise to turn these resources to account. In the Central Provinces 
the following springs are known:- _ 

I 

District. I Locality. I Situation. Temperature. 
," 

Properties. 

I 
Chhindwara Anhoni • : Trap dyke 1MoF. Sulphurous. 

H06hangabad • Anhoni Samoni i Trap dyke 11,oF. - Sulphuretted hydrogen. 

Sarguja . Tat LpLni Line of fracture 136°_190°F. Sulphuretred hydrogen 

.1 Khaur 

&; deposits siliceous 

! sinter. 

YootmaJ • . I - 87"F. Deposits calcareous tufa. 

, \ 
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Ochre. 
Both rOO and yellow· ochres occur at several localities . in the 

proyince, and for many years there has been a small industry for 
the manufacture of paint from the red ochre mined at J auli in the 
·Jubbulpore district. The occurrence is in rocks of Dharwar age. 

Red ochre is also obtained in the Gandai and Thakurtola zamin-
1iaries in the Drug district and in the Salitekri hills in the Balaghat 
district-in all Cases probably. from the Chilpi Ghat series, the local 
.form of the Dharwars. 

Yellow ochres are said to be found in the Chanda district and 
near Kalmeshwar in the Nagpur district. 

Both red and yellow ochres are used locally for colouring houses, 
whilst the red ochre is also used for dyeing the clothes of particular 

. castes. 
Salt. 

In the valley of the Puma river in .Berar, there was formerly 
a salt industry dependent upon brine obtained 'from wells sunk 
in the alluvium, the brine being found ~ a: depth of 90 to 120 feet 
with a head of 15 to 20 feet. The brine was evaporated by solar heat 
'in shallow pans. The centre of the industry was Dahihanda in the 
Akot tahsil of the Akola district. In 1885-86 there were four 
hundred wells, yielding to Government a revenue of Rs. 24,000; 

"each well produced about 20 maunds of salt permensem. 
. . A certain quantity of salt is obtained as a bye-product in the 
manufacture of carbonate of soda from the brine afthe Lonar lake 
in the Buldana district' of Berar. It has also been noted .that beneath 
'the alluvial deposits of Western Chanda is a deposit of saliferous 

'sand or clayey sandstone. The salt, appears as an effiorescence, and 
"two samples gave an average of 85·23 per cent. NaCI and 13·94 
1>er cent. l'rlgSO~. 

Soda. 

In the Deccan Trap basalts near the village of Lona.r, in. the 
'Buldana district, Berar, is a circular crateriform hollow 300 feet 
1ieep and about a mile in, diameter,. and probably of volcanic, origin, 
ofI.lthough views differ' as to its exact· mode of formation. This hollow 
is occupied by a shallow lake, the waters of which contain a large 
proportion of carbonates of soda, which crystallise out on the 
evaporation of the lake during the hot season and are used in the 
m~nufacture of glass arid. soap. ' According to one estimate; 'ij M~rch, 
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1910, when the maximum depth of the lake was 2 feet, the water 
contained 2,000 metric tons of sodium carbonate, whilst the upper 
layer of tJie lake mud to a depth of 1·5 metres contained about 4,500-
ton~. Six varieties, of salt are prepared of the following rang~ of 
composition :-

Na.CO •• 
NaHCO •• 
NaCI 

.' 

Per cent. 
• 46·90 to 1l·67 
• 33-18 to 8·58 
• nil to 71-11 

. The ratio of carbonate to bicarQonate correSponds. closely to that 
for the mineral trona or urao. . 

The rights to work the lake are let out on short-period contracts,. 
and the output from 1909 to 1913 was about 450 tons. 

The occurrence of rehr at Paunar in the W /trdha· district has 
_been noticed. It is used for washing clothes and making soap. 

Steatite. 
Steatite (talc,. soapstone, potstone) has been found at several 

localities in the Central Provinces, usually in the Archrean terrane .. 
The best-known locality is th~ 'Marble Rocks near Jubbulpore,. 
where the stea~te "fOrms steeply dipping pockets in the Dharwar~n 
dolomites. This steatite is ·slightly schistose, and varies from white 
to pale sea-green in colour. The deposits· yield several hundred 
tons of steatite annually (see page 272), and one of the concession-. 
aires has established at JubbulporEt a special plant for grinding the 
mineral, which is marketed in the powdered form. 

Potstone and steatitic schist-probably of_ Dharwarian age-have 
been reported from several localities in the Bhandara district, whilst 
at Jambal Ghat in the crystalline area of Qhanda is a dark-coloured 
potstone formerly used for carving into idols and household vessels. 

So~pstone has also been reported from near Wun; the· geological 
association of this occurrence is unknown, but it must be with 
post-Afchrean rocks. . 

Tungsten=ore. 
The only known occurrence of wolfram in this province is that 

discovered at Agargaon in the Nagpur district, in 1907. The wolf
ram occurs sparsely scattered in veins and stringers of quartz inter
bedded with mica-schists and tourmaline-schists of Dharwar age. 
The veins, however, are small, and the total amount of wolfram 
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obtaineil appears to have been some 3 or 4 tons. Traces of scheelite
have been found in association with the wolfram: 
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MISCELLANEOUS NOTE. 

Note ~n Sipylite from the NeUore District,.. Madras Presidency. 

During a recent visit to the Nellore Mica Belt I had an opportunity 
to look over a quantity of samarskite which had been obtained from 
the Sankara mine. (See Ree. G. S. 1., Vol. XLI, p. 210, 1911.)
With the samarskite was a piece of. a quite distinct _ mineraJ.. I 
took this for further examination. ~ore recently Mr. F. Gaston of 
Messrs. F. F. Chrestien & Co. has sent another specimen of the 
Bame mineral from the Ruzulapad Mica mine:-' The, latter locality 
is about two miles north-west of Sankara and not far from the village 
{)f Orupalle. The two specimens agree in every respect and there 
is no doubt as to their identity. . . 

The specific gravity is 4·89. The mineral is brittle and the frac
ture splintery and uneven. The lustre is resinous and almost splen
dent. The colour 01 small splinters and thin sections is a bright 
red-brown. The streak is cinnamon brown. There is one prominent 
cleavage. Neither of the specimens show any approach to crystal 
outline. . 

The powdered mineral is partially decomposed by 'hydrochloric 
acid ~nd completely by concentrated sulphuric acid. .A qualit~ti've 
analysIs has proved the presence of niobium, rare' earths, llon, uraruum,. 
calcium and magnesium. Zirconium is probably present but the 
test was not conclusive. 

The physical and chemical characters corresponq. very closely with 
those of the mineral SipyZite. 

[G. H. TIPPER.] 
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Explanation of Pl. 39. 

Fig. 1. Pseudomorph in uranium ochre after uraninite. 
(To the right of the large crystal .ia a lIimilar but smaller 

Pseudomorph). 
Figa. 2. S &; 4. Monazite erystals. 
Fig. 5. Crystala of Columbite in parallel growth. 

Fig. 6. 
Fig. 7. 
Fig. 8. 

(Note the angle between o. 001 &; B. 100 is not 900
, but is 

less, due to the tilt of the outer portion of the orystal). 

Crystal of Columbite. 
00. showing ourvature of the small side units. 

Crystal of M iorooline. . 
(All figures .. atural sile). 

7. 

of a 
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FIG. 1. MULTIPLE TWINNING IN MONAZITE FROM MYSORE. 
CraSled Nicols (X 19). 

Pllolom;tI'o. /)y K. F. WlllkilUlJ". G. S. I. Ca/tulla. 

FIG. 2. ZONING IN ZIRCONS FROM ABRAKI PAHAR. 
Ordinary light (X19). 



· Fig. 't Intergrowth of monazite & apatite. ~onazite oristall in a 'matrix of green apatite. (Refleoted light X S). 

Fig. 2. Monazite orystal. showing parallel growth. The p'ominent face ia w.10l. (Natural size). 

Fig. S. Monazite orystals. Interpenetration group. (Natural size.) 

Fig. 4. Dihexagonal orystal of apatite on monazite. ( " ) . 

Fig. 5. Contaot photograph with a pieoe of pitohblende from Pichhli showing cracks filled with decomposition product. 
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Pholograplll 6y K. F. WaI";;tlO". c. S. I. Calmtta. 
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.FIG. 1. CLINOGRAPHIC PROJECTION OF MONAZITE. 

bo," 

c. S. I. Caltlll/a. 

fiG. 2. CLINOGRAPHIO PROJECTION OF COLUMBITE. 
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. FIG. 1. PLANE POLISHED SURFACE OF SALT SCHIST, 
ra) Grey, non-bituminous (b) Black, bituminous. Photographs by reflected light 

(Natural ,'-u). 

PltDtogra/,11S 67 K. F. Watlli,mlO. C. S. I. Calcutta. 

FIG. 2. PORTION OF CRYSTAl., OF NATURALLY RECRYSTALLIZED BITUMINOUS SALT, 
Showing achiatoae arrangement of the bituminous matter through the crystal. 

Photographed by tran.mitted light ( x 2). 
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PHOTOMICROGRAPH OF THE CENTRE OF A CRYSTAL OF NATURALLY RECRYSTALLIZED BITUMINOUS SALT 
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I.-INTRODUCTION. 

THE method of classification adopted in the first Rt'view of 
Mineral Production published in these Records (Vol. XXXII) 

although admittedly not entirely satisfactory, is still the best that 
ean be devised under :f?resent conditions. The methods of collect-, 
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ing the returns are becoming more precise every year and the 
machinery employed for the purpose more efficient. Hence the 
number of minerals included in Class I-for which approximately 
trustworthy annual returns are available-is gradually increasing, 
and it is hoped that before long the minerals of Class II-for which 
regularly recurring and full particulars cannot be procured-will be 
reduced to a very small number. In tpe case of minerals still 
exploited chiefly under primitive native methods and thus forming 
the basis of an industry carried on by a large number of persons 
each working independently and on a very small scale, the collection 
of reliable statistics is impossible, but the total error from year to 
year is not improbably approximately constant-and the figures 
obtained may be accepted as a fairly reliable index to the general 
trend of the industry. In the case of gold, the small indigenous 
alluvial industry contributes such an insignificant portion to the 
total outtum that any error from this source may be regarded as 
negligible. 

From table 1 it will be seen that there has been an apparent 
increase of over £6,000,000 or 38'39 per cent. in the value 
of the total production over that of 1918. The value figures, 
however, are largely artificial. In some instances although the 
output has increased in quantity, it has decreased in value. 
This decrease is principally due to the fall in the market prices 
of ores and metals which indicate that the market is gradually 
rt-turning to normal conditions as a result of the cessation of the 
war. In accordance with an order of the Government of India, 
the sterling values in all tables for the year 1919 have been derived 
from rupee values by conversion at the rate of Rs. 10=£1. 
The actual average value of the rupee during 1919 was Is. 8~d. 
(Rs. U' 514 =£1) ; the highest value reached was 2s. 4 ~ d. and the lowest 
value Is. 5~d. The values for the year 1918 have been calculated at 

32 
the rate of one rupee=ls. 4d. (Rs. 15=£1), the actual average value 
of the rupee being Is. 5Psd.; the highest value reached in that 
year was Is. 5~d. and the lowest Is. 4¥Zd. 

The number of mineral concessions granted during the year 
amounted to 708 as against 719 hi the preced

Minerai Concessions ing year; 602 of these were prospectinG 
tlranted. 

licen,s~s and, t06 ~nin~ leases, 
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TABLE I.-Total mlue oj Minerals Jor which returns oj Production 
are amilable Jor the years 1918 and 1919.1 

1918. 
(Rupee 

=18.4d.) 
1919. Increase. Decrease. 

(Rupee=2B.) 

Varl&
tion per 

cent. 

-----J------iJ----I----I----

Coal • 
Gold 
Petroleum 
Salt 
Manganeae(a) 
Mica(a) • 
Lead and Lead·ore 
Tongsten·ore • 
Silver. • 
S&ltpetre • • 
Building materiaJa 
Tin and Tin·ore. • 
Ruby, Sapphire and Spinel 
Chromite • • • 
J adostone(a) • 
Monazite • • 
Copper-ore. • 
Clay. • • 
Iroo·ore • 
Diamond • • 
Magnesite. • 
Steatite • 
Corundum • 
Alum • 
Ochre • 
Gypsum • 
Bausite • 
Aet-toa 
~ 
Anumony • 
Graphite • 
Ambs 
Apatite • 
Molybdenite 
Potaah • 
Samankite • 
Aquamarine 
Platinum • 

£ 
6,017,215 
2,060,152 
1,131,904 
1,645,195 
1,481,736 

625,271 
450,477 
726,681 
295,696 
589,190 
263,290 
134,635 
40,310 
62,063 

124,113 
58,819 
4,053 

14,OS4 
41,105 
2,625 
4,641 
7,708 
4,108 

960 
2,890 
1,139 

894 
965 

2,948 
6 

361 
87 

3,400 
62 
46 

4 
180 

2 

Total .1 15,78,,114 

(a) Export valUe& 

£ 
10,119,256 
2,256,039 
1,834,308 
1,823,522 
1,546,330 

863,448 
668,642 
539,544 
487,246 
471,247 
436,183 
241,150 
IOS,OS7 
88,724 
87,102 
60,712 
52,416 
49,960 
45,887 
20,825 
19,728 
6,498 
5,347 
4,800 
3,600 
2,869 
1,934 
1,656 
1,561 

203 
819 
616 
600 
101 
42 
10 

£ 
4,102,041 

195,887 
702,404 
178,327 
64,595 

238,177 
218,165 

191,550 

172,893 
106,515 
67,777 
36,661 

1,893 
48,363 
35,876 

4,782 
18,200 
15,OS7 

1,239 
3,840 

710 
1,730 
1,040 

691 

197 
488 
629 

39 

6 

£ 

187,137 

117,943 

37,011 

1,210 

1,387 

2,900 

180 
2 

ZI,850,'IZ 6,409,872 347,774 
\ I 

+6,061,898 

+68·1 
+9·5 

+62 
+10·S 
+4·36 

+3S·1 
+48·32 
-%5·75 
+64·72 
-20 
+65·7 
+79·1 

+168-1 
+7004 
-29·S 

+3·2 
+1193·2 
+254-7 
+11·6 

+693·3 
+3250()8 
--15·7 
+30·16 

+400 
+24·6 

+151·9 
+116·4 
+71·6 
-47·05 

+1%6·9 
+ 60S 
-85·3 
+63 
-8·7 

+I50 

+3S·311 

1 Tbe increuee or decleaaea are shown in sterling values, taking the rupee at u. 44. 
for 1915 aDd at 28. for 1919. (Tbe true aV8l'&(:e for 1918 WII8 ... 5ttf. and for 1919, 
l •. ~) 

B2 
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Chromite. 
Coal 
Copper. 
Diamonds. 
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n.-MINERALS OF CROUP I. 

Gold. . 
Graphite. 
Iron. 
Jadeite. 

Lead.. 
Magnesite. 
Manganese. 
Mioa. 
Tungsten. 

Chromite. 

Monazite. Salt. 
Petroleum. Saltpetre. 
Ruby, SaJ:lphire Silver. 

and Spinel. Tin. 

The marked increase in the output· of chromite during the year 
1918 was not repeated during the present year. In fact 
there was a 'distinct decrease in output, especially in Baluchistan, 
but a decided increase in the total value of the material won, which 
is due largely to the increase in the exchange v~lue ()f the rupee. 
The recently discovered property in Mysore all but maintained 
its yield of the year previous. 

TABLE 2.-~ua,ntity and value 0/ Ohromite produced in Ind1'a during 
1918 and 1919. 

1918. 1919. 

-
I Quantity. 

Value. Quantity. Value. 
(Rupea=18.4d.) '(Rupee=28.) 

I 

Tons. Rs. £ Tons. Rs. £ 

Baluohistan 22,944 3,44,160 22,944 13,223'3 4,29.757 42,976 
'Bihar and Orissa. 

I 
1,085'5 24,666 1,644'4 843·8 '12,721 1,272 

Mysore. 33,740 4,12,115 27,474-3 22,372 ' 4,44,766 44,476 

--- ---
Total ., 57,769'5/ 7,80,941 62,062''1 36,439'1 8,8'1,214 88,'124 

Coal. 
There was an increase of about 2 million tons, or over 9 per 

cent., in the output of coal. This increase was due largely to Bengal 
and Bihar and Orissa; Central India and Baluchistan shewed a 
decided decrease. There was a small increase in the pit's mouth 
value everywhere, except in Central India and the Central Provinces. 
In the fields of Bengal and Bihar and Orissa, the rates of increase 
were respectively 'Re. 0-1-2 and Re. 0-2-11 per' ton. 
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TABLB S.-Average price (per ton) of coal extracted Jrom the :JJfines 
in each prwince during the year 1919. 

Assam • 
Baluohistan 
Bengal • • 
Bihar and Orissa. 
Burma • • 
Central India • 

Province. 

Central Provinoea • • 
North-West Frontier Provinoe 
Punjab • 
Rajputana 

Average prioe per ton. 

Rs. A.. ;po 
7 10 6 

15 12 2 
501 
412 

(a)O 4 0 
397 
570 
500 

il 12 8 
690 

(a) The low value is due to difficulty of transport: 

T A.BLE 4.-Origin of Indian Coal raised during 1918 and 1919. 

Average of I 
la.at five I 1918. 1919. 
years. 

Tons. I Ton& Tons. 
Gondwana Coalfields • ·1 17,542,676 i 20,322,892 22,238,802 
Tertiary Coalfields • ! 408,907 I 399,601 389,235 

Tota! ./ 20,7Z2,493 22,628,037 

TA.BLE 5_-Provincial Production of Coal during the years 1918 and 
1919. 

Provinoe. 1915. 1919. Inorease. Decrease. 

Ton& Ton& Ton& Tons 
Assam · 294,484 291,734 ... 2.7sn 
Baluchistan · · 43,125 34,328 '" 8;7117 
Bengal. • · · 5,302,295 5,777,632 475,337 ... 
Bihar and Orisea 13,680,030 15,119,812 1,439,782 ... 
Burma • ... 1,500 1,500 ... 
Central India 199,975 182,141 ... 17,83,1 
Central Provinces 481,470 497,021 15,551 ... 
Hyderabad. • 659,122 662,196 3,074 ... 
North-West Frontier Provinoo 240 20 ... 220 
Punjab . . · 50,418 46,893 . .. 3,525 
Rajputana . . · 11,334 14,760 3,426 . .. 

Total 20,7Z2,493 22,628,037 1,938,670 33,126 
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TABLE 6.-0utput of the Gondwana Ooal fields for the ywrs 1918 and 

1919. 

I 1918. 1919. 

--
I 

Per cent. of Per cent. of 
Tons. Indian Tons. Indian 

Total. Total. 

Bengal, Bihar and 0ri8Btr-
Daltonganj · · 81,816 .·39 63,250 ·28 
Giridih . · 846,592 4·09 950,045 4·20 
Jainti . · · 140,373 '68 154,850 ·69 
Jharia · 10,952,010 52'85 12,145,917 53'68 
Bokaro-Ramgarh • • 541,977 2·62 722,682 3·19 
Raniganj • • • 6,368,519 30'74 6,815,126 30-11 
Sambalpur (Hingir-Rampur) 51,038 ·25 .45,574 ·20 

Oentral India-
Umaria · · · 199,975 ·96 182,141 ·80 

Oentral Provinces-
Ballarpur • · · 135,375 ·65 126,366 ·56 
Pench Valley · · ;!67,303 1-29 285,356 1·26 
Mohpani 78,792 ·38 85,299 '38 

Byderabadr-
659,122 3·18 662,196 2·93 . Singareni • · 

Total · I 20,322,892 1 98-08 I 22,238,802 I 98'28 

TABLE 7.-Output of Tertiary Ooalfields for the years 1918 and 1919. 

1918. 1919. 

- Per cent of Per cent of 
Tons. Indian Tons. Indian 

Total. Total. 

.A8sam--
Makum · · · · 267,749 

~ H2~ 
259,652 

~ Naga Hills · · 24,299 29,941 1·29 Sibsagar • • 1,827 1,541 
Khasi and Jaintla Hills · . 609 600 

Baluehistan-
Kh08t · • I 29,600 

~ '
21l 23,703 

~ Sor Range •• 13,525 10,625 ·16 North-West Frontier Provi1ll11 - 240 20 
Buf'1Tl4-- · · ... 1,500 
Punjab--

39,651 } -2~ Jhelum · · 35,845 } Mianwal .. · 5,152 5,822 ·21 
Shahpur · · · · 5,615 5,226 

Bajputanat-
11,334 ·05 Bikanir • · · · 14,760 ·06 

Total · 399,601 1'92 389,235 I·n 
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Exports of coal rose to over half a million tons. Imports, on the 
other hand, fell from 54,000 tons ,to 49,000 tons. 

TABLE. 8.-Exports of I »dian CoaZ. 

1918. 1919. 

- Value. Value. Quantity. (Rupee Quantity. (Rupee";' 28.) 
=1&.4d.) 

Tons. £ Tons. £ 
Ceylon • • • • 51,935 36,442 296,192 353,169 
Straits Settlements (including 10,279 6,853 116,304 128,899 

Labuan). 
Sumatra. . · · ... ... 41,756 51,350 
Other Countries . · · 12,121 8,703 53,678 67,476 

TO~AL 74,335 51,998 507,930 600,894 
------

Coke and Patent Fuel · · 131 346 607 2,917 
.-

Total Coal, Coke and Patent Fuel 74,466 62,344 508,537 603,811 

TABLE 9.-Import& 01 Coal, Coke and Patent Fuel during 1918 and 1919. 

1918. I 1919. 

- Value. 
Quantity. (Rupee Quantity. Value. 

=1&.4d.) (Rupee=28.) 

Tons. £ .Tons. £ 

Australia (including New Zea- 4,857 9,741 3,329 6,364 
land). 

Natal. • • · · 13,020 29,805 18,089 54,302 
Portuguese East Africa · 22,680 37,416 16,880 43,716 
United Kingdom · · 7,680 33,944 4,656 19,750 
Other Countries • · · 5,065 17,578 4,734 10,588 

TMAL · 53,202 128,484 1 47,688 134,720 

Coke . . · · 1,144 6,227/ 957 6,773 
Patent ·Fuel . · ... 11 30 171 

Total · 54,346 134,722 1 48,675 141,664 
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The average I)umber of persons employed daily in the coalfields 
increased by over 12,000 or abonp 6t per cent. The average output 
per person employed was more than that in the preceding year, 
viz., 111'05 tons as against 108'3. The total number of fatal 
accidents was 287 corresponding to a death-rate of 1'41 per thousand 
persons employed. 

TABLE 10.-A.verage number ()f persons employed daily in the Indian 
Coalfields iluring 1918 and 1919. 

Output. Number Dea.th-
rate pel' 

Provinoe. Number of persons em- per of deaths 1,000 ployed. person byaoci- persons employed. dent. employed. 

1918. 1919. 1919. 1919. 1919. 

Assam 3,085 3,230 90·3' 13 4·02 
Baluohistan · · 993 1,006 34-1 4 3'97 
Bengal • 46,149 1 48,642 118·8 72 1-48 
Bihar and Orissa · ~~~,849 129,927 116'4 161 1·24 
Burma. · 70 21-4 ... .. -
Oentral India • 3,047 1,293 140·9 1 ·77 
Central Provinoes · 6,052 6,306 78'8 9 1-43 
Hyderabad · . 11,582 11,974 55·3 26 2·17 
North-West Frontier 12 5 4·0 ... ... 

Provinoe. 
Punjab • · 1,358 1,191 39·4 1 '84 
Rajputana. · · 198 108 136·7 ... '" 

I 

Total · 191,325 '''''''~ 287 '" 

AVBBAGlil · ... ... 111'05 I ... HI 

Copper. 
The output of copper .ore in Singhbhum fell from 20,108 tons in 

1917 to only 3,619 tons in 1918. The indu.&try more than recovered 
itself, however, in 1919, when 32,750 tons, valued at over £52,000, 
were obtained (see Table 1). Smelting operations were begun 
at the Rakha Mines during the year 1918 and resulted in the prodllc
tion of 980! tons of relined copper in the year 1919. 
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Diamonds. 
The output of diamonds from Central India amounted to 311'9 

carats valued at Rs. 2,08,253 (£20,825) as against 73'29 carats valued 
'at Rs. 39,377 (£2,625) in the preceding year. 

Gold. 
There was again a decrease, amounting to 28,858 oz. in thl' 

output of. gold. All provinces with the exception of the Punjab 
shared in this decrease which, however, was borne chiefly by the 
Mysore fields where the output fell by 19,164 oz. 

TABLE ll.-Quantity and value of Gold produced in India during 
1918 and 1919. 

1918. 1910. 

- - Labour. 
Quantity. Value. Quantity. Value. 

(Rnpee= 1 •• 44.) (Rupee~2 •• ) 
--

ozs. Rs. £ 0". Re. £ 

Bihar IJnd 0riB_ 
8inghbhum 

Burma-
2,085 1,48,573 9,905 173 11,776 1,118 228 

Myitkyina 105'57 6,069 404 ,. .. . . '. KatbIJ 19'23 1,060 71 7'79 440 U J 38 ~erChindW;;' 46'40 3,960 264 30'84 2,981 298 
BV abad. , 11,502'8 6,74,046 44,936 10,647'6 6,10,105(1J) g~:g~~1~li 919 
Mad,.., 17,831 i 10,08,279 67,219 11,018 5,62,918(0) 554 
MYlJOrtJ 504,412 12,90'51,774 1,936,785 485,248 2,13,62,846(e) 2,136,265«), 24,400 
Punl"" 109'95 8,119 541 130'73 8,914 891 266 
CniUd Prooi_ : 6'37 398 27 4'6 321 32 .20 

------ --
!l'olal /i38,llS'32 ,3,09,02,278 11,060,1611 507,1160"58 2,116,60,391 2,266,039 26,454 

(IJ) Figures for actual sales not available, 
(0) English sal .. £36,011 ' Indian oat .. Rs, 2,02,808. 
(e) English &ales £1,266,165; Indian sales Rs, 90,01,296, 

Graphite. 
There was a recovery in the output of graphite which rose from 

81 tons valued at Rs. 5,410 in 1918 to 127 tons valued at Rs.· 8,189 
in the year under review. Rajputana produced only 5 tons; in 
Kalahandi the output rose from 80 to 100 tons and in Patna 
amounted to 22 tons. 

Iron. 
There was a considerable increase" in the output of iron-ore. 

The Tata Iron and Steel Company produced 232,368 tons of pig 
iron, 134,061'2 tons of steel including rails and 2,650 tons of ferro
manganese, while the Bengal Iron and Steel Company Jlroduced 
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84,965 tons of pig iron, 4,732 tons of ferro-manganese and 29,635 
tons of cast iron castings. In the Central Provinces there was a 
reduction of over 31 per cent. in the number of indigenous furnaces 
which fell from 232 in 1918 to 159 in the year under review. The 
Burma COTporation Limited are extracting limonite at Wetwun 
near Maymyo, Burma, for use as a flux in their lead smelting at 
Namtu; large quantities are said to be available. 

TABLE 12.-Quantity and value of Iron-ore produced in. India during 
1918 and 1919. 

1918. 1919. 

-
Qua.ntity·1 

Va.1ue. Quantity. Va.1ue. 
(Rupee= lB. 4d.) (Rupee=2s.) 

Tons. R8. £ Tons. Rs. £ 
Bihar and 

0ri88a--
Singhbhum • 120,363 1,27,239 8,483 104,728'5 139,639 13,963'9 
o.:issllo 1 • . 339,304'6 4,52,163 30,1440 424,543'6 294,566 29,456'6 

Burma • • 26,680 13,982 932 31,880 15,947 1,594-7 
Oentral Province8 6,097 23,185 1,546 2,596 8,716 871·6 
Other Provi1lCe8 

andStateB. 
224·5 ( a) '" 2-l (a) ... 

Total . 492,669'1 6,16,669 41,106 563,750'2 468,868 46,886'8 

(al Not a.va.ila.ble. 

Jadeite. 
There was a decrease of nearly 37 per cent. in the output of 

jadeite in Burma, which fell from 3,203'1 cwt. valued at Rs. 3,78,135 
(£25,209) in 1918 to 2,019'2 ewt. valued at Rs. 2,80,454 (£28,045) 
in the year under review. 

Lead. 
There was an increase of some 6,600 tons in the amount of ore 

and slag produced at the Bawdwin mines; the amount of metal 
extracted was also greater than that recovered in the year 1918, 
the total output being 19,090 tons valued at Rs. 66,86,416 as against 
18,995 .tons valued at Rs. 67,51,842 in the preceding year. The 
quantity of silver extracted rose from 1,970,614 oz. valued at 
Rs. 44,33,881 in 1918 to 2,164,854 oz. valued at Rs. 48,70,919 in 
the year under review. 
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TABLE 13.-Production of Lead and Silver Ore auring 1918 ana 1919. 

1918. 

QUAlITl'lY. VALl'll. 
(Rupee-I,. "'.) 

Lead-ore Lead-ore and lead. 81l ..... and .lag. 

Tone. Rs. £ lh. 

50,679 61,97,478(Q) &13,165 41,50,793 
(ore) 

2,042 2,69,04O(b) 17,986 26,388 
(slag) 

1,61,070(.) 10,738 9,254 83,675 
(goosan JlUX) 

425 1,24,254(d) 8,284 1,73,025 
(secondaries) 

117'05 

8 

'OS 

6S,520'08 

4,865 824 .. 

450 80 .. 

(.) .. .. 
67,57,167 460,477 44,33,881(1) 

I
Q) Value of 17,507'34 tons of lead extracted. 
b) Value of 760'18 ton. of lead extracted. 
e) Value of 876'40 tons of lead extracted. 
d) Value of 851'03 tons of lead extracted. 
• ) Value not returned. 

£ 

276,720 

1,759 

5,578 

11,535 

.. 

.. 

.. 
295,592 

1919. 

QUARTITY. VALUB. 
(Rupee-2,.) 

Lead-ore Lead-ore and lead. Silver. and olag. 

Tons. Rs. £ Ra. 

67,816 66,56,300(g) 665,630 48,62,113 
(ore) 

754 96 12,250(h) 1,225 
(slag) 

7,958 1,124 12,950(i) 1,295 
(gos8"n tlux) 

94 II .. .. 
(copper-ore) 

126-61 4,466 446'6 .. 

2'5 450 45 .. 

.. .. .. .. 
09,160'11 I 66,86,416 668,641-6 18,70,919(f) 

(f) Value of 1,970,614 ozo. of silver extracted. 
(g) Value of 19,018'06 tons of lead extracted. 

IA) Value of 84'98 tons of lead extracted. 
i) Valne of 87'07 tons of lead extracted. 
f) Value of 2,164,853'68 OZ8. of silver extracted. 

£ 

486,211'8 

75'4 

795'8 

9'4 

.. 

.. 

.. 
----
481,091·g 

~< 

~ 
w 

.:.... 

~' 

~ 
'11iI 

Iii: ;S. 

i 
~ 

t 
~. 

!-

""" :'S 
~.' 

_. 
0), • 

co" 
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Magnesite. 
The sudden demand for Indian magnesite, which arose during 

the war owing to the temporary loss of Styrian supplies, ceased 
during the year 1918 and the Salem output fell from over 18,000 
tons in 1917 :to a little under 6,000 tons. In 1919, however, the 
industry revived and the· output reached a figure only 1,000 tons 
short of the quantity raised in 1917. 

TABLE 14.-Quantity and value of Magnesite produced in India 
during 1918 and 1919. 

1918. 1919. 

- Va1ue. Va1ue. Quantity. (Rupee= 18. 4d.) Quantity. (Rupee=2s.) 
----

Mtulras- Tons. R9. £ Tons. R9. £ 
Sa1em 5,773 69,276 4,618 13,012 156,144 15,614 

MysrYI'e . 80 342 23 4,114 41,140 4,114 

Total . 5,853 69,618 4,641 17,126 1 197,284 19,728 

Manganese. 
The output of manganese ore increased slightly from about 518,000 

tons in 1918 to about 538,000 tons in the year under review. As 
usual, over 80 per cent. of the production came from the Central 
Provinces. The amount exported (exclusive of exports from Mor
mugao) was· only 370,000 tons, resulting in a further increase ill 

stocks held in this country. 

TABLE 15.-Export of Manganese ore during 1918 and 1919. 

1918. 1919. 

- Va1ue. Va1ue. Quantity. (Rupee Quantity. (Rupee=2B. ) =lB.4d.) 

-
To- Tons. £ Tons. .£ 

United Kingdom · 246,005 321,360 224,157 422,516 
France · · 48,400 66,908 52,300 92,163 
Italy . . · · 2,475 3,185 3,250 7,249 
Japan • • • · 24,846 43,912 1,690 5,170 
United States of Amerioa. · 29,100 47,217 12,800 22,951 
Other Countries · · ... ... 76,262 147,683 

Total · 350,826 482,582 370,459 69'1,'132 
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TABLB 16.-Quantity and value of Manganese ore 'JYToduced during 
1918 and 1919. 

1915. I 1919. 

- VaJuef. o. h. VaJue f. o. h. 
Quantity. at Indian Quantity. at Indian 

ports. ports. 

Tons. £ Tons. £ 

B I7Iar and 0riaa4-
Singhbhum 450 .1,170 325 877 
Gangpur . 15,895 41,327 21,208 57,262 

ombay-
Chota Udepnr . 7,202 18,725 14,993 40;481 
Panch Mah&ls · 30,893 80,322 29,540 79,758 

B 

enl,.al p,.OtJi_ c 
Balaghat 214,972 634,167 238,681 704,109j 
Bhandara · 32,245 95,123 34,632 102,254 
Chindwara 72,398 213,574 55,310 163,165 
Jubbnlpore · 66 192 ... 
Nagpur 118,948 350,897 115,852 341,763 

Madr_ 

·1 Vizagapatam . · lL 2,230 3,382 2,778 5,047J 

My.ore . 22,656 :12,856/ 24,676 51,614 

Total 517,953 1,481,735 1 537,995 1,546,330 

Mica. 

The declared output of mica shows a decrease of nearly 9,000 
cwt., over that of the previous year, having dropped from about 
54,700 cwt. to 45,700 cwt. These figures are, however, not very 
reliable, and cannot be regarded as indicating a relaxation of the 
urgent demand for this mineral in all the allied countries. As 
usual, the exports considerably exceeded the recorded production 
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and amounted to 59,098 cwt. valued at £863,448. This figure is 
less by 856 cwt. than the exports of the year 1918. 

TABLE 17.-Quantity ana value of Mica produced in India during 
1918 and 1919. 

1918. 1919. 

-
Quantity. Value. Value. • 

(Rupee=18.4d.) Quantity. 
(Rupee=28.) 

----. - ----

Cwts. Rs. £ Cwts. Rs. £ 

Bihar and Orissa. 45,607'5 18,60,714 124,047-6 34,230,2 15,96,781 159,678-1 
Central India 290·2 ( a) ... . .. . .. . .. 

( Gwa.Iior State). 
Madras , 6,544'7 4,61,593 30,772'9 8,320'6 5,25,800 52,580 
Mysore . , 17·9 781 52 ... . .. .., 
Rajputana. 2,250 56,429 3,762 3,232'9 75,845 7,584'5 

Total . 54.710'3 23,'19.51'1 158,634'5 45.783'7 21,98.426 219,842'6 

(a) V Mue not returned. 

Monazite. 

There was a slight decrease in the output of monazite in Travan
core, which fell from 2,117'2 tons, valued at £58,819 in the year 
1918 ,to 2,023'7 tons, valued at £60,712, in the year under review. 

Petroleum. 

There was an increase of about 19 million gallons in the output 
of petroleum, the total production being 305,651,816 gallons. The 
chief increases were over 321 million gallons from the Singu field, 
over I million from the Upper Chindwin field and 1 million from 
the Badarpur field in Assam. The Yenangyaung field \Vas respon
sible for the principal decrease in production, its output having 
fallen by about 13i million gallons. There were also falls in the 
outputs of Yenangyat, Minbu, Digboi, and Attock. 
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TABLE 18.-Qua1llity and value of Petroleum produced in India 
during 1918 and 1919. 

1918. 1919. 

-
Quantity. Value. Quantity. Value. 

(Rupee= I,. "'.j (Rupee=2a.j 

GaliODL B.a. £ GaDolIJ!. B.a. £ .........-
Akyab 10,821 3,122 208 10,718 3,092 309'2 
KyaokpyU 46,598 22,305 1,487 4S,1I« 22,865 2,286'5 
YenangylUlll!l 208,688,043 1,17,57,392 783,826 190,322,077 1,09,88,797 1,098,879'7 

Field. 
Singo Field • 61,035,972 36,24,018 234,934 93,826,508 54,05,802 540,58()O2 
Yeoangyn Field 4,739,587 2,63,310 17,554 4,123,387 2,32,828 23,282'8 
IImbu 4,826,735 6,03,342 40,223 4,4t3,361 8,29,380 82,938 
Tbayetmyo • 63,000 7,900 527 113,784 U,223 1,422'3 
llppeo Cbind_ 473,800 35,535 2,889 1,085,030 81,377 8,137'7 

A_ 
Digbol (l.akbim- &,425,580 2,88,453 17,897 5,242,817 2,59,400 25,940 

pur). 
Badarpur &,574,088 4,18,055 27,870 8,548,062 4,90,953 (9,095'3 

""",..... 75,000 A_ 750,000 5,000 113,380 Ie,170 1,417 
MIa ... aIi 807 12g 9 970 191 19"1 

!oIal 286,&85,011 1,69,18,559 1,131,901 306,651.816 1,83.13.018 1,831.301'8 

There was a very large increase in the imports of kerosene oil, 
which rose from 211 gallons in 1918 to 31 times that amount in 1919, 
tliz., 741- million gallons, valued at over £5l million. The exports 
of paraffin wax rose from 508,952 ewt., valued at £775,962 in 
the year 1918 to 532,479 cwt., valued at £1,216,252 in the year 
under review. 

TABLE 19.-LImports of Kerosene oil during 1918 and 1919. 

I 1915. 1919. 

Value. I -- Value. Quantity. (Rupee Quantity. (Rupee=2s.) = Is. 411.) 

I 
Prom- GalloD& £ GallOD& £ 

Borneo • . . ... .. . 19,160,462 1.017,638 
Persia . . . (m: 8.193,438 315.946 11,986,659 871,997 
Straits Settlements ... ... 4.431.042 232.917 

eluding Labuan). 
United States of America I 13.574.515 772.719 38.635.385 3.142.300 
Other Countriell . • I 223 16 444 55 

Total .j 21.768.176 1.088,681 74,213,992 I 6,264,90'1 

• 
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TABLE 20.-Exp01'ts of paraffin wax from India during 1918 ana 
1919. 

1918. 1919. 

- Value. Va.lue. 
Quantity. (Rupee Quantity. (Rupee 

=IB.4d.) =28.) 

To- Cwt. £ Cwt. £ 
United Kingdom · · 103,680 157,099 131,764 290,639 
China • . · · 12,592 28,818 44,300 108,289 
Japan . . · · 88,520 134,255 129,308 294,199 
Egypt. • • · 46,959 71,223 21,909 50,019 
Portuguese East Africa 61,200 92,820 11,280 25,662 
United States of Amerioa. 14,000 21,233 32,800 74,621 
Australia. (including New 61,441 93,209 48,569 110,496 

Zea.la.nd). 
Other Countries · ·1 120,560 177,305 112,549 262,327 

Total ·1 508,95Z 7'15,962 53M79 1;216,252 

Ruby, Sapphire and Spinel •. 

There was a fall in the output of the Ruby Mines, from 164,115 
carats valued at Rs. 6,04,649 to 158,577 carats valued at Rs. 10,80,870. 

TABLE 21.-Quantity and value of Ruby, Sapphire and Spinel produced 
in India during 1918 and 1919. 

1918. 
I 

1919. 

-
. Quantity. Va.lue. Quantity • Va.lue. 

(Rupee=u.4/I.) (Rupee=28.) 

Burma-- Ca.rats. Rs. £ Cara.ts. Rs. £ 
Mogok . 1,01,637 5,17,367 34,491 88,847 8,74,343 87,434-.. (Rubies) (Rubies) 

34,949 83,571 5,571 47,286 2,01,699 20,170 
(Sapphires) (Sapphires. ) 

4,828 27,529 3,711 248 22,444 483 
(Spinels) (Spinels) 

.-

Total • 164,115 6,04,649 40,310 IS8,577 10,80,8'10 108,08'1 

; .. I 
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Salt. 

The large increase in the output of salt in the year 1918 wail 
maintained in the year under review, the total approaching 2 million 
tons. The chief increase was one of 150,000 tons in Bombay and 
Sind. With the exception of Burma all other localities registered 
small decreases. Imports rose from 388,500 tons in 1918 to 481,700 
tons in the year under review, more than half of the total imports 
being from Egypt and Aden. 

TABLE 22.-Quantity and value of Salt produced in India during 
1918 and 1919. 

1918. 1919. 

-
Quantity. Value. 

Quantity., 
Value. 

(Rupee= 18. 4<1.) (Rupee=2a.) 

Tons. Rs. £ Tons. Rs. £ 
Aden • 142,075 14,78,063 98,538 127,561 15,34,454 153,445'4 
Bengal . • 30 582 39 10 161 16-1 
Bombay and Sind 481,808 55,92,452 372,830 630,481 50,23,066 502,306'6 
Burma . • 62,828 51,60,774 344,051 74,492 48,77,182 487,718,2 
Central India 5·3 362 24 ... ... . .. 
Gwalior State 312 14,864 991 149 7,080 708'0 
Madras 596,671 92,62,352 617,490 552,308 42,54,068 425,f06'8 
Northern India • 572,668 31,53,660 210,244 505,864 25,25,843 252,584'3 
Rajputana 299'4 14,816 988 273 13,367 1,336'7 . 

Total 1,856,696'7 2,46,77,925 1,645,195 1,891,138 1,82,35,221 1,823,522'1 

TABLE 23.-Quantity and value of Rock-Salt produced in India 
during 1918 and 1919. 

1918. 1919. 

-
Quantity. Value. Quantity. Value. 

(Rupee= 18. 4<1.) (Rupee=2a.) 

Tons. Rs. £ Tons. Rs. I £ 
Salt Range · 159,497 4,07,034 27,136 174,598 4,99,550 49,955 
Kohat • 21,260 37,215 2;481 25,931 53.050 5,305 
Mandi • 5,085 90,834 6,055 4,800 85,750 8,575 

---
Total 185,84Z 5,35,083\ 35,672 Z05,3Z9 6,38,350 63,835 

.. 
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TABLE 24.-Quantity and value of Salt imported into India during 
1918 and 1919. 

1918. 1919. 

- Value. Value. 
Quantity. (Rupee = Quantity. (Rupee = 

18.4d.) 28.) 

-
From- Tons. £ Tons. £ 

United Kingdom 19,233 94,513 85,017 417,954 
Spain • • 38,305 172,088 i 53,707 274,928 
Aden and Dependencies 94,061 385,502 ' 136,936 639,219 
Egypt • . . 203,662 821,832 145,513 693,729 
Italian East Africa 33,085 123,990 60,418 282,328 
Other Countries 213 1,357 158 3,010 

Total 388,551) 1,599.282\ 481.UI) I 2,311,168 

Saltpetre. 
There was a decided fall in the totjj,l production of saltpetre due 

chiefly to a decrease of 41 per cent. in the production of the United 
Provinces. The output of the Punjaq: ,fell by about 18i· per cent. 
and that of Bihar by 20 per cent.' :The total Indian production 
amounted to 17,550 tons valued at Rs. 47,12,474 (£471,247). Exports 
fell 'from 23,000 tons in 1918 to 17,000 tons in the year under review. 
The exports to the United Kingdom fell from 17,000 tons to 6,700 
tons, and those of the United States from 5,500 tons to 1,300 tons. 

TABLE 25.-Quantity and value of Saltpetre produced in India during 
1918 and 1919. 

1918. .. 1919. 

- Value. 
QUantity.' 

Value. Quantity. (Rupee = 18. 4d.) (Rupee = 28.) 

Tons. Rs. £ Tons. IRS. £ 
Bihar . 6,299'3 23,13,103 154,207 5,044,4 11,66,268 ll6,627 
Central India 26·2 2,698 ISO 47·6 I 4,185 418 
Punjab 6,946'7 19,84,956 132,330 5,661-8 I 17,13,277 171,328 
Rajputana • 245 80,290 5,353 180 46,005 4,600 
U:nited Provinces 1l,223'6 44,56,808 297,120 6,616·2 17,82,739 178,274 

&s,37,855 1'--589.190 
----

Total 24,740'8 17,550 47,12,~74 471,247 

. w ~r.:.··~ .. '" _ •• T'>-~ ~ ., 
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TABLE 26.-Distribution of Saltpetre exported during 1918 and 19~9 • 
• 

1918. 1919. 

-
I Value. Value. 

Quantity. (Rupee = Quantity. (Rupee = 

I Is. 44.) 28.) 
'-

Cwt. £ Cwt. £ 

Ceylon ... ... 59,749 76,044 

Japan • 11,968 14,775 ' 10,145 20,733 

Mauritius and Dependeu.cies ... ... 39,534 58,463 

United Kingdom • 337,828 445,825 133,898 235,875 

United States of America. 110,067 141,947 25,896 38,947 

Other Countries 8,717 11,908 75,192 124,014 

Total 468,580 614,455 1 3,'4,414 554;076 

, 

Silver. 

The output of silver from Bawdin has already been showIl: 
under lead. In addition to this a small quantity, amounting to 
753 oz., was produced from the Anantapur gold mine in Madras. 
The total Indian production of silver was 2,165,606'7 oz., valued at 
Rs. 48,72,456 (£487,246). 

Tin. 
The output of tin-ore was nearly doubled rising from 15,607 ewt. 

in 1918 to 26,891 ewt. in the year under review. The whole of the 
oro was produced in Lower Burma, nearly 38 per cent. of it in Tavoy, 
and 39 per cent. in the Southern Shan States. Mergui alsQ produced 
2,700 cwt. of block tin. The imports of tin rose from 24,596 cwt. 
in 1918 to 41,860 cwt. in the year under review. By far the greater 
part of the tin imported caine from the Straits Settlements. 

o~ 



'l'AMLE 27.-Qoontity and value of Tin and Tin-ore for the years 1918 and 1919. 

1918. 1919. 

BLOOB: TIN. TIN·ORB. .BLOCK TIN. 

I 
TIN·ORB. --

Quantity. Value. Quantity. Value. Quantity. Value .•. I Quantity. 
Valne. 

(Rupee _ 11. 4d.) (Rupee = 11. 4d.) (Rupee ':" 21.) (Rupee = 21.) 

Cwt. RB. Il Cwt. RB. Il Cwt. RB. Il ewt. R •. I. 
BurmfJ-

Amher.t .. .. .. 1,317'5 1,31,500 8,767 . . .. . . 1,232'5 85,040 8,504 

Mergui* 2,013'6 4,21,854 28,123 1,471'2 1,86,483 12,432 2,742 4,88,183 48,818 3,807'7 3,81,904 38,190 

Southern Shan .. .. 
States. 

.. 7,609 7,70,415 51,361 .. . . . . 10,540 6,56,115 65,612 

Tavoy' .. .. .. 4,052'7 4,65,837 81,056 .. .. . . 10,160'9 6,81,078 68,107 

Thaton. .. .. .. 1,157 48,440 2,896 .. . . . . 1,149'9 1,19,193 11,919 

. 
---- ----- ---- ---- ---- ----

Tolal 2,013'6 4,21,864 1 28,128 16,607"4 15,91,615 106,612 2,742 4,88,183 48,818 23,831 19,23,325 192,332 

* Figures taken from" Note on the I1fineral Production at Burma tor 1918 and 1919," 
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TABLE 28.-Imporls of Tin unwrought (blocks, ingots, bars and slabs) 
into India during 1918 and 1919. 

I 1918. 1919. 

-
Quantity. Value. 

Quantity. Value. 
(Rupee= 18.4d.) (Rupee = 2,.) 

From- Cwt. £ Cwt. £ 
United Kingdom • 

(in: 
289 3,993 1,429 10,419 

Straits Settlements 323,833 323,860 39,574 706,392 
eluding Labuan). 

Other Countries • 474 4,869 857 14,466 

Total 24,596 332,722 41,860 731,277 

Tungsten. 
There was a decided decrease in the output of wolfram, which 

fell from 4,431 tons in 1918 to 3,577 tons in the year under review. 
As usual, most of the output came from Tavoy. 

TABLE 29.-Quantity and value of Tungsten-QTe produced in India 
during 1918 and 1919. 

1918. 1919. 

-
Value. Value. Quantity. (Rupee = I,. 411.) Quantity. (Rupee = 28.) 

Bihar and TOI1& RII. £ TOIl& RII. 
Oriua-
Singhbhum 2'5 7,465 498 1-5 3,867 

BfI'I"ftI&-
Kyaukse • ·1 250 17 ·2 100 
Mergui* • 376·6 7,87,359 52,490 194-4 3,02,842 
Southeni Shan 287 6,24,225 41,615 397'6 5,72,544 

States. 
Tavoy· 3,636-1 91,62,490 610,833 2,889'5 44,15,722 
Thaton • 91·5 2,04,945 13,663 48-1 1,00,370 

Bajputa_ 
1,13,479 7,565 45'5 (a) Marwar 

'I-~~ -----
Total • 4,431'2 1,09,00,213 726,681 3,576'8 53,95,446 

• Jrigurea taken from .. Nate OD the lrlineral ProductiOD 01 Burma for 1918 and 1919. 
(II) Not; a.aUable. 

£ 

387 

10 
30,284 
57,254 

441,572 
10,037 

... 
539,544 

.. 
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lII.-MINERALS OF GROUP II. 

The production of alum rose from 1,322 cwt. in 1918 to 1,853 

Alum. cwt. valued at Rs. 48,000 (£4,800) in the year 
under review. The whole output came from 

the Mianwali district of the Punjab. 

The production -of amber in Burma rose from 2'9 cwt. in 1918 

Amber. 
to 7'4 cwt. valued at Rs. 6,160 (£616) in the 
year under review. 

6'4 tons of antimony ore valued at Rs. 2,000 
Antimony. 

(£200) were produced in the Southern Shan 
States during the year under revi(>w. The value represents the 
actual cost of ex:traction. There was also a production of 2 lbs. 
of antimony valued at Rs. 32 from the Jhelum District in the 
Punjab. 

The production of apatite from the apatite-magnetite deposits 
of Singhbhum fell from 5,100 tons in 1918 to 
500 tons in 1919. The estimated value of the 

production was Rs. 5,000 (£500). 

Apatite. 

There was a rise in the output of asbestos from 357 tons in 

Asbestos. 
1918 to 388 tons valued at Rs. 16,556 (£1,656) 
in the year under review. Of this 379 tons 

were won in the Hassan district of Mysore and 9 tons in the Bhan
dara district of the Central Provinces. 

2,590 tons ofbarytes valued at Rs. 15,615 (£1,561) were pro
duced in the Karnul district of the Madras 

Barytes. 
Presidency, against 2,724 tons in 1918. 

There was an increase. of 490 tons in the output of bauxite, 

Bauxite. 
which amounted to 1,682 tons valued at 
Rs. 19,343 (£1,934). The whole output came 

from Juhbulpore. Important bauxite deposits have been recently 
discovered by Mr. C. S. Middlemiss in the neighbo~rhood of Chakar 
in the province of Jammu. The quantity available by quarrying 
at the surface has been estimated at over one million tons, the 
beds extending uninterruptedly for many miles. Patohes of the 
same mineral were also observed by Sir Henry Hayden at Sangar. 
Analyses of three specimens yielded 79·43, 67·03 and 59·56 per cent. 
of AlaOa and 1·32, 14'Hi and 20·67 per cent. of SiOs respectively. 



TABLE SO.-Production of Building Materials and Road Metal in India during tlle year 1919. 

(Rupee ... 28.) 

GUftITB. I LATIIUITB. I,mB. 
LUIE"TONB AND MAIlIILIi. hIlDBTOIID. SLATR. TaAP. MJICBLr.ANBOtTI, 

KAIIUR. --,----
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Ton .. a TonI. a Toni. e Ton •. II TOlll. a TonI. a Toni. a ToOl. a TonI. e 

Alaam .. .. .. .. .. .. 03,674 14,207 .. .. .. .. .. .. .. .. .. .. 
Baroda 1,&00 1,722 .. .. .. .. .. .. , 118 .. .. .. .. .. .. .. " 

Bihar and " " 
1,523 50 150 0 880,288 82,800 " .. 18,988 1,115 8,085 4,930 'O,U8 ',892 240,877 20,080 

Orl ..... 

Burma. 177,517 8',810 147,U4 82,786 .. " 214027' 82,566 .. " 
89,097 18,85' " .. " " 887,344 80,288 

Central India " 
.. .. " 

18,779 28,477 60,960 0,688 
" " " " " " " " " " 

Central Pro- " " " .. " " 187,488 18,030 
" " " " " .. " " " " 

vlnoe •. 

Eyder.bad 52 (II' " " .. .. " " .. " " .. .. " " " " " 

Mati, .. 58,980 1,860 108,814 8,141 " 
.. 17,400 1,034 " " " " " .. .. .. 140,088 III,870 

North·W •• t· .. .. .. .. .. .. 11,217 757 .. .. .. .. .. .. .. .. .. " 

Front I. r 
provlnee. 

PUDlab .. .. .. .. . " .. 81,040 6,081 .. " 
1,840 300 8,058 12,830 .. .. 10,158 227 

ll.alput.na • " " " .. .. " 812 719 8,229 5,947 62,026 17,780 .. .. .. .. 81,G79 4,238 

Vnlted Pro· .. .. " " 
88 20 2,'32 927 .. .. 6,000 2,950 17,780 688 .. " 141,799 20,On 

'l'lnOOl. 
~,08' 18,8'81~ elU,681 

--·_·-1------- .------- - -.--

'rol~ ;;,;;/ '1,80~ 36.,a~~ 184,rOO 8,113810,006 178,'95 86,680 118,878 18,804 '0,418 4,891 1188,881 106,801 

(a) Not aval1llblo. 
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The total estimated value of building-stone and road-metal 

Building Materlals. 
produced during the year 1919 was 
Rs. 43,61,833 (£436,183). 

Clay. 
The recorded production of clay was 176,007 

tons valued at Rs. 4,99,603 (£49,960). 
The output of corundum amounted to 14,131 cwt. in the year 

Corundum. 
under review, scarc{'ly more than a third of 
what it was in 1918. 

TABLE 31.-Quantity and value of corundum produced during the 
years 1918 and 1919. 

1918. 1919. 

-
Quantity. Value Quantity. Value. 

(Rupee = 18. 4d.) (Rupee = 2&.) 

Om. Rs. £ Cwt. Rs. £ 
A88am-

Khasi and 37,920 57,930 3,862 12,660 47,475 4,747 
Jaintia Hills. 

Central Indi~ 

Rewah State • 736 3,022 201 1,471 6,002 600 

Central Pro-
vince_ 

Bhandara .. 1,600 490 33 ... ... .. . 
Hyderabad (a) I 38 2 ... ... , 

1 

... 

MadraB- I 
South Canars. 25 151 10 ... ... ... 

• 
53,4'l'11 Total 40,281 61,631 4,108 14,131 5,347 

(a) Quantity not ava.ila.ble. 

The produotion 

Oypsum. 

of gypsum shewed a marked increase, the total 
output being 28,318 tons valued at lts. 28,692 
(£2,869), against 16,746 tons in 1918. 
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TABLE 32.-Production of Gypsum during 1918 and 1919. 

1918. 1919. 
---- - ------- - -

Quantity. Value. Quantity. Value. 
(Rupee = la. 4<1.) (Rupee = 28.) 

Tons. Rs. ;£ Tons. &S. ;£ 
Punjab-

Jhelum • 1,871 1,403 
Bajputa_ 

93'5 4,719 10,705 1,070 

Bikanir 8,469 11,576 771'7 14;326 12,030 1,203 
Merwar 6,406 ! 4,115 274'3 9,273 5,957 596 

16,746 1 

I 

Total 17,094 1,139'5 28,318 28,692 1 2,869 

Only 4} ewt. of molybdenite, valued at Rs. 1,012 (£101) were 

Molybdenite. 
won during the yeal! 1919; this amount was 
recovered in the course of wolfram mining 

operations in Tavoy. 

The output of ochre fell from 8,109 tons in 1918 to 2,704 tons 
valued at Rs. 35,998 (£3,600) in the year under 

Ochre. 
review. 

TABLE 33.-Production of Ochre during 1918 and 1919. 

1918. 1919. 

-
Quantity. Value. Quantity. Value. 

I (Rupee = 18. 4<1.) (Rupee = 28.) 

Tons. &S. ;£ i'ons. Rs. ! 

Bihar and Orissa .145 9,589 639 281'3 18,807 1,881 
Burma ... ... .. . 4·6 855 85 
Central India • 7,874 32,883 2,192 1,948 9,737 974 
Central Provinces 16 5 ... 12 3 ... 
Madras ... ... ... 250 1,500 150 
Mysore . 74 888 59 208 5,096 610 

Total 8,10' 43.365 2,890 2,703" 35,998 3,600 
I 
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83 tons of potash salts were produced by the Northern India 

Potash Salts. 
Salt Revenue Department at Nurpur in the 
Salt Range. The pit's-mouth value of the 

output is stated to be Rs. 422 (£42). 

Pyrites. 

Samarskite. 

During the year under consideration 100 tons 
of pyrites were produced in Mysore. 

2t ewt. of samarskite valued at Rs. 101 were 
won bom the Sankara mica mine in N ellore. 

The output of steatite was less than half what it was during 

Steatite. 
1918, falling from 4,538 tons to 2,1&5 tons 
valued at Rs. 64,986 (£6,498) in 1919. 

TABLE 34.-Qua.ntity and value of Steatite produced in India during 
1918 and 1919. 

1918. 1919. 

-
Quantity. Value. Quantity. Value. 

(Rupee = Is.4d.) (Rupee = 2s.) 

Tons. Rs. I £ Tons. Rs. £ 

Bihar and Orissa-
Mayurbhanj 40 3,500 233 45 3,408 340 

Central Prom1l()e8-

1 
Jubbulpore 3,492'8 .61,038 4,069 1,452 ,27,539 2,754 

Madras-
Bella.ry • 44'5 220 15 ... ... . .. 
Karonl. 10·1 1,650 110 4 662 66 

Nellore • .. 51 3,272 218 74 4,762 476 

Salem 

: I 
642-8 13,630 909 450·6 15,990 1,599 

Myaore ·1 5 ... lit 163 16 

United Priwince8-
Ha.mirpur 247 31,661 2,111 95 12,150 1,215 

Jhansi. 10 650 43 4 I 320 32 

Total ·1 4,53S" 1,15,626 1 7,708 Z,I34'61 64,986 6,498 
I 
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IY.-MINERAL CONCESSIONS GRANTED. 

TABLE 35.-Statement 0/ Mineral Concessions granted during 1919. 

ASSAM. 

Mineral. Nature of Area Date of 
DISTRICT. Grantee. grant. in acres. commence· Term. 

ment. 

----
Cachar (1) J. Blair, Esq. Mineral oil • P.L. 114'3 4th 

1919. 
March 1 year. 

Do. (2) The Burma Oil Com- Oil P.L. 8,377'6 15th Septem- Do. 
pany, Limited. ber 1919. 

Do. (3) J. M. Barry, Esq. Oil and Coal P.L. 934'4 I lOth Novem- Do. 
ber 1919. 

Xh.sl and (4) The Xhaaia Hills Minerals other P.L. 7,142" 11th March Do. 
Jaintia Prospecting and Min- than mineral oils. 1919. 
Hills. ing Syndicate, Ltd. 

Do. (5) Lieutenant-Colonel E. Do. P.L. 5,760 18th Febru- Do. 
P. R. Gilman, V.D., ary 1919. 
J.P. 

Lakhimpur (6) Th~ Asaam Oil Com- Oil P.L. 10,240 1st April 1919 Do. 
pany. 

Do. (7) Do. Do. P.L. 2,080 3rd July 1919 Do. 

Do. (8) Do. Do. M.L. 
(renewal.j 

2,560 1st January 25 yea .... 
1917. 

Do. (9) Do. Do. M.L. 
(renewal.j 

2,560 Do. Do. 

BALUCmSTAN. 

Xalat (10) The Burmah Oil 
Co., Ltd. of Rangoon. 

Oil P.L. 24,960 18th Decem- I 1 year. 
be. 1918. 

Do. (11) The Indo-Burmah 
Petroleum Co. of Ran-

Do •• P.L. 17,920 20th 
1919. 

May Do. 

goon through their 
Agen'" Mes.rs. 'Steel 
Broo. 4: Co. 

Do. (12) The Bnrmah Oil Do •• . P.L. 3,200 1.t September Do. 
Co. of Rangoon. 

1919. I 
Zbob. (13) )[ana~.r, Balu.his- Cbromlte P. L. 110 lot Septem- Do. 

tan Chrome Co., Ltd. ber 1919. 
I 
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BIHAR AND ORISSA. 

DISTRIor. Grantee. Nature of Area Date of 
Mineral. grant. in acres. commenCE}" Term. 

ment. 

Hazaribagh (14) Messrs. Hoare Miller 
& Co. 

Mica. M.L. 160 4th February 30 years. 
1919. 

Do. (15) Chhattoo Ram Do •• · P.L. 117'89 12th October 1 year. 
1918. 

Do. (16) B. N. Daw Do .• P.L. 200 13th March Do. 
1919. 

Do. (17) Dwijendra Nath Do •• P.L. 58 26th April Do. 
Mukherji. 1919. 

Do. (18) The Mica Mining Do .• P.L. 892 11th March Do. 
and Mannfacturing Co ..• 1919. 
Ltd. 

Do. (19) N. N. Sumanta Do. P.L. 400 19th Febru- Do. I ary 1919. 

Do. (20) Babu Probodh Do •• · MoL. 80 29th April 30 years. 
Chandra Mukharjl. 1919. 

Do. (21) Babu P. C. Roy Do .• P.L. 80 15th June 1 year. 
1919. 

Do. (22) Babu Klran Shashi Do •• P.L. · 160 4th June Do. 
Chattarji. 11119. 

Do. (23) Babu Banka Behari Do. P.L. .221 28th June Do. 
Choudhury. 1919. 

Do. (24) Mes.n. J&garnath Do. M.L. 120 23rd August 30 years. 
Roshan Lal. 1919. 

Sambalpur • (25) Seth Puranmal Mar- Do. P.L. 5,849'79 28th August 1 year. 
wad. 1919. 

Do. . (26) Debl Prosad Misra • Coal • , P.L. 2,376-99 Do •. Do. 

Do. (27) Mr. T. P. Yeoman. Oxide of iron P.L. 67 22nd March Do. 
1919. 

Santa! Par· (lI8) Bhudhar Chandra Coal · M.L. '99 1st April 2 year •• 
ganas. De. 1919. 

Do. (119) Do. Da. • " · M.L. '99 Do. Do. 

Do. (30) Do. Do •• · M.L. 1 Do. . Do. 

Do. (31) Bansl Ram Marwarl Do •• · M.t. '83 Do. Do. 

Do. (82) Do. Do •• · M.L. · 1'9 Do, Do. 

Do. (83) Jamlln& Prasad' Do •• · M.L. · 2'6 Do. Do. 
Marwarl. 

Do (34) Bhudhar 
De. 

Chandra Do •• · M.L. 8·9 Do. . Do. 

Do. (35) Binode Bihari De Do •• M.L. . 2'15 Do. Do. 

Do. (86) Jardine Skinner & Do •• P.L. · 5,158'48 Do. Do. 
Co. . 

Do. (37) The Villiers & Co., 
Ltd. 

Do •• P.L. 5,081'26 Do. 1 year. 

1'. L.=ProBIJ.ctinll L.een,.. Ill. L.=Mininll Leut. 
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BIHAR AND ORISSA-concld. 

Nature 01 

\ 

Area Date 01 
DJS2'BIOl'. Grantee. Miner .. l. grant. in acres. commence- Term. 

!Dent. 

Santa! Par- (38) 8hltal Prasbad Coal. III.L. 66 1st AprU 1919 . 15 years. 
ga ...... _wari. 

Do. (39) Babu lIIadbab Do •• - III.L. 2 1st July 1919 \ 1 year and 
Chandra De. 9 months. 

81nghbhum (40) lIIr. A. C. 1II0itra Gold and galena P.L. 1,330 22nd August \ 1 year. 
(renewal.) 1918. 

Do. (41) III ....... Bird & Co •• General license P.L. 26,240 1st August Do. 
1919. 

Do. (42) The Bengal Iron Manganese and P.L. 992 21st Decem- 6 months. 
and Steel Co., Ltd. iron ore (renewal.) ber 1918. 

Do. (43) The Bengal Iron Iron ore. P.L. 512 Srd July 191911 year. 
and Steel Co., Ltd. 

Do. (<<) III...... Byramjce Do. P.L. l,79S'4 22nd Decem. Do. 
Pestonjee & Co. ber 1919. I 

Do. (46) lIIr. A. C. 1II0itra Gold and galena • P.L. 1,330 22nd Augnst to months. 
(renewal.) 1919. 

BOMBAY. 

]I eJgaum (46) M""",,,. Tata and Bauxite (A1umi· P.L. l,OSN 24th lIIay 2 years. 
Sons, Ltd. nium ore). (renewal.) 1919. 

Do. (47) Do. Do. P.L. 797·5 7th lIIay1919 1 year. 

Do. (4S) Do. Do. P.L. 160 Do. Do. 

Do. (49) Do. Do. P.L. 249-6 Do. Do. 

Do. (60) Do. Do. P.L. 50'S5 Do. Do. 

Do. (51) Do. Do. P.L. 377,67 Do. Do. 

Kaira. (52) Khan 
1II0hmedaUi 

Bahadur 
Abdul 

Manganese. P.L. 79'S2 20th Augnst 
1919. 

Do. 

Kadar. 

BURMA . 

A.kyab . I (5~ Mesor.. Tbe Indo- Mineral oU • P.L. l,2S0 22nd Aprn 2 year .. I .::r.""" ,.....- .... (renewal.j 1919. 

Do. • (54) M ...... The Burmah Do. P.L. 8,620 17th October 1 year. 
OU Co., Ltd. 1919. 
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BURMA-c<1ntd~ 

---

DISTRICT. Grantee. Nature of Area. Date of 
Mineral. commence- Term. grant. in acres. manto 

.~ .. _. --
Amherst (55) Mr. Mirza Mahomed AU minerals (ex- P.L. 1,280 8th February 1 year. 

Sadeq. cept Oil). 1919. 

Do. (56) Saw Eu Hoke Do. P.L. 426·66 27th Febru- Do. 
ary 1919. 

Do. (57) Chew Whee Shain • Do. P.L. 640 15th Febru- Do. 
ary 1919. 

I 

Do. I (58) Maung Choon Do. P.L. 3,036'16 12th Febru- Do. 
ary 1919. 

Do. - (59) Maung Po Thaing Do. P.L. 2,560 15th Febru- Do. 
ary 1919. 

Do. (60) L. Htain Whet Do. P.L. 2,560 13th Febru- Do. 
ary 1919. 

Do. (61) Do. Do. P.L. 96 Do. Do. 

Do. (62) Ma Shwe Bwa . Do. P.L. 960 17th March Do. 
1919. 

Do. (63) Maunll ¥:yin Sein Do. P.L. 0 640 15th Janu- Do. 
ary 1919. 

Do. (64) Mr. W. A. Henry Do. P.L. 1,920 7th February Do. 
1919. 

Do. (65) Mr. M. Shawloo Do. P.L. 640 21st Janu- Do. 
ary 1919. 

Do. (66) L. Ah Choy Do. P.L. 280 24th Febru- Do. 
ary 1919. 

Do. (67) Maung Wan .' Do. P.L. 814 17th Febru- Do. 
ary 1919. 

DO. (68) Mr. V. Palmgren Do. P.L. 1,920 20th June Do. 
1919. 

DO. (69) L. Ah Choy Do. P.L. 640 8th May 1919 Do. 

Do. (70) U Tha Zan Do. P.L. -4,160 7th May 1919 Do. 

DO. (71) Do. Do. ,- P. L. 1,!80 Do. Do. 

Do. (72) Do. Do. P.L. 0 511l Do. 0 Do. 

Do. (73) Do. Do. P.L. 0 338 10th June Do_ 
1919. 

DO. (74) Mr •• M. M. Hla Do. P.L. 640 5th Septem- 2ye"",. 

Oung. (renewal.) ber 1917. 

Do. (75) P. Murugasen Pillay Do. P.L. 0 640 5th August 1 ye .... 
1919. 

Do. (76) Mr. A:M. Morris Do. f·L. 320 Do. Do. 

-
DO. (77) Messrs. T. D. Flnd- Do. P.L. 640 Do. Do. 

Jay & Son. 

: I P.L. Do. (78) Maung Po Thaing Do. 0 640 28th August Do. 
1919. 

-.. -
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JJl8TBlO'f. 

Ambemt 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Grantee. 

(79) Dr. K. S. Kanga 

(80) Mauog San Win 

(81) Me88f8. T. D. Find· 
lay & Son. 

(82) Ma Twe 

(83) Maung Myat Hein, 
Mr. Felix Bo08, M. H. 
Hamadanee and M. A. 
Bosain. 

(84) Mrs. M. M. Bia 
Ouog. 

(85) Ma Thein Nwe 

(86) Dr. M. Shawloo 

(87) Ma Thin Blaing 

(88) Maung San Win 

(89) Dr. M. Shawloo 

(90) Maung Tarak and 
Maung Ou Maung. 

(91) Maung Saw Maung 
and Ma Kywe. 

(92) L. Ah Ngoon 

(93) Mr. F. A. Boog and 
two others. 

(94) Mr. F. A. Boog and 
three othem. 

(95) Do. 

Do. (96) X.P.N.X. Narainan 
Chetty. 

Bhamo • (97) D. A. Ahuja 

BUR:rtfA-contd. 

Minerai. 

AU minerals (ex· 
cept oil). 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

DO. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Nature of 
grant. 

P.L. 

P.L. 

P.L. 

P.L. 

P.L. . 
(renewaJ.) 

P.L. • 
(renewal.) 

P.L. • 
(renewal.) 

P.L. . 
(renewal.) 

P.L. 

P. L. 

P.L. 

P.L. 

P.L. 

P.L. 

P. L. . 
(renewaJ.) 

P.L. • 
(renewal.) 

P.L. . 
(renewaJ.) 

P.L. • 
(renewaJ.) 

P.L. 

(98) Messrs. The Tavoy All minerals (ex· P. L. 
Tin Syndicate, Ltd. copt oU and jade). 

Do. 

B ..... da (99) Mr. L. D' Attaldes All minerals (ex· P. L. • 

cept :~. .1 :~:'Val.) • 
(renewaJ.) 

Do. (100) Do. 

Area. 
in acres. 

640 

640 

640 

1,920 

640 

850 

1,280 

640 

Date of 
commence

ment. 

5th August 
1919. 

27th Septem. 
ber 1919. 

1

9th July 1919 

27th Septem. 
ber 1919. 

23rd April 
1919. 

20th May 
1919. 

3rd May 1919 

12th July 
1919. 

640 8th Decem· 
ber 1919. 

640 27th N ovem· 
ber 1919. 

100 22nd Novem· 
ber 1919. 

900 13th Novem· 
ber 1919. 

1,824 Do. 

320 Do. 

737'28 1st August 
1919. 

213'33 14th Novem· 
ber 1919. 

128 

640 

5,516'8 

6,400 

13th Decem· 
ber 1919. 

Do. 

28th Novem· 
ber 1919. 

22nd D ... m· 
ber 1919. 

Term. 

1 year 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do, 

Do. 

Do. 

4,736 11th 
1919. 

May 2 years. 

499·52 30th 
1919. 

May Do. 
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BURMA-contd. 
• 

Na.ture of Area Da.te of 
DISTRI<7r. Grantee. Mineral. grant. in acres. commence- Term. 

ment. 

Henza;!", (101) Maung Kyi • All minerals (ex. P.L. 392·50 19th Novem· 1 year. 
eept oil). ber 1919. 

Katha (102) Messrs. Jamal Bros. Do. P.L. 23,040 2nd Decem· 10 
& Co. ber 1918. 

Do. (103) The Hon'ble Mr. Do. PI,. 2,572'8 20th August Do. 
Lim Chin Tsong. 1919. 

Do. (104) Do. Do. P.L. 4,857'6 8th Septem· Do. 
ber 1919. 

Do. (105) Do. Do. P.L. 5,760 11th Septem· Do. 
ber 1919. 

Do. (106) Maung Aung Gold. P.L. 
(renewal.) 

2,752 9th January 2 years. 
1919. 

Do. (107) Mr. R. E. Smith All minera.le (ex· P.L. 3,200 16th April 1 year. 
cept oil). (renewal.) 1919. 

Do. (108) Mr. J. A. Begbei Do. P.L. 3,200' 13th August Do. 
(rene_I.) 1919. 

Do. (109) Mr. J. F. Crisp Do. P.L. S,200 29th Decem· Do. 
ber 1919. 

Do. (110) The Hon'ble Mr. Do. P.L. 1,171'20 12th Decem· Do. 
Lim Chin Tsong. ber 1919. 

Do. (111) Mr. T. Ba Thwin • All minerals (ex· P.L. S,392 12th Novem· Do. 
cept oil and ber 1919. 
jade). 

Do. (112) Mr. Lim Kar All minera.le (ex· P.L. 3,200 29th Decem- Do. 
Chang. ceptoil). ber 1919. 

Kyaukpyu. (113) U Doe Kaing Mineral oil . P.·L. 640 26th Decem· Do. 
ber 1918. . 

Kyaukse (114) Maung Ko All minera.le (ex· P.L. l,656'S2 2nd August Do. 
cept Oil). 1919. 

Mngwe . (116) Messrs. The Burma Mineral Oil. P.L. 3,840 23rd March 2 years. 
OilCo., Ltd. 1919. 

Do. 0 (116) Mr. Sassoon Solo· Do. i P. P,. 208'10 21st February 1 year. 
mono (r~nelRI)." 1919. 

Do. (117J Messrs. The ITnlon Do. P.L.· • 20,480 28th Oclober Do. 
o Co; of Burma, Ltd. 1U19. 

Do. (118) Messrs.Tbe Burmah Do. P.L. 2,259"2 10th Decem· 2 years. 
Oil Co., Ltd. (renewal): ber 1919. 

Mandalny (119) Mr. M. G. H. Surty Silver lind lead , P.L. 2,366'2 28th March 1 year. 
1919. 

Morgul (120) Saw Loin Lee Wolfram and tin .• M.L. , 646'98 26th Feb' SO years. 
ruary 1916. 

Do. (121) Mnnng Ne Gyl All minerals M.L. 
(exrellt oil). 

38S'13 22nd Ju.ne Do. 
1916. 

Do. (122) Mr. D. D. Mukerjee Tin and Wolfram P.L. 194'66 16th Decem· 1 year, 
ber1918. 



PART, 3.] PASCOE: Mineral Production, 1919. 191 

BURMA-contcl • 
• 

Nature of Area Date 01 
DIIITJUor. Grantee. Minerai. grant. in acrea. commence- Term. 

mente 

MelgUl (123) Mr. Chan Elliam All minerals P.L. · 1,126'40 27th Feh· 1 year. 
(exoopt oil). ruary 1919. 

Do. (124) Do. Do. P.L. ],141"76 Do. Do. 

Do. (125) Miss S. M. G. Penny Do. P.L. 8,527'68 25th March Do. 
1919. 

Do. (126) Tan Po ChIt Tin and Wolfram P.L. 1,176'04 6th January 
1919. 

Do. 

Do. (127) Manng Pe Kin · Tin, Wolfram and P.L. · 788'48 5th Febrnary Do. 
allied minerals. 1919. 

Do. (128) Maung Kyin Bn Tin P.L. · 409'60 Do. . Do. 

Do. (129) Mr. G. H. Hand Tin, gold and P.L. · 1,720'32 31st Mareh Do. 
allied minerals. 1919. , 

Do. (131J) Maung San Moe Tin and Wolfram P.L. 286'72 24th Feb· Do. 
rnary 1919. 

Do. (131) 1IIanng Po Tin . P.L. 547'84 31st March Do:' 
1919. 

Do. (132) Yew Shwe NI All ml!lerals 
(except oil). 

P.L. 
(renewal): 

1,449 29th Jannary 
1919. 

6 months. 

Do. (133) Manns Kyin Bn Tin P.L. 
(renewal): 

349'44 5th Febrnary 
1919. 

1 year. 

Do, (134) Manng Po Tbalk Tin and Wolfram P.L. 486'4 13th February Do. 
(renewal): 1919. 

Do. (135) Manng P. KIn · Wolfram, tin Bnd P.L. 250'88 5th Febrnary Do. 
allied minerals. (renewal): 1919. ' 

Do. (136) Manng Po . · Do. P.L. 256 24th Decem· Do. 
(renewal). ber 1918. 

Do. (137) Mr. 1. F. LeBne Wolfram and P.L. 220'16 21Bt Feb; Do. 
allied minerals. (renewal): mary 1919. 

Do. (138) Do. · Do. P.L. 
(renewal): 

512 26th Feb· Do. 
ruary 1919. 

Do. (139) Mr. A. 8. Mahomed All mineralt (ex· P,L. 
cept oil). ", • (renewal): 

1,013'76 5th January 
1919 • 

Do," 

. 
Do. (140) Ma Shwe Ma and WoUram and tin M.L. 167'35 3rd December 30 year •• 

Hoe Cheng K1nt. 1915. 

Do. · (141) Mr. D. D. Mukerjee AU mineralB (cx· 
eept oil). 

P.L. 2,304 19th 
1919. 

March 1 year. 

Do. · (142) LIm Shain Do. P,L, 778'24' 80th 
]919. 

July Do, 

Dc. · (143) M ...... Wightman Tin P.L. 3,114'02 1st Jannary Do. 
.tCo. ]919. 

Do. (144) Mr. A. II. O. Forbc, Do. . . P.L. 98g'16 21.t August 
1919. 

Do., 

Do. · (145) LIm Shain AU mlnorals (ex· 
copt oil). 

P.L. 665'60 31Bt July Do. 
1919. 
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BURMA-contdo 

DISmICT. GraDt.ee. Minero.l. Nature of Area Date of 

I~ grant. In acres. commence .. 
ment. 

Mergui 0 (146) Mr. A. H. Noyes Wolfram and tin P.L. 640 19th March 1 year. 
1919. 

Do. (147) Messrs. The Ran· All minerals (ex· P.L. 1,459'2 20th Angust Do. 
goon Wolfram Co., ceptoil). 1919. 
Ltd. 

Do. (148) Mr. Charles Ellis Tin . P.L. 701'44 5th May 1919 Do. 

Do. (149) Mr. M. E. :Bymeah All mlnero.ls (ex· P.L. 311'44 12th August Do. 
ceptoil). 1919. 

Do. 0 (150) Mr.Low :Boon Teck Do. P.L. 890'88 30th 
1919. 

July Do. 

Do. 0 (151) Mr. A. H. Noyes • Wolfram and tin • P.L. 2,739'20 1st August Do. 
1919. 

Do. (152) Mr. S. Crawshaw All minero.ls (ex· P.L. 640 26th Septem· Do. 
ceptoil). ber 1919. 

1>0. . (153) U Shwe I. Wolfram and tin. P.L. 271-36 25th July Do. 
1919. 

Do. (154) JIlaUIig San Dun All minerals (ex· 
, ceptoil). 

P.L. 843·04 Do. Do. 

Do. (155) Mr. T. Greenl>0w • Wolfram and tin • P.L. , 1,463 • 29th July Do. 
1919. 

Do. (156) Maung Kya Tun All minero.ls (ex, P.L. 640 26th Septem· Do. 
oeptoil). ber 1919. 

Do. (157) Y Gwan Swee Tin and wolfram • P.L. 112·64 30th August Do. 
1919. 

Do. . (158) Mr. A. M. G. Forbes TIn P.L. 640 21st August Do. 
1919. 

0 

Do. 0 (159) Mr. s. V. N~nia Do. 0 P.L. 2,560 31st August Do. 
1919. 

Do. 0 (160) Mr. L. A. Maing • All minerals (ex· P.L. 
cept oil). 

1,971'20 , 80th 
1919. 

July Do. 

Do. 0 (161) Mr. Hoe Cheng' Do. . P.:r.. .. 604-16 Do. . Do. 
Kiat. . 

1)0. (162) Messrs. Marshall 
Cotterell II: Co., Ltd. 

Do. 0 P.L.- . 1,530'88 80th Septem. Do. 
ber 1919. 

Do. (168) Mr. G. H. Hand Wolfram and tin • P.L. 
(renewal): 

2,150'40 1st NovOID' Do. 
ber 1918. 

Do. 0 (164) The Hiaygadaung 
Concession. _ 

All minerals 
ceptoil). 

(ex· P.L. 
(renewal): 

8,200 19th Decem· Do. 
ber 1918. 

Do. (165) Maung Pan On Do. P.L. 
(reneWal): 

158·60 20th March Do. 
1919. 

Do. • (166) Mr. M. Hanill Do. P.L. 850·72 25th March Do. 
(renewal): 1919. 

Do. 0 (167) Messrs. :Bulloch Do. . P.L. 442-88 3rd January Do. 
:Bros. II: Co., Ltd. (renewal): 1919. 
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Mergnl (lG8) Yew Shwe NI Wolfram and tin • P.L. 
(renewal): 

1,775'52 20th 
1919. 

April 1 year. 

Do. (169) LIm Shain Do. P.L. 256·00 20th May Do. 
(renewal): 1919. 

Do. (170) Mr. M. Hanill All minerals (ex· P.L. 1,054'72 30th July Do. 
cept oil). (renewal): 1919. 

Do. (171) Lim Shain Wolfram and tin • P.L. 517'12 16th August Do. 
(renewal): 1919. 

Do. (172) Do. AU minerals (ex· P.L. 450'56 • Do. Do. 
ceptoil). (reneWal): 

Do. (173) Do. Wolfram and tin • p(r!'~ewal): 517'36 Do. Do. 

Do. (174) Do. Do. . P.L. 404'48 Do. Do. 
(renewal): 

Do. (175) M", .A. D. Keith Do. . '. P.L. 1,344 29th July Do. 
1919. 

Do. (176) Mr. F. Fit.herbert Do. P.L. 460'80 4th October Do. 
1919. 

Do. (177) MeBB1'S. The Indo· Tin P.L. 148'48 26th Novem· Do. 
Burma Tin Corpora· ber 1919. 
tion, Ltd. 

Do. (178) Hr. S. Crawshaw • AU minerals (ex· 
ceptoil). 

P.L. 8,194'88 30th Novem· 
ber 1919. 

Do. 

Do. (179) Haung Po • Do. PoL. 798 29th October Do. 
1919. 

Do. (180) M ... rs. Marshall 
Cotterell '" Co. 

Do. P.L. 916'48 28th October Do. 
1919. 

Do. (181) Hr. W. H. Olivant Do. P.L. 665'60 25th October Do. 
1919. 

Do. (182) LIm Shain Do. P.L. . 476'16 1st Novem- Do. 
ber 1919. 

, 

Do. (183) Me.srs. Wightman Tin P.L. 800 6th Decem- Do. 
'" Co., Ltd. ber 1919. 

Do. (184) M ...... Marshall .All minerals (ex' P.L. 2,362'88 10th Novem- Do. 
Cotterell '" Co., Ltd. cept oU). ber 1919. 

Do. (185) M ....... Wightman 
'" Co., Ltd. 

Tin P.L. 10 8th Novem- Do. 
ber 1919. 

Do. (186) Maunl! Po All minPrals (ex· P.L. 665'60 4th Decem· Do. 
cept 011). ber 1919. 

Do. (187) Mr. H. G. Mathews Wolfram and tin • P.L. 2,539'52 12th Decem· Do. 
ber 1919. 

Do. (188) Mr. Mahomed A 11 minerals (ex· P.L. 414"72 1st December Do. 
£aoof Bbymeah. copt oil). 1919. 

Do. . (189) Mr. O. F. Misqllith Do • P.L. 1,587'20 27th Novem· Do. 
ber 1919. 

D2 
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Mergnl (190) Mr .Thomas Green· 
how. 

Tin P.L. 601'76 9th December 11 year. 
1919. 

Do. (191) C. Po Kun All minerals (ex- P.L. . 977'92 17th Decem- Do • 
. cept oil). ber 1919. 

Do. (192) Me.srs. Wightman Coal • , P.L. 400 5th December Do. 
& Co., Ltd. 1919. 

Do. (198) Do. Tin , , P.L. 0 158'72 9th December Do. 
1919. 

Do. (194) Messrs. The All minerals (ex- P.L. 1,409'60 80th July Do. 
Hpaungdaw Prospec- ceptoil). (renewal): 1919. 
tlng Co., Ltd. 

Do. (195) Do. Do. P.L. 
(renewal): 

1,976'52 1?0. Do. 

Do. 0 (198) Mr.W. H. Ollvant Tin and tungsten P.L. 517'12 27th Septem- Do. 
ores. (renewal): ber 1919. 

Do. 0 (197) Me ...... The Ran· All minerals (ex· P.L. 1,208'20 9th Septem- Do. 
goon Wolfram Co., ceptoil). (renewal): ber 1919. 
Ltd, 

Do. 0 (198) Mr. H. H. Bateman Wolfram and tin , P.L. 
(renewal): 

1,824 17th Septem- Do. 
ber 1919. 

Do. (199) Do. Wolfram P.L. 
(rene'\Val): 

640 27th Septem- Do. 
ber 1919. 

Do. (200) Do. Wolfram and tin • P.L. 
(renewal): 

480 Do. Do. 

Do. · (201) Ho Cheng Kiat All minerals (ex· P.L. 688'SO 14th Novem- Do. 
ceptoil). (renewal): ber 1919. 

Do. 0 (202) Maung Choon Do. P.L. 25'87 22nd Novem· Do. 
(renewal): ber1919. 

Do. 0 (208) Messrs. The Mergul Tin and wolfram • P.L. 2,150'40 1st Novem- Do. 
Tin Dredging Co., Ltd. (renewal): ber 1919. 

'nbu 0 (204) Mr. Esmail Esoof Mineraloil. P.L. 820 8th February Do. 
Esmail. 1919. 

Do. 0 (205) Maung Tun Aung Coal 0 P.L. 620 28th January Do. 
Gyaw. 1919. 

Do. 0 (206) Yeo Eng Byan Do. P.L., 1,642 Do. Do. 

Do. · (207) Mr. ,Mahomed Do. 
Gotam Husilein Surty. 

P.L.· 4,857'6 Do. Do. 

Do. 0 (208) Mes.... The Bom· Mineral oil P.L. 836 12th Novem· "2 year •• 
bay-Burma' Trading (renewal): ber 1918. 
Corporation, Ltd. 

On. (209) Messrs. The Yomah Coal P.L. 480 1st April 1 year. 
, Oil Co., Ltd. 1919. 

Do. 0 (210) Maung Tun Aung Do. P.L. 1,280 I Do. • 
Do. 

Gyaw. 

Do. · (211) Maung Ba Thl Do; • P.L. 11,560 2nd May 1919 Do. 
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(212) lIanng Ba Tbi Coal P.L. 620 

(213) II ....... The Yomah Mineral oil • P.L. 2,570'24 
OU Co.,Ltd. Blocks 4P,8P, 

12P ,24P, and 
part of lIP 
ofth.Minbn 
OllField. 

(214) II ...... The IndO- Do. P.L. 1,692 
Burma Petroleum Co., (renewal): 
Ltd. 

(215) Manng Tha Ya Coal. P.L. 640 

(2~ M. E. Bhymeah '" IIlin.raloll. P.L. 320 

(Westemhalf 
01 block I. S. 
intheMinbu 
Oil Field.) 

(217) Yeo Eng Byan Coal. P.L. 1,432 

(218) lIanng Tun Anng Do •• P.L. 640 
Gyaw. (renewal): 

(219) Maung Hmon and 
Maung Thin. 

Mineral oll • P.L. 400 

(220) Mr. 
Singh. 

BaiJ Nath Do. P.L. 
(renewal): 

11,8976 

(221) Messrs. The Burma 
OllCo., Ltd. 

Do. P.L. 
(renewal): 

1,280 

(222) Messrs. The Union Do. P.L. . 8,720 
Oll Co., of Burma, 
Ltd. 

(223) Manng The Ya AU minerals P.L. 167"'15 

(2U) lIanng Xyl • . Mineraloll • P.L. . 31'50. 

(225) Mr. :R. 
Swinhoe. 

C. J. Sliver and copper P.L. 640 

(226) Mr. H. 11'. LeoIle Gold and platinum P.L. 2,931-20 

(227) II ...... The Burma Gold and Irldio P.L. 8,200 
Gold Dredging '" Co., platinum 
Ltd. 

(228) Mr. H. 1'. Leslie Gold. . . P.L. 640 

(229) Mr. A. J. Beale All minerals (el[. P.L. 4,851'20 
cept oll). 

(230) IIC88lII. 
and Bon. 

Balthazar lIinerai oD • P.L. 640 

1115 

Date of 
commence .. Term. 

ment. 

IIndMa:y1919 1yeM. 

11th Aprll 
1919. 

Do. 

12th January 
1919. 

2y.aro. 

11th A1Ig1I8t 1 y.ar. 
1919. 

21et August Do. 
1919. 

28th May Do. 
1919. 

4th 
1919. 

Aprll 2 years. 

2nd June 1919 1 year. 

27th August 2 years. 
1919. 

7th May 1919 Do. 

17th Septem· 
bel 1919. 

1ft''''' 

18th Novem· Do. 
ber 1919. 

14th Novem· Do. 
ber 1919. 

2nd January Do. 
1919. 

15th lanu· Do. 
ary 1919. 

8rd Febmar)' 
1919. 

Do. 

2nd January Do. 
1919. 

9th Decem· Do. 
bel 1919. 

9th )lay Do. 
1919. 
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Pakokku (231) Messr~. 
and SOl',. 

Balthazar Mineral oil • P.L. 1,280 9th May 1919 1 year. 

Do. (232) Messrs. The British Do. M.L. 
Burma Petroleum Co., 

l,Z80 5th 
1919. 

May 30 years. 

Ltd. 

Do. (Z33) Do. Do. P.L. 960 16th May 1 year. 
1919. 

Do. (234) Messrs. The Ran- Do. P.L. 1,068'8 19th May Do. 
goon Oil Co., Ltd. 1919. 

Do. (Z35) Do. Do. P.L. 624 Do. Do. 

Pakokku (236) M. ;r. C. Galst"un All minerals (ex- • P.L. 3,840 9th Septem- Do. 
Hill Tracts. eept oil). (renewal): ber 1919. 

Prome (237) M& Nyein HI .. Mineral oil • P.L. 123 25th August Do. 
1919. 

Do. (Z38) Esoof Abdul Coal P.L. 2,668'8 Znd Decem- Do. 
Sh .. koor Bros. ber 1919. 

Do. . (Z39) Mllung Pc· Tok and :Mineral oil . P.L. 320 Z~th Oet<lLcr Do. 
Maung My.t Tbin. (reDewal): 1919. 

Ruby Mines (240) Ko Ko royi • All minerals (ex- P.L. 7,680 23rd June DO. 
ceptoil). 1919. 

Do. (241) M" Shwe Bwin Copper ore • P.L.. . 
(renewru). 

O!O Htlt 
1919. 

, 1Iiay Do. 

Do. (Z42) Mess~. Balthazar _0\11 minerals (ex- P.L. 2,560 9th August Do. 
eI: Son. ceptoil). 1919. 

Do. (Z43) Mr. S. S. Halkar Mira. P.I,. 41 21st June Do. 
(renewal): 1919. 

Salween (Z44) Mr. B. H. Hardinge A II minerals (ex- P.L. 1,920 1Zth March Do. 
ccpt oil). 1919. 

Do. (Z45) Mr. S. Crawshaw. Do. P.L. 3,220 Do; ,Do. 

Shwebo (246) Mr. Y. A. Ganny • Do. . . , P.L. 200 16th Janu- Do. 

• ary 1919 • 

Do. (247) Messrs. The Durma 
Oil Co., Ltd. 

Mineral oil • . . P.L. 7,040 27th Septem- Do. 
ber 1919. 

Do. (248) !llessrs. The lnrlo- Do. P.I •. 1,230 29th Novem- 2 years. 
Burma Petroleum Co., (renewal): Ler 1919. 
I.t<!. 

Southern (249) MauD~ San Hein Lead P.L~ 1,280 17th Feb- 1 year. 
Shan ruary 1919. 
States. 

Do. (250) Mr. M:A. S. Jamal All minerals (ex- P.L. 3,520 18th Jann- Do. 
ceptoil). ary 1919. 

Do. . (251) Maung Da eho Do. , P.L. 640 10th Feb- Do. 
mary 1919. 

Do. 0 (252) Maung Kya Ywet Do. P. I,. 640 12th Septem- Do. 
(renewal): ber1918. 

Do. (25~) Sawbwa of Kling- Gold. . ./ P. I,. • 1,440 27th Decem- Do. 
tiing. (renewal). ber 1918. 

P. L.~P, • .,ecting Licon... 111:. L.=Mining Lea.e. 
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Soothf'I'B (254) S.",b_ of Kliog· Gold • P.L. 1,920 I 27th Decem- 1 year. 
Sba.D tiiDg. (reoewal): ber 1918. 
Stateo. 
Do.. (255) Hr. W. H. Cowling Do. • P. L. 10,560 I 27th ;rune Do.. 

1919. 

Do. I Do. P.L. MO I 13th ;rune Do. · I (256) lfa Ngwe !fyun 

I I 
' 1919. 

Do. · I (257) Hr. S. R. Solomon Antimony and P.L. 640 28th ;rune Do. 
80PS0Ciateci min- 1919. 
erals. 

Do. (2511) llaung Kya Ywet Leadaodsil_ lI. L. 2'1 1st Septem- 5 years. 
(reoe_I): ber 1917. 

Do. (259) ll& Chit Su • AD minerals (e:l- P.L. MO 9th Oetober 2 years. 
ceptoiJ). (renewal): I 1918. 

Do. (260) Sa",1ein Lee Do. P.L. 599 5th Septem- 1 year. 
ber 1919. 

Do. (261) lfaung Tun llaung Do. P.L. 
(renewal): 

320 14th ;rune Do. 
1919. 

Do. (262) Hr. W. H. Cowling Do. · P. L. I 2,880 lOth Decem- Do. 
ber 1919. 

Tavoy (263) Oog Hoe Kyin Do. · · P.L. 645 3rd lIareh Do. 
1919. 

Do. (264.) Tavoy Tin Syudi- Do. · P.L. 2,099 8th ;ranuary Do. 
cate. 1919. 

Do. (265) Do. Do.. P.L. 1,782 Do.. Do. 

Do. (2611) llessn. Tata SoDS, 
Ltd. 

Do. P. L. SM 8th Fehruary Do. 
1919. 

Do. (267) llaung Ba Oh Do.. P.L. 274 13th Janu- 6 months. 
ary 1919. 

Do. · (268) Hr. n. G.llatlle .... Do. P.L. 937 1st February Do.. 
1919. 

Do. (269) llaung Tun • Do. · P.L. . 422 18th Novem- 1 year. 
ber 1918. 

Do. (270) IIr. C. Beadoo Do. P.L. 2,768 3rd ;ranuary 
1919. 

6 months. 

Do. (271) Do. · · Do. P.L. 4,137 Do. . Do. 

Do. (27!) Do. · Do. · P.L. 159 28th 
1919. 

lIarch 1 year. 

Do. (273) )I ..... Steel BrOB. Do.. · P.L. 2,386 6th lIareh Smooths. 
., Co., Ltd. 1919 • 

Do. · (274) Do. · · Do.. · PL- 1,742 10th ;raouary 
1919. 

Do. 

Do. (275) )I....... Booth ., Do. P.L- 2,365 11th Feh· 1 year. 
lIi1De. mary 1919. 

DC>. (270) Do. · · Do. · · P. L. no 4th March 6 mooUuo. 
1919. 
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Tavoy (277) Tavoy 
Ltd. 

Wolfram, AU minerals 
copt oil). 

(ex- P.L. 174 9th January ,1 year. 
1919. 

Do. (278) Maung Lu Pe Do. P.L. 497 13th January 6 months. 
1919. 

Do. (279) Messrs. Maung Min Do. P.L. 676 6th February Do. 
Gyaw Bros. & Co. 1919. 

Do. (280) Mr. P. M. Haines • Do. P.L. 709 6th March 1 year. 
1919. 

Do. (281) Mauog Sein Khaing Do. P.L. 
(renewal): 

1,182 8th August 
1918. 

Do. 

Do. . (282) Maungpo Gywe Do. P.L. 486 6th August Do. 
(renewal): 1918. 

Do. (283) Messrs. The High Do. . P.L. 1,163 11th August Do. 
Speed Steel Alloys (renewal): 1918. 
Mining Co., Ltd. 

Do. (284) Quah Cheng Tock Do. P.L. 988 3rd Septem- Do. 
(renewal): ber 1918. 

Do. (285) Ma,mg Tun Mya Do. P.L. 558 9th Septem- Do. 
(renewal): ber 1918. 

Do. (286) Maung Po U Do. P.L. 
(renewal): 

1,920 24th Septem-
ber 1918. 

Do. 

Do. (287) Maung Ba Don Do. P.L. 282 11th Novem- Do. 
(renewal): ber 1918. 

Do. (288) Mr. A. E. O. Maho- Do. '. P.L. 416 16th Novem- Do. 
med Yusuf. (renewal): ber 1918. 

Do. (2891.:aUng Sein Do. P.L. 494 23rd Novem- Do. 
K ·ng. (renewaJ): ber 1918. 

Do. (290) Maung Me Do. P.L. 368 30th Novem- Do; 
(renewal): ber 1918. 

Do. (291) Eu Kya Ban Do. P.L. 660 20th Novem- 6 months. 
(renewal): ber 1918. 

Do. (292) Khoo Tun Byan Do. P.L. 148 30th Novem- Do. 
(renewaJ): ber 1918. 

Do. (293) Ong Hoe Kyin Do. P.L. 179 13th Decem- Do. 
(renewal): ber 1918. 

Do. (294) Messrs. The Bom- Do. P.L. 708 10t,h October Do. 
bay-Burma Trading (renewaJ): 1918. 
Corporation, Ltd. 

Do. (296) Messr •. steel Bros. Do. . P.L. 1,422 21st Decem- 1 year. 
& Co., Ltd. (renewal): ber 1918. 

Do. (296) Maung Mya Pe '. Do. P.L. 469 26th Decem- 6 months. 
(renewaJ): ber 1918. 

Do., (297) Mr. Naitram Ram- Do. P.L. , 240 4th January 1 year. 

bux. (renewal): 1919. 

Do. (298) Ma My" Yin Do. P.L. 1,039 21st Decem .. 6 months. 
(renewaJ): ber 1918. -

P. L.=Pro'J!etling, Lit ..... " 
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Tavoy (299) Mesora. Steel Bro •• AU minerals (ex· P.L. 620 6th January 6 months. 
&: Co., Ltd. rept oJI). (renewal): 1919. 

Do. (300) Maung E Zin Do. P.L. 435 15th Feb- 1 year. 
(renewal): ruary 1919. 

Do. (301) Maung Po Hnan Do. P.L. 
(renewal): 

589 Do. Do,' 

Do. (302) Messrs. The Tavoy AU minerals (ex- M.L. 676'69 23rd April 30 years. 
ConcessiOns, Ltd. copt oil) and pre- 1918. 

cious stones. 

Do. (303) Quah Cheng Tock Wolfram and tin • M.L. 660'73 1st August Do. 
1916. 

Do. (304) Lim Kyee Van AU minerals (ex- M.L. 380'10 11th January Do. 
copt oil) and 1917. 
preciOUS stones. 

Do. (305) Me.ora. The High AU minerals (ex- P.L. 3,442 14th Angust 6 months. 
Speed Steel _<l.11oy. copt oil). 1918. 
Mining Co., Ltd. 

Do. (306) Do. Do. I P.L. 896 21st 
1919. 

May Do. 

Do. (307) Mr. A. R. H. Ady Do. P.L. 402 1.t April 1919 1 year. 

Do. (308) Mr. G. Willison Do. P.L. 640 24th 
1919. 

April Do. 

Do. (309) Mes .... Tam Sons, Do. P.L. 394 Srd May Do., 
;Ltd. 1919. 

Do. (310) Quah Cheng Gwan Do. P.L. . 300 4th Apri11919 Do. 

Do. (Sl1) Maung Ba Oh Do. P.L. 1,024, Do. . 6 months. 

Do. (812) Do. Do. P.L. 407, 19th June Do. 
1919. 

Do. (SIS) Messrs. Foucar &: Do. P.L. 1,822 26th June 1 year. 
Co., Ltd. 1919. 

Do. (314) Mr. G. Willison Do. P.L. 
(renewal): 

807 24th Feb- Do. 
ruary 1918. 

Do. (S15) Quah Cheng Gwan Do. P.L. 
(renewal): 

I,OOS 3rd Septem· 
ber 1918. 

Do. 

Do. (316) Maung Saw Hlaing Do. P.L. 
(renewal): 

548 2nd January 
1919. 

Do. 

Do. (817) Khoo Zun Nee Do. P.L. 739 7th Dec.em- 6 months. 
(renewal): ber 1918. 

Do. (S18) Maung Ngwe Thi • Do. P.L. 548 14th Derem- Do. 
(renewal): ber 1918. 

Do. (319) Ma Mo Thu • 'Do. P.L; 
(renewal): 

'389 14th June Do. 
1918. 

Do. (320) MaKin Do. PL. 
(renewal): 

119 19th 
1918. 

June 1 year. 

Do. (321) 'M ... rR. Osman Do. P.L. 551 26th Feb. Do. 
Moati Khan &: Co. (renewal): ruary 1919. 

P. L.=ProBptd'ng l ........ H. L.=Mining Lea". 
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Tavoy (322) Quah Cheng Gwan All minerals (eJ<- P.L. 190 1st March 1 year. 
cept oil). (renewal): 1919. 

Do. (323) Messrs. Osman Do. P.L. 747 10th Feb· 6 months. 
Musti Khan & Co. (renewal): mary 1919. 

Do. , . (324) Maung Po Hnan Do. P.L • 640 26th March 1 year. 
(renewal): 1919. 

Do. (325) Messrs. Osman Do. P.L. 297 30th April Do. 
Musti Khan & Co. (renewal): 1919. 

Do. (326) Mr. A. E. O. Maho- Do. P.L. 487 9th April 6 months. 
med Yusuf. (renewal): 1919. 

Do. (327) Maung Ba Don Do. · P.L. 
(renewal): 

84 22nd April 1 year. 
1919. 

Do. (328) Maung SelD Thwe Do. · P.L. 256 9th April 6 months. 
(renewal): 1919. 

Do. (329) C. Soo Don • · Do. P.L. 640 23rd April Do. 
(renewal): 1919. 

Do. (330) Messrs. The Ran· Do. : P.L. 1.725 9th May 1 year. 
goon Wolfram Co .• Ltd. (renewal): 1919. 

Do. (331) Messrs. Tata Sons, Do. P.L. 282 3rd May Do. 
Ltd. 1919. 

Do. (332) MellSls. The Tavoy Do. P.L. 2.752 1st Septem- Do. 
TID Syndicate. ber 1919. 

Do. (333) Do. Do. P.L. 1.894 Do. Do. 

Do. . (3S4) Do. Do. P.L. 3,802 . Do. · Do. 

Do. (335) MeIlSlS. The Tavoy Do. P.L. 1.644 Do. · Do. 

Syndicate. 

Do. (336) Messrs. The Tavoy Do. P.L. 1.769 Do. · Do. 
Tin Syndicate. 

, 
Do. P.L. loth Septem- Do. 

Do. (337) Mr. A. R. H. Ady . 410 
)ler 1919. 

Do. (338) Maung Manng Do. · P.L. . 404 26th August Do. 
1919. 

Do. (339) Mr. H. G. Mathews Do. 0 P.L. ·4,057 1st July 6 months. 
1919. 

Do. . (340) Messrs. The Bom- Do. P.L. 839'68 22nd 'uly 1 year. 

bay Burma Trading 1919. 
Corporation, Ltd. 

Do. (S41) Mr. G. Lovell · Do. P.L. ll8 Soth Septem- Do. 
ber 1919. 

Do. (342) 8. Boon Thl · Do. 0 P.L. . 1,088 15th Septem- Do. 

. j 
ber 1919 • 

Do. (34S) C.SooDon • Do. · P.L. 1.S87 24th Septcm- Do. 
ber 1919. 

0 

P. L. -Prospecting Lioens •• 
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ment. 

Tavoy · (3«) Ilaang KaUDg All minenIs (ex- P.L. 
ceptoil). 

638 26th 
1919. 

August 1y_. 

Do. · (3~5) Quab CbeDg Gwaa Do. P.L. 640 9th ;January Do. (renewal): 1919. 

Do. (3~) II ....... The Born- Do. P.L. 860 19th March Do. 
bay Burma Trading (renewal): 1919. 
CGIporatioo,Ltd. 

Do. · (1147) II ....... The Tavoy Do. P.L. 543 26th April Do. 
Wolfram, Ltd. (renewal): 1919. 

Do. (:US) 1I:r. P. G. Fltzbe<. Do. P.L. 389 20th Kay Do. 
beR. (renewal): 1919. 

Do. · (349) 1I:r. C. Beldon Do. P.L. 
(renewal): 

3,674 3rd 
1919. 

;July Do. 

Do. · (350) IIaung Po lIyee Do. - P.L. 
(renewal): 

179 25th 
1919. 

Kay Do. 

Do. (351) 1I:r. C. Beadon Do. P.L. 2,371 3rd ;July Do. 
(renewal): 1919. 

Do. · (352) 1I:r. A. 11. JL Ady Do. P.L. 809 28th ;June Do. 
(renewal): 1919_ 

Do. · (353) IIeiHs- FonCK 
Co., l.td. '" Do. P.L. 

(renewal): 
460 1st 

1919. 
;July Do. 

Do. · (354) Do. . Do. · P.L. 
(renewal): 

476 27th Angust 
1919. 

Do. 

Do. (355) II ....... The Indo-
Burma TiD C<Jrpora--

Do. · P.L. 
(renewal): 

410 4th Septem-
ber 1919. 

Do. 

tioo,Ltd. 

»0. · (356) lfaun'!i \lin Gr.w Do. · P.L. 463 5th Augrurt. IImontbs. 
B .... (renewal): 1919. 

Do. · (357) Quab Cbeug Tad< Do. P.L. 988 3rd Septem- I year. 
(renewal): ber 1919. 

Do. · (358) IIe!I!nI. Tata Sona, Do. · P.L. 2,312 24th Oc.tober Do. 
Ltd. 1919. 

Do. · (359) II........ The Indo- Do. · P.L. 1,827 14th Novem- 6montba. 
BurDlla Tin eorpor .. ber 1919. 
tioo, Ltd. 

Do. · (360) KaUDg XI Toe · All minera1B (ex- P.L. . 1,772 1st Decem- Do_ 
Clept oil and jade). ber 1919-

Do. · \381) IIaung IIa On · Do. . P.L. . 3111 17th October lyCK. 
1919. 

Do. (382) Quab CbeDg Tad< All m1nerala (eI;- P.L. 657 24th October Do. 
Cleptoil). 1919. 

Do. · (363) IIaung IIaung · Do. · . P.L. 256 20th October Do. 
~ .. 1919_ 

Do. · (364) Do. . · Do. · P.L. 1,059 4th Novem.. 
ber 1919. 

Do. 

P. L.=Protp..un, LiunN. 
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ment. 

Tavoy (366) Eu Shwe Swal . All 'minerals (ex· P.L. 353 1st Decem- 1 year • 
cept oil). ber 1919. 

Do. (366) Ong Hoe Kyin Do. P.L. 1,113 19th Novem- Do. 
ber 1919. 

Do. (367) Mauog Kya Tun Do. P.L. 686 4th Decem· 6 monw. 
ber 1919. 

Do. (368) Messrs. Bulloch Do. P.L. 640 18th Decem- Do. 

Bros. &: Co., Ltd. ber 1919. 

Do. (369) Mauog Po Swe Do. · P.L. 617 20th October Do. 
, 1919. 

Do. (370) Gunpat Rat Ku~ Do. P.L. S84 16th Decem- 1 year. 

wuI. (renewal). ber1918. 

Do. (371) Do. . Do. P.L. 3S3 13th May Do. 
(renewal)., 1919. 

Do. (372) Messr.. Osman po. · P. L. 747 10th August Do. 

Mustl Khan &: Co. (renewal): 1919. 

Do. (373) Mauog Po Gauog • Do. P.L. 230 14th -August Do. 
(renewal): 1919. 

Do. (374) Quah Cheng Gwan Do. P.L. 1,003 Srd Septem- Do. 
(renewal): ' ber 1919. 

Do. (S76) The Hon'ble l\Ir. Do. P.L. 320 12th October Do. 

Lim.ChIn Tsong. (renewal): 1919. ' 

Do. (376) A.E. 0 Mahomed Do. · P.L. 437 9th October 6 months. 

Yusuf. (renewal): 1919. 

Thaton (a77) Maung Pauog Do. · P.L. 607-60 18th January 1 year. 
1919. 

Do, (378) Foo Beng Seng 'Do. P.L. 2,022'4 8rd January Do. 
1919. 

Do. (879) Klling Beng Chong Do. · P.L. 2,009·6 15th January Do. 
1919. ' 

Do. (380) Mauog Chit Mauog Do. P.L. 807·2 9th January S months 
1919. and II 

days. 

Do. (S81) Manng ECho Do. P.L. ' 79S'6 8th Decem- 1 year. 
(renewal): ber 1918. 

Do. (S82) Maung Khaing Do. P.L. 
(renewal): 

16S'6 7th February 
1919. 

Do. 

Do. (S83) Do. . Do. P.L. 1,094'4 . 29t.h January Do. 
(renewal): 1919. 

Do. (S84) The Hon'ble 
Lim Chin Tsong. 

Mr. Do. P.L. 742'4 7th May 1919 Do. 

Do. (385) Maung Kyl , Do. P.L. 1,241'6 9th May 1919 Do. 

Do. (S86) C. Chan Shwo . Do • P.L. , 640 5th May 1919 Do. 

Do. (S87) Maung Pe Gyi Do. P.L. 1,920 23rd July Do. 
(renewal): 1918. 

F 
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ment. 
---. 

TbatoD (388) Tan Kin ('bye All minerals (ex- P.L. 691'2 31st August 1y .... 
cept 011). (renewal). 1918. 

Do. (SS9) Ong Ba Wet and Do. P.L. 576 13th Feb- Do. 
Tan Kin ('bye. (renewal~ ruary 1919. 

Do. (390) MannI! Pn Do. P.L. 601'6 29th Oetober Do. 
1919. 

Thayetmyo (391) Messrs. The London· Hineraloil P. L. 4,576 13th Decem· Do. 
Rangoon Trading Co., ber 1918. 
Ltd. 

Do. (392) Do. Do. P.L. 2,880 26th Novem· Do. 
ber1918. 

Do. (393) Do •. Do. P.L. 1,920 Do. Do. 

Do. (394) Do. Do. P.L. 11,600 8th lanuary 
1919. 

Do. 

Do. (895) Do. . . Do. P.L. 9,574'4 18tbDecem· 2 years • 
(renewal): ber 1918. 

Do. (396) HIs. H. V. Murray Do. P.L. 8,200 12tb Novem· Do. 
(renewal): ber1918. 

Do. · (897) Messrs. The Britisb Do. M.L. 94"72 18th lnne SO years. 
Burma Peirolenm Co., 1918-
Ltd. 

Do. (398) Meesrs. The IDdo- Do. P.L. .,880 31st Marcb 1 year. 
Burma Petrolenm Co., 1919. 
Ltd. 

Do. (899) Me8IIIB. The London- Do. . 
Rangoon Trading Co., 
Ltd. 

P.L. 2,880 10th April 2 years. 
(renewal): 1919. 

Do. (400) Do. Do. P.L. 11,5SO Utb lune 1 year. 
(Blocks 48,44 1919. 
and 45 of the 
HinhIa Oil 
Field and 
an undemar-

i eatedarea of 
15 square 
miles). 

Do. · (401) Ma Saw Hein Do. P.L. . 460 22nd April Do. 
1919. 

Do. · (402) 11 ...... The London· Do. P.L. 2,560 18th luly S years. 
Rangoon Trading Co., (renewal): (Blocks 26 and 1919. 
Ltd. 2'1, the west;. 

ern half of 
blocks 9, 25 
and 28 and 
thB eastern 
half of block 
SO~. 

Tonngoo (408) Hr. 1. CurrI AD minerals (ex· P.L. 
cept oil). 

l,9SO 15tb 
19l!!. 

May 1 year. 

Do. · (404) Hr. H.l. DB ...... Do. . P.L. 747"52 17th Novem· Do. . ber 1919 • 
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ment. 

----
Upper (405) Messrs. The Indo· Mineral oil • P.L. 12,800 12th Septem· 2 years. 

Chindwin. Burma Petroleum Co., (renewal.) ber 1918. 
Ltd. 

Yamethin (406) Mr. W. H. Heard· All minerals (ex· P.L. 640 31st January 1 year. 
White. ceptoiJ). 1919. 

Do. (407) Messrs. H. Abdul Do. P.L. 4,268'8 6th February Do. 
Shakoor Rajee Cassim 1919. 
& Sons. 

Do. (408) Maung Tun Mya Do. P.L. 531'2 22nd Febru· Do. 
ary 1919. 

Do. (409) Mr. Tan Ba Thwin Do. P.L. 652'8 27th March Do. 
1919. 

Do. (410) Do. Do. P.L. 1,152 Do. Do. 

'boo (411) Maung Ba Tin Do. P.L. 1,337'6 30th June Do. 
1919. 

Do. (412) Messrs. B. M. Do. P.L. 1,715'2 15th January 2 years. 
Kharwar & Co. (renewaL) 1919. 

Do. (413) Messrs. H. Abdul Do. P.L. 1,779'2 26th July 1 year. 
Shakoor Hajee Cassim 1919. 
& Sons. 

Do. (414) Messrs. B. M. Do. P.L. 1,369'6 20th May Do. 
Kharwar. (renewal.j 1919. 

Do. (415) Maung Kyi • Do. P.L. 582'4 18th May Do. 
(rene)Val.) 1919. 

Do. (416) L. Ah Lye Do. P.L. 1,600 21st August I Do. 
(renewal.i 1919. 

CENTRAL PROVINCES. 

Balaghat (417) Seth Shriram Manganese. P.L. 348 13th Septem· 6 months. 
(renewal.) ber 1918. 

Do. (418) Do. Do. P.L. 128 17th Febru· 
sry 1919. 

1 year. 

Do. (419) Do. Do. P.L. 
(renewal.) 

45 30th Septem· 6 months. 
ber 1918. 

Do. (420) Do. Do. P.L. 496 17th Febru· 1 year. . ary 1919 • 

Do. (421) Do. Do. P.L. 395 Do. Do. 

Do. (422) Do. Do. P.L. 77 Do. . Do. 

Do.. (423) Do. . Do. P.L. 0 1 Do. Do. 

Do. (424) Do. Do. P.L. 2 Do. roo 

Do. (425) Do. . Do. P.L. 0 11 Do. . Do. 
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Nature of Area Date of I 
_D_ISftI---,_C'r_. _____ G_raB_tee_. ___ I-__ 

Hlner 
__ 

a1

_._. ___ gr_an_t' __ I __ in_a_c_res~. _1_co_IDID_me""n_ef_.ce_-_:---==-

lIaJaghM 

Do. 

Do. 

Dc. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

(426) Seth Sbrlram Hanganese • 

(427) Do. Do. 

(428) Hr. C. S. Harris Copper and bau
Xite. 

(429) Mess .... Tata Sons, lIauxite 
Ltd. 

(430) Do. Do. 

Do. Do. 

(432) Do. Do. 

(433) Do. Do. 

(434) Do. Do. 

(435) Do. Do. 

(436) Do. Do. 

(437) Do. Do. 

(438) Do. Do. 

(439) Do. Do. 

(UO) Do. Do. 

(441) Xhan lIabadur Hanganese. 
Byramji PestonjL 

(442) Central Provinces 
Prospecting Syndicate. 

(443) Pandil 
&banker. 

Kripa· 

Do. 

Do. 

P.L. 

P.L. 

P.L. . 
(renewal.) 

P.L. . 
(renewal.) 

P.L. . 
(renewal.) 

P.I.. . 
(renewat) 

P.L. . 
(renewal.) 

P.L. 
(renewal.) 

P.L. . 
(renewal.) 

P.L. _ 
(renewal.) 

P.L. • 
(renewal.) 

P.L. . 
(renewal.) 

P.L. . 
(renewal.) 

P.L. • 
(renewal.) 

P.L. • 
(renewal.) 

P.L. 

M.L. 

M.L. 

1 

2 

12 

6S 

107 

66 

96 

533 

151 

525 

26 

20 

116 

93 

136 

13 

17th Febrn
ary 1919. 

Do. 

1st February 
1919. 

31st Decem
ber 1915 

Do. 

1st February 
1919. 

31st Decem
ber 1918. 

1st Febrnary 
1919. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

1 year. 

Do. 

6 months. 

2 years. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

31st March 1 year. 
1919. 

1st March 
1919. 

2nd January 
1919. 

Will ex
pire with 
the oli
ginallease. 
dated the 
22nd De
cember 
1902, to 
which it 
is supple
mentary. 
Will ex .. 
pire with 
the origin
a\ lease, 
dated the 
29th April 
1918, to 
which i 
is supple
mentary. 
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Balaghat (444) Mr.M. B. Chopra. Manganese • P.L. . 101 26th March 1 year. 
1919. 

Do. (445) Khan Bahadur Do. P.L. 52 27th May 5 months. 
Byramji Pestonji. (renewa!.) 1919. 

Do. (446) Do. Do. P. I.. 173 7th Jnne 1 year. 
1919. 

Do. (447) Do. Do. P.L. 128 Do. Do. 

. Do. (448) Messrs. Tata Sons, Bauxite P.L. 28 28th Jnne 2 years. 
Ltd. (renewal.) 1919. 

·Do. (449) Do. Do. P.L. 
(renewal.) 

16 7th May 1919 Do. 

Do. (450) Do. Do. P.L. 
(renewal.) 

781 5~May1919 Do. 

Do. (451) Do. Do.· P.L. 40 1st August Do. 
(renewal.) 1919. 

Do. (452) Do. Do. P.L. 
(renewa!.) 

69 Do. Do. 

Do. (45S) Do. Do. . P.L. 
(renewal.) 

77 Do • Do. 

Do. (454) Do. Do. P.L. 
(renewal.) 

1,365 27th 
1919. 

August Do. 

Do. (455) Do. Do. P.L. 
(renewal.) 

187 1st August Do. 
1919. 

Do. (456) Do. Do. . P.L. 
(renewal.) 

469 Do. Do. 

Do. (457) Do. Do. P.L. 
(renewal.) 

27 21st May Do. 
1919. 

Do. (458) Do. Do. P.L. 
(renewal.) 

187 Do. Do. 

Do. (459) Do. Do. P.L. 1i6 Do. Do. 

Do. (460) Do. Do. P.L. 44 Do. Do. 

Do. (461) Do. Do. P.L. 412 Do. Do. 

Do. (462) Do. Do. P.L. 118 Do. Do. 

Do. (463) Mr. M. B. Dada· Manganese. P.L. 118 17th May 1 year. 
bhoy, C.I.E. 1919. 

Do. (464) Pnndlt 
shankar. 

Rewa· Do. P.L. 186 11th lnne Do. 
1919. 

Do. . (465) Sbrlram Seth Do • M.L. 70 17th July SO years' 
1919. 

Do. (466) Do·1 Do. . P.L. 17 27th August 1 year. 

1919. I 
Do.: ., (467) Do. Do. 0 P.L. 0 IS 20th Septem' Do. 

ber 1919. .. 
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J!alaghat (468) Shrlram Seth Mangsnese. . P.L. 5 20th Septem-

ber 1919. 
l:Y08r. 

Do. (469) Do. Do. P.L. 131 Do. Do. 
D~. · (470) X. B. 

Pestonji. 
Byramji Do. M.L. 29 2nd 

1919. 
August 5 years. 

Do. (471) Do. Do. M.L. 4 Do. Do. 
1)0. (472) Do. Do. M.I,. 13 Do. Do. 
Do. (473) Do. . Do • M.L. 15 Do. Do. 
Do. (474) Do. Do. M.L. 13 Do. Do. 
Do. 1475) Da. Do. M. L. 25 Do. Do. 
Do. (476) Do. Do. M.I,. 18 26th August Do. 

1919. 
Do. (477) Do. Do. M.L. 22 2nd 

1919. 
Augost Do. 

Do. (478) Do. Do. 0 M.L. 4 Do. Do. 
Do. (479) Do. Do. M.I,. S Do. Do. 
Do. (480) Do. Do. P.L. 552 27th August 6mooths. 

(renewaJ.j 1919. 
Do. (481) Do. Do. M.L. 20 2nd Aogust 5 years, 

1919. 
Do. · (482) Do. 0 Do. M.L. 11 Do. . Do. 
Do. (483) Baboo :Krip .... Do. M.L. 19 9th AUgllSt Do. shankar. 1919. 
Do. · (484) Do. Do. M.L. 88 D.o. Do. 
Do. 0 (485) Pandit 

sbankar • 
Rew .... Do. M.L. 41 2nd 

1919. 
July 15 years. 

. Do. (486) Do. Do. M.L. 36 Do. 10 years. 

Do. (487) Me..... Bahman- Do. P.L. 131 4th Beptem- 6 months. sbe Fousdar Brothers. (renewali ber 1919. 
Do. ,488) M ... lR. Tata Iron 

and Steel Co., Ltd. 
Do. M.L. 678 30th 

1919. 
July 5 years. 

Do. (489l.tMeOBra. Tata Sons, Baoxite P. J,. 7,187 2nd August 1 year. L • 1919. 
Do. (490) Do. Do. P. J .. 650 Do. Do. 
Do. (491) Do. Do. P.L. 964 Do. Do. 
Do. (492) Do. Do. 'P. L. 188 ·Do. Do. 
Do. (493) Do. Do. P.L. 125 Do. Do. 
Do. (494) Do. Do. P.L. 242 Do. Do. 
Do. (495) Do. . Do. P.L. 897 Do. Do. 
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BaJaghat • (496) Messrs. Tats Sons, Bauxite P.L. 119 2nd August 1 year. 

Ltd. 1919. 

Do. · (497) Do. Do. P.L. 91 Do. Do. 

Do. · (498) Do. Do. . P.L. 628 Do. Do. 

Do. · (499) Do. Do. P.L. S16 Do. Do. 

Do. • (500) Do. Do. P.L. 188 Do. Do. 

Do. (501) Do. Do. . P.L. 125 Do. Do. 

Do. (502) Seth Gowardhan· Manganese. P.L. 70 27th August Do. 
das. 1919. 

Do. (503) Messrs. M. D'CoBts Do. P.L. 53 2nd July Do. 
and Goredutt Ganesh· 1919. 
lal. 

Do. (504) Mr. C. S. Harris Do. P.L. 528 27th August Do. 
1919. 

Do. · (505) Do. Do. P.L. 61 Do. Do. 

Do. (506) Do. Do. P.L. 14 Do. Do. 

Do. (507) 8bri Ram Seth Do. P.L. 142 18th oetober Do. 
1919. 

Do. (508) Do. Do. P.L. 85 21st Decem .. Do. 
1919. 

Do. (509) Do. Do. P.L. 4 Do. Do. 

Do. (510) Khan Bahadur Do. P.L. 422 18th Oetober Do. 
Byramji Pestonji. 1919. 

Do. (511) Do. Do. P.L. 59 Do. Do. 

Do. (512) Do. Do. M.L. 18 28th oetober 5 years. 
1919. 

Do. (518) Do. Do. M.L. 4 Do. Do. 

Do. (514) Do. Do. M.L. 2 Do. Do. 

Do. (515) Do. Do. M.L. 58 2nd Oetober Do. 
'1919. 

Do. · (516) Do. Do. M.L. 21 25th Novem- Do. 
1919. 

Do. · (517) Pandit 
shankar. 

Kripa- Do. ~ P.L. 48 8th Novero- 1 year. 
ber 1919. 

Do. (518) Do. . Do. M.L. 76 28th October 15 years. 
1919. 

Do. (5~k~ess'rl" Tats Sons, Bauxite . P.L. 387 13th Decem- 2 years. 
\reneWal.) 1919. 

Do. (520) Do. Do. P.L. 
(renewal.) 

218 Do. Do. 

Do. · (5111) Do. Do. ., P.L. • 522 Do. Do. 
(renewal.) 
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Balagbat • (522) Ralputena Min&- Manganese • 
rala Syndicate, Ltd. 

Do. 

Do. 

Do. 

(523) Mr. C. S. Harris Copper 

(524) Do. • Mangan ..... 

(525) Do. 

(526) M...... Lalbeharl 
Ram Cbaran. 

Do. 

Do. 

Do. (627) Do. Do. 

Do. 

Do. 

Do. • (628) Do. 

Do. Do. (529) 

Betul 

Do. 

Do. 

Blland ... 

Do. 

Do. 

Do. 

Do. 

Chanda 

Do. 

Do. 

Do. 

Do. 

(630) Shaikh Shahabud- Graphite 
dID. 

(631) Mr. M. R. Dixit, Do. 
Barrlater-at-Law, Nag-

(Sr:'seth Lakhmi- Lead 
chand. 

(633) Khall Bahadur Mauganese. 
Byram,jl Pestonjl. 

(534) Hr. Sbrlram Seth • Corundum. 

(535) Do. 

(536) Bsth Cowardban
daa. 

(537) BhrI Ram Seth 

Hanganese • 

Do_ 

Do. 

(538) Mr. M. B. Dada.- Coal_ 
bhoy, C.I.E. 

(539) Mr. Padamay Nar- Do •• 
oIbbai. 

(540) }f ... n!. Bajlbhoy Do._ 
Lalil. Co., Bombay. 

(541) Messrs. la«llvau Do •• 
V aUabbdaa Padamsy 
• CO., Bombay. 

(542) Do. Do •• 

ChhIndw... (543) Babll 
• hall~ar. 

Krlp.... Do •• 

Do. (644) Bhelkh Bhababud
dlo. 

Do. • 

Nature of 
grant. 

P •. L. 

M.L. 

M.L. 

P.L. 

P.L. 

P.L. 

P.L. 

P.L. 

M.L. 

M.L. 

P.L. 

P.L. . 
(renewal.) 

P.L. 

P.L. 

P.L. • 
(renewal.) 

M.L. 

P.L. 

P.L. 

• P.L. 

• ILL. 

M.L. 

• P.L. 

• P.L. 

Area 
in acres. 

911 

127 

80 

21 

212 

42 

3 

8 

57 

Date of 
commence

ment. 
Term. 

17th Decem- I year. 
ber1919. 

17th October 80 years. 
ber 1919. 

15th Septem
ber 1919. 

Do. 

loth Novem- 1 year. 
ber 1919. 

I ~th· October 
ber 1919. 

Do. 

Do. 

21st Novem
ber 1919. 

Do. 

Do. 

Do. 

Do. 

2nd August .30 years. 
1919. 

231 6th August Do. 
1919. 

177·28 1st Decem- 1 y .... 
ber 1919. 

17 27th Febru- " months. 
ary1919. 

32 27th ,July 1 year. 
1919. 

so 

27 

49 

1,268 

IlS 

860 

771 

417 

1,452 

9th August 
1919. 

loth Novem
ber 1919. 

Do. 

Do. 

4th October 5 years. 
1919. 

12th May 1 year. 
1919. 

!lid luna Do. 
1919. 

26th SepteJno Do. 
ber 1919_ 

8th Decem- ao year •• 
ber 1919. 

Do. Do. 

26th Febl1l- 1 ~ar. 
ary 1919 • 

4th March Do. 
1919. 

:e2 
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. CENTRAL PROVINCES-contd. 

DISTRI(l'l, I Nature of Area Grantee, Mineral. grant. in acres. 

Chhindwara. (546) Rao Sahib D. Manganese. P.L. 287 
Laksbmlnarain. 

D~ (546) Do. Do. P.L. 82 

Do. (547) Kban Babadur 
Byramjl Pestonjl. 

Do. P.L. 517 

Do. (548) l!Ir AsIam Khan • Coal. P.L. 588 

Do. (549) The Pencb Consoli· 
. dated Coal Co., Ltd. 

Do •• M.L. 46S 

Do. (550) Messrs. Shaw 
Wallaoe & Co. 

Do •• M.L. 455 

Do. 0 (551) Do. Do. M.L. 442 

Do. (652) Do. Do •• MoL. 214 

Do. (55a) Messrs. H. Verma 
and M. Kanhalya La! 
of ChbIndwara. 

Do •• . M.L. 268 

Do. (554) l\{essrs. Byramj\ 
PestoDji & Co. 

Do •• M.L. 1,485 

Do. (655) Do. Do. • M.L. 486 

Do. (556) Do. Do •• M.L. &92 

Do. (557) It&I Bahadur BI ... 
sesardas Daga and 

Manganese-ore M.L. 174 

others of Kamptee. 

Do. · (568) Mr. B. V. Butl of 
Nagpur. 

Do. M.L. . " 
Do. · (559) Indian Manganese 

Co., Ltd., Nagpur. 
Do. P.L. 234 

Do. · (560) Do., Do. P.L •. 1,008 

Do. (561) Mr. B. V. Butl of 
Nagpur. 

Manganes •• M.L. 188-49 

Do. (662) Mir Aslam Khan Coal • . P.L • 667055 
of Nagpur .. 

Do. · (56S) Messrs. A. H. Do •• P.L. 25'64 
Vasudeo Rao and Bro-
thers of N agpur. 

[VOL. LI 

Date of 
commence-

menta 

19th May 
1919. 

7th June 
1919. 

17th June 
1919. 

23rd June 
1919. 

80tb July 
1919. 

Do. 

Do. 

Do. 

29th July 
1919. 

12tb August 
1919. 

26th August 
1919. 

Do. 

10th luly 
1919. 

8th Septem-
ber 1919. 

4th July 
1919. 

Do. 

21st October 
I 1919. 

1st Decem-
ber 1919. 

Srd Novem· 
ber 1919. 

Term. 

---
1 year. 

Do. 

Do. 

Do. 

SOyears. 

Do. 

Do. 

Do. 

Will ex-
pire wi th 
the origin 
a! leas8 

th dated 7 
June 191 6 

cb 
po 

to wbl 
It is su 
plemsn-
tary, i.e. 
on 7th 
June 1946 

SOyeara. 

Do. 

Do. 

15yeara. 

SO years. 

1 year. 

Do. 

SOyeara. 

1 year. 

Do. 

-
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CENTRAL PROVINCES-contd. 

DISTlUOR. 

I 
MIneral. Nature of Area Date of 

Grantee. grant. in acres. commence- Term. 
!Dent. 

I 
Cbhindwara (564) Mr. B. V. Buti of ' Coal P.L. 75'97 7th October 1 year. 

Nagpur. 1919. 

Do. (565) Hessrs. H. Verma Do. . P.L. 243·U 20th Novem. Do. 
and Munshl Kanbaiya- ber 1919. 
\aI of Cbbindwara. 

Do. (566) Mr. B. V. Buti of Hangan ..... P.L. 185-46 llth Decem- Do. 
Nagpur. ber 1919. 

Do. (567) Do. Coal • P.L. 396·00 4th Decem- Do. 
ber 1919_ 

lnbbulpore (568) Mr. C. Stanley Manganese • P.L. 94 15th May Do. 
Harris.. 1919_ 

Do. (569) Mr. Veukat Bauxite P.L. 317 13th lune Do. 
Ramanna. 1919. 

Do. (570) Mr. I. C. Wilson Manganese, copper P.L. 874 12th May Do. 
and mica. 1919. 

Do. (571) Mr. George Bauxite P.L. 39 17th Septem- Do. 
Forrester. ber 1919. 

Do. (572) D. B. Balabhdas, Iron, manganese, P.L. 266 loth July Do. 
Mannula1 and Kanbaiy. tin, zinc and 1919. 
Lal silver. 

Do. · (573) Do. Do. P.L. 268 3rd Septem- Do. 
ber 1919. 

Do. (574) Do. Do. P.L. U2 loth 
1919. 

luly Do. 

Do. (675) Diwan Bahadur Do. P.L. 592-14 loth Novem- Do. 
BaUabbdas, Manoolal ber 1919. 
Kanba1yalal of lub-
bulpore. 

Do. (576) H....... Byram,ji 1Iangan .... - H.L. . 15·97 25th Novem- 6 year&. 
Peotonjlof Nagpur. ber 1919. 

Nagpur (677) Mr. Luman Rao Do. P.L. 94 Blat Hareh 1 year. 
Damodhar Lele. 1919_ 

Do. (67x) Mr. T. Cooverji Do. PoL. 89 27th Mareh Do. 
BOOja. 1919. 

Do. · (679) Do. Do. P.L. 128 Do. Do. 

Do. · (580) Do. Do. P.L. 160 Do. . Do. 

Do. (581) Do. Do. P.L. 33 Do. Do. 

Do. (682) Mr. G. B. Bright Do. P.L. 661 28th Hareh Do. 
1919. 

Do. · (583) Do. Do_ P.L. 1,082 Do. Do. 

Do. (584) Khan Bahadur Do. P.L. 829 22nd Hareh Do. 
Byram,jl PeetoDjL 1919. 

Do. (586) Do. Do. 1'. L. 400 Do. Do. 

Do. (586) Rao 8aheb D. Do. 1'. L. 620 27th Hareh Do. , 
Lumlnarayao. 1919. 
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DlSTRlC'l'." I Grantee. 

CENTRAL PROVINCES-contd. 

Minernl. Nature of 
grant. 

·Area 
in acres. 

[VOL. LI. 

commence- Term. 
mente 

...... 0' "'n""" , ..... n Laxminarayan. 

I 
Date of I 

----1----

1

27th March 1 year. 
1919. 

Manganese 

Do. • (588) Do. • Do. 

Do. Do. • (589) Messrs. Lalbebari 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

and Rameharan. 

(P90) Mr. M. B. Dada- Coal. 
bhoy, C.I.E. 

(591) Messrs. A. H. Manganese. 
Wasudeo Rao and A. 
Damodhar Rao. 

(592) Do. 

(593) Messr •. Bahmansh& 
Fouzdar Brothers. 

(594) 

(595) 

(596) 

(597) 

(598) 

Do. 

Do. 

Do. 

Do. 

Do. 

(599) Messrs. Goredutt 
Ganesh La) and M. 
V·Coste. 

(600) Messrs. Lalbebari 
and Ramcharan. 

(601) Do. 

(602) Messrs. Rampraead 
Lakshminarayan. 

(603) Rao Sahib D. 
Lakshminarayan. 

(604) Do. 

(605) Mir Aslam Khan 

(606) Do. 

(607) Vo. 

(608) Do. 

(609) Do. 

I (610) Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

DD. 

Do. 

Do. 

Do. 

Do. 

Do. 

P.L. 

P.L. 

P.L. 

P.L. 

M.L. 

M.L. 

M.L. 

M.L. 

M L. 

M.L. 

P.L. 

P.L. • 
(renewal.) 

M.L. 

M.L. 

M.L. 

P.L. 

P.L. 

P.L. 

P.L. 

P.L. 

P.L. 

P.L. 

• P.L. 

• P.L. 

58 

46Z 

243 

3,381 

49 

10 

40 

30 

28 

5 

205 

66 

27 

13 

27 

19 

530 

450 

68 

47 

28 

56 

130 

163 

P. L. _ProBI'.ding Lief",.. M. L. =Mining Loa". 

Do. • Do. 

28th March Do. 
1919. 

26th May Do. 
1919. 

27th May 30 year •. 
1919. 

Do. 

25th June 
1919. 

13th May 
1919. 

Do. 

25th June 
1919. 

14th 
1919. 

4th 
1919. 

May 

April 

Do. 

Do. 

Do. 

Do. 

Do. 

1 year. 

3 months. 

!Oth June 10 year •. 
1919. 

12th • une 30 year •• 
1919. 

Do. Do. 

30th April 1 year. 
1919. 

19th May Do. 
1919. 

Do. 
24th June 
1919. 

9th June 
1919. 

14th May 
1919. 

24th June 
1919. 

22nd May 
1919. 

Do • 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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CENTRAL PROVINCES-conttl. 
,.-. .. 

---.~--. "." - -.. - ... _. 
" ., .' 

I Nature 01 I Area Date of DISTRIct. Grantee. MInerai. grant. in acres. commence- Term. 
went. 

---Nagpur (611) Mir Aslam Khan. Manganese • P.L. 111 18th May 8 months, (renewal.) 1919. 
Do. (612) Mr. G. E. lIright • Do. . P.L. 28 22nd lune 1 year. 

1919. 
Do. (613) Ral lIahadur Do. P.L. 219 30th July 7 months lIiseaardas Daga. (renewal.) 1919. 
Do. (614) The Central india Do. M.L. I! 4th August 30 years. Hlnlng Co., Ltd. 1919. 
Do. (616) Do. Do. M.L. 35 12th 

1919. 
July 10 years. 

Do. (616) R. S. D. Lumi· Do. M.L. S7 8th lull' 30 yean. narayan. 1919. 
Do. (617) Do. Do. M.L. 49 Do. Do. 
Do. (618) Do. Do. P.L. 66 26th August 1 year. 

1919. 
Do. (619) Mil AsIam Khan • Do. M.L. 17 4th Septem' 10 years. 

ber 1919. 
Do. (620) Do. Do. M.L. 206 Do. Do. 
Do. (621) Do. Do. M.L. 69 Do. Do. 

Do. (622) Do. Do. . M.L. 31 Do. 15 yean, 
Do. (623) Do. Do. P.L. 25 10th July 1 year. 

1919. 
Do. (624) Do. Do. P.L. 176 Do. Do. 
Do. (625) Do. Do. : I P.L. 62 1st August 6monthl 

1919. 
Do. (626) K. 11. lIyramil Do. M.L. 27 26th August 5 years. Pestonjl. 1919. 
Do. (627) R. 11. 1IiseBArdaB Do. P.L. 219 28th June 8monthB. Daga. 1919. 
Do. (628) RamkriBhnapuri Do. P.L. 75 25th Beptem- 1 year. Gooal. ber 1919. 
Do. (629) Do. Do. P.L. 110 Do. Do. 

Do. (680) Rao Sahib D. Do. P.L. 272 11th Oetober D ... Luminarayan. 1919. 
Do. (631) Mr. Venkat Rama- Do. P.L. 300 7th October Do. nna. 1919. 
Do. (632) Mir Aslam Khan, Do. M.L. 49 18th Novem- SO yean. Contraetor. her 1919. 
Do. . (633) Mr. Luman Do • M.L. 16 6th Novem- Do. Damodar Leis. ber 1919. 
Do. (634) Do. Do. M.L. T Do. Do. 

F. L. -Proq'C«1/9 .u....... II. L.=Mining Leaee. 
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CENTRAL PROVINCES--roncld. 

DISTRICT. Natur. of Area Date of 
Gra.ntee. Min.rn.!. ~~.~~ grant. in acres. ment. 

Nagpur (636) Mr. Ramkrishn ... Mangan .... P.L. 131 2nd Decem· 1 yoar. 
puri Gosai. ber 1919. 

Do. (636) Do. ·Do. P.L. 40 Do. • Do. 

Do. (637) Do. Do. PL. 29 Do, Do. 

Narsingpur (688) Mr. J. Reid • Coal P.L. 1,844 2nd January 
1919. 

Do. 

Raipur (639) Debiprasad Benia Copper P.L. 686 7th February Upto 31st 
(renewal.j 1919. December 

1919. 

Sangor . (640) Mr. Pragnarayan, 
B.A., LL.B., Pleader, 
Agra. 

Iron pyrites, 
Sulphur and iron. 

P.L. 76 5th S.ptem-
ber 1919. 

1 year. 

Do. (641) Rao Bahadur Copper P.L. 254 11th Decem- Do. 
Damodar Rao Shri- ber 1919. 
khande, Pleader of 
Damoh. 

Seoni (642) Messrs. Byra.mji Mica. P.L. 411-60 13th October Do. 
Pestonji of N agpur. 1919. 

Yeotmal (643) Muhamad Anwar Coal M.L. 205 30th August 30 years. 
Pasha, minor by guar- 1919. 
dian Munshi Sheikh 
Alimuddin of Chikbla 

Do. (644) Mr. M. B. Dada- Do •• M.L. 692 , Do. . 26 years, 
bhoy, Barrister·at. 1 month 
Law, Nagpur. and 15 

days. 

Do. . (646) Do. Do •• M.L. 372 13th August 
1919. 

30 years. 

MADRAS. 

Anantapnr. (646) B. P. Sesba Reddi. Barytes P.L. 2·84 13th 
1919. 

July 1 year. 

Do. (647) A. Ghose, Esq. Do. P.L. 66·90 27th July Do. 
1919. 

Do. (648) Agen~ Anantapur Gold. P.L. 8,604'81 8th October Do. 
Gold Fiel (Ltd.). 1919. 

Kurnool (649) B. P. Sesha Reddl. Barytes P.L. 19·13 20th Septem· 
1919. 

Do. 

Do. (660) Do. Do. P.L. 8·06 Do. Do. 

Do. (661) A. Ghose, Esq. Do. . P.L. 66 18th Septem· Do. 
ber 1919. 

Do. (662) Do. Do. P.L. 1-'18 Do. Do. 

Do. (668) Do. Do. P.L. '1-78 Do. Do. -
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MADR.AS-contd. 

Nature 01 Area Date of 
DIsftI~. Grantee. lIiner .... grant. in acres. commence- Term. 

mente 

KumOol (654) B. P. Seoba Reddi. Baryt ... P.L. 4'20 16th 
1919. 

August 1 year. 

Do. (655) A. Ghoee, Esq. Do. P.L. 86 18th Septem- Do. 
ber 1919. 

Do. (656) B. P. Seoba Reddi. Do. P.L. O'SO 20th Septem-
ber 1919. 

Do. 

Do. (657) Do. Do. P.L. 12'50 Do. Do. 

Do. (658) B. Polla Reddl Do. P.L. 1·40 16th August Do. 
1919. 

Do. (659) Do. Do. P.L. O'SO Do. Do. 

Do. (660) Do. Do. P.L. S'SO Do. Do. 

Do. (661) A. Ghase, Esq. Do. P.L. 1'90 18th Septem- Do. 
ber 1919. 

Do. (662) B. P. Seoba Reddi. Do. P.L. 13·50 20th Septem· Do. 
ber 1919. 

Do. (663) A. Ghase, Esq. Do. P.L. 32'36 23rd Decem- Do. 
ber 1919. 

De. (6114) Do. Do. P.L. 21·SO 16th October Do. 
1919. 

Do. (665) Do. Do. P.L. 1-15 5th Decem- Do. 
ber 1919. 

Do. 0 (666) Do. Do. 0 P.L. 2·88 16th October Do. 
1919. 

Do. (667) Do. Do. P.L. 2·62 5th December Do. 
1919. 

Do. (668) Do. Do. P.L. 6'90 23rd Decem- Do. 
ber 1919. 

Do. (669) Do. Do. P.L. 295'39 Do. Do. 

Do. 0 (670) Do. Do. P.L. 0 0'98 5th December Do. 
1919. 

Do. (671) Do. Do. . P.L. 6·05 2Srd Decem- Do. 
ber 11119. 

1'Iellont (672) P. X. Vengama Mica . M.L. 19'97 11th Oetober 30 years. 
Nayndu. 1918-

Do. (67~ 1'1. Raghava!u Do. P.L. 3·S8 31st JanuarY 1 year. 
1'Iaicker. 1919. 

Do. . (674) O. Venkatachalam Do •• M.L. 27'86 7th December 30 years • 
Chett!. 1918. 

Do. (675) C. H. Jelfel1lOll Do •• M.L. 1"10 8rd October Do. 
1918. h. 

Do. (676) II ........ s_ ct Do. • 0 M.L. 30·74 15th Septem- For ted 
Co. (This I • ...; ber 1918. :'~~:Of is in exten-

sion of the :rt~:r;,~~ one al-
ready held giDall ..... • by the 
company.) 

I 

1'. L. =Pro.pedi., ~'" H. L.=Mi",", ~. 
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MADRAS-rontd. 

Nature of Area Date or 
DlSTBlOT. Grantee. Mineral. I commence- Term. grant. in acres. ment. 

I 
Nellore (677) P. Venkataswami Mica P.L. 48·28 18t·h March I 1 year. 

Chetti. 1919. 

Do. (678) N. Raghavalu Do .. P.L. 19·22 7th Novem· Do. 
Naicker. ber 1918. 

Do. (679) T. Venkatasubba Do .• P.L. 18'65 13th Decem· Do. 
Rao. ber 1918. 

Do. (680) K. Penchulu Reddi Do •• M. L. 89·05 24th October 30 years. 
1918. 

Do. (681) P. Venkata Narapa Do .• M. L. 82·43 12th August l;p to lot 
Reddi. 1918. August 

1944. 

Do. (682) K. Adinarayana Do .• M. L. 121'98 9th October Up to 4th 
Reddi. 1918. April 

1947. 

Do. (683) Me ..... W. A. Do .• M. L. 308·27 3rd February I 30 years. 
Beard.ell & Co. 1917. 

Do. (684) Do. DO •• M. L. 182'96 Do. Do. 

Do. (685) Do. Do .• M. L. 305·24 Do. Do. 

Do. (686) Do. Do •• M. L. 76 Do. Do. 

Do. (687) K. Pencheln Reddi Do .• P.L. 13·41 1st July 1919 1 year. 

Do. (688) P. Venkataswami Do •• P.L. 2'68 18th April Do. 
Chetti. 1919. 

Do. (689) N. Raghavaln Do •• M. L. 9·41 14th Decem· 30 years. 
Nayakar. ber 1018. 

Do. '(690) V. K. M. K. 
Karuppan Cbetti. 

R. Do P.L. 24'62 26th Feb· 1 year. 
ruary 1919. 

Do. (691) G. Snbrahmanyam DO •• . P.L. 145'46 1st October Do. 
1919. 

Do. (692) Indur Subbarami Do •• 1'. L. 30'09 28th July Do. 
Reddi. 1919. 

Do. (693) G. Gopalakrish· Do •• P.L. 136'86 31st July Do. 
nayya. 1919. 

Do. (694) Moolji Govindjee • Do •• P.L. 20 8th April Do. 
1919. 

Do. . (695) V. Rami Reddl Do •• P.L. 10'05 2nd June Do. 
1919. 

Do. . (696) B. V. Subba Reddl Do •• P.L. 0'0& Do • Do. 

Do. (697) V. K. M. K. R. Do •• P.L. 0·32 24th May Do. 
Karuppan Chetti. 1919. 

DO. (698) K. . Venkata· Do •• P.L. 12'89 6th August Do • 
Bubbayya. 1919. 

Do. (699) G. V. Subba Reddi Do . .• . P.L. 43·30 1st October Do. 
1919. 

P. L.=P1Il'Pocting Licon ... M. L.=Mining L", .... 
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MADRAS--ooncld. 

Natme of Area Date of 
Dumucr. Grantee. 1lineraI. grant. in acres. oommence- Term. 

ment. 

----
NeIIoIe (700) Indupur Suhbarami Uica P.L. 31·26 20th Reptem. 1 year. 

lIeddi. 00,,1919. 

Do. (701) V. VeDkata· Do. • P.L. . 1·61 29th Septem- Do • 
Bubbayya. 00,,1919. 

Do. (702) V. X. 11. X. R. Do. • P.L. 13·65 Not stated • Not stated. 
Karnppan Cbetti. (renewal): 

Do. (703) R. X. Subbaraghava Do. • P.L. 19·25 6th Novem- 1 year. 
Ayyu. ber 1919. 

Do. (7IK) l'r. Viraragbavayya Do. • . P.L. 3·17 9th October Do. 
1919. 

Do. (705) N. Ragbavalo Do. • P.L. 37-40 12th July Do. 
Nayakar. 1919. 

TrichinopoIy (706) 11 ........ Stan .. & Phosphatic nodules 1LL. Blocks nos. 3 The date on 5 yean. 
Co., Coimbatore. and 6 in the which the 

~r;:~n;:g Jessee begins 
operations. 

1895. 

PUNJAB. 

-Attock (707) The Attock Oil Co., lIinorai oil • P.L. 3,264 3rd Septem- 1 year. 
Ltd. 00,,1919. 

lhelnm . (708) R. S. L. Thatar 
D_ Ramii Das of 

Coal • . P.L. 839·7 11th 
1918. 

April Do. 

Dandot. , 

SUMMARY. 

I"BO.,I1O(")I. 
Prospeeting Mining Leases. Total of each 

Licenses. Province. 

A..m 7 Z 9 

Jlalud>.illtaD f f 

BihKaadOriBaa 19 13 36 

Bombay. 7 7 

Burma . 355 9 364 

Cellini ProviD ... 160 «'<9 229 

Hadru 48 13 111 

l'uDJab Z I 

'I'oIaI ....... lIi.a ana Gr.i Iolal. 19111 &9lI 108 708 

Tor.u. for 1918 675 .. 7111 
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CLASSIFICATION OF LICENSES AND LEASES. 

TABLE 36.-Prospecting Licenses and Mining Leases granted in Assam 
during 1919. 

DISTRICT. 

Ca.char • 
Do.. . . 

Khasi IIoIld Jaintia Hills 

Lakhimpur • 

TOTAL 

Lakimpur 

No. 

1919. 

Area in 
acres. 

Prospecting Licenses. 
2 8,491·9 
1 934·4 
2 12,902·4 

2 12,320 

7 

Mining Leases. 

Mineral. 

Mineral oil. 
Oil and coal. 
Minerals other 

mineral oils. 
Oil. 

. I 2 I 5,120 I Oil 

than 

TABLE 37.-Prospecting Licenses ann, Mining Leases granted in BaTiuchis
tan during 1919. 

Kalat 
Zhob • 

DIsTRICT. 

" 

TOTAL 

No. Area. in 
acres. 

1919. 

Mineral. 

Prospecting Licenses. 
3 
1 

46,080 
60 

Oil 
Chromite. 
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TABLE 38.-Prospecling Licenses and Mining Lease.s granted in Bi1u.w antl 
Orissa during 1919. 

DIsTRICT. 

Hazaribagh 
Sambalpur 

Do. 
Do. • 

Santal Parganas 
Singhhhum 

Do. 
Do. 
Do. 

Hazaribagh • 
Santal Parganas 

TOTAL 

TOTAL 

1919. 

No. Area in 
acres. 

Prospecting Licenses. 

: I 8 
1 
1 
1 
2 
2 
I 
1 
2 

2,128,89 
5,849'79 
2,376,99 

57 
10,239'74 
2,660 

26,240 
992 

2,310,4, 

-- ---1-----1 

19 

Mining Leases. 'H-' 360 
• 10 . 79·86 

, 13 I 

Mica. 
Do. 
Coal. 

Mineral. 

Oxide of iron. 
CoaL 
Gold and galena. 
General license. 
Manganese and iron-ore. 
Iron-o~e. 

Mica. 
Coal. 

TABLE 39.-Prospeding Licenses and Mining Leases granted in Bllmbay 
during 1919. 

1919. 

DIsTRICT. 

No. I Area in I acrelj. Mineral. 

Prospecting Licenses. 
Belgaum 6 2,722'92 Bauxite. 
Kaim • 1 79-82 Manganese. 

TOTAL 7 
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TABLE 40.-Prospecting Licenses and Mining Leases grantei, in Burma 
during 1919. 

Akyab 
Amherst 
Bhamo 

Do. 

Henzada 
Katha 

Do. 
Do .• 

Kyaukpyu 
Kyaukse 
Magwe • 
Mandalay 
Mergui 

Do. 
Do. 

Do •• 
Do. 

Do •• 

Do. 
Do. 
Do •• 

Minbu 
Do. 

Myingyan 
Do. 

Myitkyiua 
Do. 
Do. 
Do. 
Do. 

DISTRICT. 

Pakokku· . • 
Pakokku Hill Tracts 
Prome • . 
Do. 

Ruby Mines 
Do. 
Do. 

No. Area in 
acres. 

1919. 

Mineral. 

Prospecting Licenses. 

2 
42 

1 
1 

3 
9 
1 
1 

1 
1 
4 
1 

21 
38 

3 

13 
1 

2 

1 
.1 
1 
5 

10 
5 
1 
1 
1 
1 
1 
1 
5 
1 
2 
1 
2 
1 
1 

4,900 I Mineral oil. 
41,095'43 All minerals (except oil). 

5,516'8 Do. 
6,400 All minerals (except oil 

5,628'02 
50,201-60 

2,752 
3,392 

640 
1,656'32 

26,787,30 
2,355,2 

21,790'12 
43,313,65 

1,295'36 

10,929-46 
1,720'32 

732-16 

400 
517-12 
640 

5,238'24 
14,671,6 
20,329,10 

167·75 
640 

2,931'20 
3,200 

640 
4,851,20 
4,572,8 
3,840 

443 
2,668'3 

10,240 
640 
41 

and jade). 
All minerals (except oil) 

Do. 
Gold. 
All minerals ( except oil 

and jade). 
Mineral oil. 
All minerals (except oil). 
Mineral oil 
Silver and lead. 
Wolfram and tin. 
All minerals (except oil). 
Wolfram, tin and allied 

minerals. 
Tin. 
Tin, Gold and allied 

minerals. 
Wolfram and allied 

minerals. 
Coal. 
Tin and tungsten ores. 
Wolfram. 
MineraI oil 
Coal. 
MineraI oil. 
All minerals. 
Silver and copper. 
Gold and platinum. 
Gold and iridio platinum. 
Gold. 
All minerals (except oil). 
Mineral oil. 
All minerals (except oil). 
Mineral oil. 
CoaL 
All minerals (except oil). 
Copper ore. 
Mica. 
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TABLE 40.-P,ospecting Licenses and Mining Leases granted in Burma 
during 1919-contd. 

1919. 

DISTRICT. 

No. Area in 
acres. Mineral. 

Prospecting Licenses-contd. 

Salween 
Shwebo 

Do. 
Southern Sha~ Sta~ 

Do. 
Do. 
Do. 

Tavoy 
Do. 

Thayetmyo 
Toungoo • 
Upper Chindwin 
Yamethin 

TOTAL 

Mergui • 
Do. 

Pakokkn • • 
Southern Shan States 
Tavoy • 

Do. 
Thayetmyo 

TOTAL 

2 5,140 
1 200· 
2 8,320· 
1 1,280 
7 9,239· 
4, 14,560· 
I 640· 

123 116,509·78 
2 2,084 

11 53,850 
2 2,667·52 
1 I2,80o. 

11 15,628'8 

355 

Mining Leases. 

2 
1 
1 
1 
2 

1 
1 

9 

814-33 
983-13 

1,280 
2-l 

1,056'79 

660·73 
94-72 

All minerals (except oil). 
Do. 

Mineral oil .. 
Lead. 
All minerals (except oil). 
Gold. 
Antimony a.nd associated 

minerals. . 
All minerals (except oil). 
All minerals (except oil 

and jade). 
Mineral oil 
All minerals (except oil). 
Mineral oil. 
All minerals (except oil). 

Wolfram and tin. 
All minerals (except oil). 
Mineral oil. 
Lead and Silver. 
All minerals (except oil 

a.nd precious stones). 
Wolfram and tin. 
Mineral oiL 
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TABLE 41.-Prospec'ing Licenses and ftlining Leases granted in the 
Gentral Provinces during 1919. 

DISTRICT. 

Bala.ghat 
Do. 
Do. 

Betul 
Bhandara 

Do. 
Chanda. 
Chhindwara 

Do. 
Jubbulpore 

Do. 
Do. 

Do. 

Nagpur 
Do. 

Narsingpur 
Raipur 
Baugor 

Do. 
Beoni 

TOTAL 

Bala.ghat 
Do. 

Betul 
Bhandara 
Chanda. 
Chhindwara. 

Do. 
Jubbulpore 
Nagpur 
Yeotmal 

TOTAL 

1919. 

No. Area in 
acres. 

Prospecting Licenses. 
41 5,927 
I 12 

43 18,083 
1 177·28 
3 74 
1 32 
3 2,874 
8 3,765·30 
6 2,313·46 
1 94 
2 356 
I 874 

4 1.538-14 

' .. 39 7.854 
I 3.381 
1 1.844 
1 586 
1 . 75 

1 254 
I 411-60 

160 

Mining Leases. 
27 1.375 

1 127 
2 288 
I 49 
2 1.131 
8 4,255 
3 311-49 
1 15·97 

21 774 
3 1,169 

'- 69J 

Mineral. 

Manganese. 
Copper and bauxite. 
Bauxite. 
Lead. 
Manganese. 
Corundum. 
Coal. 
Do. 

Manganese. 
Do. 

Bauxite. 
Manganese, copper and 

mica.. 
Iron. Manganese. tin. zinc 

and silver. 
Manganese. 
Coal. 
Do. I 

Copper. I 
Ir,;>n pyrite!l'. sulphur and 

Iron. 
Copper. 
Mica. 

Manganese. 
Copper. 
Graphite. 
Manganese. 
Coal. 

Do. 
Manganese. 

Do. 
Do. 

Coal. 
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TABLE 42.-Prospecting Licenses and Mining Leases granted in Madras 
during 1919. 

DIsTRICT. 

Anantapur • 
Do. 

Kurnool 
Nel10re • 

• 
Nellore • • 
Triohinopoly • 

TOTAL 

No. 

1919. 

Area In 
aorea. 

Prospecting Licenses. 
2 
1 

23 
22 

48 

59·74 J Ba.rytes. 
3,604·81 Gold. 

696·23 Ba.rytes. 
640·60 MiCa. 

Mining Leases~ 

. 1,255:01 Mica. ~ 

MineraI. 

12 
1 Blocks Phosphatic nodules.· 

Nos. 3 and 
6 in the 
Survey 
ma.p of 

1862 
and 1895. 

TABLE 43.-Prospecting Licenses and Mining Leases granted in the P.unjab 
during 1919. 

Attock. 
Jhelum. 

DISTRICT. 

No. 

1919. 

Area in 
acres. Mineral. 

Prospecting Licenses. 

1 
1 

I 

3,264 Mineral oil. 
839·7 Coal, 

, 
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I.-STRATIGRAPHICAL DISTRIBUTION OP THE FAUNAS DEALT 
WITH BY DR. NOETLING. 

(I) Introductory: the Pegu system as classified respectively 
by Theobald and by Noetling. 

THE post-eocene Tertiary fauna of Burma has been dealt with by 
Dr. Noetling in two monographs, the first of which was pub

lished in 1895 in Volume XXVII of the Memoirs of the Geological 
Survey of India, the second, in' 1901, in the Palooontologia Indica, 
new series, Volume I. 

The specimens dealt with in the first monograph were collected by 
Dr. Noetling principally at Yenangyat and at Minbu. To these, in 
the second' memoir, were added a number of specimens collected by 
Dr. Noetling at Singu, together with some collections previously 
brought by Theobald from Lower Burma principally from Kama, a 
tQwn situated on the right or western bank of the Irrawadi, about mid
way between Prome and Thayetmyo. 

The inclusion of Theobald's collections from Lower Burma, while 
revealing a number of fossil forms of great geological interest, led to 
consequences which were not altogether happy from the stratigraphi 
cal point of view. Without re-visiting the type-sections in Lcwer 
Burma, Noetling amended Theobald's classification in a manner 
which has given rise to a great deal of confusion. The post-eocene 
beds of Burma were classified by Theobald into two main divisions, 
a lower one, the Pegu Group, named after the Pegu range or Pegu 
Y oma, and an upper one, the Fossil Wood Group (Rec. Geol. Surv. 
Ind., 1869, Vol. II, pp. 79, 80). The Fossil Wood Group, as origin
ally defined, included marine strata in its lower portion, and fresh
water beds at its upper limit. To remedy what appeared to be an in
consistency, Noetling, in Upper Burma, discarded the name" Fossil 
Wood Group," and distinguished the exclusively fresh-water upper 
beds under the name of "Irrawadi Group," retaining the name "Pegu 
Division" for the underlying beds mainly of marine origin. Noet
ling took it for granted that the Irrawadi Group or Irrawadi Series 
of Upper Burma coincides exclusively with the uppermost fresh
water portion of Theobald's" Fossil-Wood Group" of Lower Burma. 
The researches of Dr. Stuart in Lower Burma, which will again be 
alluded to in a subsequent part of this review, have thrown great 
(loubt upon this conclusion, for the ~arine beds in the lower part of 

J'2 
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Theobald's" Fossil Wood Group" of Lower Burma may possibly be 
contemporaneous with some of the fresh-water strata in the Irrawadi 
Set:ies of Upper Burma. Several geologists have drawn attention to 
the fact that the marine sequence, in the Irrawadi region of Burma, 
becomes gradually curtailed in a northern direction, owing to the 
encroachment of the fresh-water facies, especially amongst the later 
Tertiary formations. Mr. Cotter's researches on this subject are, 
particularly convincing (Rec. Geol. S1.If'v. Ind., Vol. XLIV, p. 166, 
Vol. XLVII, p. 63; Joum. As. Soc. Bengal, new ser., Vol. XIV, 
p. 609). During the earlier stages of geological investig~tion 
in Burma, the existence of these variations of facies were un
known to Noetling, and, a fortiori, to Theobald. Some of the strata 
constituting the southern part of the Pegu Yoma, in which Theobald 
discovered the conspicuous form!! of oysters described by N oetling 
as Ostrea promensis and Ostrea peguensis, which will again be referred 
to in the sequel, included in the Pegu Group in the geological map 
published by Theobald, are possibly contemporaneous with a pOi'
tion of Noetling's Irrawadi Series, and almost certainly contempo
raneous with a portion of Theobald's own Fossil Wood Group as de- . 
fined in the Prome and Thayetmyo region. Thus, instead of repre
senting two superposed geological units, the Pegu and Irrawadi di
visions, in the light of recent research, may eventually prove to be 
partly vicarious. 

Nevertheless, the question is not yet fully elucidated, and, what
ever may be the exact relationships of the Pegu -and Irrawadi divi
sions, these designations correspond, over large areas, to well de
fined types, the interpretation of which, by different geologists, has 
not seriously varied. 

Where Noetling's scheme is particularly unfortunate, is in the 
re-distribution of the subdivisions originally established by Theo
bald within the Pegu Group. The lowest beds, mainly shaly, were 
distinguished by Theobald as the Sitsayan Shales (lIJem. Geol. SUf'V. 
Ind., 1874, Vol. X, p. 269), the remainder, with a considerable ad
mixture of sandstones, constituting the Prome beds (loc. cit., p. 270). 
The upper part of the Prome division, where studied by Theobald, 
includes some· richly fossiliferous bands. Noetling re-defined the 
Prome division so as to include the Sitsayan Shales and the unfos
siliferous or less fossiliferous lower portion of Theobald's original 
Prome beds. All the richly fossiliferous marine strata of Upper 
Burma in the region of the oil-fields were united with those previous-
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Iy recognized by Theobald in various parts of Lower Burma to consti
tute a· "Yenangyoung Stage" (Reo. Gool. Surv. Inil., 1895, Vol. 
XXVIII, p. 64), eventually regarded by Noetling as newer than the 
totality of the re-defined "Prome Stage" or "Promeian." Not only 
does the amended scheme introduce a serious source of confusion by 
reversing the use of the term "Prome," with· which Theobald de
signated the newer part of the Pegu Group, while Noetling, on the 
contrary, applied it to the older part, but recent research has shown, 
,beyond the possibility of further doubt, that some of the richly fos
siliferous strata in the region of the oil-fields, included in Noetling's 
"Yenangyoungian," are on the same' geological horizon as part of 
the Sitsayan Shales, while the "Yenangyoungian" includes, at the 
same time, the newest marine strata recognised in Lower Burma, 
those constituting Noetling's "zones of O$trea promensis and Ostrea 
peguensis", which are perhaps as late in age as a portion of the Irra
wadi Series of Upper Burma. Consequently, the fossil fauna des
cribed by Noetling as the fauna of the Yenangyoungian is, in reality. 
the aggregate fauna of the entire Pegu System. Unintentionally 
though it may be, the term "Yenangyoungian" is practically sy
nonymous with the term Pegu Group or Pegu System and is decided
ly unsatisfactory., We shall therefore avoid much confusion if we 
adopt the recommendation of Dr. Pascoe (Mem. Geol. Surv. Inil., 
Vol. XL, p. 16) in discarding the further use of the term" Yenang
youngian." The terms" Pegu "and "Irrawadi" are very useful as 
designations for some of the major divisions. Some re-adjustment of 
their definition may eventually become necessary, though an attempt 
at a more precise demarcation than that at present in use, may wisely 
be postponed until the geological study of the region has made fur
ther progress. For the present, the Pegu System may be taken to 
correspond essentially with the marine facies of the post-eocene Ter
tiary in the eastern part of the Arakan Yoma, in the Pegu Yoma, 
and in the' intervening Irrawadi valley. 

(2) Mutual relationships of the principal fossiliferous layers 
of Yenangyat, Minbu, Singu, and Kama. 

If now we tum our attention to the minor details of the classi
fication, we find that two causes of error have affected Dr. Noetling's 
conclusions regarding the vertical distribution of the fossiliferous 
layers in the region personally studied by him in greatest detail, 
that is, in the petroliferous anticlines of Upper Burma. The anti· 
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clines had not yet been surveyed in detail, and the thicknesses of 
exposed strata were generally greatly under estimated. Moreover, Dr. 
Noetling's interpretation of the stratigraphy is founded on the assump
tion, now known to be erroneous, that the uppermost petroliferori.s 
layers in the several petroliferous anticlines occupy the same stra
tigraphical level. 

Smce the conditions for the storage of petroleum depend on the 
existence of an unbroken anticlinal roof, it naturally follows that 
strata which have long been exposed, even if originally petrolifero, 
ous, must have lost their petroleum contents. Noetling's division 
of the pre-Irrawadi beds of Upper Burma into an underlying petro
liferous and overlying non-petroliferous portion, merely coincides 
respectively with the exposed and subterranean portions of the beds. 
The uppermost exposed zones of the beds underlying the Irrawadi 
Series at Yenangyoung, Singu, and Yenangyat, undoubtedly belong 
approximately to the same geological horizon. If we take into ac
count the great differences of thickness of pre-Irrawadi strata in these 
three regions, we must necessarily conclude that the petroliferous 
beds of Yenangyoung (apart, naturally, from some of those that 
may have been reached in the deepest borings) are exposed at Singu, 
where, from the mere fact of their being exposed, they must be non
petroliferous, and that the petroliferous beds of Singuare exposed 
at Yenangyat where they have, in their turn, becomenon-petroli
ferous. Therefore, the uppermost petroliferous layers occupy wide
ly divergent stratigraphical horizons respectively at each of these 
three localities. It is therefore incorrect to estimate the stratigraphi
cal position of any layer by measuring 'upwards, as has been done by 
N oetling, from the newest petrolifero us , horizon at the separate lo
calities. Considering the· undoubted correspondence' between the 
upper exposed portions of ,the pre-Irrawadi beds in the several areas, 
a correct approximation can only be obtained by measuring the 
thicknesses of the strata downwards from the base of the Irrawadi 
Series. A still. closer approximation is obtainable where, as in the 
Singu-Yenangyat region, there -.is actually a stratigraphical continu
ity between the exposed strata of the upper portion of the pre-Ina
. wadi beds, and where, therefore, datum lines can be selected at a lower 
horizon than the base of the !rra wadi Series. 

Judging from Mr. Sethu Rama Rao's detailed surveys, the thick
ness of pre-Irrawadi strata exposed at Singu is about 3,000 feet, of 

-which the lower 1,500 feet contain numerous intercalations of marine 
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fossiliferous layers, some of which yielded the Singu fossils dealt 
with by Noetling in his second monograph. A number of succes
sive fossiliferous bands have been separately mapped by Mr. Sethu 
Rama Rao who has, at. the same time, obtained representative col
lections of their fossil contents. Up to the present, no differences 
have -been observed in the faunas of these successive bands other 
than might depend on differences of facies. Various species occur 
indifferently at almost all horizons, sometimes in the lowest as well 
as in the uppermost fossiliferous beds. For the present, therefore, 
the fauna may be treated as representing a single palreontological 
stage. The specimens dealt with by Noetling were principally ob
tained from. two layers constituting the so-called " zones of Meiocar
dia metavulgaris and Mytilus nicobaricus" situated respectively at 
about 1,000 feet and 1,500 feet above the lowest exposed horizon. 

By combining the detailed surveys of the late Mr. Grimes and of 
Mr. Sethu Rama Rao, the thickness of strata at Yenangyat, accord· 
ing to various modes of interpreting the correspondence between in
dividual layers in the Singu and Yenangyat areas, is to be estimated 
at from slightly less than 4,000 feet, to slightly more than 5,000 feet. 
The main fossiliferous layer examined by Dr. Noetling at Yenang
yat, the so-called "zone of Paracyathus coeruleus ," is situated at 
about 50 feet or less above the lowermost exposed beds. Even 
therefore by adopting a minimum estimate for the total thicknesses 
of exposed pre-Irrawadi beds at Yenangyat, the main fossiliferous 
layer must be situated at a much lower horizon than the fossilife
rous stage of Singu. 

There is reason to believe that a stratigraphical gap exists bet
ween the Irrawadi and pre-Irrawadi beds in the region of the oil· 
fields, although its existence has been questioned. Whether or not 
the existence of the stratigraphical gap be accepted, the succession 
along the western undisturbed flank of the Singu-Yenangyat anti
cline, at least in its more southern portion, seems very regular, with· 
out clear indications of erosion unconformity. Certain character
istic variegated kaolinic strata occupy a constant position at the up. 
per limit of the pre-Irrawadi beds. Yet, due caution is evidently ne
cessary in a region where a stratigraphical gap is at least suspected, 
and it is gratifying therefore to observe that, not only have the cha
racteristic boundary beds been followed from the Singu to the Yen. 
angyat region, but that the evidence deduced from them is corro
borated by the identification of some of the fossiliferous bands {If 
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Singu in the Yenangyat region. A general account of the stratigra
phy has been published by Dr. Pascoe (Mem. Geol. Surv. Ind., Vol. 
XL, pp. 104-114). Mr. Sethu Rama Rao's detailed surveys have 
fully confirmed the wide discrepancy of level between the main fos
siliferous bed of Yenangyat and the oldest fossiliferous beds exposed 
at Singu. 

The Minbu anticline,. owing to the distance at which it is situat
ed from Singu and Yenangyat, is less directly comparable. Here 
again, nevertheless, the general sequence of pre-Irrawadi beds appears 
to be essentially the same. Reckoning downwards from the base of 
the Irrawadi Series, the horizon of the fossiliferous layers that yielded 
the specimens dealt with by Noetling must be situated at a level 
somewhat lower than the lowest fossiliferous layers exposed at Singu, 
and intermediate between the fossiliferous stage of. Singu and the 
main fossiliferous layer of Yenangyat. The character of the fauna 
confirms this conclusion as it is somewhat intermediate between that 
of Yenangyat and that of Singu. 

In ascending order, the succession of the three principal faunas 
of Upper Burma is therefore the following:-

1 Yenangyat. 2 Minbu. 3 Singu. 

We still have to determine the relative position of the fourth 
standard fauna, that of Kama. In order to estimate the position 
of the fossiliferous beds of Kama relatively to those of the oil-fields, 
we must rely chiefly on the character of the fauna. The revision 
of the Burmese Tertiary fauna upon which I am engaged at present, 
has yielded results so distinct as to leave room for no further hesita
tion. While the Yenangyat, Minbu and Singu faunas are related 
to that of the Nari of western India and exhibit an oligocene cha
racter, the Kama fauna is distinctly miocene and is related to the 
Gaj fauna of western India. The Kama fauna must therefore be 
regarded as newer than the newest marine faunas of the oil-fields. 
The detailed evidence for this conclusion will be found in Parts II 
to IV of the present work. In addition to the data furnished by the 
faunistic characters, the conclusion is also corroborated by other 
circumstances which will be briefly alluded to further on. For the 
present, if we accept. the relative age of the Kama fauna as sufficient
ly secure, let us consider the consequences of this attribution in re
lation to the succession of strata exposed in the Prome and Kama 
re~ion. 
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Apart from the rocks attributed to the "nummulitic," the 
oldest stratigraphical unit recognised by Theobald in this region is 
an assemblage consisting principally of shales which were distin
guished as the Sitsayan shales after the name of a town situated on 
the right bank of the Irrawadi about half way between Kama and 
Prome. (Mem. Geol. Surv. Ind., Vol. X. 1874, p. 269). Theobald 
did not detect any fossils in the Sitsayan Shales. At the type-loca
lity, Sitsayan, I obtained, in 1913, close to the landing-place, speci
mens of fish teeth and scales, and of shells belonging to the genera 
Oapulus, Oorbula, Pecten, exhibiting the general facies of the fauna 
of the oil-fields, but not sufficiently well preserved for a thoroughly 
secure determination. Opposite Prome, the Sitsayan Shales are 
overlaid by Theobald's division "A" of the Prome Series, about 
1,500 feet thick,. consisting of alternating shales and sandstones, the 
sandstones somewhat prevailing. Immediately overlying the up
per limit of division " A" is a highly fossiliferous layer about 5 feet 
thick, containing abundant specimens of a species of Oytherea. This 
layer was distinguished by Theobald as the "Oytherea promensis 
bed or Prome sandstone." (Ree. Geol. Surv. Ind., Vol. II, 1869, 
p. 80). The strata overlying the Oytlterea pr~mensis bed again con
sist of alternating shales and sandstones, but this time with a pre
valence of shales. They are imperfectly seen opposite Prome be
cause the section is interrupted by the course of the Irrawadi. 'They 
are well exposed at Kama where they contain a particularly fossi
liferous horizon designated by Theobald as the Kama Clay or Kama 
Shale (Ree. Geol. Surv. Ind., Vol. II, 1009, p. 273). These fossili
ferous clay beds are situated at about 700 to 1,000 feet above the 
uppermost limit of division "A". They are not visible at Prome, 
because, as remarked by Theobald, their stratigraphical position 
must carry their outcrop into the beq of the Irrawadi opposite that 
city. A considerable thickness of marine strata further overlies 
the horizon of the Kama Clay. 

We must now observe that, if we accept the age of the fauna of 
the Kama Clay as newer than that of the newest well-characterised 
marine fauna of the oil-fields, the stratigraphical position of the 
Sitsayan shales, relatively to the succession observed in the oil
fields, is fixed within rather narrow limits. The available palre
ontological data have fully established tne m;ocene character of 
the Kama Clay which is undoubtedly newer than the newest marine 
fauna of Singu which still maintains an oligocene character. The 
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interpretation that best suits the symmetry of the sequence at Kama 
and at Singu-Yenangyat is the one suggested in the present review, 
according to which the upper limit of Theobald's division "A" 
would lie at about' the level of the newest marine fossiliferous beds 
of Singu. This would place the equivalent of the main fossiliferous 
horizon of Kama at 700 to 1,000 feet above that of the newest ma
rine fossiliferous beds of Singu. The upper limit of the Sitsayan 
shales of the Kama region would then approximately coincide with 
the horizon of the oldest beds exposed at Singu. Accordingly, 
the principal fossiliferous horizon of Minbu might occupy an !tp
proximately central position within the Sitsayan Stage, within 
which the Yenangyat main fossiliferous horizon, though at a lower 
level, would still be included. 

As the Kama fauna, from its constitution, must be regarded as 
newer than the newest Singu fauna, we are not at liberty to depart 
very much in a downward direction from the hypothesis here advo
cated. The Kama horizon must still be placed above the newest 
marine fossiliferous horizon of Singu. Even if we displace it as 
much as 500 feet below the' position here accepted as most probable, 
and if, therefore, we lower the presumed equivalents of the Sitsayan 
Shales by that same amount, we shall merely bring the Minbu main 
horizon into the upper zones of the Sitsayan Stage and give a more 
central position, within the Sitsayan Stage, to the Yenangyat fauna. 
Even if purely gratuitous suppositions of variations of thickness 
were brought into play, we would fail to exclude from the Sitsayan 
Stage the Yenangyat main fossiliferous horizon, unless we accepted 
a most unwarranted degree of stratigraphical variation. With' the 
data at present available, the most that 'could be obtained by forc
ing downwards the horizon .. of the Kama Clay to a somewhat im-' 
probable extent, would be' to. shift .the main centre of gravity of 
the Sitsayan Stage from the Minbu:to the Yenangyat horizon, a 
difference of no serious consequence in the general scheme of the 
succession. 

If, on the 'contrary, we raise the equivalent level of the Kama 
Clay in the Singu section much higher than is regarded as probable 
in the present enquiry, the horizon of the Sitsayan Shales will be made 
to encroach upon the Singu marine fossiliferous stage, and the Sitsa
yan horizon will be raised to the uppermost limit of the oligocene. 
Such a supposition deviates so widely from ascertained facts that a 
serious discussion may be regarded as superfluous. 
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We should keep in mind that the terms "sandstones" and 
" shales" frequently used in describing the divisions of the pre
Irrawadi beds of this region, are relative only, and merely refer to 
the preponderance of one or other of these elements. In most ins
tances, rigidly defined boundaries of the subdivisions have not 
been demarcated in the present state of the survey and could not 
be established without a vast amount of minutely detailed work. 
Yet the main divisions are recognisable, and if, in a preliminary 
scheme, they are accepted as stratigraphical stages, they will be 
of use in attempting to unify the geology of this important and in
teresting region. 

The conclusions regarding the age of the Kama Clay relatively 
to the fossiliferous beds of the oil-fields were at first based entirely 
upon the results of a careful re-examination of the Kama fauna. 
The geological surveys of Upper and Lower Burma have not yet 
been continuously connected. Nevertheless we now possess evi
dence both of a palreontological and stratigraphical character which 
further corroborates the conclusions originally arrived at from merely 
faunistic considerations. . 

In the type-locality, at Kama, the fossils yielded by the Kama 
Clay are neither very numerous nor very well preserved. Yet they 
are readily determinable, and include a number of species amply 
sufficient to provide sound data for comparison with other fossili
ferous occurrences. In the country situated east of the eastern or 
left bank of the hrawadi, at some distance to the north-east of Tha
yetmyo, Mr. Sethu Rama Rao has discovered a number of· out
crops where the Kama Clay assumes the character of a typical 
.. Pleurotoma-shale" with a molluscan fauna of bewildering rich
ness. The specimens are admirably preserved, sometimes even show
ing traces of their original colours. The richest localities are: Tit
tabwe (19 ° 31', 95°, 28'), Thanga (19° 32', 950 23'), Myaukmigon 
(190 31', 95° 24'), Myauktin (190 26', 950 22'), Dalabe (190 37', 95° 
17'). Mr. Sethu Rama Rao has estimated that these highly fos
siliferous layers are situated at. about 1,200 feet below the base of 
the beds attributed to the Irrawadi Series. In the region under 
consideration they constitute the highest readily recognisable ho
rizon of the pre-Irrawadi beds. Several years will be necessary to 
complete the study of the astonishingly rich fauna yielded by these 
beds, but the description is already far enough advanced to yield 
thoroughly reliable data. The examination of the Siphonostomata 
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is practically complete. These include no less than 155 fully iden
tified species of which. complete descriptions already exist in manus
cript. In the Kama fauna of the type-locality, 22 Siphonostomata 
have been securely identified, of which three only, Clavatula munga, 
Drillia kamaensis, and Eburna lutosa have not been recognised in 
the richly fossiliferous outcrops of eastern Thayetmyo 1. The 
proportion of identical species is therefore so great as to inIply com
plete identity between .the fossiliferous clays exposed at Kama and 
those discovered by Mr. Sethu Rama Rao in eastern Thayetmyo. 
We can safely assert that, in eastern Thayetmyo, the Kama Clay 
occupies a high horizon in the pre-Irrawadi succession. 

Along both banks of the Irrawadi, in a northern direction from 
Thayetmyo to Singbaungwe (190 43', 95°12'), wherever the lowest 
beds locally exposed become visible as the results of anticlinal struc
tures, the late Mr. Bion and Mr. Sethu Rama Rao have recognised 
a highly characteristic layer distinguished by the presence of three 
particular species belonging to the genera Dendrophyllia, Schizaster 
and Nucula. The Dendrophyllia and the Nucula agree specifically 
with some fossils yielded by the lowest fossiliferous beds exposed at 
Singu, so that Mr. Bion and Mr. Sethu Rama Rao came to the con
elusion that the oldest beds exposed in the anticlines in the country 
to the north and north-east of Thayetmyo belong to the same hori
zon as the oldest beds exposed at Singu. Strata approximately 
on the horizon of the Dendrophyllia bed are exposed along an 
anticlinal rise at Leptanzeik (190 24', 95° 14') about six miles north of 
Thayetmyo. They have yielded three determinable Siphonostomata :-

Terebra quettensis n. sp., 
Suroula lusus n. sp., 
Tritonidea Martiniana n. sp. 

Terebra quettensis 01. Vredenburg, Descriptions of Mollusca from the 
Post-Eocene Tertiary formation of North-Western India; Cephalopoda, 
Opisthobranchiata, Siphenostomata. (Mem. Geol. Sur'/). Ind., unpub
lished volume), a characteristic fossil of the Nari of Baluchistan, is 
one of the commonest fossils of the Singu fauna. The extraordinary, 
and very easily recognisable shell designated as Surcula lusus, an 
illustrated full description of which will shortly appear, is known 

1 EbUntIJ lul08a, a species still living. is known from the 081rea lalimarginala be~s of 
the Pyalo anticline, east of the Irrawadi, almc.st opposite Kama, at a somewhat hIgher 
horizon than the Kama Clay. 
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from Payagyigon (200 43', 950 4') in the Gwegyo anticline of Upper 
Burma (see: Cotter, Ree. Geol. Surv. Ind., Vol. XXXVI, p. 131, 
Vol. XXXVII, p. 230), where it occurs amidst a fauna of the Minbu 
type. Tritonidea Martiniana is one of the commonest fossils of 
Yenangyat, Minbu, and Singu, and of many other localities yield
ing the fauna of the oil-fields. 

The Siphonostomatous fauna of Leptanzeik, scanty though it 
may be, is thoroughly characteristic and entirely corroborates the 
conclusions arrived at by Mr. Bion and Mr. Sethu Rama Rao in 
placing the oldest beds exposed in the anticlines upon a horizon at 
least as low as that of the lowest beds exposed at Singu. We may, 
therefore, observe that, amongst the pre-Irrawadi beds of the coun
try situated to the north and north-east of Thayetmyo, the newest 
zones include beds containing the "fauna of the Kama Clay, while 
the oldest exposed zones contain the typical fauna of the oil-fields 
of Upper Burma. We have, therefore, the direct evidence of visible 
superposition in confirmation of the conclusions arrived at from a 
study of the faunistic characters. 

It is not possible, at present, to estimate accurately the exact 
thickness of strata intervening between the equivalents of the Kama 
Clay and the Dendrophyllia-Sehizaster zone in eastern Thayetmyo, 
"because the precise degree to which the measurements are affected 
by subsidiary synclinal and anticlinal rolls cannot be exactly ascer
tained in the present state of the survey. The intervening thick
ness must certainly be reckoned by thousands of feet. The succesc 
sion is particularly clear at about the latitude of Nyaungbintha 
(190 35', 950 14') situated on the east or left bank of the Irrawadi 
about nineteen miles north of Thayetmyo and about five miles west 
by south of Dalabe. The latter place has already been mentioned 
as one of the richly fossiliferous localities discovered by Mr. Sethu 
Rama Rao as yielding the Kama Clay fauna. From Nyaungbin
tha which occupies an anticlinal axis where the Dendrophyllia
Schizaster zone is well exposed, the section continually ascends to 
Dalabe. Making the most generous allowance for the possible in
fluence of undetected rolls of the strata, the intervening thickness 
cannot be less than 2,500 feet and may be more. Not only has the 
superposition of the Kama horizon on that of the fossiliferous zones 
of the oil-fields been established in eastern Thayetmyo beyond all 
possibility of further doubt, but the available thickness of inter
vening beds is amply sufficient to allow the parallelism which we 
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propose to recognise between the stratigraphical succession in the 
Prome-Kama region and that recognised in the region of the oil
fields of Upper Burma. In view of the great thickness of strata 
which, in eastern Thayetmyo, intervene between the equivalents 
of the Kama Clay and the Dendrophyllia-Schizaster zone, the latter 
must correspond approximately with the upper limit of the Sitsa
yan Shales. At the same time, the Dendrophyllia-Schizaster zone, 
on faunistic evidence, is known to correspond approximately with 
the lowest beds exposed at Singu. We are once more, therefore, 
led to the conclusion that the Sitsayan Shales essentially coincide 
with the strata underlying the Singu fossiliferous marine stage, 
and must coincide essentially with the Yenangyat-Minbu horizons. 

We· have noticed that, in the neighbourhood of Kama, the Sit
sayan shales are succeeded by a thickness of about 1,500 feet of 
strata containing a considerable proportion of sandstones, which 
constitute division "A" of the Prome beds of Theobald's classi
fication. If we are right in identifying the Yenangyat-Minbu main 
fossiliferous horizons with the Sitsayan Shales, then the Singu fos
siliferous stage must coincide with Theobald's division •• A" of 
the Kama section. Like Theobald's division "A", the Singu fos
siliferous stage includes a thickness of about 1,500!eet of strata. 

Dr. Murray. Stuart has published a detailed geological map of 
the neighbourhood of Kama, in which, as a consequence of a misinter
pretation of Theobald's original description, the position of the Kama 
Shale has been misplaced. (Rec. Geol. Surv. Ind., Vol. XXXVIII, 
PI. 23). In this map the outcrop of the'Kama Clay is shown. about 
two miles to the north-west of Kama, while the rock at Kama itself 
is referred to the" Upper Piome" as interpreted by Stuart, there
fore to the beds which, in Stuart's revised scheme of classification, 
should underlie the Kama Clay. According to Theobald, the type. 
outcrop of the Kama Clay or Kama Shales is situated along the banks 
of the Irrawadi" under" Kama (Mem. Geol. Surv. Ind., Vol. X, p. 
273). There, are a few obscure exposures above Kama, but these 
could not be spoken of as under. The beds mapped by Stuart as 
"Kama Clays" outcrop at a considerable distance from the Irra
wadi river, and, if they were visible along its banks, their strike 
would carry the exposure above Kama and not below. Theobald's 
type-exposure must therefore be sought below Kama, and is still 
recognisable along the slopes of a pagoda-crowned ridge close to the 
Jrrawadi, at a short distance from the towIl in a south by eas~ 
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direction. The true position of the type-outcrop was recognised by 
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FIa. I.-Mar. of the country round Kama, showing Theobald's type outcrop of the 
Kama clay (sea e lin. = 1m.) 

Dr. Stuart on re-visiting Kama, although too late to introduce 
this correction on the published map and report. There are seve
ral (two at least) relatively nahow bands of shale, probably each 
of them less than fifty feet in thickness, intercalated amongst thick
bedded sandstones with an aggregate thickness of some 300 feet: 
That any of these bands should separately correspond with Noet
ling's so-called· "zones of Area Theobaldi and Parallelipipedum pro
tortuosum" is more than unlikely. The fossils from the several 
bands, all of which corrrespond specifically with forms already ob
tained by Theobald, all exhibit similar lithological characters which 
agree with those of the specimens in Theobald's collection. Theo
bald did not separate into distinct zones the specimens in his col
lection which must have been gathered from the talus slope where 
alone there is a moderately abundant supply, but where the shells 
from difterent layers are mixed. 

According to Dr. Noetling, the fragments of enclosing rock at
tached to specimens which he refers ·to the" zone of Area Theobaldi" 
He of a bluish-green colour, while the rock associated with ~l!" 
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specimens referred to the "zone of Parallelipipedum prototortuosum" 
is more yellowish. The yellowish colour, at Kama as elsewhere, 
characterises those fragments of rock that are more weathered. 
The Kama fauna must be treated as representing a single pal~on

tological zone. 
The rocks to the north-west of Kama which Dr. Stuart, on the 

map already referred to, has erroneously referred to the Kama 
Shales are situated, stratigraphically, 1,000 feet or more above the 
level of Theobald's Kama Clay. They consist principally of ill
exposed coarse grits in which the only recognisable fossils are large 
specimens of Ostrea latimarginata and otoliths. Dr. Stuart informs 
me that these belong perhaps to the lower beds of his Akauktaung 
Series. We shall again allude to this question. (See below, 
pages 251 fl.) 

The recognition of the Ostrea latimarginata horizon to the north
west of Kama is of the greatest importance since it brings the Kama 
sequence into complete harmony with that observed by Mr. Davies 
in the Pyalo anticline on the opposite bank of the Irrawadi, which 
has already been commented upon in a previous number of these 
Records (Vol. XXXVIII, p. 128). According to the stratigraphi
cal details recorded by Mr. Davies, Ostrea latimarginata, in the 
Pyalo anticline, occurs some 900 or 1,000 feet above the beds con
taining the Kama Clay £auna alluded to by Mr. Davies as the fauna 
of the "zone of Parallelipipedum prototortuosum." This, in its 
turn, was considered by Mr. Davies to be situated about 500 or 
600 feet above the upper limit of Theobald's Division "A." This 
is in total agreement with- the succession ascertained at Kama- where 
the Kama Clay lies at a horizon estimated as between 700 to 1,000 
feet above the upper limit of Theobald's Division "A," shown on 
Dr. Stuart's map as "Lower Prome Series,~: while, about 800 to 
1200 feet above the Kama clay, occurs the zone of Ostrea latimar
ginata shown on the same map as "Kama Clays." 

Allusion has already been made to the fact that the fauna of 
the Kama clay is equivalent to the Gaj fauna. In western India, 
Ostrea latimarginata characterises the Upper Gaj. We may there
fore conclude that the Kama horizon' corresponds with a portion 
of the Lower Gltj, while the Ostrea latimarginata zone of the neigh
bourhood of Pyalo and Kama, which we may provisionally dis
tinguish as the Pyalo zone or Pyalo stage, must coincide with the 
Upper Gaj. 
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In the notice above alluded to, previously published in these 
Records, I stated that Ostrea latimarginata characterises the 
horizon of the Kama Clay. This notice was written before I had 
visited Kama, and the stratigraphical references were made in 
accordance with the scheme founded on the data then available. I 
hasten to add that the geological boundaries indicated on Dr. Stu
art's map are perfectly accurate in all the localities which I have 
visited in the neighbourhood of Kama; the necessary amendment 
merely affecting the interpretation of the subdivisions. 

If, upon Dr. Stuart's map, we plot the type-locality of the Kama 
Clay according to the position above indicated, we find that the 
map entirely corroborates Theobald's detailed account of the Prome 
beds in the Kama and Prome region; for we then observe that the 
trend of the Kama Clay will approximately bisect the outcrop of 
the division mapped by Stuart as "Upper Prome." If we follow 
this division southward from Kama towards Prome, we will observe 
that the outcrop of the Kama Clay must necessarily fall within the 
bed of the Irrawadi opposite Prome, exactly in the position inferred 
by Theobald. 

The recognition of the true horizon of the beds characterised 
by Ostrea latima-ginata, or,as we may provisionally call it, the Pyalo 
Stage, adds another palreontological argument to the stratigraphi
cal evidence in favour of regarding Theobald's Division "A" as 
the equivalent of the Singu fossiliferous stage; for the infraposi
tion of the Kama Clay beneath the zone of Ostrea latimarginata, 
taken in connection with its faunistic relationship to the Gaj, neces
sarily places it on the level of the Lower Gaj. As the Sitsayan 
Shales correspond with the Yenangyat-Minbu fossiliferous beds which 
contain a fauna of Nari character, presumably referable to the Low
er Nari, there only remains the intervening Division" A" to re
present the Upper Nari. We have already shown that the Singu 
fossiliferous stage, from stratigraphical as well as from palreonto
logical evidence must also be regarded as equivalent to the Upper 
Nari. We have therefore every reason to regard the Singu fossili
ferous stage of Upper Burma and Division "A" of Lower Burma 
as equivalent. 

It will be noticed that the succession recorded in the present 
review conflicts with the conclusions arrived at in 1910 by Dr. 
Stuart who then regarded the Kama fauna as older than that of 
the oil-fields. Dr. Stuart's opinion which, at that time, was fully 

Cl 



240, R~rds\ ?l tke· Q(!IJlQgi<:aZI Swrvey of ' India. [VOL. L 1 

$~red by Mr. Cot~r. and. by, myself; w,as founded on a, study of· the 
material then, available, which clearly showed. that the Kama fauna 
widely; differs. from that of the oil-fields of Upper Burma and can~ 
qot be intercalated. amongst any: of the fossiliferous zones then re
Qognised in Vpper Burma' (Ree. Geol. Srurv. Ind., Vol. XXXVIII,. 
p. 287). T.he K,ama Clay, therefore, differs in age from the totality 
of the marine fossiliferous sequence of the oil-fields of Upper Burma, 
and. must; be either ne:wer or older, than the fossiliferous series of 
Upper Burma. T,he. evidence then av;ailable seemed to indicate an 
<>lder. age. The study of the molluscan post-eocene faunas. had at 
that time. scarcely been commenced, while the. available collec
tions of. fossils. from Burma, were still relatively scanty. To Dr. 
Stuart is due. the credit, of having, for the.. first time clearly detected 
the autonomy of t;he Kama fauna, while the present amendment 
t.o the stra,tigraphipal conclusions.. that were arrived at more than 
tel).. yea:IS ago is the result of the study of a. vastly increased· amount 
of. pl;tlreontological and stratigraphical. data. 

Alt;ho\lgh t,he relatiye posit~on of" the Kama fauna can no longer 
be doubted, we may nevertheless, in the Hght of the now available 
data~ enqui+e 4lto the possible consequences of an acceptance of 
t,he original conclusion as to the supposed> position of the Kama 
horizon. below that of, the fossiliferous., series. of the· oil-fields. 

Throughout the area surveyed in the neighbourhood of Ngape, 
in the Minbu district, Mr. Cotter observed a band of shales which 
is. situated, on an average, some 5,000 feet below the base of the 
Irrawadi Series, and which contains the various fossil specie~ of the 
Yenangyat-Minbu fauna. These shales and their equivalents, which 
have received, various local names, such as "PadaUng Clay" (Ree. 
Geol. Surv. Ind., Vol. XLIV, p. 165); 'I Kinmungyon Shales .~. 
(Ree. Geol. Surv, Ind., VoL XLV., p. 249), were originally regarded' 
by Cotter (Ree. Geol. Surv. Ind., Vol. XLI, p. 224), as the probable 
representatives of the Sitsayan Shales. All reasonable doubt as to 
this correlation has been removed· by the data now available. Along 
the further. northward extension of the same belt, from Ngape. 
to Ngahlaindwin, numerous detailed sections surveyed by the late 
Mr. Bion, by Mr. Cotter, Mr. Cunningham Craig, Mr. Lewer, Dr. 
Porro, Mr. Sethu, Rama Rao, and other. able geologists,. have re
v:ealed tAil' Qontinuous, outc,rop of this same shale band, invariably 
at the. same stratigraphical horizon, and invariably containin~ the 
¥ enan9Yat-Minbu faun~1 . 



PART 3;] VREDEN.BURG: Noetling's, Tertiary Fauna, oj, Burma. 24l,' 

Between the lower limit of these shales and the upper limit Qf 
the undQubtedly eocene rocks constituting. the Yaw. Stage., Q~ 
Mr. Cotter, there intervene some 3,000 feet of strata, largely arena. 
ceous, which Mr. Cotter has distinguished as the &hw~z.etavv Sanq
soone (Ree. Geot Surv. Ind., Vol. XLIV, p. 165; ;rov.,r1lj, A~. E;o,c. 
Bengal, new ser., Vol. XIV, p. 416), The Shw~zet/Lw, EitaK~ is IlQOrly 
fossiliferous. The only securely identified, fossil so far k!1ow~ £row 
that horizon is a large Ampullina closely related to A1¥,I-pu,lli'1l,fl, er.as,; 
satina. It is, therefore, a species of. oligOcene fapies. Vnderlaid as 
it is by undoubtedly upper eocene b~ds and ov:erlaid, by UD,doubt~CAy 
oligocene strata, presumably referable tp the qliddle, oligocene, the 
Shewezetaw Stage can only be lower. oligocene. This conclusillll a,~, 
cords with the characters of the solitary, w~l-preserved fQssil- whl\l~ 
it has, so far, yielded. 

If, then, the Kaml!., Clay were olde)) than" the m!lriu fossiliferQ~~ 
beds of the petroliferous anticlines, we shom<l: be co~pell!\d,. to r~ 
gard it as the equivalent of the Shezetaw Stage. ~tratjgFaIlhically;, 
the possibility of this supposition is now disposed, Qf 'Qy tl:te researches 
of Mr. Bion and Mr. Sethu Rama Rao in Eastern ~.4\1<yetmyo where 
the Kama fauna clearly overlies the fauna of the oi,l-fi,elds. Palre
ontologically, the now well established miocene Gh~racter of the 
Kam?, fau!1a also, renq.ers. this snpP'ositioD, unt,enab~~~ 

:E,'rom whatever point of view we may cOllsider the p:r;Qb.lem ~~)l 
the dat?, now available, we are always l~d to th.e same r~sul,t,: t4e 
fauna of Kama is not older than that of the petroliferou!,., anticIin~ 
of Upper Burma, but. is, on the contrary, newer~ 

In thus amending our previous conclu!Uons, it is bu~ fair, tq. nQ~ 
that many points that appear selt-evident a~ the present, day were 
involved in obscurity ten yearli ago. Mr. Cotter~s, description of 
the Ngape section which marks, the first, great a4vance in, the later 
progress of the study of Burmese geologY1 was published; two years, 
after Dr. Stuart's. valuable survey of the Prome and. K:ama region. 
Both stratigraphically and palmontologically the st~dy, Qf- Tertiary, 
geology in Burma and in other parts. of Qo~tinental India has. all
vanced enormously during the last ten years; while, thanks t(> the 
researches of many able scientists, amongst; whom, we. may specially 
mention Tobler, Douville, Miss Provale, Miss OsiqJ.(>, R)ltten. Sc4epo, 
man, and especially Mr. and Mrs. Martin, the, Same period hail wjt~ 
Ilessed a quite unparalled. advance in the study of the, TertiarY. for
mations of the Indian archipelago. FOll J {l.ya. in l'aJ-1;icularl i~ ist!Q 

g~ 
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exaggeration to say that the magnificient results of Mr. and Mrs. 
Martin's expedition 'of 1910, have established the stratigraphy of 
the Tertiary in that region on as sound a basis as that of some of 
the best known Tertiary regions of Europe, and have marked 
the commencement of a new era in the study of the Tertiary Geology 
of the East-Indies. We are also only just beginning to realize the 
vast importance of Cossmann's study of the late Tertiary forma
tion of Karikal. 

Under the circumstances, the radical change at which we have 
arrived in our present conception of the stratigraphical relationship 
of the. Kama zone implies no disparagement of the excellent work 
performed by the able pioneers who have first contributed precise 
data towards the unravelling of this difficult problem. We -may 
now take it as settled beyond the possibility of further doubt that 
the Kama fauna is newer than any of the three main faunas of the 
petroliferous region. The true sequence, in ascending order, of the 
four principal faunas dealt with by Noetling is therefore as follows :.-

1. Yenangyat. 
2. Minbu. 
3. Singu. 
4. Kama. 

These remain the four standard post-eocene faunas of Burma, 
upon a comparison with which we have to depend for the more or 
less successful classification of all the post-eocene formations of 
that region. 

During the last decade, considerable progress has been made in 
the study of the post-eocene molluscan faunas of Burma and western 
India. The completion of this research will require many years, 
but the greater part of the Siphonostomata amongst the gastropods 
have been described, and some, of the results are already in course 
of publication. In connection with this investigation, a consider
able por'tilUn of Noetling's'monograph of the post-eocene fauna of 
Burma has been revised, and the object of the present note is to 
place on record the amendments necessitated in Noetling's determi
nations. 

The number of forms now identified from amongst the post
eocene Siphonostomata of Burma greatly exceeds that of the deter
minaJ>le representatives of that group amongst the collections stud
ied by Noetling. We hope that an opportunity will soon arise 
fur discussing the stratigraphical and palreontoiogical re!!ults of their 
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study. The Tertiary faunas of Burma occupy a position of unique 
importance in the geology of Asia, as forming the most efficient 
link that we possess for comparing the stratigraphy of the Indian 
Archipelago and Philippines with that of Europe; for it contains 
numerous forms in common, on the one hand, with the Tertiary 
faunas of the Eastern Islands, and, on the other hand with the Ter
tiary faunas of western India; and, while the faunistic connection 
of the Tertiary formations of the Archipelago with those of Europe, 
is practically nil, the faunas of western India, during the periods 
coinciding with the marine transgressions, especially in the middle 
eocene and lower oligocene, exhibit a considerable intermingling 
with the European faunas, the exact equivalence of the Tertiary 
sequence in western India being thereby established on a secure 
basis. Consequently the faunas of western India afford now a 
means of identifying the formations of Burma with a degree of pre
cision hitherto unknown; and these, in their turn, afford now a 
most useful clue to the interpretation of the geology of the Indian 
Archipelago. 

For the present, it will be sufficient to indicate what are the 
main conclusions so far arrived at. The Yenangyat and Minbu 
faunas are closely connected with the lower Nari fauna of western 
India, the age of which is either lower oligocene, or more probably 
middle oligocene. The beds containing the Minbu-Yenangyat fauna 
are separated from the lower limit of the oligocene by the whole 
thickness of the Shwezetaw sandstone, and, from the upper limit 
of the oligocene, by the whole thickness of the Singu fossiliferous 
stage. Their age may safely, therefore, be regarded as approximate
ly middle oligocene, that is, approximately Stampian, the Minbu 
fauna being situated nearer to the upper limit of the Stampian than 
the fauna of Yenangyat. 

The Singu fauna, as shown by the stratigraphy, is newer than 
the Yenangyat-Minbu horizon. It is still closely related to the Nari 
fauna, though it shows a. certain admixture of forms characte~sing 
the Gaj of western India, or the . Burmese equivalents of the Gaj, 
It is therefore, faunistically somewhat intermediate between the 
Lower Nari and the Gaj, and evidently occupies a correspondingly 
intermediate stratigraphical position coinciding with that of the 
Upper Nari. 

The Kama zone is unquestionably the equivalent of the Lower 
Gaj of western India and of the Rembang Series of Java. 
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(3) Dr. Noetling's "Zohes"" 

(d) PRELIMINAl.ty REM:A.RKB. 

We may 'next enqtiireinto the 'relative 'stratigraphical positidh 
'of 'the various "zones " 'of Noetlilig's nomenclature. 'N oetling has 
'~lideaVOl1red itoilistingilish,both lihLower anillin UpperBtirma,a 
'htifuber of palreontblogical 'zones, 'each of which Ihas been n'aIhed after 
"a particular species. These species have not ibeenl>electedaccord
'ing to the 'principle generally recognised 'in :sttatigraphicaIClassm.
"Cll.tions, 'whereby 'a patticul'ardivision should Ibechatactetisedby a 
:form whose range is 'truly restricted to 'that 'particular division. 
If we consult the 'lists of fossils pulilished 'by Noetling,"we 'Will. fre
'quently observe that a certain form is recorded from \so:cail'ed'zones 
other than the one beari.Il.gthe name of the particular fossil, 'Either 
'then the supposed zones ate nOt 'well-defined 'sttatigtaphicli.l 'tihits, 
brelse the fol'lns selected are 'nottrue,zone-foSsils. Noetli.Il.g'sbie
thod is to name the supposed zone after a form that happens tb 'be 

!plirticularly abundant at the locality yielding the fauna tinder con
sideration. This method cannot lead to any useful results. As 
,has beeh judiciously remarked by Dr. Stuart (Ree. Geol. 'Sur'/}. 
-Ind., Vol. XXXVIII, p. 264), a species such as Oytherea erycina 
which is living at the present day, cannot be used as acharacter~tic 
zone-fossil for a particular subdivision of the miocene ; for, lithe 
species already existed in miocene times,its existence obviously 
was continued throughout every intervening stage down to 'the pre
sent epoch. We may mention en passant that the fornithus desig
nated by Noetling does not' coincide with the living shell' to which 
it has been referred. A preliminary examination of the -available 
specimens has shown that they are closely related to anoth!!r 'liVihg 
form, Oytherea florida Lam, though it is 'uncertain whether they are 
specifically identical. Until an opportunity arises for a 'complete 
study of this shell, it will be wise, when referring to it, tocontinu'e 
to 'use Theobald's original designation of Oythereaprornensis. At 
ahy rate, the shell does not characterise solely Theobald's "Oytherea 
prom~nsis bed or Prome sandstone," for it is just as abundant 'm 
the Kama zOIie and in the overlying zone of Ostrea latima;rginata, 
and perhaps even higher. Dr. Stuart has already commented oh 
the extehsive range of this species (Rec. GeoZ. Sur'/}. -Ind., 'Vol. 
XXXVIII, p. 263). 
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'While recognising that 'the designations adopted by Noetling 
for 'the various zones are unsatisfactory, we must nevertheless en
quire into their stratigraphical and palreontological value. 

Dr. Noetling has established two sets of zones respectively for 
Lower and Upper Burma. The zones of Lower Burma, in the order 
regarded by Dr. 'Noetling as "their probable ascending succession 
ate 'the folloWing :-

"("7) Zone of TU1'1'itella 'acutica1'irUita. 
'(6) Zones of Ostrea peguensisand 'Ostreapromensis. 
(5) ~ones of .i1rca 'Theobaldi-. 
(4) Zone of Patallelipipedum prototottuo$um. 
(3) Zone of Plwlas orientalis . 
• (2) Zone of A1'icia hUlme-rosa. 
(1) Zone of' Cytherea erycina. 

In Upper 'Burma, seven zones containing marine fossils were 
defined, the 'sequ .. nce of which, in ascending order, was supposed 
to be as follows:-

!(7) ,Zone of Oardita 'tjidamlirensis. 
(6) Zone of Mytilus nicoba1'icus. 
(5) Zone of Meiocardia metavulga1'is. 
(4) Zone of Dione dubiosa. 
(3) Zone of Cancellaria martiniana. 
(2) Zone of Paracyaehus cam.deus. 
(1) Zone of Anoplotkerium birmanicum. 

To 'these was added an estuarine 'bed, the so-called" zone of' Cyte'll'a 
Crawfurdi" regarded as equival'erit to tlie zone of -Car'dita 'tjidama
rensis or to the zone of 'Myt",lus nicObaricus. 

Out of these fifteen" zones," six have already been dealt with in 
the foregoing pages: these are zones 4 and 5 of Lower Burma, the 
so-called zones of Parallelipipedum prototostuosum and Area Theo
bcUdi which represent the Kama Clay; and, in Upper Burma, zones 
2, 3,5 and 6, of which zone 2, the so-called "zone of Paracyathus 
cam.detts" represents the mlrin fossiliferous layer of Yenangyat. 
zone 3, the so-called '" zone of Cancellaria Martiniana" coincides 
with the main fossiliferous horizon of Minbu, while zones 5 and 6, 
the so-called zones of Meioca,dia metavulgaris and Mytilus nicoba
ricus, coincide wit;h two of the principal fossiliferous layers of the 
Singu fossiliferous stage. 
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fhere still remain to be considered five of the Lower l3urma 
zones, those numbered I, 2, 3, 6 and 7 in the above tabulated list 
and four zones from Upper Burma, those numbered 1, 4 and 7 to
gether with the "zone of Oyrena Orawfurdi." 

(b) THE " ZONE OF Turritella acuticarinata." 

Several of these zones must be definitely or provisionally dis
carded. We must, in 'the first place, entirely leave out of account 
zon.e 7 of Lower Burma, the so-called "zone of Turritella acutica
rinata," from which no fossils are available, of which the exact lo
cality is ill-defined, the exact horizon uncertain, and the designation 
of which rests on the mere surmise that the fossil referred to by 
Theobald in his allusion to certain beds of which the exact locality 
is not recorded (Mem. Geol. Surv. Ind., Vol. X, pp. 275, 281), may 
be a particular form of Turritella which occurs abundantly at many 
spots in the Tertiary beds of Burma, and which Dr. Noetling has 
referred to T. acuticarinata Dunker. Even if the surmise should 
prove to be correct, the form in question has an extremely extensive 
geological range and is quite useless by itself for. :fixing the age of 
the strata in which it may occur. 

(c) THE "ZONE OF Pholas orientalis." 

There are two other so-called zones represented by fossils from 
Lower Burma for which the exact locality is unknown, though there 
appears to be reason to believe that the· specimens' were obtained 
from the neighbourhood of Thayetmyo. They are represented by 
two different sets of fossils for which Noetling established the so
called zones of Pholas orientalis and Aricia humerosa. 

In attempting to refer these so-called zones to their correct stra
tigraphical horizons, we have no other guide but the fossil collec
tions. The ~equel of the present note will show that, even amongst 
the figured specimens of the collections dealt with by Noetling, 
there are ,numerous instances in which form~ belonging to one spe
cies have been referred to different species or even genera, or else 
in which, conversely, forms belonging to several species or even 
genera have been referred to a single species. From this it neces
sarily follows that no reliance can be placed upon the lists of fossils 
published by N oetling for the different fossiliferous occurrences, 
especially when they refer to unfigured forms as they often do to 
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a large extent. It is necessary to check every identification, a 
course which, for the unfigured forms is often unpracticable, as the 
specimens are often not available, or else frequently consist of spe
cifically indeterminable fragments. The Museum contains many 
unfigured specimens from Noetling's and Theobald's collections that 
have either been labelled by Noetling himself, or else have been de
termined by comparison with the descriptions in Noetling's second 
monograph. Whenever there has arisen an occasion of referring to 
these collections, numerous errors of identification have been de
tected. 

We must, therefore, entirely disregard Noetling's published lists, 
and we can depend on no other data but the figured specimens or 
such unfigured specimens as have been critically examined. At pre
sent, we are not acquainted with a single recognisable fossil from the 
so-called zone of Plwlas orientalis. Eventually some characteristic 
forms may perhaps be recognized after the critical examination of 
the Tertiary Lamellibranchiata has been completed. For the pre· 
sent, the so-called "zone of Plwlas orientalis" must be provisionally 
discarded. 

(d) THE "ZONE OF Aricia kumerosa." 

From the so-called "zone of Aricia kumerosa" we are at present 
acquainted with only three forms the specific determination of 
which may be regarded as sufficiently secure. These are:-

Conus lekei Martin, 
Clavilitkes semin'Udus Noetl. 
Cyprwa singuensis. 

The form last named is the one erroneously identified by Noetling 
&8 "Aricia kumero8a." Conus lekei has not been found elsewhere 
in Burma, and occurs in Java at an unknown geological horizon, 
Clavilithes semin'Udus occurs in Burma at every horizon from the 
Yenangyat zone to the Kama zone. For determining the age of 
the fauna, there only remains, therefore, Cyprwa singuensis, the 
most characteristic fossil of the Singu fossiliferous stage. As will 
be shown in the descriptions of the fossil Cyprooidoo of India which 
we hope shortly to publish, Cyprwa singuensis is a true zone-fossil. 
It h undoubtedly a mutation of a form which will be described as 
Cyprwa iravadiea which characterises the Minbu horizon. The so
called .. zone of Arieia kumerosa" is newer, therefore, than the age Of 
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the Yeuangyat-Minbu fauna, and equally so than that of the 
Sitsayan Shales. 'The upper limit of the vertical distribution of 
Gyprma singuensis is not known at present, and, from the data 'at 
present available, we cannot fix, with absolute accuracy the level of 
the so-called "zone of Aricia humerosa." Noetling placed 'it 'pro
'\1isionally above the horizon of the Cytherea promensis bed. The pre
sen~e of 'Oyprma singu(3nsis rather suggests that it belongs to Theo
bald's Division "A" underlying the horizon of the Crgtherea 'p'l'O
mensis bed, since it has been shown that the Divjsion "A" is the 
equivalent of the Singu fossiliferous stage. In assigning to the so
(jalled '" -zone 'of Jiricia humerosa" an age' newer than that of the 
Oyihereapromensis bed, Noetling was influenced by Theobald's 
statement 'that 'Division "A" is unfossiliferous. We -know now, 
£rom the researches of Dr. Stuart (Ilec, Geol. Surv. Ind., Vol. 
XXXVIII, p.2(3) that this 'horizon contains fossils, 'tho.ugh none 
of them 'have 'been sufficiently closely examined to be 'made use of 
for purposes of, strdtigraphical comparison. There appears to be 
Some -reason for believing that the fossils of the so-called " zone of 
Aricia humerosa" were obtained in the neighbourhood of Thayetmyo'; 
an occurrence which favours the conclusion that they may belong 
to a horizon older 'than 'that of theOytherea promensis bed, for we 
Know !that the 'neighbOurhood of Thayetmyo undoubtedly 'ihClhdes 
tihtCrops of strata older than thlitparticular bed. The type~locality 
of Lepidocyclina 'T/teoblildi is 'undoubtedlyclose to Thayetmyo. 'I 
vainly sought to recover the type-locality of this important species 
in 1913. The original outcrop may have 'been 'hidden or destroyed 
since the time of Theobald's survey, but Theobald's indication of 
its situation admits of no ambiguity. , The fossil is said to occur 
-':'in a hatdi~h sandstolleon the bank of the'Irrawadi, a 'little above 
-the lime-hi11 ( Mem.Geol. Surv. Ind., Vol. 'X, p.!..75), the Ie lime-hill ;, 
in question 'being the hill containing 'limestone and also coal which' 
is situated close to the Irrawadi, about four miles south by west of 
Thayetmyo. 'From Mr. Cotter's, survey of 'the Ngape section, we 
know 'that Lpidocyelina Theobaldi is the characteristic zone-fossil 
of the horizon containing the Yenangyat-MiIibu fauna correspond
ing with 'the horizon of the Sitsayan Shales (rcc. Geol. 'Surv. Ind., 
Vol. XLI, p. ~32). Close'to Thayetmyo there are,therefore, expo
sures of rocks coinciding with the horizon of the Sitsayan' Shales 
and consequently older than, the Singu fossiliferous stage, not' to 
'mention the 'u lime~hill j, itself which is apparently eocene. 
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Moreover, we have already observed that, north ot ~Thayetmyo, 
the oldest beds exposed in the ~eighbourhood of the Irrawadi inClude 
the DendrophyUia-SchiZfUJter zone, regarded by the late Mr. Bion and 
by Mr. Sethu Rama' Rau as approximately equivalent to the base 
of the Singu Stage. Six miles north of Thayetmyo, at Leptanzeik, 
there occurs a fossil fauna related to that of Singu. 

There is every reason, therefore, to believe that the equivalent 
of the Singu fossiliferous stage is extensively exposed near Thayet
myo. "The fossils of the so-called "zone of Aricia humerosa·" may 
very well, therefore, have been obtained from that horizon. That 
they may have been obtained, as suggested by Noetling, from a 
'level higher than that of the 'Cytherea promensis bed is certainly 
possible, but it is far more probable that they belong to the hori
zon of the Singu fossiliferous stage. 

(e) THE " ZONE OF Cytherea erycina." 

As already explained, Noetling's "zone of Cytherea erycina" 
corresponds with Theobald's "Cytherea promensis bed" of which 
the horizon is well known, as this stratum immediately 'rests upon 
the uppermost bed of Theobald's division "A". Since this divi
sion .. A" is regarded as the equivalent of the Singu fossiliferous 
stage, the Cytherea promensis bed is either equivalent to the upper
most zone of the Singu fossiliferous stage, or belongs to a slightly 
higher level. 

As has already been explained (see above, page 244), 'the fossil 
after which this zone has been named does not correspond with Cy
therea erycina, but is closely related to Cytherea florida if not speci
fically identical. For the present it must be designated as Cytherea 
promensis. Moreover it is nota true zone-fossil, since it has an ex
tensive vertical range. 

Up to 'the present, only three forms have 'been securely identi-
fied from the Cytherea promensis bed:-

Conus (LithoCortus) odengensis var. birmanica, 
Ancilla (Sparella) birmanica, 
Melongena (Pugilina) prceponderosa. 

These designations will 'be defined in the second and third parts 
of the present note. 

Conus odengensis is represented by a form which does not cor
respond either with the typical form occurring in the Kama horizon, 
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or with the variety avaensis which characterises the Minbu and 
Singu horizons. Ancilla birmanica has been obtained by Mr. Sethu 
Rama Rau a.t Myauktin from beds ,which are on' the horizon of the 
Kama Clay. Melongena prwponderosa is known from the Minbu 
and Singu horizons, and from the equivalents' of the Kama Clay. 

The small fauna at present identified is, therefore, uncharacter
istic, yet it is consistent with the stratigraphical position of the bed. 

(f) THE ZONES OF Ostroo peguensis AND Ostroo promensis. 

Noetling was not acquainted with the original locality of the 
fossils which he designated as Ostreo, peguensis and O. promensis, 
and which, owing to a fancied difference in the appearance of the 
rock adhering to the specimens, he referred to two possibly distinct 
zones. 

As already stated on a previous occasion (Rec. Geol. Surv. Ind., 
Vol. XLI, pp. 37, 40), the locality of the fossil described as Ostrea 
promensis is known from a label in Theobald's hand-writing. The 
specimens were obtained from the southern Pegu Yoma, about 50 
miles north by west of Rangoon. There is no label with the' speci
mens described as Ostrea peguensis which we~e probably obtained 
from the same bed at the same locality. The note above alluded to, 
further established the, specific identity of Ostrea peguensis and 
Ostroo promensis respectively with Ostrea Virleti Desh, and Ostrea 
digitata Eichw., both of which occur in the Mekran Series of Balu-
chistan. . 

Ostrea Virleti and Ostroo digitataboth occur in the Akauktaung 
Series which has been regarded as possibly a marine equivalent of 
the fresh-water Irrawadi Series of Upper Burma. The' data for 
fixing the equivalence of the Irrawadi Series ~re rather scanty. Cor
rectly identified fossils are known from one locality only, Yenang
young, where, distributed through the lower 2,000 feet of the Irra
wadi Series, there occur mammalian remains which, according to 
the valuable .researches of Dr. Pilgrim (Rec. Geol. Surv. Ind., Vol. 
XL, p. 196), indicate the horizon of the "Middle Siwalik ", equiva
lent to the Pontian. The uppermost pre-Irrawadi strata of Yenang
young are undoubtedly the same as those of Singu. The character
istic variegated kaolinic clays which distinguish the upper horizons 
of the pre-Irrawadi beds at Singu and in the southern part of the 
Yenangyat anticline, and which have already been alluded to (see 
a.bove page 229) are also observed at Yenangyoung. If the upper-
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most pre-Irrawadi beds of Singu are the same as those of Yenang
young, we are justified in identifying corresponding beds at both 
localities by measuring downwards from the base of the Irrawadi 
Series. We must therefore conclude that the base of the Irrawadi 
Series at Yenangyoung is situated at about 1,500 feet above the 
equivalents of the highest level of the Singu fossiliferous stage. We 
have already observed that the Singu fossiliferous stage is not newer 
than oligocene. As the base of the Irrawadi Series already contains 
a fauna of uppermost miocene age, there must be a stratigraphical 
gap of some importance below the Irrawadi Series, unless we suppose 
that practically the whole of the miocene is compressed within the 
1,500 feet of strata intervening between the summit of the Singu 
fossiliferous stage and the base of the Irrawadi Series, a contingency 
which, although possible, is improbable in view of the considerable 
average development of the various geological stages in the Irrawadi 
region of Burma. 

Let us now consider what are the available data for estimating 
the age of the Akauktaung Series of Lower Burma. The two cha
racteristio species of Dr. Noetling's "zones of O. peguensis and O. 
promensis," that is O. Virleti and O. digitata have both been dis
covered together by Dr. Stuart near Yethyauksan (18 0 26', 95 0 

21 '), some five miles north of Pauktaing in Henzada (Rec. Geol. 
SlIrv. Ind., Vol. XLI, p. 245). Aooording to Dr. Stuart's surveys. 
the Akauktaung Series is unconformable to the beds containing the 
fauna of the Kama Clay. Dr. Stuart is of opinion that the Ostrea 
latimarginata beds of Kama and Pyalo may represent a basal member 
of the Akauktaung Series, but that this supposition needs further 
confirmation. Ostrea latimarginata and the fossils associated with 
it cannot, therefore, safely be taken into aocount in attempting to 
estimate the equivalence of the Akauktaung Series. As securely 
identified species safely referable to the Akauktaung beds, there 
only remain then the· four species of Ostrea recorded by Dr. Stuart 
(loc. cit. supra), namely O. Virleti, O. digitata, O. gingensis, and a 
form probably referable to O. crassicostata. All four of these forms 
are amongst the characteristio fossils of the lower zone of the Mek
ran Series of Baluchistan which it is proposed, in a separate note, 
to distinguish as the Talar Stage, after the richly fossiliferous beds 
of the Talar Pass, along the northern Hanks of the Talar mountains, 
some 50 miles north-east of Gwadar. The evidence afforded by 
their presence clearly enoourages the supposition that the Akauk-
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taung Series pa.rtly coincides with the Talar Stage. Ostrea gingensis 
iii! a form of wide stratigraphical range occurring at all horizons of 
the miocene. Ostrea Virleti and O. digitata are not known from allY 
strata, that can unhesitatingly be referred to an age as low as. but
digalian, Formerly, the beds now classified in the Talar Stage 
o~ western India were' attributed by me to the middle miocene. aI;ld 
were thought to, reach downwards to the limit of the burdigalian, 
T,he study of the rich fauna of gastropods from the Talar Stage hali! 
now adv,anced far enough to make this view untenable. The pro. 
portion of living species is so great that the Talar fauna cannot; be 
regarded as, older than Pontian. It approximately corresponds with 
the horizon of the Odeng beds of Java of which it contains, in extreme 
abundance, the most characteristic species, Melongena ponderosa. 

If we admit the equivalence of the O. Virleti and O. digitata 
beds of the Akauktaung Series with the Talar Stage, the interpre. 
tation of their position in the Burmese sequence becomes, very si,mple : 
thl\Y must evidently then correspond with the Irrawadi beds otUp
Der, Bur,ma, the lower port~on of which contains, at, ~enangyoung, 
~ '\{E\~ebrate faun~ the age of which has been det~r,mined, by' Dr. 
I,>ilgr~. as, p,ontian (Reo. Geol. Sur:v. Ind., Vol. XL. 'p. 19(\). This 
is.. indeed the conclusion, originally arrived at by pr, St)l~~., 

We rqust neverth~ess take into consideration the possibility 
~at the, Ostrea latimarginata beds of Kama and Pyalo may repre
seI;lt a; basal member of the Akauktaung, Series. So far as can be 
judged from our present experience, O. latimarginata characterises 
an- older hQrizon than 0, Virleti and O. digitata. Dr. Stuart informs 
me. of, having found, in Henzada,a fragment of a valve of 0 •. lati~ 
marginata together, with the usual Ostrea species. of the Akauktaung 
beds, though under circumstances which. do not preclude the pos
sibiUty of its being a, derived fossil. Future r,esearch may enlLbie 
us. to modify Qur· views as, to, the distribution of these variQus; spe
cies of. Ostrea. For the present, we are justified in believ
ing that the rap,ge of O. latimarginata on the on~ hand, and, on 
the other hand, the range of 0, Virleti anq O. digitata do no~ mu,t,qru-
11. encroach upon one another, and that strata. characterised by O. 
la#marginata must be older than other strata characterise~. bYr O. 
Virleti and 0, digitata. 

Dr. Stuart has discovered O. Virleti and O. digitata in the basal 
members of the Akauktaung Series at Yethyauksan, the, 10(laIity 
141fea,dy alluded to. This obl'lervation need not negessarily CO~ 
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ftid; with the admission ip.to. the Akauktaung Series of the O. lati.
~rginata beds of Kama, anll Pyalo, for in a series of such great 
thicknesa aa the Akauktaung beds, the basal, members need not be 
neceasarily everywhere on the same horizon. If the O. latimaTginata 
beds of Kama and ~alo reall.)l' bdo.t}g to the Akauktaung Series, 
e,U, that we need suppose is that the base of. the series is more cur· 
t.ailed. at ~ethyauksan than at Kama and Pyalo. This interpreta
tion affects the geological age of the Aka~~g Series in so far as 
we capnot attribute an age newel; than middle miocene to the strata 
with O. Virlet, and O. digitata since we must allow for a sufficiently 
dose co~ection with the o. latimaTginata beds, regarded as burdi
galian. According to this interpretation, the O. ViTleti and O. 
digilata horizon of the Aka~ung Seriea would be approximately 
equivalent to the stratigraphical gap below the Irrawadi Series of 
Upper Burma. The O. Virleti and O. digitata beds of the Akauk
taung Series would then correspond with the Tjilanang Series of 
Jaya rather than with the Odeng beds. The Akauktaung Series 
~ttains a. considerable thickness, as much as 4,000 feet, so that, 
e~en if ~e adopt this interpretation, its upper portion, at least, would 
still probably coincide with a portion of the Irrawadi Series of Up
per Burma. 

The choice between these two alternative interpretations has a 
very important bearing. upon the nature of the basal unconformity 
of the Akauktaung Series. If. t:qe unconformity is situated below 
the zone of O. latimarginata, the stratigraphical gap must have be
coml: extremely reduced' or· even completely obliterated at Kama 
and. at; Pyalo where O. latimarginata, a. species which we regard as 
c.haracterising the Upper Gaj, is separated by several hundred feet 
of underlying strata llQm the Kama Clay fauna which we consider 
to be referable to the Lowel: Gaj ; a disposition which does not ne
cessitate the assumption of any unconformity. On this interpreta
tion, the basal unconformity of the Akauktaung Series, extremely 
pronounced' in Henzada, must become greatly reduced and finally 
obliterated when followed northwa.,d. 

If, on the contrary, the unconformity is situated above the ho
Uzon of 0, latimargiJUlta, the reduction of the unconformity in a 
northern direction from Henzada towards Prome must be less pro
nounced. Although the base of the Akauktaung Series would still 
rea~ upon oligoc.ene straia in Henzada and upon miocene strata at 
froPle, ret the upper limit of the strat~phical ~ap would remaiu 
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at an approximately uniform level and the basal unconformity of 
the Akauktaung Series in Lower B.urma would essentially coincide 
with the basal unconformity of the Irrawadi Series in Upper Burma. 

The latter interpretation has the advantage of greater simpli
city, for it necessitates the Bupposition of only one main unconfor
mity in the post-eocene Tertiary stratigraphy of the Irrawadi region; 
while there is scarcely any escape from the necessity of admitting 
two important unconformities if the basal Akauktaung unconfor
mity is situated below the zone of Ostrea latimarginata, unless we 
postulate, for the Tertiary strata of the Irrawadi basin, a degree of 
inconstancy in lateral development which is not supported by the 
details of the data at present available. 

In any case, whatever may be the final result of further strati
graphical and palreontological studies, the now well ascertained 
fact must remain that the beds with O. Virleti and O. digitata are un
doubtedly newer than the horizon of the Kama Clay. Noetling's 
" zones of Ostrea peguensis and O. promensis" are therefore undoubt" 
edly newer than the " zones of Arca Theobaldi and Parallelipipedurri; 
prototortuosum.', 

(g) THE " ZONE OF Dione dubiosa." 
Accordirigto Noetling, there occurs both at Yenangyat and at 

Singu, a fossiliferous horizon which has been designated as the 
" zone of Dione dubiosa " and which is said to occupy the same stra
tigraphical level at both localities. Judging from the detailed sur
veys of the late Mr, Grimes and of Mr. Sethu Rama Rau, the so
called "zone of Dione dubiosa" of 1: enangyat,' Grimes" "Signal 
Hill Sandstone," is situated at a considerably lower horizon than 
its supposed equivalent of Singu, the difference of stratigraphical 
level amounting perhaps to as much as 1,000 feet. The supposed 
zone, therefore, would have to be rejected as built up from two' wide-
ly diverging horizons. ' ' . 

Nevertheless, we must take it as established beyond all possi
bility of a doubt that an error has crept into Noetling's account of 
the Singu and Yenangyat zones. On page 33 of his monograph in 
the Palreontologia Indica, Noetling gives a list 'of four fossils supposed 
to characterise the "zone of Dione dubiosa" of Singu. On page 
35, the same list' of four fossils is again exactly reproduced as charac
terising the "zone of Dione dubiosa" of Yenangyat. That, amongst 
such scanty faunas, the only forms identified should, in either case, 
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be exactly the same species, is incredible. That the repetition of 
the list is due to an error of compilation becomes a certainty as soon 
as we refer to the descriptive portion of the monograph: the locality 
of every one of the fOll! species is invariably mentioned as Yenang
yat, not once as Singu. In transcribing the details of the Yenang
yat and Singu sequence, the account of the Yenangyat "zone of 
Diooe dubiosa" appears to have been inadvertently repeated in the 
Singu section. 

The supposed "zone of Dione dubiosa" of Singu, therefore, does 
not exist. At Yenangyat there occurs, in all probability, a poorly 
fossiliferous zone some 400 or 500 feet above the main fossiliferous 
layer. Pending fuller stratigraphical and palreontological iIJiorma
tion, this zone may be provisionally discarded. 

(h) THE "ZONE OF Cardita tjidamarensis" 

According to Noetling, the so-called zone of Cardita tjidamaren
sis of Singu has yielded no other recognizable fossil besides the one 
species after which it has been named, the specific attribution of 
which has never· been criti~ally verified. The supposed zone is there
fore palreontologically negligible, and, moreover, as it is situated 
only 100 feet above the so~called "zone of Mytilus nicobaricus," 
it would probably, in any case, constitute nothing more than a mere 
appendage of the latter. 

For all practical purposes, the so-called "zone of Cardita tjida
marensis" may, for the present, be discarded. 

(i) THE "ZONE OF Anoplotherium birmanicum." 

The so-called "zone of Anoplothe:rium birmanicum" was re
garded by Noetling as the oldest of the fossiliferous zones in Upper 
Burma. Its estimated stratigraphical position occurs at about 1,300 
feet below the summit of the Pegu Syst{m as exposed in the Yen
angyoung anticline. The variegated shales and sands at the upper 
limit of the exposed Pegu beds of the Yenangyoung anticline are 
also observed at Singu, and, as we have already noticed (see above, 
pages 228, 250), the upper part of the stratigraphical sequence must 
be identical at Singu and Yenangyoung, According to the thicknesses 
calculated from available surveys, the fossiliferous band constitut
ing Noetling's so-called "zone of Cardita tjidamarensis" must be 
situated abou( 1,400 feet below the uppermost horizon of the Pegu 

R 
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sequence as exposed at Singu 1. The so-called "zone of Oardita 
tjidamarensis" must therefore occupy a somewhat lower horizon 
than the so-called "zone of Anoplotherium birmanicum." There
fore, the so-called "zone of Anoplotherium birmanicum," instead of 
being the oldest fossiliferous zone in the Pegu System as developed 
in Upper Burma, represents, on the contrary, the newest bed with 
marine fossils observed by Dr. NoetIing in that region. 

As already explained (see above, page-228) the succession in Upper 
Burma and the mutual equivalence of the strata exposed in the se
veral anticlines have been misinterpreted by Noetling under the 
erroneous impression that the petroliferous layers are everywhere of 
one age. 

The fossils obtained from the so-called "zone of Anoplotherium 
birmanicum" are said to have been obtained from a conglomerate 
layer six inches thick in a petroleum well at a depth of 150 feet from 
the surface. Remains of fresh-water, marine, or estuarine fish, of 
terrestrial and fluviatile reptiles, of terrestrial mammalia, of marine 
lamellibranches and of corals are mentioned as having been found 
together in this one layer. One of the corals was referred to the 
living Paracyathus cwruleus Dure. A list of bivalve species was 
published in Noetling's monograph of 1901. It is extremely doubt
ful whether these mollusca were specifically determinable, for al
ready in 1895, when they had been determined. only generically, 
they were said to be " only casts or moulds," and it was stated that 
"nothwithstanding repeated coatings of varnish, they have, in the 
damp climate of {)alcutta, almost entirely crumbled to pieces with 
considerable efflorescence." (Rec. Geol. Sur'/). Ind., Vol. XXVIII, 
p. 69). 

1 This amount is essentially ba.sed on those estimates according to which the total 
thickness of strata exposed at Singu'amounts to 3,000 feet, a figure which has been ac
cepted by Dr. Pascoe (Mem. Geol.'Surv. In.I., Vol. XL., p. 107). Other estimates give, 
for the total thickness, somewhat lower values, .varying from 2,400 to 2,700 feet. By 
combining the maximum estimates of the Yenangyoung sequence with the minimum 
estimates ILt Singu, the" zone of Anoplotherium birmanicum ", instead of occurring at 
a higher level than the" zone of Oardita tjidamarensis," would be lowered approximately 
to the level of the" zone of Meiocardia metawlgaris." This interpretation is improb
able as it would necessitate the supposition that the richly fossiliferous 'horizon of the 
.. zone of Mytilu8 nicobaricu8," which is remarkably oonstant over a. vast area in Singu 
and Yenangyat, is also fully exposed in Yenangyoung, where it would be mostly unfos
siliferouB, or else would only oontain local bands of fragmentary fossils (see Pascoe, Ree. 
Geol. SUr!'. Ind., Vol. XXXVI, pp. 135 ff.). In any case, the position of the" zone ?f 
A7IOplotherium birmanicum" would be affected only to a minor extent, and would still 
t9ma~ COnnecteq wi*- th9 same ~alillontol()~ical and stratigra~hioal sub-sta~e. ' 
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The mammalian teeth were referred by Noetling, in 1895, to 
Antilope and to Anthracotherium silistrense, an association that 
might indicate an upper miocene age. In 1901, the specimens were 
referred to Anoplotherium which would imply an approximately 
upper eocene age for the beds containing them. In 1910 (Ree. 
Geol. Surv. Ind., Vol. XL, p. 196), Dr. Pilgrim identified the spe
cimens as the molars of Tragulidre, one of them being generically 
referred to Dorcatherium, an identification consistent with a miocene 
or perhaps upper oligocene age. If we are justified in identifying 
the Singu fossiliferous stage with Theobald's division" A" of Lower 
Burma, the so-called "zone of Anoplotherium birmanieum" which 
is situated at a horizon about 100 or 200 feet higher than the upper 
limit of the marine fossiliferous beds of the Singu stage, must belong 
approximately to the same level as the so-called "zone of Cytherea 
erycina" which overlies Theobald's division" A" in Lower Burma. 

(j) THE " ZONE OF Cyrena Crawfurdi." 

Connected with the variegated clays and sands which occupy 
the uppermost pre-Irrawadi strata at Yenangyoung, there occur lo
cally some estuarine beds containing the shells which Noetling has 
described as Cyrena Crawfurdi and Cyrena kodoungensis. The same 
variegated beds are observed at the uppermost limit of the pre
Irrawadi beds at Singu, and there can 'be no doubt that the upper 
beds of Singu correspond with t.h.ose of Yenangyat. Under the 
erroneous impression that the true equivalence of the Singu and 
Yenangyat succession is to be sought in the petroliferous beds of 
both localities, Noetling came to the conclusion that the Cyrena bed 
of Yenangyoung is approximately on a level with the newest fossi
liferous bands recognized at Singu. This equivalence cannot be 
accepted if the beds exposed at Yenangyoung correspond with the 
uppermost beds exposed at Singu. Since we have every reason to 
admit the equivalence of the uppermost pre-Irrawadi beds at both 
localities, the Cyrena bed of Yenangyoung must belong to a horzion 
situated about 1,400 or 1,500 feet above that of the newestfossili
ferous bands of Singu. If we are justified in' identifying the Singu 
fossiliferous stage with Theobald's division "A" of the Prome re
gion, and if the thicknesses of strata are even approximately the 
same in the Prome-Thayetmyo neighbourhood and in the regionot 
the petroliferous anticlines-a reasonable enough supposition con
sidering that the intervening distance is less than 100 miles,- then 
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the bed must be situated some 1,400 or 1,500 feet above the horizon 
corresponding to that of the Oytherea promensis beds, and the Cyrena 
bed of Yenangyoung may correspond with a horizon even higher 
than that of the Kama Clay, perhaps as high as the beds which, in 
the marine facieS", are characterised by the presence of Ostrea lati
marginata. 

In~the~Yenangyat region, the researches of Mr. Sethu Rama Rau 
. have revealed the existence of some very interesting fresh-water 

beds which certainly occur above the marine fossiliferous Singu 
stage, although we cannot determine their exact 'stratigraphical 
equivalence relatively to the Oyrena beds of Yenangyoung. They 
contain a giant form of Batissa which has been referred to Batissa 
kodoungensis, from which, nevertheless, it appears to differ l'peci
fically as will be shown in Part II of the present study. A specimen 
of this giant species from the neighbourhood of Palanyon, obtained 
from the eastern flank of the Minbu anticline, has already been figur
ed by Dr. Pascoe (Rec. GeoZ. Surv. Ind., Vol. XXXVI, PI. XX, 
fig. 2). The species may be distinguished as Batissa Sethuramre. 
According to Mr. Sethu Rama Rau, the beds containing these giant 
shells in the Yenangyat anticline, are laterally continuous with those 
yielding the remarkable gastropod described by Dr. Annandale as 
Taw (Rivularioides) spinitera. (Reo. Geol. Surv. Ind., Vol. L, p. 
238). We cannot be too grateful to Dr. Annandale for his investi
gations of the difficult fresh-water' fossil faunas of India. In Burma 
in particular, a full knowledge of the fresh-water and estuarine mol
luscan faunas may eventually prove . of great a.ssistance in eluci
dating the vexed question of the exact equivalence of the marine 
and fresh-water beds. 

In conclusion, the Oyrena Orawfurdi bed of Yenangyoung may 
be equivalent to the horizon of the Kama Clay, or, more probably 
perhaps, to that of the zone of Ostrea latimarginata. 

(k) SUMMARY. 

Omitting such "zones as must be definitely or provisionally dis
carded, the stratigraphical succession of Dr. Noetling ,. "zones" 
may be tabulated as follows: 

Zone. of 081rea peguiMB and Pontian or Vindo-
Oslrea promensis. bonian. 

Probably the marine eqnivalents 
of the Irrawadi Series; probably 
equivalent to the Talar Stage of 
the Mekra.n Series and to the 
Odens bedll of Java i or olse 
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mainly intermediate in age bet
ween the zone of Oslrea latimar
giraata and the Irrawadi Series 
and, if so, equivalent to the Na
han, to the Lower Manchhar, 
and, in Java, to the Tji Lanang 
series. 

Zone of CynfIIJ CrGVJ/vrdO • Perhaps 
galian. 

Burdi- Perhaps the estuarine equivalent 
of the Pyalo beds with Oslrea lao 
,i_ginata and of the Upper 
Gaj of western India, as well as • 
of the Njalingdung beds of Java, 
or else one stage lower and equi
valent to the Kama beds and 

Zon811 of .Ami T1wJba1d. and Approximately 
Pamlklipepedum prototorlu- Aquitanian. 
GlUm. 

Zone of AlIOplothmum mrmtJo 
,.icum. Zone of Cytherea erg
ciJllL 

Zones of MytilU/J"~ Approximately 
and Meiocardia metmJulgari8, Chattian. 
with probably the zone of 
Aricia ltumerosa.. 

[Lower Gaj. 

Kama zone equivalent to the Rem
bang beds of Java and to the 
Lower Gaj. 

Probably equivalent to the horizon 
of junction of the Nari and Gaj, 
or to the base of the Lower Gaj. 

Equivalent to the Upper Nari. 

Zone of C/Jru:ellaria Marl'n'aM. Approximately ~ 
Upper Stampian. 

itaayan horizon, equivalent to ~e 
Approximately. Lower Nari. 
Stampian. J 

This table does not agree with the stratigraphical statement 
published by Dr. Stuart in a previous volume of these Records 
(Vol. XLI, p, 253) for which I am personally to a large extent res
ponsible. The vastly increased accumulation of trustworthy data 
that have become available during the last ten years (see above, 
page 241) sufficiently accounts for the amendments here introduced. 

II.-REVISION OP SOMB OF THB FORMS FlOURED IN DR. 
NOETLlNO'S SECOND MONOORAPH. 

The preparation of a re-cast of Dr. Noetling's second mono
graph would need the work of a life-time. If we consider .that 
scarcely one-third· of the forms dealt with by Dr. Noetling have as 
yet been revised, we may realize the magnitude of the task that 
still awaita us. Nevertheless, a very useful purpose can be served 
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by tabulating 'the results of the investigation of all those forms that 
have, so far, been critically examined. 

Noetling regarded many of the Burmese fossils as predecessors 
of living forms, or else as descendants of eocene species, and gave 
expression to this opinion by prefixing, respectively, the greekterms 
pro.to. and neo to the usually Latin names of the supposed related 

:species. The result is frequently unfortunate, as the forms in ques
tion often belong to . other genera than those with which they have 
been compared, with the result that many of Noetling's designations 
are not only meaningless, but misleading. 

In the following notes, all these form'! which, so far, have been 
critically examined, are referred to according to the pages of Dr. 
Noetling's second monograph. The revised synonymy will consti
tute Part III of the present notice. 

Forms dealt with by Noetling and' not mentioned in the follow
ing pages have not yet been critically examined. Forms mentioned 
without any comment require no amendment. . 

'P'ARACYATHUS CCERULEUS Duncan, p. 102. 

In his first monograph, in 1895, Noetling described and figured 
a fossil from Yenangyat which he regarded as specifically identical 
with the living Paracyathus caJruleus and which, in 1901, was select
ed as a characteristic fossil for the so-called "zone of Paracya
thus creruleus" at Y enangyat. It is" needless to comment on the 
selection as a zone-fossil for a division of the 'Tertiary, of a form re
garded as specifically identical with one living at the present day, 
all the more so as Noetling himself has deprived the supposed'spe
cies of any possible stratigraphical value by recording it from five 
more of the so-called'" zones." These five occurrences are tabulated, 
on page 103 of the monograph of 1901, in a list from which only the 
supposed type-occurrence at Y enangyat has been omitted. 

That the Yenangyat fossil bears no lesemblance to the living 
species to which it has been referred is obvious from the illustra
tions to Noetling's first monograph of 1895, where the Yenangyat 
coral and the living species have been figured side by side (Mem. 
Geo.l. Surv. Ind., Vol. XXVII, part 1, PI. I, figs. 1, 2). Although, 
in 1901, the talented artist who prepared the illustrations to the 
monograph of 1895 was blamed for the apparent specific discrepan
cy, yet Noetling did not again venture on this direct comparison in 
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the second monograph in which fossil specimens only were figured 
one from Yenangyat (the same which had previously been figured 
in 1895) and one from the so-called" zone of Cancellaria lYlartiniana" 
of Minbu. 

My former pupil, Mr. Harendra Mohan Lahiri, has carefully ex
amined all the Yenangyat and Minbu specimens referred by Dr. 
Noetling to Paracyathus cC1Jruleus. There is not a single specimen 
in a state of preservation such as will allow a definite specific diag
nosis. Nevertheless, enough can be made out to ascertain that the 
Yenangyat and Minbu forms differ specifically from one another, 
and that both are specifically distinct from the living species. 

The characters which differentiate these fossils from one another 
and from the living form have been ascertained by Harendra 
Mohan Lahiri. The Yenangyat form is considered to be closely 
related to certain fossil forms from the upper eocene of Australia, 
such as Paracyathus tasmanWus and P. supracostatus. 

EUPSAMMIA REGALIS, Alcock, p. 103. 

The specimen thus identified by Dr. Noetling has also been 
carefully examined by Harendra Mohan Lahiri. Like the Yenang
yat and Minbu specimens of Paracyathus, it is in a state of preserva· 
tion that renders it totally unfit for a specific diagnosis. It bears 
no relation to the living form to which it has been referred by Noetl
ing, for it apparently belongs to the sub-genus or genus Balanophyl
lia, while Eupsammia regalis is a typical member of the genus Eup-
sammUl. 

CLYPEASTER DUNCANIANUS, p. 105. 

Although there are a few connections between the floor and roof 
of the test towards the margin, I have failed to detect the character
istic internal pillars of Clypeastm". The closed ambulacral petals 
with their extremely broad poriferous zones, and the extremely 
crowded minute tuberculation are totally unlike anything with 
which I am acquainted within the genus Clypeastm". The fragment· 
is almost certainly not a Clypeaster, but is too imperfect either for 
generic or for specific determination. 

OSTREA PEGUENSIS, p. 107. 

This is Ostrea Virleti Deah. (See Ree. Geol. Surv. Ind., Vol: 
XLI, p. 36). 
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OSTREA PROMENSIS, p. 109. 

This iii Ostrea· digitata Eichw. var. Rohl/sii Fuchs. (See Rec. 
Geol. Surv. Ind., Vol. XLI, p. 37). 

CYRENA (BATISSA) KODOUNGENSIS, p. 183. 
When first describing this species, in 1901, Noetling noticed that 

it was the largest fossil Oyrena recorded at that time. Since then, 
almost every large fossil Oyrena that has been found in Burma seems 
accordingly to have been referred, as a matter of course, to Batissa 
kodoungensis. Nevertheless, as has already been pointed out (see 
above, page 258), we must not confound the Khodaung shell with 
another still larger form, which is known from the southern part of 
the Yenangyat anticline, and from the neighbourhood of Palanyon 
along the eastern limb of the Minbu anticline. The largest specimen 
of Batissa kodoungensis in Noetling's collection has a height of 75mm. 
Specimens of even larger size were observed by Dr. Pascoe' east of 
Khodaung. The shape of the shell, as restored by Dr. Noetling, is 
sub-orbicular, with practically median umbo. The sub-orbicular cha
racter of the outline is confirmed by the measurements published by 
Dr. Pascoe who records 115 + 101mm. as the largest specimen ob
served near Khodaung (Rea. Geol. Surv. Ind., Vol. XXXVI, p. 
144). The length,therefore, only slightly exceeds the height, and 
the measurements recorded by Dr. Pascoe imply an approximately 
circular shell. 

It should be mentioned that the Khodaung shell must attain even 
larger dimensions than those of the largest measured specimen, for 
one of the fragments figured by Dr. Pascoe (vol. cit. supra, Pl. XIX, 
fig. 2) must have belonged to a specimen measuring about 130 + 
120mm. 

The figure of the Palanyon specimen published by Dr. Pascoe 
(vol. cit. supra, Pl. XX, fig. 2) will show at a glance that the iength 
of this shell reaches nearly twice the largest measured dimension re
corded for the Khodaung species, that, instead of exhibiting a sub
orbicular outline, it is elongate, with the length considerably ex
ceeding the height, and that the umbo is greatly shifted forward. 
(We should remember that, to save space, the drawing here referred 
to has been placed obliquely). Several of the specimens from the 
Yenangyat region attain the same colossal dimensions as the 
Palanyon specimen. One individual, of relatively moderate size, which 
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owing to its good state of preservation, best displays the true shape 
of the species, measure 124 + 96 + 51mm. The height therefore is 
equal to less than four-fifths of the length. The hinge-plate, in the 
Yenangyat shells, is taller than in Batissa kodoungensis, the card
iJial teeth generally less obliquely disposed in Noetling's illustra
tion of the left valve of Batissa kodoungensis, the cardinal tooth 
designated as 2 a is shown as practically vertical. In reality, it 
has a steep slope directed posteriorly downward (opisthocline). 
The corresponding tooth in the Yenangyat form has a pronounced 
slope in the opposite direction. The other elements of the hinge 
are much more oblique in Batissa kodoungensis than in any of the 
Yenangyat specimens. 

If, as there is reason to think, Mr. Dalton has correctly referred 
to Batissa Trodoungensis the magnificent specimen of a right valve 
represented in figures 1 and 2, Plate LVI of Volume LXIV of the 
Quarterly Journal of the Geological Society, the exact locality and 
horizon of which are unfortunately unknown, then the right valve 
of that species is characterised by a bifid central cardinal tooth. 
In the Yenangyat form, the corresponding tooth is entire. Mr. 
Dalton's specimen measures 100 + 96mm., and is, therefore, even 
more orbicular than the one recorded by Dr. Pascoe. Unfortunate
ly, we are not acquainted with the hinge of the right valve in the 
Khodaung shell. Until we can obtain a right valve from Khodaung, 
there must subsist some uncertainty as to whether Batiss(J kodou.ngen
sis is identical with the species described by Mr. Dalton. 

At any rate, the contrast between the left valve of Batissa kG
aoungefl.8is and the corresponding valve of the Yenangyat shell 
suffices to establish the specific distinctness of the latter. As al-' 
ready mentioned above (page 258), I wish to dedicate thli! magnifi
cent shell to Mr. Sethu Rama Rau, under the name of Batisa Sethu
ramal. It is the largest Batissa on record, extinct or recent, exceed
ing in size even the colossal Cyrena ingens Dautzenberg (Journ. 
Conch., Vol. XLVIII, p. 105, PI. V), at present living in the New 
Hebrides, the largest known specimen of which measures 150 + 120 + 
102 mm. This recent form is readily distinguished from BatissG 
SetJ,uramOJ by its relatively much greater thickness and by a very 
different build of the hinge. 

From the observations above discussed, it will be noticed that 
there still remain a number of uncertain points in connection' with 
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the large BurmesEl fossil shells. The conclusions at present arrived 
at may be summarised as follows: 

1stly, the characters ascertained in the South-Yenangyat shells 
preclude their specific union with the Khodaung shells in spite of 
our incomplete knowledge of the latter. 

2ndly, if the specimens described by Mr. Dalton eventually prove 
to belong approximately to the same stratigraphical horizon as the 
Khodaung shell, they may be safely accepted as plesiotypes, and the 
species Batissa kodoungensis may be re-defined in accordance with 
their characters. 

3rdly, if the specimens described by Mr. Dalton are eventually 
shown to differ widely in age from the Khodaung shell, their specific 
reference to the latter would not be sufficiently justified, and they 
should be classified, provisionally at least, under a different specific 
name. 

4thly, in the latter alternative, unless better material than at 
present available can be obtained from Khodaung, the species Bat
issa kodoungensis must remain un-identifiable, although the name 
may still be used to designate the ·large shell occurring at Kho
daung.1 

CYRENA (BATISSA) CRAWFURDI, p. 184. 

At its type-locality, near Minlindaung, in the southern part of 
the Yenangyoung anticline, this shell is moderately variable. Its 
characters have been sufficiently clearly defined by Dr. Noetling. 

The fossils from various parts of Burma that have been referred 
to Batissa Orawlurdi frequently represent a separate species, dis
tinguished by its tall triangular shape, narrow umbo occupying a 
median or even slightly posterior situation, its relatively short 
hinge-plate, and by the presence of a distinct though rounded bend 
extending from the umbo to the postero-ventral edge j between 
this bend and the posterior margin, the surface is steep and flat
tened, and carries one or two blunt radial ridges. The species 
attains much larger dimensions than B. Orawlurdi, from which it 
is distinguished by its tall and triangular outline, the different po-

1 The name of the looality has been spelt .. Kodoung ", .. Kodaung ", and .. Kho· 
daung." The shell was described as Cyrena kodO'Unge1l8iB. and we should adhere to this 
name. So far as possible, alterations in the orthogl'aphy of a speoifio name should always 
be avoided as they oomplioate the nomenolature and espeoially impair the usefulness of 
alphabetioal referenoes. 
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aition of the umbo which, in B. Craw/urdi, occupies an anterior 
position, the shorter hinge-plate, and the characters of the posterior 
surface which, in B. Craw/urdi, is rounded and does not clearly ex
hibit the radial ridges above mentioned. These various dillerences 
invariably distinguish B. Craw/urdi, even in the most exceptionally 
elevated specimens. l 

A specimen of the form under consideration, obtained near Berne 
in the Yenangyoung anticline at a stratigraphical level situated some 
300 feet below that of the" zone of Cyrena Craw/urdi," has been 
figured by Dr. Pascoe CRee. Geol. Surv. Ind., VoL XXXVI, PL 
XIX, fig. 5), who has already noticed that it probably represents a 
new species (loc. cit., p. 1451. We may distinguish this form as 
Batissa birmanica. It is accompanied, near Beme,by another form 
which, instead of being, like B. birmanica, taller than B. Craw/urlli, 
is, on the contrary, more depressed. Dr. Pascoe has named it B. 
Craw/urdi var. yedwinensis. The sub-central position of its umbo 
seems to exclude the possibility of a specific identity with Balissa 
Craw/urdi, and it may preferably be treated as a distinct species 
under the name of Batissa yedwinensis Pascoe. It is therefore Olnit
ed from the synonymy of Batissa Craw/urdi in Part III of the present 
study. 

The precise limits of the stratigraphical range of Batissa Craw
lurdi cannot exactly be determined at present. Outside of the Yen
an~oung anticline, the only specimens at present known that seem 
to be referable to B"t'~!la Cr("r!llrdi were collected by Mr. Cotter 
on the ror.d one mile south-west of Myin-ngan (21 0 38 I, 94 0 28 I 

one-inch sheet 84 K-6) in the northern part of the Pakokku district 
where the pre-Irrawadi beds are, to a considerable extent, invaded 
by the fresh-water facies. 

Batissa birmanica undoubtedly has a wide stratigraphical range 
and probably extends downwards at least to a horizon equivalent 
to the upper limit of the Singu fossiliferous stage: for instance, the 
specimens obtained by Mr. Sethu Rama Rau in the stream section 
of the Taungmachaung tributary west of Kamedaung (20 0 49 I, 
94 024 ') in the Ngahlaingdwin area occur at about 1,400 feet below 
the base of the Irrawadi Series. 

I The specimen illustrated by N~tling in figure 3, Plate XI of the second monograph 
,,:rhibilAl an e:rceptjonaUy elevated outline, the apparent character of which ia, neverthe. 
1_, much aaggerated owing to the circumstance $hat the posterior portion of the shell 
i8 brokru. 
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Batissa Orawlurdi and Batissa birmanica both exhibit, along the 
edge of the lateral teeth, the characteristic striations of the genus 
Batissa. 

The distribution of the various forms of fossil Cyrenidre at pre
sent recognised in Burma is perhaps connected with different local 
conditions of salinity. Thus, in the Taungmachaung exposure above 
alluded to, Batissa birmanica is accompanied by a brackish fauna 
including Telescopium, Vicarya, and Oytherea. Specimens obtain
ed by Mr. Cotter halt-a-mile west of Kayingyauk (20 0 40', 94 0 26') 
also in the Ngahlaingdwin region, at a horizon which may also approxi
mately correspond with the upper limit of the Singu fossiliferous 
stage, are apparently associated with Area, Turcica, Paracyathus, 
etc. The Kayingyauk bed is probably the southern extension of the 
Taungmachaung bed. On the contrary, Batissa Sethuramm, in South
Yenangyat, occurs in the same bed as the fresh-water Taia spinosa. 
There is, at present, no evidence as to the conditions of salinity con
nected with the occurrence of Batissa Orawlurdi. 

CYRENA (BATISSA) PETROLEI, p. 188. 

The type of Oyrena petro lei, like that of Oyrerw, Oraw/urdi, is 
from the neighbourhood of Minlindaung. Noetling has not recorded 
any strictly precise character by means of which it would be possible 
to distinguish the form designated as' Oyrena ,petrolei from the type 
of Oyrena Orawlurdi. The large series of shells now available from 
Minlindaung cannot be sorted into two separate forms as they ex
hibit every possible intermediate gradation between extremes of 
height or thickness of outline, thickness of shell, and relative coarse
ness or delicacy of hinge. The form "petrolei" must therefore be 
discarded. . . 

CALLIOSTOMA BLANFORD!, p. 253. 
Two species are figured under this name in Noetling's second mo

nograph. Those illustrated in figures 6 to 8, Plate xvii, correspond 
with Trochus Blanlordi as described and figured in Noetling's first 
monograph. The specimen shown in figure 5 of the same plate is 
different, and should constitute the type of another species whioh 
may be distinguished as Oalliostoma sing'lJ£nse. 
. Oalliostoma sing'lJ£nse attains considerably larger dimensions than 
the genuine Oalliostoma Blanlordi. The spire-whorls of Oalliostoma 
Blan/ordi are much more concave than those of Oalliostoma sing· 
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uense. At early stages of growth, both forms· are quadricarinate. 
While, however, the posterior keel in Calliostoma Blan/ordi, is imme
diately contiguous to the suture, there intervenes a small space in 
CaUiostoma singuense. In both species, the second keel is the feeblest, 
the fourth, the most prominent; not, as stated by Noetling, the third, 
s statement contradicted by his own illustrations. On the later 
spire-whorls of Calliostoma Blan/ordi, there invariably appears a 
secondary granulated keel bisecting the posterior interval, and al
most always a similar secondary keel similarly bisecting the next 
interval; so that the later spire-whorls nearly always exhibit as many 
as six keels, and never less than five. A similar change takes place 
in Calliostoma 81·nguense, but only in the posterior interval, so that 
there are never more than five keels, and the subsidiary keel is relat
ively much less prominent than in Calliostoma Blan/ordi. Moreover, 
owing to the great difference in size between the two species, Callios
lorna singuense still shows only four keels at a size equal to that of 
the full-grown specimens of Calliostoma Blan/ordi. 

The base is totally different in both species. In addition to a 
thick peripheral granulated keel, the base of Calliostoma Blan/ordi 
exhibits an extremely beautiful ornamentation consisting of thirteen 
concentric granulated keels alternating in two sizes. On the base 
of Calliostoma singuense, there are ten concentric, smooth, Hat bands, 
exhibiting an imbricated or stepped disposition, each band being 
separated from the next outer one by a small decliv~ty facing outward; 

TuxRI'rELLA ANGULATA Sow., p. 272. 

TuRRITELLA SIMPLEX Jenkins, p. 273. 

The form figured by Noetling is specifically identical with T. 
angulata. The Javanese fossil first described by Jenkins as T. 
simplex probably also belongs to the same species, though this iden
tification needs to be verified. 

TuRRITELLA ACUTICARINATA Dunker, p. 274. 

The specimens thus identified by N oetling also correspond with 
T. angulata. Martin has expressed the opinion that they do not 
coincide with the Javanese T. acttlica,inata which, therefore, may 
represent a different species. 
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TURRITELLA sp., p. 277. 

This form, of 'which we now possess well-preserved specimens, 
may be distinguished as T. Noetlingi. 

TURRITELLA AFFINIFORMIS, p. 277. 
This is Turritella Magnasperula Sacco. 

RIMELLA CRISPATA Sow., p. 288. 

The figured specimens differ specifically from the form to which 
they have been referred. and may be designated as Rimella promen
sis. They are distinguished from Rimella crispata by the thinness 
of the spiral incisions, the almost conical outline of the spire-whorls, 
the smoothness of the ribs, the absence of crenulations along the 
outer margin of the outer lip, and finally the elongate shape and 
small size. 

CYPRlEA GRANTI d' A. and H.,p. 290. 
This shell does not bear the slightest resemblance to, C. Granti 

d'Archiac (not d'Archiac et Haime) which is synonyml:>Us with C. 
nas'Uta Sow., itself a variety of C. prunum Sow., a CyprrefJ sen. str. 
The fossil erroneously referred by Noetlingto C. Granti belongs to 
the very peculiar group of extinct forms· which includes C. Duclo
siana Bast. and several other Tertiary species, which it is proposed 
to distinguish as a sectionOyprreotrivia. The Burmese species may 
be distinguished as Oyprrea (Oyprreotrivia) Oppenheimi. 

ARICIA HUMEROSA Sow., p. 291. 

This shell differs from the Gaj fossil to which it has been referred 
by Noetling. It 'may be distinguished as Oyprrea (Bernayia) sing
uensis. The main difference resides in the disposition of the aper
ture, invariably almost straight in Oyprrea singuensis, while it is 
rather strongly bent in Oyprrea humerosa. The depressed dorsal 
area of Oyprrea humerosa is much larger than. that of O. singuensis 
and is centrally situated instead of being shifted posteriorly; con
sequently, the anterior transverse ridge is situated much further' 
anteriorly in Oyprrea humerosa. 

TRIVIA SMITHI Martin, p. 293. 
This remarkable shell does not belong to the same group as the 

Javanese species to which it has been referred by Noetling. It mar 
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be distinguished as Trivia Noetlingi. It is undoubtedly a fossil re
presentative of the singular group of shells constituted by the tW9 
Mexican forms T. radians Linn. and T. Solandri Gray. In general 
shape it comes nearest to T. radians, but is readily distinguished by 
its smaller size and by its less numerous, narrower ribs. 

CASSIS D' ARCHlACI, p. 294. 

The specific name was already preoccupied as early as 1851 by 
Bellardi. (Mem. Soc. Geol. Fr., 2d ser., Vol. IV, p. 224, PI. xiv; 
figs. 3, 5). The shell may be distinguished as Cassidea birmanica. 

SEMICASSIS PROTOJAPONlCA, p. 295. 

This shell is a Tritonium. We cannot perpetuate an absurdity 
by maintaining the specific name" protojaponicum." In Noetling's 
first monograph, the shell was described and figured as Cassidaria 
dubio, Noetling. It may therefore be known as Tritonium (Lampusia) 
dubium [N oetling]. 

GALEODA MONILIFERA, p. 297. 
Under this name Noetling has illustrated two different forms 

which agree specifically with Cassidaria echinoplwra Linn., from 
which they cannot be separated otherwise than varietally. The va
riety designation monili/era may be retained for the specimen 
figured in Plate xix, fig. 16. The second specimen, shown in fig. 17 
of the same plate, may be distinguished as Cassidaria echinophora 
var. promensis. It is distinguished from the variety monili/era by 
its broad ribbon-shaped bands without any trace of spiral subdivi
sions. 

ONISCIDIA MINBUENSIS, p. 297. 

This exceedingly remarkable shell belongs to the sub-genus 
Loxotaphrus of Cyrtochetus, of which Phos varici/er Tate, from the 
Tertiary of Australia, has been hitherto the only recognized species. 
The resemblance between the Burmese and Australian forms is so 
close as to suggest their possible identity. 

FICULA THEOBALDI, p. 298. 

Two different forms have been figured by Noetling under that 
name. The one shown in fig. 21, PI. xix, agrees exactly with Pirula 
condita Brongniart. The other specimen, shown in fig. 20, thoug4 
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closely allied, may be regarded as constituting a variety singuensis, 
in which the spiral threads as well as the axial ribs are thicker than 
in the typical form. 

FICULA sp., p. 299. 

This form, which is now represented by numerous well preserved 
specimens, may be distinguished as Pirula promensis. It belongs 
to the same group as the fossil Pirula pamotanensis Martin from Java 
and the living Pirula lnvestigatoris of the Indian Ocean, but is readily 
distinguished by the peculiar ornamentation of the body-whorl in 
which the extremely exaggerated breadth of the spiral and axial 
ribs reduces the intervening spaces to small square depresfiions. 

TRITON NEASTRIATULUS, p. 301. 

This shell is a H indsia. The specific name, founded on a fancied 
resemblance to Tritonium striatulum Lam., is, therefore, mos~ un
fortunate. 

TRITON PARDALIS, p. 302. 
This is alsl} a H indsia. 

TRITON NEACOLUBRINUS, p. 304. 
This shell is a Hindsia and is therefore totally unrelated to Tri

tonium (Sassia) colubrinum Lam. 

PERSONA GAUTAMA, p. 305. 

This shell is without any relationship whatever to the Tritonidre. 
It belongs to Peristernia, a sub-genus of Lathyrus. 

RANELLA PROTOTUBERCULARIS, p. 306. 

Two separate species have been illustrated under this name in 
Noetling's second monograph. The one shown in fig. 9, PI. xx, 
had previously been described and figured in Noetling's first mono
graph under the name of !lanella tubercularis Lam., evidently a 
lapsus for Ranella bitubercularis. It would be necessary therefore, 
to alter the name used in the second monograph to Ra'fltella protobi
tubercularis,. but as there never was any species described with the 
specific name e, tubercularis," either by Lamarck or any other author, 
we may just as well designate the Burmese shell as Ranella tubercu
Iqris N oetling. 
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The species illustrated in figure 8 of the same plate, may be dis
tinguished as Ranella antiqua. Compared with Ranella tubercularis, 
it is larger though it generally has fewer spire-whorls, and is dis
tinguished by a more rounded aperture. The varices of Ranella 
tubercularis frequently do not correspond from one whorl to another 
during the later stages of growth, while they always coincide in 
Ranella antiqua. ' 

Compared with Ranella bitubercularis Lam. of which it is evidently 
a pre-mutation, Ranella antiqua is uniformly smaller, with fewer 
spire-whorls. 

RANELLA ELEGANS Beck, p. 309. 
This shell differs specifically and even sectionally from Beck's 

type which is an Apollon s. str. It may be distinguished as Ranella 
(Pseudobursa)promensis. This beautiful shell closely recalls, in 
shape and ornamentation, Ranella /oliata Desh., R. margar'itula 
Desh., and R. crumena Lam., from all of which it is clearly disting
uished by the peculiar tubular structure of the posterior apertural 
channel, corresponding with that exhibited in Ranella bufonia [Gme
lin], the genotype of Pseudobursa Rovereto. The anterior canal. 
nevertheless, is nearly vertical, slightly oblique to the left of the 
shell as in Ranella crumena, not to the right as in Ranella bu/onia, 
and the shell is perhaps genetically related to the point of parting 
between the sections Apollon s. str. and Pseudobursa. 

EBURNA PROTOZEYLANICA, p. 310. 

This shell cannot be specifically distinguished from E. iutosa 
Lam., from which its smaller dimensions entitle to be separated at 
,most as a variety for which the utterly misleading name "proto
zeylanica" is, of course, quite inadmissible. 

FusUS SEMlNUDUS, p. 312. 
The specific name is preoccupied in the genus Fusus by a species 

of Deshayes; as, however, the Burmese shell is a Olavilithes, in 
which genus th~ specific name is not preoccupied, it may be main
tained. 

FUBUS VERBEEK! Martin, p. 313. 
This fossil does not correspond with the Javanese fossil to which 

it has been referred by Noetling, but rather with OlatJilithes 
feminudus [Noetl.J The shell assumes a, rather different appearance , 
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according as to whether the callosity usually characterising the 
full-grown stage has been developed or not. Amongst the Burmese 
specimens, there are individuals, practically of maximum dimensions, 
apparently adult, in which the callosity has never been developed, 
and others, much smaller, in which i.t assumes the most exaggera.ted 
proportions. Both modes of development occur together and· are 
connected by every intermediate gradation. With only a small 
amount of material at his disposition, N oetling came to the conclusion 
that these two modes or stages of development characterise different 
species, one of which was described as new under the name of Fusus 
seminudus, while the specimens with a large callosity were referred 
to Fusus Verbeeki Martin. It is now certain that all the Burmese 
specimens belong to a single species which, however closely related to 
Olavilithes Verbeeki, must be regarded as a distinct species, or at 
least a very pronounced variety, the main difference being the much 
smaller size of the Burmese form which is like a miniature edition 
of Olavilithes Verbeeki of which it perhaps represents an ancestral pre~ 
mutation. 

In OlaviZithes Verbeeki, the axial ribs disappear at a relatively 
eariler stage of growth than in Olavilithes seminudus, for, while, in 
OZ. seminudus, the axial ribs cease only either on the two last whorls, 
or more generally only on the last one, in OZ. Verbeeki, the three last 
spire whorls are without axial ribs. If, instead of comparing corres
ponding stages of development, we compare actual dimensions of 
growth, it will be pbserved, nevertheless, that the ribs usually persist 
up to a much larger size in OZ. Verbeeki as a cOIls,equence of the 
usually much larger size of that species. 

FASCIOLARIA NODULOSA Sow., p. 314. 

Under this name Noetling has figured three specimens, none 
of which coincide with the Gaj fossil to which the specimens have 
been referred. Those reproduced in pI. xx, fig. 16 and pI. xxi, 
fig. 11 represent a Lathyrus and, therefore, bear no relation to the 
Gaj fossil ~hich is a Siphonalia. The species may be distinguished 
as Lathyrus indicus. It is the earliest example so far known of the 
group of Lathyrus Lynchi [Basterot] (genus Polygona Schumard), 
abundantly represented in the miocene of Europe, and surviving 
in the deep-water Lathyrus infundibulum [Gmelin] of the West
Indies. It· is extraordinarilr ·Ioselr related to Lathyrus infundj-
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bulum, but has broader . ribs and taller whorls. The European 
miocene species of this group are generally more angulated. 

The specimen represented in pI. ;xx, fig. 17, is a Siphonalia, but 
differs from the Gaj species, and may be distinguished as Siphonalia 
(Kelletia) iravadica. It is smaller and less elongate than the living 
Siphonalia Kelletii, with 8 broader spire, and lacks the distinct 
umbilicus of the living shell. 

PYRULA PUGILINA Born, p. 315. 

This shell is clearly a pre-mutation of the living Melongena 
pugilina, and illustrates the difficulties of nomenclature experienced 
when a connected succession of mutations is 'observed through the 
successive stages of the Tertiary. The Burmese fossil scarcely 
differs specifically from the upper mi~cene or pliocene Melongena 
ponder08a Mart., which, in its turn can scarcely be regarded as 
differing more than varietally from the living M. pugilina; yet, 
when the Burmese shell is compared with the living fonn, it cannot 
possibly be maintained in the same species. For the sake of con
venience it may be distinguished as Melongena (Pugilina) prae
ponderosa. It is distinguished both from Melongena ponderosa and 
from the recent shell, by its constantly wider-spaced spines. The 
obliteration of the spines, restricted to a portion of the body-whorl 
in Melongena prmponderosa, usually also invades a portion of the 
spire in Melongena ponderosa. The spire of Melongena prmpon
derosa is generally more elongate than that of M. ponderosa and M. 
pugilina. The internal walls of the living shell and, probably, of 
Melongena ponderosa, are smooth instead of lirate as in the Burmese' 
fossil which, moreover, is generally somewhat smaller than the living 
shell and especially than M. ponderosa. 

PYRULA BUCEPHALA Lam., p. 317. 

Under this name, two species, belonging to different genera, 
have been figured, neither of which coincides with Lamarck's species. 
The one shown in pI. xxi, fig. 3, corresponds with Noetling's Pyrula 
pseudobucephala and is a Melongena. The other, shown in fig. 4, 
is a Vasum. So far as can be judged from published illustrations, 
good specimens of the Burmese shell' coincide in every smallest 
detail with Melongena basilica Bellardi from the oligocene of LigurIa., 
The fossil should therefore be known as Vasum basilicum [B~llardi]. 

J2 
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The interior of the Ligurian shell has been neither figured nor des
cribed, and we are not in a position, therefore, to ascertain whether 
it contains the characteristic spiral folds of Vasum. If the one shell 
were truly a Melongena and the other a Vasum, we would be in 
presence of a most astounding example of mimicry, and, if that 
were so, the name "basilicum" might well be maintained for the 
Burmese shell to recall such an astonishing resemblance. 

P¥RULA PSEUDOBUCEPHALA, p. .318. 

As already mentioned, amongst the specimens erroneously 
referred to Melongena bucephala, the one represented in pI. xxi, 
fig. 3, belongs to this species. 

MUREX AJl,RAKANENSIS, p. 319. 

This species belongs to the sub-genus Chicoreus. 

MUREX (1) TCIDHATcHEFFI d'A. and H., p. 320. 

Two different forms, neither of which coincides with d' Archiac 
and Haime's species, have been figured under this name in Noetling's 
second monograph. The inclusion of the specimen represented in 
fig. 9, pI. xxi, is due to an oversight, as Dr. N oetling expressly states 
(p. 321) that" no other specimens have come under examination in 
addition to the one described in my previous memoir." The second 
specimen, represented in fig. 9 is in a much better state of preserva
tion than the one described in the first monograph and represented 
in fig. 8 of the second monograph. It may be taken as the type of a 
species Murex (Muricanrha) iravadicus, and is noW represented in the 
Calcutta collection by numerous good specimens. The specimen 
shown in fig. 8 is to be regarded a.s a variety yenanensis or perhaps 
even a distinct species. Attention may be drawn to the fact that, 
whereas the Burmese shells belong to the subgenus Muricantha, 
Murex Tchihatcheffi is a member of the section Haustellum of Murex 
s. str. As represented by the type of the proposed species, in pI. 
xxi, fig. 9 of Noetling's monograph, Murex iravadicus seems scarcely 
distinguishable specifically from Murex' Dannebergi Beyrich of the 
lower oligocene of Germany. Judging from the available illustra
tions, the Indian fossil has more sharply delineated, narrower spiral 
threads. Murex Grooti Jenkins, from the miocene of Java, is also 
closely related, but its spiral decoration is apparently coarser. 
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The specimen represented by fig. 8, pI. xxi, of Noetling's mono
graph may provisionally be regarded as a varietyyenanensis dis
tinguished by the sharper posterior angulation of the whorls, the 
somewhat more numerous varices, and, apparently, the more profuse 
and more delicate spiral threads. 

VOLVARIA BIRMANICA, p. 322. 

VOLUTA D1!lNTATA Sow., p. 324. 
The shell does not coincide with the Gaj fossil to which Noetling 

has referred it, but represents a distinct species which is dedicated 
to the memory of the late Mr. Jacobs of Yenangyoung as Athleta 
(Volutospina) Jacobsi. This- beautiful shell resembles Voluta mutata 
Desh. from the upper eocene of the Paris basin. The European 
species lacks the very characteristic double convexity of the base 
exhibited by the Burmese shell; its spire, instead of exhibiting a 
tendency to assume an extraconic outline as in' Athleta J..acobs~, 
rather tends to be conoidal. 

OLivA (STREPHONA) RUFULA Duclos, p. 326. 

The figures in Noetling's monograph do not represent an Oliva 
but an Olivella which maybe distinguished as Olivella minbuensis. 
The description and measurements refer largely to specimens of 
Olivancillaria nebulosa Lam. var. pupa Sow. from Singu. 

Olivella minbuensis appears to be closely related to Olivella 
leucozoniaB Gray from Senegal, the spire of which, compared with 
that of the fossil, is somewhat longer, as is generally the case with 
most of the living forms. The insufficiently described and figured 
Olivella brevis Bellardi from the miocene of Piedmont (Moll. terr. terz. 
Piem. eLig., pt. 3, p. 213, pI. xii, fig. 34) exhibits some similarity 
in shape. 

ANCILLARIA c/. VERNEDEI Sow., p. 327. 
The discovery of better preserved specimens has shown that this 

shell is not an Ancilla s. atr. and therefore not related to the much 
larger A. Vernedei, but a Sparella which Inay be distinguished as 
A. (Sparella) birmaniOO. 

Compared with Ancillaindica from the Nari of Sind, Ancilla 
birmanica has a slightly shorter spire and a slightly longer body
whorl. The outline of the last spire-whorl is more continuous with 
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that of the body-whorl in the Sind shell than in the Burmese oIle. 
The earlier whorls of the Burmese shell are more distinctly ilivided 
off from one another by grooved pseudo-sutures, and the apex is 
more conoidal. Lastly the Sind fossil lacks the feeble angulation 
of the whorls which characterises Ancilla birmanica. Both the Sind 
and Burma fossils are related to the living Ancilla mamillata Hinds of 
the Indo-Pacific regions which has a more inflated body-whorl. 

CANCELLARIA NEAVOLUTELLA Noetl., p. 328. 

This IS Rimella javana Martin. 

CANCELLARIA PSEUDOCANCELLATA Noetl., p. 330. 

This is a Merica. 

CANCELLARIA DAVIDSONI d'A. and H., p. 331. 

This shell is a Hindsia. It differs specifically from d'Archiac and 
Haime's Triton Davidsoni which is also a Hindsia and which corres
ponds with FUSU8 granosus Sow., its correct name being, therefore, 
Hindsia granosa [Sow.]. The Burmese shell may be distinguished 
as H indsia birmanica. 

Hindsia birmanica somewhat resembles Hindsia pardalis Noetl. 
from which it is distinguished by its larger dimensions, its vertically 
more compressed shape, its relatively thinner main spiral threads, 
.the presence, in the intervals, of fine striations and the inconstant 
development or absence of threads of a second order, the persistence 
in thickness of the axial ribs on the body-whorl, the less prominent 
varices. In general appearance, Hindsia birmanica closely recalls 
the living Hindsia nivea [Gmelin], but it has a shorter canal and is 
clearly distinguished by the well-defined, relatively narrow apertural 
varix instead of the broad, somewhat indefinite swollen zone which 
characterises the forms belonging to the group of Hindsia nivea. 

CANCELLARIA MARTINIANA, p. 332. 

As already noticed by Dalton (Quart. Journ. Geol. Soc., Vol. 
LXIV, pp. 619, 630). this shell is a Tritonidea. 

'l'EREBRA PROTOMYUROS, p. 335. 

This form belongs to the section Myurella. 
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STRIOTEREBRUM UNICINCTUM, p. 336. 

This is Terwra samarangana Martin. 

STRIOTEREBRUM BICINCTUM Mart., p. 337. 

This is not the Javanese form described by Martin. It corres
ponds with the previously mentioned Terebra (Myurella) proto
myuros N oetling. 

It may here be mentioned that Martin's specfic designation 
was pre-employed in 1843 by Hinds (Proc. Zool. Soc. p. 150). The 
Javanese species described by Martin, which occurs also in Burma, 
may be distinguished as Terebra Martini. 

TEREBRUM PROTODUPLICATUM, p. 338. 

TEREBRUM SMITIII Mart., p. 339. 

This is not the Javanese fossil described by Martin. It corres
ponds with Noetling's Subula sp., p. 341. It may be distinguished 
as Terebra (Subula) Noetlingi. 

TEREBRUM sp. 1, p. 340. 

The badly preserved specimen from Yenangyat figured by Noet
ling probably corresponds with a species which has been described 
from north-western India as Terebra (Myurella) quettensis, and 
which occurs abundantly at SinglL 

SUBULA sp~, p. 341. 

As already mentioned, this is a form erroneously referred to 
Terebra Smithi Martin, which may be distinguished as T. Noetlingi. 

PLEUROTOMA KARENAICA, p. 344. 

This is a Surcula. 

SURCULA FEDDENI, p. 346. 

Under this name two species have been illustrated in Noetling's 
second monograph. The specimens shown in figures 22 and 23, 
pI. xxii, correspond respectively with the type of Fasciolaria Feddeni 
and with one of the specimens referred to Drillia intcrrupta in the 
first monograph. The specimen shown in fig. 24 of the, same plate 
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represents a .different species which may be .distinguished as Surcula. 
scala. 

There is a close resemblance between Surcula scala and Surcula 
Larrw,rcki Bellar.di from the tortoni an of Piedmont. The anterior 
contraction of the anterior slope is much more pronounced in the 
Piedmontese species, with the result that its body-whorl lacks the 
characteristic angulation circumscribing the base of Surcula scala. 

GENOTIA IRRAVADICA, p. 347. 

CLAVATULA MUNGA, p. 347. 

This form belongs to the section ~errona. 

CLAVATULA FULMINATA Kiener, p. 349. 

This snell does not correspond with Kiener's species. It is a pre
mutational variety of a form which occurs abundantly in lower 
Burma at a horizon equivalent to that of the Kama Clay. Though 
it would seem more logical to take the older form as the type, the 
abundance and fine preservation of the specimens of the later fossil 
make it more convenient to adopt as the typical form. The shell 
described and figured by Noetling may be .distinguished therefore 
as Clavatula (Perrona) birrrw,nica vat. singuensis. 

CLAVATULA PROTONODIFERA, p. 350. 

DRILLIA YENANENSIS, p. 353. 

This shell belongs to the genus Pleurotorrw" in which Noetling had 
correctly "classified it when publishing his first monograph. It is a 
member of ~he section Hemipleurotorrw,. 

DRILLIA PROTOINTERRUPTA, p. 354. 

Three different species have been figured under this name. 
The first figure (fig. 8, pI. xxiii) may be accepted as representing 
the type. The name is unfortunate as the shell bears no resemblance 
to D. interrupta Lam. The second form (fig. 9) belongs to the sub
genus Orassispira and may be distinguished as Drillia (Crassispira) 
Cotteri. . The third form (fig. 10) is also a Crassispira and may be 
dis~inguiBhed as Drillia (Crassispira) kamaensis. 
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Dn?lia Coueri closely resembles Drillia Geslini Desm. from the 
miocene of Piedmont, which is distinguished by its much larger 
dimensions. 

DriUia kamaensis bears some resemblance to Drillia sinensis 
Hinds, living in the eastern seas, and also known in a fossil condition 
from the Upper Tertiary of Karikal, from which the Burmese fossil 
is clearly distinguished by its more prominent and broader ribs. 
From Drillia kachensis, fossil in the miocene of Kachh, it is -distinguish
ed by its relatively lower spire-whorls and much shorter body
whorl. It also resembles Drillia semisulcata Bellardi from the 
Helvetian of Piedmont, which is larger than the Burmese fossil, with 
a somewhat taller body-whorl and slightly more crowded axial· ribs. 

DRILLIA PROMENSIS, p. 355. 

This species belongs to the sub-genus Crassispira. 

DRILLIA PROTOCINCTA, p. 356. 

D. madiunensis Martin, 1906, is identical. 

CONUS LITERATUS Linn., p. 359. 

Under this name, Noetling has illustrated three specimens (pI. 
xxiii, figs. 12-14), none of which agree with the Linnean species. 
Two of t4a specimens (figs. 12, 14) correspond with C. (IAthoconus) 
lckei Martin. The remaining specimen, which is immature, probably 
corresponds with Noetling's Conus avaensis, which may be regarded 
as a variety of cOnus odengensis Martin. 

CoNUS (RmZOCONUS) MALACCANUS Hwass, p.360. 

This shell, although closely related to C. malaccanus, is specific
ally distinct, and corresponds with C. ofIAthoconus) ineditus Michelotti. 

CoNUS AVAiNSIS, p. 362. 

Two difierent forms have been figured under this name. The 
first one (pI. xxiii, fig. 15) corresponds with one of the forms included 
by Noetling under C. literatus, regarded as a variety of Conus oden
gensis Martin. The second one (fig. 16) also appears to be specifically 
identical with C. odengensis and may be distinguished as a variety 
birmanica. 
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In the variety amensis, the outer lip exhibits a somewhat broader 
convexity next to the posterior angulation than is observed in the 
type. Moreover, while the greater part of the outer lip is practically 
vertical in the type, it is distinctly, though not strongly, oblique in 
the variety under consideration. The spiral decoration of the base 
is more restricted to the anterior third of the body-whorl than in the 
type; it i~ more effaced than in the type, and, at the same time, more 
even) consisting of shallow, rather close-set grooves of the same 
width as the raised intervals. 

In the variety birmanica, the later spire-whorls, when seen from 
above, intead of gradually increasing as in the type and in the variety 
avaensis, appear to be all approximately of the same width, conveying 
the impression, at first sight, that the whorls are narrowe~ and more 
crowded than in the type, while, in reality their number is the same. 
The disposition of the outer lip and of the spiral ornamentation of 
the base coincides with that observed in the variety avaensis. 

CONUS YULEIANUS, p. 363. 

There is some doubt as to whether this beautiful shell should 
be classified as a Leptoconus or Lithoconus. The specific identity 
of one of the specimens figured in Noetling's monograph (pI. xxiii, 
fig. 21) is doubtful. 

CONUS HANZA, p. 364. 

Two species have been figured under this name, one of which 
(pI. xxiii, fig. 23) corresponds with the previously described Conus 
(Leptoconus) Bonneti Cossmann. The other specimen (fig. 24) re
mains as the type of C. (Leptoconus) hanza which is distinguished 
from Conus Bonneti by its smaller dimensions, its much more ven
tricose body-whorl, and the absence of a rim to the spire-whorls. 

CONUS PROTOFURVUS, p. 365. 

Two specimens belonging to separate species have been figured 
under this name in Noetling's second monograph. The first specimen 

. (pI. xxiii, fig. 25) represents the type of C. (Lepto:onus) protofurvus, 
the second corresponds with the living Conus (Leptoconus) vimineu8 

. Reeve. 
CONUS GALEN SIS, p. 366. 

This species belongs to the section Conospira. 
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1If.-REVISED SYNONYMY OF THE FORMS CRITICALLY REo 
EXAMINED FRO," DR. NOETLINO'S SECOND MONOGRAPH. 

TEREBRA (DUPLICARIA) PROTODUPLICATA Noetling. 
1901. Terehrum protoduplicatum Noetling, Pal. Ind., new ser., Vol. I, p .. rt 3, p. 338, 

pI. xxii, fig. 17. 

Kama. 

TEREBRA (SUBULA) NOETLINGI n. sp. 
1895. TerebrafU8Cata Broce. set:. Noetling, Mem. Oed. Surv. Ind., Vol. XXVII, p. 39, 

pI. ix, figs. 3, 4. 
1901. Terebrum smithi K. Martin set:. Noetling, Pal. Ind,., new aer., Vol. I, p .. rt 3, 

p. 339, pl. xxii, fig. 18. 
1901. Subula spec. Noetling, Pal. Ind., new aer., Vol. I, p .. rt 3, p. 3d, pI. xxii, fig. 20, 

Both the figured specimens are from Minbu. 

TEREBRA (NODITEREBRA) SAMARANGANA Martin. 
uiS4. Terebrf1. samarangana'Martin, Samml. ileJJ geoZ. Reich8mus, in Leiden, ser. 1, 

Vol. III, p. 75, pI. v, fig. 78. 
1901. Slrioterebrum unicinctum Noatling, Pal. Ind., newaer., Vol. I, p .. rt 3, p. 336, 

pI. xxii, fig. 16. 

Kama. 

TEREBRA (MYURELLA) PROTOMYUROS Noetling. 
1901. Striotllrehrum prolomyuros Noetling, Pal. Ind., new aer., Vol. I, p .. rt 3, p. 335, 

pI. xxii, fig. 14. 
1901. Siriolerehrum bicinclum Martin 8et:. Noetling, Pal. Ind., new ser., Vol. I, p .. rt 3, 

p. 337, pI. xxii, fig. 15. 

The figured specimens are both from Kama. 

TEREBRA (MYURELLA) QUETTENSIS n. sp. 
Y 1901. Terehrum, spec. I, Noetling, Pal. Ind., new aer., Vol. I, p .. rt 3, p. 340, pI. xxii, 

fig. 19. . 

The figured specimen, the identification of which is somewhat 
doubtful is from Yenangyat. The species is known to occur abun
dantly at Singu. 

CLAV AT11LA PROTONODIFERA N oetling. 
1895. Pleurotoma VO!f8ei1 d'Aroh. .. nd Ha.ime set:. Noetling, Mem. GeoZ. Surv. Ind., 

Vol. XXVII, p .. rt I, p. 40, pI. ix, fig. 6. 
1901. cZavatuZa protooodifera Noetling, Pal. Ind., new ser., Vol. I, p .. rt 3, p. 350, 

pI. xxiii, figs. 3, 4. 
Minbu and Singu. 

1 Misprinted .. Voyaesi " .. nd .. ttributed to d' Archi .. c inste .. d of d' Archi .. c .. nd Ha.ime 
in Noetling'. fin, monograph, .. nd miapriOlted" Voyesi" in the second. 
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CLAVATULA (PERRONA) BIRMANICA n. sp. '\Tar. SINGUENSIS. 
1901. Clavatula /ulminata Kiener Bee. Noetling, Pal. Ind., new ser., Vol. I, part 3, 

p. 349, pI. xxiii, fig. 2. 

Singu. 

CLAVATULA (PERRONA) MUNGA Noetling. 
1901. Clavatula munga Noetling, Pal. Ind., new ser., Vol. 1\ part 3, p. 347, pI. xxiii, 

fig. I. 

Kama. 

SURCULA KARENAICA [Noetling.] 
1901. Pleurotoma(8. 8.) karenaica Noetling, Pal. Ind., new ser., VoL I, part 3, p. 344, 

pI. xxii, fig. 21. 

Kama. 

SURCULA (PLEUROFUSIA) FEDDENI Noetling. 
1895. Faaciolaria/eddeni Noetling£ Mem. Oeol. Surv. Ind., Vol. XXVII, part I, p. 35, 

pI. viii, fig. 4. 
1895~ Pleurotoma (Drillia) interrupta Lam. Bee. Noetling, Mem. Oeol .. Surv. Ind., 

Vol. xxvn, part I, p. 41, pI. x, fig. I (non fig. 2 = Drillia protointerrupta). 
1901. Surcula Feddeni Noetling, Pal Ind., !lew ser., Vol. I, part 3, p. 346, pI. xxii, 

figs. 22, 23 (non fig. 24 = Surcula BCala). 

The figured specimens are both from Yenangyat. The existence 
of this species at Minbu and Singu has also been ascertained. 

SURCULA (PLEUROFUSIA) SCALA n. sp. 
1901. Surcula Feddeni Noetling (par8), Pal. 1M., new ser., VoL I, part 3, pI. xxii, 

fig. 24 (non fig. 22, 23 = Surcula Feddeni). 

Kama. 

PLEUROTOMA (HEMIPLEUROTOMA) YENANENSIS Noetling. 
1895. Pleurotoma yenanenai8 Noetling, Memo Oeol. Surv. Ind., Vol. XXVII, part I, 

p. 42, pI. x, fig. 3. 
1901. DriUia yenanenais Noetling, Pal. Ind .• new ser •• Vol. J. pa.rt 3, p. 353. pl. xxiii, 

fig. 5. 

Yenangyat. 
A variety of this same species is known from the Nan beds of Sind. 

DRILLIA PROTOCINCTA N~etling. 
1901. Drillia protocincta Noetling, Pal. Ind •• new ser., Vol. I, pa.rt 3, p. 356, pI. xxlii, 

figs. 6,7. 
1906. Pleurotoma (DriUia) malliunenais Martin, Samml. ilea ge6l1. ReicAamu8. in 

Leiden, new ser., Vol. I, p. :196, pI. xliii, fii. 707. 

Kama. 
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DRILLIA PROTOINTERRUPTA Noetling. 
1895. Pkur%ma (DriUia) (nterrupta Lam. Sell. Noetling, Mem. Oeol. S'Urv. Ind., 

Vol. XXVII, part 1, p. 41, pI. x, fig. 2 (11011 fig. 1 = S'Urc'Ula Feddeni). 
1901. DriUia protointerrupta Noetling, Pal. Ind., new eer., Vol. I, part 3, p. 354, pI. 

xxiii, fig. 8 (11011 fig. 9 = DTillia Oot/eri, nec. fig. 10 = Drillia kamaensi8). 

Minbu. 

DRILLIA (CRASSISPIRA) KAMAENSIS n. Sp. 

1901. Drillia protointerrupta Noetling (par8). Pal. Ind., new eer., Vol. I, part 3, p. 
354, pI. xxiii, fig. 10 (non fig. 8= DriUia protointerrupta, nee. fig. 9, = 
Drillia Ootteri). 

Kama. 

DRILLIA (CRASSISPIRA) PROMENSIS Noetling. 

1901. Drillia prome1l8ia Noetling, Pal. Ind., new aer., Vol. I, p. 355, pI. xxiii, fig. 11. 

Kama. 

DRILLIA (CRASSISPIRA) COTTER! n. Sp. 

1901. DTillia protointerrupta Noetling (para). Pal. Ind., new eer., Vol. I, part 3, p. 354, 
pl. xxiii, fig. 9 (11011 fig. 8 = Drillia protointerrupta, nec. fig. 10 = DriUia 
kamainsia). 

Kama. 

GENOTIA IRAVADICA Noetling. 
1895. Pkurotoma (Oryptocon'Ua) irravadic'U8 Noetling, Mem. Oeol. S'Urv. Ind., Vol. 

XXVII, p. 41, pI. ix, fig. 6. 
1901. Oenota irravadica Noetling, Pal. Ind., new aer., Vol. I, part 3, p. 347, pl. xxii, 

figs. 25,26. 

The figured specimens are hoth from Minbu. 

CoNUS (CoNOSPIRA) GALENSIS Noetling. 
1901. Oonus gale1l8ia Noetling, Pal. Ind., new aer., Vol. I, part 3, p. 366, pI. xxiii, 

fig. 27. 

Yenangyat. 

CoNUS (LEPTOCONUS) PROTOFURVUS Noetling. 
1895. Conua (Leptoconu8) marginatus Sowerby 8e1l. Noetling, Mem. Oeol. 8urv. Ind., 

Vol. XXVII, part I, p. 43, pI. x, fig. 8. 
1901. Oonu8 (Leptoconu8) protoJurvus Noetling, Pal. Ind., new aer., Vol. I, part 3, 

p. 365, pI. xxiii, fig. 25 (non fig. 26 = Conus vimineu8 Reeve). 

Yenangyat. 
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CONUS (LEPTOCONUS) VIMINEUS Reeve. 
? 1844. 001'1,11.8 aculeatu8 Reeve, Monograph of the genus Conus, pI. xliv, sp. 240. 
1849. Oonus vimineus Reeve. Monograph of the genus Conus, suppl. pI. vii, sp. 269. 
1895. Oonus vimineus Reeve. Martin, Samml. deB geol. Reick8mu8. in Leiden, new aer .• 

Vol. I, p. 16, pI. ii, figs. 23·25. 
1895. Oonus palabuanensis Martin, Samml. des geol. Reick8nus. in Leiden, new ser .• 

Vol. I, p. 16, pI. ii, fig. 26. 
1900. Oonus (Ohelyconus) subvimineus Cossmann, Journ. Oonck., Vol. XLVIII, p. 64, 

pI. iv, figs. 47,48 .. 
1901. Oonus (Leptoconus) '[Wotofurvus Noetling (pars). Pal. Ind., new ser., Vol. I, 

. part 3, p. 365, pI. xxiii, fig. 26 (non fig. ~5 = Oonus '[Wotofurvus). 
Kama. 
This shell also occurs in the Upper Tertiary of Karikaland in 

the Mekran beds of Baluchistan. 

CONUS (LEPTOCONUS) BONNETI Cossmann. 
1900. Oonus (Leptoconus) Bonneti Cossmann, Journ. Oonck. Vol. XLVIII, p. 59, 

pI. iv, figs. 15, 16. 
1901. Oonus kanza Noetling (pars). Pal. Ind., new ser., Vol. I, part 3, p. 364, pI. xxiii, 

fig. 23 (non fig. 24 = Oonus kanza). 
Kama. 
Also in the Upper Tertiary of Karikal. 

CONUS (LEPTOCONUS) HANZA Noetling. 
1901. Conus kanza Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 364, pI. xxiii, fig. 24 

(non fig. 23 = Oonus Bonneti). 

Kama. 
CoNUS (LEPTOCONUS) YULEIANUS Noetling. 

1901. Oonus yuleianus Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 363, pI. xxiii, 
fig. 22 ( ? fig. 21). 

The fairly well preserved specimen shown in fig. 22, which mUf.t 
be regarded as the type, is from Kama. The incomplete specimen 
shown in fig. 21, of which the specific identity is doubtful, is from 
the so-called "zone of Aricia humerosa" presumably near Thayet-
myo. 

CONUS (LITHOCONUS) ODENGENSIS Martin. 
1895. Oonus odengensis Martin, Samml. deB geol. Reick8museums in Leiden, new ser., 

Vol. I, p. 19, pI. iii, figs. 39--44. 
? 1906. Oonus madurensis Martin, Samml. deB geol. Reick8-Mus. in Leiden, newaer., 

Vol. Ii p. 288, pI. xlii, fig. 690. 

Typical examples of this shell are extremely abundant in Burma 
at a horizon equivalent to that of the Kama clay, but are not re
presented amongst the fossils figured by Noetling. The same form 
also occurs in the Gaj beds of Kachh. 
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CoNUS (LITHOCONUS) ODENGENSIS var. AVAENSIS Noetling. 

1901. CMU lileratu Linn. 8U. Noetling, Pal. Ind., new ser., Vol. I, part 3, p.359, 
pI. xXiii, fig. 13 (non fig. 12, 14 = Conu Iekei). 

1901. CMU avaiMi8 Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 362, pI. xxiii, 
fig. 15 (non fig. 16 = var. birmaniea)~ 

The type of Conus amensis is from Singu. An immature specimen 
from the so-called "zone of Aricia humerosa" presumably near 
Thayetmyo, apparently belongs to this same form which has also 
been recognized at Minbu. 

CoNUS (LITHOCONUS) ODENGENSIS var, BIRMANICA. 

1901. CMU avaiMi8 Noetling, Pal. Ind., new ser., Vdl,I, part 3, p. 362, pI. xxii, 
fig. 16 (non fig. 15 = Var. avaensi8). 

Zone of Cytherea promensis opposite Prome. 

CONUS (LITHOCONUS) INEDITUS Michelotti. 

1861. CMU8 imdilu8 Michelotti, Et. mioo. info Italie septentrionale, p: 105, pI. xii, 
figs. 11, 12. 

1893. Litkoconu ineditu8 Micht., Sacco, Moll, te"'.ler •. Pieme. Lig., XIII, p. 26, pI. 
iii, figs. 16-24. 

1895. Conu malaccanu8 HwasB 8ee. Noetling, Mem. Oeol. Surv. Ind., Vol. XXVII, 
p. 42, pI. x, figs. 4·7. 

1901. CMU (Rkizoconu) malaccanu8 HWltss 8U. Noetling, Pal. Ind., new ser., Vol. I, 
part 3, p. 360, pI. xxiii, figs. 17·20. 

The specimens figured by N oetIing are all from Minbu. The 
species occurs abundantly also at Singu, and also in the Nari beds 
of western India. 

CoNUS (UTHOCONUS) ICKEI Martin. 

1901. Conus (LitkoconU8) 'f.t~ratu Linn. sec. Noetling, Pal. Ind., new ser., Vol. I, part 
3, p. 359, pl. XXIU, figs. 12, 14 (non fig. 13 = Conu odengensi8). 

1906. CMUS Ickei Martin, Samml. des geol Reicks.Mus. in Leidtn, new ser., VoL I 
~-~~~~ , 

The specimens figured by Noetling are both from the so-called 
.. zone of Aricia humerosa" presumably near Thayetmyo. 

MERJC4 PSEUDOCANCELLATA [Noetling]. 

1895. Cancellaria cancellata Lam. 8ee. Noetling, Mem. Oeol. Surv. Ind., Vol. XXVII, 
part 1, p. 39, pI. ix, fig. 2. 

1901. Cancellaria
oo
p8wdocanullata Noetling, Pal. Ind., I1ew aer., VoL I, part 3, p. 330, 

~~~~ . 

Yenangyat .. 
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OLIVELLA MINBUENSIS n. sp. 

1895. Oliva djocdjocartce K. Ma.rtin see. Noetling, Mem. Geol. Surv. Ind., Vol. XXVII, 
part I, p. 38, pI. ix, fig. 1. ' . 

1901. OUva (Strepkona) ru/ula Duclos Bee. Noetling, (pars)., Pal. Ind., new ser., Vol. 
I, part 3, p. 326, pI. xxii, figs. 4, 5. 

The specimens figured by Noetling are both from Yenangyat. 
The species also occurs, at Minbu. 

ANCILLA (SPARELLA) BIRMANICA n. sp. 

1901. Ancillaria cf. Vernedei SoWo_Noetling, Pal. Ind., new ser., Vol. I, part 3, p.327, 
pl. xxii, fig. 6. 

The figured specimen is from the Cytherea promensis bed opposite 
Prome. 

ATHLETA (VOLUTOSPINA) JACOBSI n. sp. 
1895. Voluta dentata Sow. 8ee. Noetling, Mem. Geol. Surv. Ind., Vol. XXVII, p. 37, 

pI. viii, figs. 8·10. 
1901. Volula dentata J. de C. Sowerby Bee. Noetling, Pal. Ind., new ser., Vol. I, part 3, 

p. 324, pI. xxi, figs. 14, IS, pI. xxii, figs. 1·3. 

The figured specimens are from Yenangyat and Minbu. The 
species also occurs at Singu. 

VOLVARIA BIRMANICA Noetling. 
1895. Volt'aria birmaniea Noetling, Mem. Geol. Surv. Ind., Vol. XXVII, p. 37, pI. 

viii, fig. 7. 
1901. Volvaria birmanica Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 322, pI. xxi, 

fig. 11. 

Minbu. 
CLAVILITHES SEMINUDUS Noetling. 

1895. Clavella djocdjocartce K. Ma.rtin 8ee. Noetling, M em. Geol. Surv. Ind., Vol. XXVII, 
p. 33, pI. vii, figs. 5· 7. 

1901. FU8U8 8eminudus Noetling, Pal. Ind., new eer., Vol. I, part 3, p. 312, pI. xx, 
figs. 12,13, (non FUBUB seminud'UB Deshayes). 

1901. FUBUB verbeelci 1 Martin Bee. Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 
313, pI. xx, figs. 14, 15. 

The figured specimens are from Minbu, and from the so-called 
.. zone of Anoia humerosa," presumably near Thayetmyo. The 
species also occurs abundantly, at Yenangyat, at Singu, and at the 
horizon' of the Kama. clay. 
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LATHYRUS INDICUS n. sp. 
1895. :raseiolaritJ 'lloiuWatJ Bee. Noetling (ptJrB)., Mem. Geol. Surt}. Ind., Vol. XXVII, 

p. 34, pI. viii, figs. I, 2, ('lion fig. 3 = SiplumalitJ irava4ica). 
1901. FtJ8oiolaria 'IIOdulo8a J. de C. Sowerby Bee. NoetIing, Pal. lnil., new ser., Vol. I, 

part 3, p. 314, pI. xx, fig. 16, pI. xxi, fig. I, (non pI. xx, fig. 17 = Siplumalia 
irava4ica). 

The almost undeterminable fragments figured by Noetling are 
from Yenangyat. The species is well represented at Minbu. 

LATHYRUS (PERISTERNIA) GAUTAMA [Noetling]. 
1901. Per80na gaulama Noetling, Pal. Ind., new ser., Vol. I, part 3, p.305, pI. xx, 

figs. 6, 7. 

Kama. 

V ASUM BASILICUM [Bellardi]. 
1872. Myri8tica ba.silica. Bellardi, Moll. terr. ten. Piemonte e Liguria, parte I, p. 158, 

pI. x, figs. 4, 5. 
1900. Melongena. (Myri8lica) ba.silica Bell., Rovereto, Ill. moll. tongr., p. 170. 
1901. Pyrula bucephala Lam. 8ec. Noetling (par8)., Pal. Ind., new ser., Vol. I, part 3, 

p. 317, pI. xxi, fig. 4 (non fig. 3 = Pyrula pseudobucepha.la. Noetling). 
1904. MerongentJ('MyriBtica.) ba.silica Bell.-Sacco, Moll. terr. ten. Piem. e. Lig. 

parte XXX, p. 32. 

Singu. 

MELONGENA PSEUDOBUCEPHALA Noetling. 
1901. Pyrula bucephala Lank. Bec. Noetling (par8)., Pal. Ind., new ser., Vol. I, part 3, 

p. 317, pI. xxi, fig. 3, (non fig. 4 = Va.sumb/J8ilicum). 
1901. Pyrula pseudobucepha.la. NoetIing, Pal. Ind., new seu, Vol. I. part 3, p. 311i, 

pI. xxi, figs. 5, 6. 

Singu. 

MELONGENA (PuGILINA) PRlEPONDEROSA n. sp. 
1901. Pyrula pugilina Born Bec. Noetling, Pal. Ind., new ser., VoL I, part 3, p. 315, 

pL xxi, fig. 2. 

The figured specimen is from the zone of pythf!1'ea promensis 
opposite Prome. The same form occurs at Minbu and Singu. 

SIPHONALIA (KELLETIA) IRAVADICA n. sp. 
1895. FtJ8ciolaria norlulOB4' Sow. Bee. Noetling (par8)., Mem. Geol. SurtJ. Inrl., VoL 

XXVII, pI. viii, fig. 3 (non figs. 1,2 = Lathyru8 inrlicU8). 
1901. Faseiolaria 'IIOaulOBaJ. de Carle Sowerby 8ec. Nootling (par8)., Pal. lnil., new ser., 

Vol. I, part 3, p. 314, pI. xx, fig. 17 (non pL xx, fig. 16,' nee. pl. xxi, fig. 1 
= LathyruB inrlicu8). 

Minbu. 
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CYRTOCHETUS (LoXOTAPHRUS) MINBUENSIS [Noetling]. 
1895. OaBsidaria miflbuemi« Noetling, Mem. Geol. SUrf). Ind., Vol. XXVII, part ], 

P. 28, pL vi, fig. 4. 
]90]. Oniscidia ",iflbueMiB Nretling, Pal. Ind., new Ber., Vol. I, p. 296, pL xix, figs. 

18, 19. 

Minbu. 

TruTONIDEA MARTINIA... .. U [Nretling]. 
1895. NaJ/8G eautkyi d'Archiao see. Noetling, Mem. Geol. SUrf). Ind., VoL XXVII, 

po 32, pI. vii, figs. 2·4-
1901. OaflUllaria marliniafIG Noetling, Pal. Ind., new Ber., Vol. I, part 3, p. 332, 

pL xxii, figs. B·l3-
1908. OamharuB MartinianUB Nretling-Dal'on. Quart. Joum. Gem. Soc., Vol. LXIV, 

pp. 619, 630, pI. iv, figs. 6,7. 

The figured specimens are from Minbu. The same species also 
occurs abundantly at Singu, and, according to Koetlirg. at Yenangyat. 

EBURNA LUTOSA Lamarck, var. 
1790. Ebuf'fI(J lutoaa Lamarck. Enoyol., pI. oocci, fig. 4-
1849. Ebuf'fI(J lulo8a Lam.-Reeve., Monograph of the genus Eburna, pI. sp. 
1881. Eb_lwosa Lam.,-Tlyon. Mafl. 001lCA.., Vol. m, p. 211, pi. lxxxii, fig. 465. 
1901. Ebuf'fI(J protouylaniea Noetling, Pal. Ind., new aer., Vol. I, part 3, p. 310. 

pi. xx, fig. 11. 

Kama. 

M~REX (CmCOREUS) ARAKANENSIS Noetling. 
1895. MUre:I: a".akanemiB Noetling. Mem. Geol. Surf). Ind., Vol XXVII, part I, P. 36, 

pL viii, fig. 5. 
1901. MUre:I: an-akanemia Noetling, Pal. Ind., new Ber., Vol. I, part 3, P. 319, pI. xxi, 

fig. 7. 

Minbu. 

MUREX (MURICANTHAt IRAVADICUS n. sp. 
1901. MUre:I: (7) kAihaldeffi d' Arohiao and Haime see. Noetling, Pal. Ind., new Ber., 

Vol. I, part 3, p. 320, pi. xxi, fig. 9. 

The figured specimen is from Yenangyat. The species also 
occurs at Minbu. 

MUREX IRAVADICUS var. YENANENSIS n. var. vel species distinguenda. 
1895. MUre:I: tdihak1leffi d'Arohiao and Haime see. Noetling, Mem. Geol. BUrf). Ind., 

VoL XXVII. p. 36, pi. viii, fig. 5. 
190L MUffS (7) kAihak1leffi d'Arohiao and Haime.!eC. Nretling, Pal. Ifld., new aer., 

VoL I. part 3, p. 320, pi. xxi, fig. S. 

Yenangyat. 
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TRITONIUM (LAMPUSIA) DUBIUM [Noetling]. 
1895. OaBBitlaria duMa NoetIing, Mem. Oeol. 8uf"l!. Ind., Vol XXVII.p; 27; pI. vii, 

figs. 2, 3. 
1901. 8emiet.l88is 'P'olojapcmica NoetIing, Pal. Ind., new aer., Vol. I, pari; 3, p. 295, 

pl xix, fig. 15. 
Minbu. 

HINDSIA BIRMANICA n, sp. 
1895. Prikm (8impuZum) datJidsO'lti d' Archiac and Raimo su; Noetling, Mem. Oeol. 

8urv. Ind., Vol. XXVII, part I, p. 29, fig. 6. 
1901. Ot:J1lUlla,ria datJidsO'lti d' Archiao and Raime su. Noetling, Pt4. Ind., new aer., 

Vol. I, part 3, p. 331, pI. xix, fig. 23, pI. xx, fig. 1. 
Minbu. 

HINDSIA NEASTRIATULA [Noetling]. 
1895. Prikm 'JIMdalis Noetling (pars), Mem. Oeol. 8uM}. Ind., Vol. XXVII, part I, p. 

30, pI. vi, fig. 8a (noo figs. 7, 8 = Hindsia partlalis). 
1901. Prikm _triatuZus Noetling, Pal. Ind., new aer., Vol. I, part 3, p. 301, pl 

xx, figs. 2, 3. . 

The figured specimens are from Yenangyat. The species also 
occurs at Minbu. 

HINDSIA P ARDALlS [N oetling. ] 
1895. Priton 'JIMtlalis NoetJing (pars), Mem. Oeol. 8uM}. Ind., Vol. XXVII, part 1, 

p. 30, pl vi, figs. 7, 8 = (noo fig. 8a = Hindsia neastriatula). 
1901. Priton pardalis NoetIing, Pal. Ind., new aer., Vol I, part 3, p. 302, pI. xx, fig. 5. 

Minbu. 
The locality "Kama" mentioned by Noetling. is founded on an 

erroneous identification of a specimen of Hindsia neacolubrina. 

HINDSIA NEACOLUBRINA [Noetling.] 
1901. Prikm _olubrinU8 Noetling, Pal. Ind., new aer., Vol. I, part 3, p. 3()4., pI. xx. 

fig ... 
Kama. 

RANELLA TUBERCULARIS Noetling. 
1895. Ranella tubercularis .. La.m."-Noetling, Mem.Oool. 8'UMJ. Ind., Vol. XXVII, 

part I, pI. vii, fig. I. 
1901. Ranella 'P'oIotubercularis Noetling (pars), Pal. Ind., new aer., Vol. I, part 3, 

p. 306, pl xx, fig. 9 (noo fig. 8 = Ranella antiqua). 

Minbu. 
Also in the Nari beds of Sind. 

RANELLA ANTIQUA n. sp. 
1901. Ramlla 'P'oIotubercularis Noetling (par8)j Pal. Ind., new Bar .. Vol. I, part 3, 

p. 306, pI. xx, fig. 8 (non fig. 9 = Ranella tuberculMis). 

Kama. 

K2 
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RANELLA (PSEUDOBURSA) PROMENSIS n. sp. 
1901. RaneUa elegans Beck Bee. Noetling, poi. Ind., new aer., Vol. I, part 3, p. 309, 

pL xx. fig. 10. 

Kama. 

CASSIDEA BIRMANICA n. sp. 
1895. OaBBis d'Arohiaoi Noetling, Mem. Geol. 8urv. Ind., Vol. XXVII. part 1, p. 27, 

pL vi, fig. 1. . 
1901. OaBBis rr Arckiaci Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 294, pI. xix, 

fig. 14 (non) OaBBis Arckiaci Bellardi, Mem. 800. Geol. Fr., 2nd aer., Vol. 
IV (1851), p. 224, .pl. xiv, figs. 3, 5. 

Minbu. 
This species also occurs at Singu. 

CASSIDARIA ECHINOPHORA [Linn.] var. MONILIFERA Noetling. 
1901. Grileoda moniliJera Noetling, Pal. Ind., new eer., Vol. I, part 3, p. 297, pL xix. 

fig. 16 (non fig. 17 = var. promenaia). 

Singu. 

CASSIDARIA ECHINOPHORA [Linn.] var. PROMENSIS n. var. 
1901. Grileoda moniliJera Noetling (par8)., Pal. Ind., new eer., Vol. I, part 3, p. 297, 

pL xix, fig. 17 (non fig. 16 = var. monilifera). 

Kama. 
PIRULA CONDITA Brongniart. 

1823. Pirula condit" Brongniart, Mem. te,.,.. sed. sup. Vicen/in, p. 75, pI. vi, fig. 4. 
1891. Ficula condita Brongn.-Saooo, MoU. te,.,.. terz. Piem. e Lig., VIII, p. 23, pL i, 

figs. 27·32. 
1895. Ficula theobald, Noetling, Mem. Geol. 8urv. Ind., VoL XXVII, part 1, p. 28, 

pL vi, fig. 5. 
1901. Ficula theobaldi Noetling, Pal. Ind., new eer., VoL I, part 3, p. 298, pL xix, fig. 

21. 

The figured specimen is from Yenangyat. The locality "Minbu" 
mentioned in Noetling's second monograph is doubtful. Amongst 
Noetling's specimens, the shells from Minbu referred by Noetling 
to "Ficula Theobaldi" belong to another species, Pirula concinna 
Beyrich, of which they constitute a local variety. 

Pirula condita occurs in the Nari beds of Sind and Baluchistan, 
and is one of the commonest fossils of the oligocene and miocene of 
Europe. 

PIRULA CONDITA Brongn. var. SINGUENSIS n. var. 
1901. Ficula theobald, Noetl~, Pal. Ind., new lIer., Vol. I, part 3, p. 298, pl. xix, 

fig. 20. I 

Si~u. 
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PIRULA PROMENSIS n. sp. 

1901. FiewJG speo. Noetling, PaL Itt4., DOW eer., Vol I, part 3, p. 299, pl xix, fig. 22, 

Kama. 

CYPR&A (BERN .. UIA) SINGUENSIS n. sp. 
1901. Aricia A ___ Sow. &eC. Noetling, PaL Itt4., DOW eer., Vol I, part 3, p. 291, 

pl xix,fig.lL 

The figured specimen is from the so-called" Zone of Aricia 
hUfMf'osa," presumably from the neighbourhood of Thayetmyo. 
The same form occurs abundantly at Singu. 

CYPR&A (CYP~OTRIVIA) {)PPENHEIMI n. sp. 
1895. Cgpr_ grami d'Arch. Bee. Noetling, Mem. Geol.o 8Urf}. Ind., Vol XXVII, part 

I, P. 25, pl v, fig. 12-
1901. Cypr_ grami d'Archiao and HaiJ:Da Bee. Noetling, PoJ. Ind., Dew eer .• Vol I, 

part 3, P. 290, pl xix, fig. 12. 

The figured specimen is from Minbu. The species also occurs at 
Yenangyat. 

TruvIA NOETLINGI n. sp. 
1895. TrilliG emilAi Martin &ee. NoetJing, Mem. Geol.8urf}. Ind., Vol XXVII, p.26, 

pl v, fig. 13. 
190L Trivia _/Ai Martin &ee. Noetling, PaLInd., DOW eer., Vol I, part 3, P. 293, pL 

xix, fig. 13. 

Yenangyat. 

RniELLA (DIENTOMOCHILUS) JAVANA Martin. 
1879. BMellari4j_ Martin, Terliarscl&idalefl au/ Jaw., p. 50, pl ix, fig. 7. 
1895. BoMellariG j_ Martin, Samml. deB geol. BeicAa-MU8. ill Leitlm, Vol V, 

pp.1i7-69. 
1899. Bomllaria (Bomella) j __ Martin, 8amflll. deB gwl. BeicAa-MU8. ift Leidcn., 

Dew, eer., Vol I., p. 192, 'pL xxx, figs. 445, 446. 
! 1899. BoMellariG (Bimella) B1JlII;/era Martin. 8amml. deB geol.. BeicAa-MU8. ill LeidcII, 

Dew ser., Vol I, p. 192, pL xxx, figs. 447, 448. 

190L CartUllaria IIeGVOlKidla NoetJing, PaL Itt4., Dew aer., Vol I, pari; 3, p. 338, 
pl un. fig&. 7, 8. 

KaIna. 

RxMELLA (DiENTOMocmLUs) PROMENSIS n. sp. 

1901_ Bimella ~paIa Sow. &ee. Noetling, PaL Ind., Dew 80r., Vol I, part 3, p. 288; 
pL DX. figL 9. 10. 

Kama. 
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TuRRITE~LA ANGULATA J. do C. Sowerby. 

1839. Ttwrildla cmgulala J. de C. Sowerby, TraM. Geol. Sue. Lond., 2nd ser., Vol V, 
P. 328, pl. xxvi, fig. 7. 

18M. Ttwrildla angulata J. de C. Sow. J)'.-l "./ii/Ie aNd llailHe, Desc1-. aft. /0S8. gr. 
Rumm. I"de, p. 294, pi. xxvii, figs. 6·9. 

1901. Turrildla angvlala J. de C. Sow. Nootling, Pal.I"d., new aer., Vol I. part 3. 
P. ll72, pl. niii, figs. 13-15. 

1901. Turrildla Bimpkz Jonk. aee. Noetling, Pal. Ind., new ser., Vol I. part 3, P. 273, 
pi. xviii, figs. 1-4-

1001. TlArrildla _,icarinala Dunk. aee. Noetling, Pal. I'lld., new ser., Vol. I. part 3, 
P. 274. pl. xviii, figs. 5-7. 

_ Ttwrildla angulala Sow. 8tIl. Cossml\llll and Pissarro, Pal. I'IId., new eer., 
Vol. III, part I, p. 59, pl. vi, figs. 3-5 (1909). 

Turritella angulata, an extremely variable species, is one of the 
commonest fossils in the Gaj beds of Kachh, Sind and Kathiawar, 
where forms identical with those referred by Noetling to T. sirnpla 
and T. acuticarinata occur abundantly and are connected by every 
possible gradation with one another and with the typical form first 
described by Sowerby. 

The lower eocene fossil from the Ranikot beds of Sind referred 
by Cossmann and Pissarro to T. angulata is specifically different, 
and may be distinguished as T. Ranikot.. It is much more elongate 
than the majority of specimens of T. angul{lta and is smaller and 
much less variable. The outline of the whorls posteriorly to the 
keel exhibits a double curvature which is never seen in T. angulat{l. 
The posterior slope, in the lower eocene form, always carries two 
conspicuous spiral threads which are invariably delicately granu
lated, l a character never observed in T. angulata. 

Amongst the specimens figured by Noetling, those of which the 
locality is knoWl). are from Singu and from Kama. 

TuRRlTELLA NOETLINGI n. sp. 

1901. TlArrikUa Sp80. N06tling, Pal. Ind., new aer., Vol I. part 3, P. 277, pi. xvii, 
fig. 8. 

Kama. 

1 This character is not well shown in the originally figured types booaUS8 they are in a 
"'eathN'8d condition. 
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TuluuTELu HAGNASPERULA Sacco. 
1895. T~ (HCIUIGIor) ~ Sacao. AtolL ferr. len. ~ e Lig •• parte 

XIX. P. 18, pL i. figs. 65. 66. 
1891i. TfIft'iIdlta a#aW d' A.. and H. -. NoetIing. M-. Gd. 8--. IN.. Vol. XXVII. 

pan 1. pL v. fig. 4.. . 
1901. TfIft'iIdlta fJ#iaiJ ..... Noe~ Pal. IN.. Dew aer., Vol I. pad 3, P. Z77.pL 

Diii.fig. 9.. 

The specimen figured by Noetling is from MiDba The species 
also occurs abundantly at Singo. It is also known from the oligocene 
beds of Baluchistan and of Liguria. 

CALLIOSTOMA BLANI'ORDI Noetling. 
1895. TrGII:Au ",-/arrli Noe~ At-. Gd. 8-. Ifill.. Vol. XXVII. part 1. P. 16-
. pL iv, fig1L 3, 4..1 

1901. C~ 6laaJarrli Noetling. PaL IN.. Dew ser... Vol. I. pad 3" p. ZS3, pl xvii. 
fig&. 6-8; (_ fig. Ii = C. aiapilue). 

Yenangyat, MiDba 

CALLIOSTOMA SINGuiNSE n. sp. 
190L C~ ",-/arrli Noet1ing (par.). PalIN.. Dew aer •• Vol. I. part 3, p. 2;)3. 

pi. DB. fig. Ii; (_ figs. 6-8 = C. BlaJarrli). 
Singo. 

BATISSA. CRAWl'URDI Noetling. 
1895. IJ--. -Jwrli NoetIing. At-. Gd. 8--. Ifill.. Vol. XXVII. P. 9, pl ii, figs. 

1-4. pL m. fig. L 
1895. IJ--. pdroki Noetling. Me-. Gd. 8",.., Ifill.. Vol. XXVII. p. n. pl ii. fig. 

a. pi. iii, figs. Z, 3.. 
1901. Cre- (BaIi.uo) ~ Noetling.PaLIN.. Dew B81' •• Vol. I. part 3, p. 184 

pl ld. figs. 3-& 
II10L c",- (IJ--.) pdrvki Noet1ing, PalIN.. Dew aer •• Vol. I. paR 3, P. 188. 

pL ld. figs. II-IL 

At the uppermost limit of the pre-Irrawadi beds in the southern 
part of the Yenangyoung anticline. 

BATISSA. KODOUNGENSIS Noetling . 
. II1OL Crr- (B.-..., 1GoioIIageau;. Noetling. Pal. Ifill.. Dew aer., Vol. I. paR 3, P. 

183, pL ld. fig. L 
1908. &IiMG ~ Noetling (par.).-Paaooe. Bet. Gd. 8 ..... Ifill.. Vol. 

XXXV!.p. If.&. pl za. figs. I.Z, (_ pL xx. fig. Z = lJaIiMa~). 
,1908. UO'-w.. ....... Noetling.-DalIoD,Q-'-JOIIrIL. Gd. 8oc.. Vol. LXH'. 

P. au. pl lri, figs. I, Z. 

East of Khodaung, Yenangyoung anticline; also probably at 
an UDknown locality in the region of the upper Yaw. 

I No& figs. I.!. as emJD~y .-ded in the synOO)'JII)' of Noeiling's second mono
grapla. 
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OSTREA DIGIT~TA Eichwald var. ROHLFSII Fuchs. 
1879. 08trea Rolll!sii Fuohs, DenkBckr. d. k. Akad. d. W., m.-n. OZ., XLI, part 2, 

p. 106, pl. vi, figs. 5·8. 
1883. OBtrea digitali1/,(], Eiohw., var RoklfBii Fuchs, Pal. XXX, p. 44, pI. xiI, ligs. 

3·6, p. 61, pI. xxii, figs. 1·3. 
1901. Ostrea promenBi8 Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 109, pI. 88, 

fig. 3, pl. iii, figs. I, 2. 
1912. OBtrea digitalina Eichw., var. ROlll!Bii Fuchs, Vredenburg, Ree. Geol.8uf'1J.Ind., 

Vol. XLI, p. 38, pl. vi, figs. 1.4. 

Khayu Chaung (properly Keyu Chaung 17° 29', 96° 3') between 
the Pazwundaung Chaung and the Kenbati Chaung, southern Pegu 
Yoma. 

Kenbati (properly Kinpadi 17° 30', 96° 1') coincides with. the 
locality designated as "Keng-pa-dee" on the map attached to 
Theobald's geological description of Pegu in Volume X of the Memoirs 
of the Geological Survey of India. The locality of Theobald's 
specimens is therefore situated about 50 miles north by west of 
Rangoon. 

The species is known to occur in the Akauktaung Series. 

OSTREA VIRLETI Deshayes. 
1832. OBtrea Virleti Deshayes, Exp. Bcient. Mar., III, part 1, p. 123, 2nd ser., Geol., 

pI. v, figs. I, 2, 
1879. OBtrea Virleti Desh.-Fuchs, Denksckr. d. k. Akad. d. W., matk.-nat. OZ., Vol. 

XLI, part 2, p. 106, pI. iv, figs. 1-9. 
1879. 08trea kyotiB Linn. Bee. Martin, Tertiareck. au! Java, p. 125, pI. xxi, figs. I, 2. 
1883. OBtrea Virleti Desh.-Fuchs, Pal., XXx, p. 43, pI. ix, figs. 1-6, pI. x, figs. 1-4; 

p.61. 
1901. 08trea peguensiB Noetling.-Pal. Ind., new ser., Vol. I, pa.rt 3, p. 107, pI. ii, 

figs. 1,2. 

Probably from the same locality as Ostrea digitata. This species 
is also known to occur in the Akauktaung Series. 

IV .-STRATIORAPHICAL LIST OF THE FOSSILS SPECIFICALLY 
IDENTIFIED AND CONCLUDINO REMARKS. 

We shall conclude this review with a tabular statement of the 
forms revised l!i.p to date, omitting only those that are specifically 
or generically undeterminable. The table shows the distribution 
of the several species in the four principal faunas dealt within the 
preceding pages, namely those of Yenangyat, Minbu, Singu, and 
Kama, approximately coinciding, as already explained, respectively 
with t,he lower and upper Stampian, Chattian, and Aquitanian 
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stages. Separate columns are not given for the Cytherea promensis 
bed, the so-called " Zone of Aricia humerosa" and the zone of Ostrea 
digitata and O. Virleti on account of the small nwnber of species 
recognized from those horizons. The so-called "zone of Aricia 
humerosa" is indicated in the colwnn of "other occurrences" 
with the designation" Thayetmyo," the zone of Ostrea digitata and 
O. Virleti with the designation "Akauktaung horizon." The. zone 
of Cyrena Craw/urdi of the Yenangyoung anticline is indicated 
with the designation" Yenangyoung." 

Apart even from hitherto unpublished species, the list by no 
means exhausts the nwnber of forms now identified from the 
Tertiary of Burma, especially amongst the Siphonostomata, and 
therefore conveys, a very inadequate idea of the constitution of the 
Burmese Tertiary fauna which we hope to discuss more fully on some 
future occasion. Several of the species of the following list not 
recorded in the columns respectively assigned to the Minbu and 
Singu faunas are now known to occur at those localities. In pre
paring the following list, no specimens have been taken into account 
other than those in the collections dealt with by Noetling. The 
object of the present notice, as already stated, is to record the 
amendments that have been found necessary in Dr. Noetling's 
monograph so far as it has been critically examined. It is hoped 
that the publication of the results already arrived at may mcrease 
the usefulness of Dr. Noetling's work. 

SYSTEMATIC LIST SHOWING THE DISTRIBUTION OF THE REVISED 

SPECIES. 
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SYSTEMATIC LIST' SHOWING THE DISTRIBUTION OF THE REVISED 

SPECIES-contd. 
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JJ. (Pleuro/usia) Feddeni Noetl. · - - -

." 8Cala n. sp. i-

Pleurottnna (Hemipleurottnna) gena· - Nari of Sind. 

nensiB NoetI. 

DriUia protocineta NoetI. 
_. 

" 
protointe""pta NoetI. • · -

D. (Orassispira) 1ca.ma8nsi8 n. Bp. · -
OJ 

promensiB NoetI. · -
" 

Ootten n.sp. · --
Genotia iravadica N oetI. -
Oonus (Oon08pira) galensi8 NoetI. · -
O. (Leptooonus) proto/urw8 NoetI. • -

vimimus Reeve. - KarikaJ and Mokran. 

" 
Bonneti (;loaam. · - Karikal. 

" 
kaMa Noetl. · -

" 
Yuleianus NoetI. - f Thayetmyo. \ .. 
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SYSTEMATIC LIST SHOWING THE DISTBIBlJTION OJ!' THE REVISED 

SPEOIES--contd. 
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C. (~UB) odefIgeui8 Mart. · - Gaj of. Kachh. 

" .. var.atJai. r Thayetmyo. 
tr.ria Noetl. 

.. .. var. biro C,"-ea prametr.ria 
manilla bed. 
Do var. 

.. ,ned"UB Micht. · - -- Nan of Sind. oligo-
cene of Liguria. 

.. IeM Mart · 0 Thayetmyo • 

Merit:4 ~ncellaItJ [Noetl.] f-I 
OliwllG minbuetr.ria Do .p. · · - --
.AncUla (Sparella) bimllJn;ca Do ep •• Cytherea prametr.ria 

bed. 

.AUaleIca (VoluloBpina) Jaoob.ri n •• p. --I--- . 
V~ bimllJnilla Noetl. I-
CltwlliIAu ",,"n..dUB Noetl. · · -- Thayetmyo. 1-

LolAyruB indicU8 n •• p. · · I- -
L. (PeriatemitJ) Qautama [Noetl.] · --
V /1811'" 6a.HlU;u", [Bell] · · - Oligocene of Liguria. 
Melongena p8eudobucephala Noetl. • 1-

M. (Pugilina) praepo1iderooa Do .p .• 

! 
Cytherea pr~ 

Bip/t(mQlitJ (KellditJ) Iravadica bed. · 
CIfrloeAdUB (Lo«otapArus) rni.e-

tUN [Noetl.) 

TrikmitluJ M/JrlinitJna [Noetl.) -
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SYSTEMATIC LIST SHOWING THE DISTRIBUTION OJ' THE REVISED 

SPECIES-contd. 
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Eburna lutosa La.m. va.r. ~-

Murez (Ohiwreus ) arakanensis --NoetI. 

M. (Muricantha) iravadwus n. sp •. -----
M. " .. var. 

yenanensisn. var -
Tritonium (Lampusia) dubium 

[NoetI.] -
HindBia birmanica n. sp. · · I-

t> 
netJ8triatula [NoetI.] · --

t> 
pardaliB [N oetI.] i-

neacolubrina [NoetI.] · 1-.. 
Nari of Sind. -BaneUa tuberoularis NoetI. · 

antiqua n. sp . • · !-
" 

B. (Pseudobuf'8a) promensis n. sp. -
OasBidea birmanica n. Bp. · --
OasBidaria echinophora [Linn.] var. 

monili/era NoetI. 1-

Oassidaria echinophora [Linn.] va.r. 
promensia n. var. -

Pirula condita Brongn • . 1-
Nari of western India. 

· oligocene and mio-
cene of ElBope. 

.. .. var. Binguinsis n. V&r. -

.. prome1l8iB n. Bp. · · I-

Cypraea (Bernayia) singui1l8iB n. sp. - Thayetmyo. 
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SYSTEMATIO LIST SHOWING THE DISTRIBUTION OF THE REVISED 

SPECIES-concld. 

I ~ l ~I 
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1>1 00 1:(1 
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O. (Ollpraeotrivia) Oppenheim; n. ap. 1--
Trivia Noetlingi n. Bp. • . --
Bimella (DienlomochiZua) java'lla 

Mart. --
Bimella (DienlomoohiZua) prome1l8iB --n. Bp. 

Turritella afl{lUlala Sow. . --- - Gaj of western India. 

.. N oeIli1llJi n. sp. .. • -.. magnasperula Sacco. - - Nari of Baluchistan. 

OalliOBIoma Blan/orlli Noetl. . - -
.. Bingui1l8e n. ap . -

BaliBsa Craw/urdi Noetl. Yenangyaung. 

.. kodou1llJenBis Noetl. . Yena.ngyaung. 

Ostrea digitala Eichw. V&l". BoM/Bi; Akauktaung horizon 
Fuchs. Mekra.n beds. 

Oslrea Virldi Desh . . Akauktaung horizon 
Mekran beds. 

Incomplete though it may be, the foregoing list illustrates some 
interesting features in the distribution of the species. The indepen
dence of the Kama fauna compared to the three other faunas, 
as had already been noticed by Dr. Stuart, is particularly eVident. 
The Singu fauna, with 17 species, is intercalated between the Minbu 
and Kama faunas, including 27 species each, and therefore of equal 
relative importance; yet, it contains no less than 9 fully identical 
forms in common with the Minbu fauna, and only 2 in ·common with 
~hat of lraIna, ,the latter ~e risin~to fou,r if w~ al~o til.~e vll-rietiEl§ 
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into consideration. It ,has even more species in common with the 
Yenangyat fauna from which only 18 forms have been identified. 
than with the Kama fauna,the instances of full identity with Yenang· 
yat amounting to 4, and with Kama, as already mentioned, to not 
more than 2. If, in, addition to instances of full identity, we also 
take into account species represented by varietal modifications, the 
number of identical species in the Singu fauna rises to 4, as already 
mentioned, when compared with that of Kama, and 5, when com
pared with that of Yenangyat. The difference in the degree of 
relationship cannot altogether be attributed to differences of facies, 
for, while the Singu fauna certainly corresponds with shallower 
conditions of deposition than the deep-sea fauna of Kama, the 
bathymetric conditions of the Minbu and especially of the Yenang
yat fauna do not widely differ from those of Kama. 

The intermediate position of the Minbu fauna relatively to those 
of Yenangyat and Singu is indicated by the approximately equal 
proportion of common species on both sides: io with the Yenangyat 
fauna, 9 with that of Singu. 

Amongst the forms dealt with by NoetIing that have, so far, 
been examined, only one, Olavalithes seminudus, is common to the 
four faunas. 

It may be noticed that out of 43 species constituting the aggregate 
fauna of Yenangyat, Minbu and Singu, there are six that occur also 
in the Nari beds of western India, which are known to be of oligocene 
age. Two of these, Oonus ineditus and Turritella magnasperula, are 
characteristic oligocene fossils in Europe, while Pirula condita occurs 
abundantly in Europe, both in the oligocene and miocene. Another 
form, Vasum basilicum, not known in western India, also charac
terises the oligocene of Europe. These characteristic oligocene forms 
are fairly equally distributed through the three faunas of Yenangyat, 
Minbu and Singu. Attention may also be drawn to the genus 
Volvaria, not known in Europe in beds newer than oligocene. 

The oligocene age of the Yenangyat-Minbu-Singu fauna cannot 
admit of any doubt. 

Amongst the forms from the Yenangyat-Minbu-Singu fauna enu
merated in the foregoing list, there is only one instance of full id~ntity 
with a Gaj fossil, Turritella angulata, only found in the newest 
subdivision, the Singu stage. Oonus odengensis, also a Gaj species, 
is represented at Minbu and Singu by a different variety. 
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Amongst the Kama fossils of the foregoing 'list; 'there are two 
instances of full identity with the Gaj fauna of western India: 
CO'1I'US odengensis and TU'I"Titella angulata. Four species, Tereb'Ta 
samarangana, Drillia potocincta, CO'1I'US odeitgensis, and RimeZla 
javana, occur in the Tertiary beds of Java, either at the horizon of the 
Ga.j in the Rembang and Njalindung Series, or at newer horizons. 
CO'1I'US BO'1Ineti and 'CO'1I'US vimineus are known. from the Upper 
Tertiary beds of, Karikal, the latter being known also from the 
Mekran Series. 

The foregoing list includes three species stilli livingl Conus' vimi-
7Ie'U8, Eburna lutosa, Cassidaria echinophara, all three of which are 
known in the Kama fauna, while the form last named is also known 
in the fauna of Sing'lL The proportions of living forms reckoned 
from a fauna represented only by a' small number of species are 
apt to mislead, and a full discussion of the relationship of the fauna 
to that of the present day will best be deferred to a future occasion 
when fuller lists of species can be taken into consideration. 

The present revision aflords important data in support of the 
extremely interesting conclusions arrived at by Mr. Cotter regarding 
the gradual deepening, in a southern direction, of the basin in which 
were deposited the Tertiary strata of the Irrawadi region. This 
question has been ably discussed in several of Mr. Cotter's valuable 
contributions to the geology of Burma. (See especially: Rec. Geol. 
Surv. Ind., Vol. XLIV, p. 166, Vol. XLVII, p. 63 and map, pI. i, 
Journ. As. Soc. Beng., new ser., Vol. XIV, pp. 609 fl.). In what
ever manner we may interpret the equivalence.of the marine Akauk
taung beds, their presence in Lower Burma constitutes a powerful 
argument in support of the conclusions established by Mr. Cotter, 
for, if they coincide with the stratigraphical gap below the Irrawadi 
Series of Upper Burma, they represent, in Lower Burma, the persis
tence of a marine basin when the J egion further north must have 
emerged; or, if, as is more probable, the marine Akauktaung 
beds are equivalent to the fresh-water Irrawadi Series, they obviously 
indicate, in southern Burma, a deeper lie of the earth's crust than 
further north during the period of their deposition. 

The facts discussed 'in Parts I and II of the present study have 
demonstrated the contemporaneity of the estuarine Batissa beds 
of the petroliferous anticlines of Upper Burma with the marine 
beds of either the Kama or Pyalo stage further south. .Mr. Cotter 
has already commented on the laterat variation of facies in a northerly 
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direction which affeCts "the Kama Clay, a formation which is 
represented by sands or conglomerates without well preserved fossils 
in Minbu." (Journ. As. Soc. Beng., new ser., Vol. XIV, 1918, p. 414). 

We wish particularly to draw attenti<?n to the faot that Mr. 
Cotter's conclusion regarding the emergence of the Arakan Yoma 
in eocene times (Journ. As. Soc. Beny., new ser., Vol. XIV. p. 412), 
entirely corresponds with Dr. Tobler's conclusions regarding the 
period of upheaval of the Barissan Range which constitutes its 
southern extension in Sumatra. (Tiidschr.· van net koninkl. nederZ. 
aardriikskundig genootsch., Jaarg. 1906, p. 292, and concluding 
general tabular statement). At as early a period as the eocene, 
the great longitudinal depression constituted by the Irrawadi basin, 
the sea of Pegu, and the lowlands of East-Sumatra, already existed 
as an elongated area of subsidence between the two concentric 
orographic elements Naga-Arakan-Andaman-Nicobar-Barissan and 
Shan-Malacca-Banka, and was already more or less continuously 
separated from the Indian Ocean by the Arakan-Barissan line of 
upheaval. 
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INTRODUCTION: 

I N a previous communication (Ree. GeoZ. Surv. Ind., Vol. L, p. 126), 
Mr. Pinfold has given the stratigraphical details regarding 

the occurrence of the interesting tertiary fossils which he has been 
80 good as to place at my disposal for study. 

The fossils collected by Mr. Pinfold were obtained from two 
localities of which the more easterly is near the banks. of the Sumes
wari river, one mile and a half south-west of the village of Bagmara. 
the more westerly, four miles north of the town of Dalu .. The 
rock containing the fossils is of a blue colour weathering to yellowislt 
green, and varies from a clay to an impure argillaceous and cal
careous fine-grained sandstone, with minute grains of quartz and 
mica. The rock from Dalu is generally more arenaceous than that 
from Bagmara. 

The organic remains are mostly those of mollusca with delicate 
shells, such as might have lived at a depth of some thirty fathoms. 
There are also shark's teeth and otoliths. 

The shells are mostly· fragmentary and include specifically 
undeterminable specimens of Conus, Oliva, Murex, Natica, Solarium, 
Oa1-vptr(BQ, Area" Pecten, Qstrea, Lucina! p()sinia,f ~ua, Tellina, 

J,o 
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in addition to which the following nine forms have hep,n Rflflr.ifically 
ident.ified :-

Terebra protomyuros NoetI. 
Surcula promensis 'no sp., var. silistrensis. 
Drillia protocincta N oetI. 

" tjemoroensis Mart. var. 
Mitra chinens1·.~ Gray, var. s'I1b,.crobiculafa n'Orb. 
Siphonalia subspadicea n. sp. 
Ttfrritella Pinfoldi n. sp. 

" angulata Sow. 
Oalliostoma promense n. sp. 

DESCRIPTION OF FOSSILS. 

The following notes are conr.erned with the species enllmeraten 
m the foregoing list. 

Several of the forms obtained by Mr. Pinfold belong to IIpecies 
hitherto unpublished, which are described in detail below. 

TEREBRA (MYURELLA) PROTOMYUROS N oetling. 
1901. Terebra protomyurOB Noetling.-Pal. Ind., new Ber., Vol. I, part 3, p. 335, pl. 

xxii, fig. 14. 
1901. Btriolerebrum bicinctum Ma.rt. 8ee. Noetling.-Pal. Ind., new Ber., Vol. I, part 3, 

p. 337, pI. xxii, fig. 15. 
non Terebra bicincta Hinds, 1843. 
non Terebra flicincta Martin, 1879. 

The Bagmara specimens correspond with the typical form from 
Burma. The fossil referred by Noetling to Terebra bicincta Martin 
belongs to the same species as the type of T. protomyuros, though 
the Javanese T. bicincta also exists in Burma, and may be 
distinguished as Terebra Martin its specific name being pre~ 
employed. 

Occurrence.-Bagmara. 

SURCULA PROMENSIS n. sp . 

• ) Pl. VIII. figs. 1-3. 

Both the localities explored by Mr. Pinfold have yielded specimens 
of a handsome Su,rcula which corresponds specifically with a fossil 
from the Kama horizon of Burma, although exhibiting some slight 
differences which may entitle it to rank as a variety. The Burmese 
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specimens are more complete than those from the Garo hills, and it 
will be convenient to describe them as representing the typical form . 

.Description.-Fairly large, ventricose, with broad conical spire 
measuring half the total height, and with broad body-whorl rapidly 
contracted anteriorly into a stem of medium length, rather tortuous 
at its extremity. The apex is missing in all the available specimens. 
The number of whorls following the protoconch should probably be 
ten. Their height is equal to two-fifths of their breadth, the maxi
mum thicknesa being situated close to the anterior margin, or even, 
at the earliest stages of growth, coinciding with it. The linear, 
inconspicuous, finely wavy sutures, are surrounded by a moderately 
broad, moderately prominent raised band which, at the earliest 
stages of growth, is divided into two very unequal portions, of which 
the anterior one, which is the broader and more prominent, consti
tutes a torus-shaped spiral thread, while the narrower posterior 
portion fits tightly round the anterior margin of the preceding 
whorl, the ribs or nodosities of which account for the fine waviness 
of the sutures. With increasing growth the portion nearest the 
suture becomes divided by a groove, and fine spiral lines are developed 
on the anterior torus-shaped portion, which gradually widens till 
it separates into several narrow threads, the sub-divisions of the 
posterior portion also assuming the appearance of thin threads, 
till, in full-grown specimens, the entire circumsutural band assumes 
the appearance of a moderately broad, rather flat rim bearing six 
or seven contiguous spiral threads of irregularly alternating dimen
sions, amongst -which the original disposition of the earlier whorls 
is no longer recognisable. Slight nodosities are observed on the 
circumsutural band of some specimens. 

At the earliest stages of growth, the portion of the whorls situated 
between the circumsutural band and the anterior margin has the 
shape of a slightly quirked ogee (inverted when the shell is placed 
with apex upward); the concave and convex portions are about 
equal. With increasing growth the concave portion increases- consi
derably in relative height at the expense of the anterior portion. At 
the same time, its degree of curvature decreases, and it assumes 
the appearance Clf & broad, slightly concave, conical shape. The 
anterior portion, now reduced to the condition of an anterior ma'-ginal 
swelling, becomes feebly convex, alm.ost cylindrical, slightly con
tracted towards the anterior margin. Numerous thin, rod-like, short 
ribs, rather litrongly oblique and anteriOl'ly antecurrent, narrower 

L2 
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than the intervemng spaces, decorate the anterior band. They 
have a tendency to swell at their posterior terminations along the 
margin of the concave band. On the last spire-whorl these swollen 
terminations tend to assume more definitely the appearance of 
distinct nodes, anteriorly to which .the original ribs tend to lose their 
individuality through bifurcation. Delicate spiral threads, usually 
broader than the intervening spaces, or even quite contiguous and 
separated by mere linear furrows, cover the entire surface of the 
anterior marginal swelling and of the concave band. On the second 
spire-whorl beyond the protoconch, their number is four or five 
on the anterior marginal swelling, and about the same on the concave 
band. With increasing growth their relative number increases more 
on the concave band than on the anterior marginal swelling, in con
sequence of the alteration in the relative width of these two elements, 
until, on the last spire-whorl of full-grown specimens, there may be 
as many as eleven spiral threads on the anterior marginal swelling 
and fifteen on the concave band. In some specimens more than in 
others, they alternate more or less regularly in two sizes. Those 
decorating the anterior marginal swelling are always much broader 
than the intervals, while, in exceptional cases, they may become 
narrower than the intervals on the concave band at later stages of 
growth. All the spiral ornaments are elegantly decussated. by the 
lines of growth which are steeply antecurrent or even, at later stages 
of growth, normal to the posterior suture, and which form, near the 
posterior margin of the concave band, a deep sinus, anteriorly to 
which they are very oblique and anteriorly antecurrent, curved 
with forWlardly directed convexity, and reach the anterior margin 
antecurren1;ly. 

The lalge body-whorl measures five-sevenths of the total heigh.t .. 
Antenoriy to the posterior part of the body-whorl which corresponds 
in shape with the spire-whorls, the base contracts rapidly with a 
very flat outline connected by a broad concavity with the terminal 
stem, which is of medium length, tapering in an anterior direction. 
It is terminated by a truncation oblique towards the right of the 
shell, the accretions t?, which constitute a steeply winding, slightly 
bulging zone in consequence of which the extremity of the stem is 
slightly deflected dorsally and" towards the left of the shell. Over 
the posterior portion of the body-whorl, corresponding with the 
spire-whorls, the ornamentation is the same as on the last spire
whorl, the ~ip'f} Pl'ing reduced to delicate obliq,ue Dod~s alon~ tlt~ 



'PART 3.] VREDENBURG: Marine Fossils oj the Garo iIilis. 307 

angulation that divides the posterior slightly concave slope from 
the anterior convexity. Anteriorly, from the level of the suture to 
the terminal zone of accretions, the whole surface is decorated with 
spiral threads alternating fairly regularly in three orders, those of the 
first order being always particularly conspicuous, the difference in the 
degree of prominence between them and the threads of the second 
order being much more marked than the difference between the 
threads of the second and third order. The two first principal 
threads anteriorly to the level of the suture are slightly more pro
minent than any of the other principal threads of the body-whorl. 
All the principal threads of the body-whorl are elegantly granulated 
by the intersections with the raised lines of growth. The lines of 
growth are antecurrent anteriorly as far as the more anterior of the 
two particularly prominent threads above mentioned, anteriorly 
to which they are vertical up to the margin of the terminal twisted 
zone. The terminal zone has a strongly scaly structure, which to a 
great extent confuses and obliterates the thin, crowded, raised spiral 
lines with which it is decorated. 

The large aperture is broadly lanceolar, posteriorly angulated, 
anteriorly contracted into the oblique terminal canal. The columella 
is oblique, with a broad convex bend opposite the entrance to the 
canal, anteriorly to which it becomes still more oblique towards the 
left of the shell up to its termination. The columellar lip is extremely 
thin, rather ill-defined at its posterior termination. The outer lip, 
normal to the suture, is strongly prominent anteriorly to the rather 
broad sinus. The internal walls of the shell carry rather wide
spaced, delicate, sharply defined revolving line. 

Height 
ThioImess 
Height of spire 
Height of body.whorl • 

Dimensions. 

OCCUN'ence.-Kyaungon, Myaukmigon, Thanga. 

mm. 
35 
16 
18 
24 

Comparistm with other species.-This is undoubtedly a premuta
tion of Surcula javana Linn. (S.Mdilera Lam.), of the eastern 
seas from Malacca to Japan, compared with which the Burmese fossil 
is somewhat smaller with a slightly broader spire. Its sinus band is 
decidedly ~roader, more distinctly concave, and not so sharply 
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marked off from the posterior circumsutural rim and the .anterior 
circle of nodes. The Burmese fossil is further distinguished by the 
granulations of the body-whorl and by the internal lirre. 

In several of its characters, such as the relatively feeble pro
minence of the anterior nodes, the granulations of the base, and the 
internal lirre, this shell agrees with some. of the fossil varieties of 
Surcula javana described by Martin from Java (Samml. des gwl. R.
Mus. in Leiden, new ser., Vol. I, p. 27, fig. 67), which represent 
therefore an intermediate link between the Burmese fossil and the 
living species. 

The fossil specimen of Surcula javana described by Cossmann 
from Karikal (1900, Journ. Oonch., Vol. XLVIII, p. 33, pI. iii, fig. 8) 
agrees with the recent form in the absence of granulations from the 
base, though it still recalls the Burmese and Javanese fossils owing 
to the feeble prominence of the anterior nodes. It seems evident that 
a continuous history of the development of the recent species is 
recorded by these successive fossil occurrences. 

SURCULA PROMENSIS var. SILISTRENSIS. 

PI. VIII, fig. 4. 

Compared with the Burmese type, the Garo specimens are 
distinguished by a slightly narrower shape and slightly more crowded 
nodes along the anterior swelling of the whorls. In some specimens 
from both the localities explored by Mr. Pinfold, the nodes disappear 
entirely on the last spire-whorl and body~whorl, while the spiral 
threads over the entire surface of the last spire-whorl and the corres
ponding part of the body-whorl become very conspicuous and 
uniform; such specimens constituting a local race which might be 
distinguished as dimorpha. In some specimens the Circumsutural 
swelling maintains its unsymmetrical bipartite disposition up to the 
termination of the spire, arid even on the body-whorl where it 
constitutes an almost uniform, Hat, band, with only some feeble 
threads or striations distribute~ over the original main divisions; 
this disposition being observed only in such specimens in which 
the anterior nodes remain well developed throughout the whole 
shell. In accordance 'vlrith the peculiar smoothness of the circum
sutural swelling, such specimens never exhibit any posterior nodes, 
while the circumsutural swelling is slightly nodular at early stages 
of growth in some specimens of the race dimorpha, 
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All the other characters described from the Burmese specimens 
are exactly reproduced in the shells from the Garo. Hills. It should 
be noticed that, in 'the race dimorpha, in spite of the absence of nodes 
anteriorly to the sinus-band on the body-whorls the base is as dis
tinctly granulated as in the other races or varieties. Owing to the 
friability of the Garo specimens, it is not possible to clear the interior 
of the shells d their rocky contents; fortunately one of the specimens 
exhibits, on the rocky infilling, a ,distinct internal cast of the inner 
walls of the body-whod, showing that ~hey ,are lirate just as in the 
Burmese specimens. 

Owing to their slightly narrower shape, the Garo specimens 
approach Surcula javana, in general outline, more than the Burmese 
shells; this being counterbalanced by the complete disappearance 
of the nodes at later stages of growth in the race dimorpha, the 
ornamentation of which thereby differs from that of Surcula javana 
more than that of, the Burmese form. The Garo form is a collateral 
development relatively to the Burmese species, and does not con
stitute an intermediate link between the Burmese form and Surcula 
javana. 

Dimensions.-The following are the restored' measurements of 
a specimen from the neighbourhood of Bagmara:-

mm. 
Height 50 
Thickness • 18 
Height of spire 24 
Height of body.whorl 32 

Occurrence.-Bagmara, Dalu. 

DRlLLIA PROTOCINCTA Noetling. 
1901. DriUia protocincta Noetling.-Pal. Ind., new eer., Vol. I, P&rt 3, p. 356, pI. 

xxiii, figs. II, 7. 
1906. Pleurotoma (DriUia) madiumenaia M.&rtin.-Samml. iles geol. Reichsmus. in 

Leiden, Do F., Vol. I, p. 296, pI. XLIII, fig. 707. 

The specimens from the Garo bills are well preserved and s~rictly 
correspond with the Burmese and Javanese fossils. 

Occurrence.-Dalu. 

DRILLIA (BRACHYTOMA) TJEMOROENSIS Martin, var. 
1906. Pleurotoma (DriUia) tjemoroinais M&rtiDo-Samml. tWo. geol. Reichamus. U' 

Leiden, Do F., Bd. I, p. 295, pI. xliii, fig. 705. 

This species is abundantly represented in Burma by a variety 
which differs from the s')lital'Y Javanese type owing to its slightly 
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less numerous ribs. It is also represented, in the collection from thE 
Garohills, by a specimen which agrees with the Burmese variety. 

Occurrence.-Dalu. 

MITRA CHINENSIS Gray, var. SUBSCROBICULATA, d'Orbigny. 
1839. Mitra chinen&t8 Gray.-Beechey's Voyage, p. 125, pI. xxxv, fig. 2. 
1839. Milra BCrobiculala Brocchi 1-J. de C. Sowerby, TraM. Geol. Soo. Lond., 2nd 

. aer., Vol. V, pI. xxvi, fig. 23~ 
1852. Mitra BUbBCrobiculala d'Orbigny. Prodr. Pal. Vol. III, p. 54, No. 922. 

Mr. Pinfold's collection contains a specimen of a Mitra identical 
with the above quoted fossil from Kachh, first described by Sowerby. 
Like the Kachh form, the specimen from the Garo hills differs from 
the living Mitra chinensis by the smaller size of the full-grown 
condition, and the more slender outline at equal dimensions. 

Occurrence.-Bagmara. 

SIPHONALIA (KELLETIA) SUBSPADICEA n.sp. 

PI. IX, fig. 6. 
Medium-size, moderately ventricose, with moderately broad 

conical spire, slightly contracted at the sutures, equal to nearly 
half the total height. 

The protoconch is broken in the solitary available specimen. 
It is followed by five spire-whorls, the height of which is equal to 
two-fifths of their width, the maximum thickness being situated 
quite close to the anterior margin. They exhibit a continuous 
almost even convexity except quite close to the posterior margin 
where the outline is inflected, through a short concavity, into a 
short nearly vertical surface closely fitting round the anterior 
sportion of the preceding whorl. There is sometimes a feeble angula
tion close to the anterior margin. The sutures are linear, incons
picuous, slightly wavy. The whorls are decorated with almost 
vertical ribs, the exact number of which cannot be ascertained on 
the first two whorls following the protoconch .011. account of the 
surface of the shell being weathered. On each of the three last 
spire-whorls, their -ltumber is eleven. They are convex and some
what narrower than the intervening spaces. In addition to the 
axial ribs, the whorls carry, at first, seven well-defined spiral threads, 
narrower than the intervals. The most posterior thread encircles 
the 'Posterior suture, the most anterior one almost ~oincides with 
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the anterior margin. The second thread, counting from the posterior 
margin, forms the anterior limit of the steep narrow circumsutural 
region. The sixth tread, that is, the second counting from the 
anterior margin, coincides with the slight anterior angulation of 
the convexity. On the penultimate spire-whorl, the number of 
spiral threads increases to ten on. account of the development of 
intercalary threads of a second order, bisecting each of the three 
more anterior primary intervals, which are somewhat wider than the 
three posterior intervals. On the last spire-whorl, an intercalary 
thread also appears in the fourth interval counting from the anterior 
margin, thereby raising the total number of spiral threads to eleven. 
The lines of growth are crowded, evenly distributed, extremely 
delicate, antecurrent to the posterior suture, normal to the anterior 
margin. 

The large body-whorl measures five-sevenths of the total height .. 
The posterior portion of the body-whorl is similar in outline to the 
spire-whorls of which it forms the continuation. Anteriorly to the 
level of the suture', the surface contracts gradually with a moderate 
convexity continuous with that corresponding to the convex surface 
of the spire-whorls; the main portion of the body-whor:l thereby 
acquiring a globose or ovoid outline, anteriorly connected, by means 
of a shallow concavity, with the anterior stem which is slightly t.or
tuous in consequence of the steeply twisted zone of accretions of 
the terminal notch. The axial ribs, on the body-whorl, are much 
wider-spaced than on the spire-whorls, their total number amounting 
only to eight. In an anterior direction they disappear before reach
ing the concave zone of the base, with the exception of the last rib 
accompanying the aperture, which is more prominent than the 
others, and reaches the anterior stem. The two or three last ribs 
previous to the terminal rib exhibit a slight tendency to become 
spinose at the level of the angulation continued from the anterior 
portion of the spire:whorls. The spiral ornamentation of the last 
spire-whorl is continued, without any change, over the corresponding 
portion of the body-whorl. Anteriorly to the level of the suture, 
the whole of the convex portion of the base is ornamented with 
spiral threads regularly alternating in two orders of magnitude, and so 
distributed that, of the six primary intervals that separate the 
threads of the first order, the three .most· posterior ones are of the 
same width as the adjacent primary intervals continued from the 
spire-whorls, while the three more anterior ones are much wider. 
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The spacing again contracts on the concave zone, which carries three 
threads of the first order, with only very fine, indistinct raised lines 
bisecting the intervals. On the terminal stem, the alternation in two 
well-developed orders is once more resumed, with a total nUIilber of 
seven or eight threads as far as the terminal twisted zone, which only 
carries slightly scaly accretions of the terminal notch, without dis
tinct spiral ornaments. The lines of growth, on the posterior por
tion of the body-whorl coinciding with the spire-whorls, are disposed 
in the same way as on the spire. Anteriorly to the level of the 
suture, they are vertical as far as the concave zone where they be
come anteriorly retrocurrent, the obliquity increasing on the anterior 
stem, till they become transverse on the terminal twisted zone 
which they cross with a shallow sinuosity corresponding to the 
anterior termination of the canal. 

The aperture, greatly obscured in the solitary available specimen, 
'by a rocky incrustation that cannot be safely removed, is oval
lanceolar, abruptly contracted anteriorly into a narrow canal steeply 
oblique anteriorly towards the left, slightly curved with concavity 
turned to the right, and slightly deflected dorsally. The columella 
exhibits a bend opposite the origin of the canal, anteriorly to which 
it shares the steep obliquity of the canal anteriorly towards the 
left, while, posteriorly to the bend it is at first steeply oblique in 
the opposite direction, and merges, by means of a gentle curvature, 
into the base of the penultimate whorl. The columellar lip is 
almost entirely concealed, but is evidently not thickened. The 
most posterior portion of the outer lip is antecurrent to the suture; 
the greater part of its course is straight and vertical, becoming 
anteriorly retrocurrent only on approaching the anterior termina
tion of the shell. Externally it is thickened, almost throughout its 
entire length, by the prominent terminal rib. Its sharp margin is 
frilled by the terminations' of the spiral ornaments, the lines of 
growth becoming slightly squamose in the immediate neighbourhood 
of the margin. The internal characters of the outer lip are entirely 
concealed. 

• I 

Height 
Thickness 
Height of spire 
Height of body-whorl 

Dimensions . 
mm. 
28 
14 
13 
20 
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Oreu1Tence.-Dalu. 
Comparison with other species.-This shell belongs to a group of 

upper tertiary and recent. eastern forms, all of which are very closely 
related to one another, including Siphonalia nodulosa [J. de C. Sow] 
from the miocene of Kachh, a very closely related mutation, as yet 
unpublished, from the upper miocene or pliocene of the Mekran, S. 
tjibaliungensis Martin, from the pliocene ·of Java, and the recent 
species S. spadicea [Reeve], from Japan, S. /usWles [Reeve] also 
from Japan, S. modijicata [Reeve] from Japan and Lower California, 
and S. fJQ/rioosa [Chemn.], of unknown habitat. Amongst all these 
species, the recent S. spadicea comes nearest to the above-described 
fossil which is practically identical in shape, but is distinguished 
by the increased spacing of the axial ribs on the body-whorl, while 
the spiral decoration of the base is finer and more crowded in the 
living form than in the fossil. The above-described fossil also resem
bles Siphonalia nodulosa from the miocene of Kachh, but it is more 
slender than the Kachh form, and its axial ribs are narrower relatively 
to the intervening spaces. 

TuRRITELLA PINFOLDI n. sp. 

PI. IX, figs. 9-1l. 

Medium size, very elongate. The spire is equal to five-sixths 
of the total height. The protoconch is missing in all the available 
specimens. The number of spire-whorls following the protoconch 
is about sixteen. Their height is equal to three-fifths of their 

. thickness, the maximum width being situated close to the anterior 
margin. The general outline of each whorl expands with a steep 
conical surface from the posterior margin to the region of maximum 
width, beyond which the short remaining space as far .,as t4e anterior 
margin contracts aiso with .a cQnical surface. opposed Ito the first, 
and of somewhat wider angle. Each whorl carries. three narrow 
prominent keels, one of which coincides with the zone of maximum 
thickness. The linear sutures lie in the concave depression between 
the most anterior keel of one whorl and the most posterior keel 
of the next \'i horl. Of the intervals between the three keels the 
more anterior (Ine is distinctly the widest in some specimens in which 
the more posterior interval is equal to the space between the posterior 
keel and the suture. In othcr specimens there is sc8.rcely any 
difference between the two intervals, in which case the space betw~ll 
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the posterior keel and the suture is wider than the posterior interval. 
Along the anterior margin of each whorl is a thread much less pro
minent than the keels, half concealed by the posterior edge of the 
next following whorl. The concave surface in which lies the suture, 
and the concave intervals between the keels, are divided into a 
multitude of extremely fine threads, visible only with the aid of a 
lens, separated froIl). one another by linear incisions. Amongst 
these minute threads, the one bisecting the space between the pos
terior keel and the suture, is often slightly more prominent than 
the remainder. A similar disposition, though less marked, may 
sometimes be observed also in the intervals between the keels. 
The lines of growth are oblique, slightly curved, with forwardly facing 
concavity; they are strongly antecurrent to the posterior suture, 
retrocurrent, though less obliquely, towards the anterior margin. 

The body-whorl measures one-quarter of the total height. The 
portion forming the continuation of the spire exhibits the same 
outline as the spire-whorls and is followed by a short, rapidly con
tracted, broadly conical base. The ornamentation of the spire is 
continued over the portion corresponding with the 8pire~whorls. 
The anteri<>r, half-concealed thread of the spire-whorls, on running 
free of the suture, circumscribes the base which carries some fine spiral 
threads. 

The rounded aperture is incompletely preserved, the columella 
and columellar lip being broken in all the available specimens. The 
outer lip is very oblique, antecurrent to the suture. 

Dimensions.-The following are the approximate restored 
measurements :-

mm. 
Height 66 
Thickness 17 
Height of spire '. 64 
Height of body-whorl • 14 

Occurrence.-Bagmara, Dalu; Myaungu in Upper Burma. 
Variability.-The specimens from the Garo hills mostly have 

the intervals between the keels distinctly unequal, while they are 
subequal in th&tilpecimens from Burma. The shells from both regions 
agree in all other characters. 

Comparison with other species.-The oDly tertiary three-keeled 
forms that are as elongate, or even more elongate than the above
described shell, are Turritella (J3gyptiaca Mayer-Eymar, from the 
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Lower Lybian of Egypt, and T. Holfn,nili C. and P., from. the' lower 
eocene of Sind, which is perhaps. the same species. These lower 
eocene shells are distinguished. by -their more evenly convex whorls, 
the maximum thickness of which. coincides with the central keel, 
not, as in the Garo and Burma fossil ;with the anterior keel1 Turritella 
tricarinata Brochi, fossil from . the miocene and pliocene of 
Europe, living in the seas of Europe and West Africa, also has the 
whorls more evenly convex, while its general outline is somewhat 
less elongate than that of the shell above-described. The recent 
three-keeled species, Turritella trisulcata Lam. (Red Sea), T. cingu
lata Sow. (Valparaiso), T. cornea Lam. (Europe) are more broadly 
conical than the shell under consideration. 

TuRRITELLA ANGULATA. J. de C. Sowerby. 
1839. Tvf'rilelltJ angulata J. de C. Sowerby.-Tran8. Geol. Soc. Lcmd., 2nd ser., Vol 

V. pI. xxvi, fig. 7. 
1854. Tvrritella angulata J. de C. Sow.-D'Archiac and Haime, De8Cf'. an. loss. gr. 

numm. I1Ule, p. 294, pI. xxvii, figs. 6·9. 
1901. Turrilella angulata J. de C. Sow.-Noetling, Pal. Ind., new aer., Vol. I, part 3, 

p. 272. pl. xviii, figs. 13·15. 
1901. Tvrritella simple.z Jenk. sec. Noetling, Pal. Ind., new aer .• Vol. I, part 3. p. 273, 

pI. xviii, figs. 1·4-
1901. TurrileJla aeuticarinata Dunk. see •. NoetlingPal. Ind., new aer., Vol. I, part 3, 

p. 274. pI. xviii. figs. 5·7. 
non TvrriteUa angulata Sow., see. Cossmann and Pissarro, Pal. Ind., new ser., 

Vol m. part I. p. 59. pI. vi. figs. 3·5( 1909). 

Turritella angulata, an extremely variable species, is one of the 
commonest fossils in the Gaj beds of Kachb, Sind and Kathiawar, 
where forms identical with these referred by Noetling to T. simplex 
and T. acuticarinata occur abundantly and are connected by every 
possible gradation with one another and with the typical form 
first described by Sowerby. Martin (Samml. des Geol. R.-Mus. in 
Leiden, new ser., Vol. I, p. 226) does not agree with Noetling's 
reference of one of the Burmese forms to T. acuticarinata which is 
apparently. a smaller shell than T. angulata, but accepts the identi
fication of the form referred to T. simpltp;. Whether or not. 
Noetling's T. simplex may correspond with the Javanese type of this 
species, it is certainly identical with the Burmese form referred to 

I In Paleontographioa, Vol. XXX. part 3. Oppenheim has represented two specimell8, 
PI. xxii. fig. 29, and PI. xxiii fig. 14, which agree with Mayer·Eymar's diagnosis of. 
Turrilella t:WJYpl'-. There ap'pear8 to.have been Bome confusion as regards the specimen 
represented by fig. Iii. pI. xxiii. also referred $0 the same species, but which is a bJroadl1 
oODiorJ Ihell, perhaps a .II esalitJ. 
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T. acuticarinata with which it is connected by numerous intermediate 
forms, and, as already explained, both the Burmese forms are 
identical with T. angulata. That the Javanese T. simplex may also 
belong to the same variable species seems plausible, but this 
question has not been fully investigated. It is also doubtful whether 
T. angulata. is truly distinct specifically from the living T. duplicata 
Linn., but this is also a question that needs further study. 

As already mentioned (see above, page 292), the lower eocene 
fossil from the Ranikot beds of Sind referred by Cossmann and 
Pissarro to T. angulata is specifically different, and may be distin
guished as T. Ranikoti. 

Amongst the shells from the Garo hills, many specimens corre
spond with the typical T. angulata, while others assume the bicarinate 
disposition of the form which Noetling has referred to T. acuticari
nata. 

Occurrence.-Bagmara, Dalu. 
In Burma the species occurs throughout the Singu, Kama, and 

Pyalo stages, and also probably at higher horizons .. In Western 
India it abounds in the Gaj beds and perhaps occurs in the Mekran. 

CALLIOSTOMA PROMENSE n. sp. 

PI. VIII, fig. 5. PI. IX, figs. 7, 8. 

Medium size, moderately broad, siightly extraconic. 
The protoconch, broken in all the available specimens, is followed 

by eight spire-whorls, the height of which is equal to one-quarter of 
tl:e:r width at later stages of growth, and somewhat more in the earlier 
part of the spire in consequence of its extraconic shape. Leaving out 
of consideration the raised spiral ornaments, the conical or some
times very feebly convex outline of the whorls is practically 
continuous from one whorl to another. The sutures are linear, shallow, 
inconspicuous. The whorls are beautifully decorated with four equi
distant granulated keels of which the first and last respectively 
correspond with the posterior and anterior margins, so that the 
marginal keels of successive whorls are directly in contact with one 
another, being s~parated merely by the shallow line of the suture. 
On the four or five earliest whorls following the protoconch, the 
first, third and fourth keels, counting from the posterior margin, are 
subequal, while the second one is slightly narrower. On the later 
spire-whorls. the anterior marginal keel becomes much broader and 



PART 3.] VREDENBURG: Marine Fossils of the Garo Hills. 317 

much more prominent than the three others which are narrOWer 
than the intervening spaces; there scarcely remains any difference 
in width between the second keel and the nrst and third, ,On the 
first five whorls following the protoconch, the spaces between the 
keels carry delicate oblique ribs, posteriorlyantecurrent, connecting 
the granules of adjacent keels. On the later spire-whorls, the inter
vals between the keels are smooth, with extremely fine, crowded, 
strongly oblique, straight lines of growth, antecurrent to the posterior 
suture, retrocurrent to the anterior margin. 

The body-whorl consists of· two portions, one of which constitutes 
the continuation of the spire-whorls, and is connected at a sharp angle 
with the nearly flat base, the outline of which remains quite straight 
up to the axis in the majority of specimens, while occasionally the 
surface is slightly hollowed towards the axis, though without the 
formation of an umbilicus, the axis being solid throughout. In 
the majority of specimens, the portion of the body-whorl forming 
the continuation of the spire corresponds exactly in shape and 
ornamentation with the last spire-whorl. In a few of the largest 
specimens, all the granulated keels, on approaching the aperture, 
decrease considerably in width and prominence; at the same time 
the posterior margin becomes relatively . slightly contracted, so 
that the suture is no longer in immediate contact with the anterior 
keel of the preceding whorl. As, at the same time, the posterior keel 
of the body-whorl, in consequence of its contraction, leaves a narrow 
space between its' posterior edge and the posterior margin, the suture, 
unlike what is observed on the spire, is separated, on both sides, by 
a small space, from the adjacent keels. The a.trophy of the keels 
is accompanied by the appearance of some rudimentary, ill-defined 
spiral threads in the two posterior spaces, while the third keel may 
be duplicated by a narrow subsidiary granulated keel immediately 
contiguous to it on its anterior side. 

In some l1pecimens the a.nterior granulated keel of the body
whorl is separated from the base by a deep narrow furrow, followed, 
concentrically towards the axis, at close intervals by three more 
furrows; the marginal furrow and the next one being atrophied in 
some specimens, and sometimes the next furrow also, in which case 
there remains but the last furrow,. separated from the circumference 
by a flat space. In every specimen, this is· invariably followed, 
towards the axis, by five more furrows at subequal or gradually 
increasing intervals; the last furrow being deeper and broader than 
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the others, sometimes 'with a small spiral thread along its floor. A. 
flat, broad spiral keel separates this last furrow from the axial portion. 
All these concentric furrows are crossed by a secQnd set of radiating 
furrows, disposed at regular intervals, strongly curved, with forward 
facing concavity, with a truly radial direction where they cross the 
innermost keel, becoming more and more oblique towards the 
periphery where they seem almost tangential. As there are no inter
calations in this radiating set, the spacing becomes very close to
wards the axis, the innermost keel thereby acquiring a granulated 
appearance. The lines of growth follow the same direction as the 
radiating furrows; across the narrow space between the innermost 
keel and the columella . or columellar lip, they become strongly 
oblique and retrocurrent towards the axis. Spiral grooves separate· 
the narrow space just mentioned, on one side from the granlilated 
keel, on the other side from the axial callosity. 

The very oblique aperture is oval, with the greater diameter 
extending from the axis of the shell to the angulation of the base. 
The flattened columella is separated by a shaiIow groove from the 
callosity that fills the axis of the shell. Its anterior termination, 
and therefore its junction with the outer lip is missing in all the 
available specimens. The outer lip' is mostly straight and strongly 
oblique. The interior walls are not lirate. The inner layer of the 
shell is brilliantly iridescent. 

Dimensions. 
mm. 

Height 20 
Thickness 19 
Height of spire 14 
Height of body-whorl • 10 

There are also larger specimens, up to 22mm. in diameter., 
Occurrence.-Dalu; also in Lower Burma, at Kyudawon and 

Myauktin. 
Remark.-This easily recognisable species is represented in the 

Garo collection by a single fragment, readily identifiable in spite of 
its imperfect condition. Its base is decorticated and has conse
quently lost the shallower grooves, though the innermost granulated 
keel is still recognisable, but the characteristic ornamentation of the 
spire is ·well preserved, the transition from the decoration of the 
earlier to that of the later whorls being particularly distinct. The: 
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fragment is too incOJpplete fot illustration, and the foregoing deilcrip
tion has been based principally on the Burmese specimens. 

Comparison with other species.-Amongst quadricarinate species 
of Trochidre, the only one that might be related to the remarkably 
beautiful shell above-described, is Trochus fragum Philippi, of un
known habitat, if indeed it is a Calliostoma (Pilsbry suggests that it 
Diay be a Thalotia). The ornamentation of the spire decidedly 
resembles that above-described, but the ornamentation of the base 
ill quite different. Trochus australis Broderip, from Australia, is 
more elongate than the form under consideration, and there appears 
to be a space between the posterior keel and the suture, so that the 
marginal keels of adjacent whorls do not come into contact as in the 
shell under consideration. 

In both his monographs concerning the Tertiary fauna of Burma, 
N oetling has described and figured, under the name of Trochus 
Blanfordi or Oalliostoma Blanfordi, certain fossils which bear some 
relation to the shell under consideration (1895, Mem. Geol. Surv. Ind_, 
p. 16, pI. iv, figs. 3, 4; 1901, Pal. Ind., new ser., Vol. I, p. 253, pI. 
xvii, figs. 5-8). The figures representing these fossils in both mono
graphs are inaccurate. The description in the first monograph is 
precise and accurate, that in the second monograph is inexact. 
The species was established in 1895 upon certain specimens from 
rtIiflbu and Yenangyat. With these, in the second monograph, 
in 1901, was united a second form, occurring at a somewhat higher 
horizon, at Singu, represented in fig. 5, pI. xvii, (loc. cit.), which is 
possibly a mutation of the Minbu and Yenangyat 'form, but which 
differs so conspicuously that it cannot be conveniently' included in 
the same species. It may be distinguished as Calliostoma singuense. 
In order to compare these fossils with the shell under consideration, 
it is necessary to indicate in what characters they differ from one 
another. Although the question has already been dealt with (see 
above, page 266), I here repeat the differential characters so as to 
avoid cross-references. C. singuense attains considerably iarger 
dimensions than the genuine C. Blanfordi. The spire-whorls of 
C. Blanfordi are much more concave than those of C. sing,uense. 
At early stages of growth, both forms are quadricarinate; only, 
while the posterior marginal keel, in C. Blanfordi; as in C. promense, 
is immediately contiguous to the suture, there intervenes a small 
space in C. singuense. In both species, as in O. promense, the second 
keel is tl).e feeblest .. the fourth. the most prominent; not, as stated by 

M 
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Noetling, the third, a statement contradicted by his own illustra
tions. On the later spire-whorls of O. Blanfordi there invariably 
appears a secondary granulated keel bisecting the posterior interval, 
and almost always a similar secondary keel similarly bisecting the 
next· interval; so that the later spire-whorls nearly always exhibit 
as many as six keels, and never less than five. A similar change 
takes place in the later spire-whorls of O. singuense, but only in the 
posterior interyal, so that there are never more than five keels, and 
the subsidiary keel is relatively much less prominent than in O. 
Blanfordi. Moreover, owing to the great difference in size between 
the two species, O. singuense still shows only four keels at a size 
equal to that of the full-grown specimens of O. Blanfordi. Noetling 
never detected the presence of a fifth keel in the Singu specimens. 
In 1895, when dealing with the genuine Trochus Blanfordi, from 
Yenangyat and Minbu, Noetling quite correctly stated that, in addi
tion to the two anterior main keels, "there are from two to four 
revolving lines of very regular small round tubercules," (loc. cit., 
p. 16), which correctly makes up a total varying according to the 
stage of growth, from four to six. In 1901, Noetling was perplexed 
at observing only four keels on the Singu shells, and amended his 
original description by stating that "at least a specimen from 
Yenangyat distinctly shows a larger number than four" (loc. cit., 
p. 254). 

The base is totally different in both the species figured by 
Noetling, and, in both of them totally differs from that of the shell 
from Kyudawon and Myauktin. In addition to a thick peripheral 
granulated keel, the base of O. Blanfordi exhibits an extremely 
beautiful ornamentation consisting of thirteen concentric granulated 
keels alternating in two sizes. On the base of O. singuensis, there 
are ten concentric, smooth, flat bands, exhibiting an imbricated or 
stepped disposition, each band being separated from the next outer 
one by a small declivity facing outward. 

It has been necessary to dwell at length upon' the characters of 
these shells in order clearly to establish their distinctness from the 
Kyudawon and Myauktin fossil, this. being one of the many unfor
tunate instances in which Noetling has based his conclusions upon 
material in a state of preservation totally unfit for study. 

I may now observe that O. Blanfordi is distinguished from 
O. l'romense by its concave whorls; while, both in O. Blanfordi 
~nd O. sinvuens8 the sfire-whorls are relativel;r taller, and theref9r~ 
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fewer than in C. promense. Intercalary granulated keels are never 
developed in C. promense: the occasional duplication of the third 
keel on the bodycwhorl being caused, not by intercalation, but by 
the addition of a small contiguous band on the anterior side of the 
keel, therefore in the. anterior space, precisely that which never 
carries any subsidiary ornaments, in either of the two other forms, 
not even in C. Blanlordi. The system of intersecting furrows on the 
base of C. promense differs so completely from the granulated keels 
of C. Blanlordi and from the imbricated smooth bands of C. sin
guense, as to need no further comparison. 

AGE OF THE FAUNA. 

I. Tertiary sequence in Burma. 
In attempting to define the age of the fossils above described, 

it is necessary briefly to summarise what is already known of the 
succession of Tertiary beds in the various provinces of the East
Indies. 

The region nearest to the Oaro hills in which a definite succession 
has been established is Burma. The succession of the post-eocene 
formations of Burma has already been discussed in the present 
volume (see principally page 243). By combining the sequence of 
post-eocene beds already discussed with the classification of the 
eocene established by Mr. Cotter (Journ. As. Soc. Bengal, new ser., 
Vol. XIV, p. 415), we obtain the following scheme:-

12. IlT&wadi Series, sand- Akauktaung series, probable marine Pliocene and Pon. 
stones and clays, equivalents of the Irrawadi Series, tian (1 with Vlnd. 
about 6,000 ft. sandstones and shales, about 4,000 obonian), 

ft. 

11, Pyalo stage, sandstones, pebble. beds. shales, about 1,500 ft. ApJ?roltimately Bur. 
(perhaps a basal member of the Akauktaung series). digaIian. 

10. Kama. stage, shales and sandstones, about 1,500 to 2,000 ft. Approximately Aqui. 
tanian. 

9. 8lngu stage, sandstones a.nd shales, about 1,500 ft. '. ,Approxima.tely Chat-
tian. 

8. Sitsayan stage, principally shales, with subordinate sa.nd· Approximately Stain. 
stones, 1,500 to 3,000 ft. pia.n. 

7. Shwezetaw stage, ~Oitl¥ sandstone, about 3,000 ft.. • Approximately Latt. 
orfian. 
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6. Yaw stage, largely shales, about 1,500 to 2,000 ft. 
• ~ Upper eocene. 

5.Pondaung stage, principally sandstone, 3,000 ft. and more J 

4. Tabyin stage, principally shales, about 5,000 ft. • 1 
3. Tilin stage, principally sandstones, 2,000 to 5,000 ft. r 
2. Laungshe stage, principally shales, 9,000 to 12,000 ft. • 

1. Paunggyi or Swelegyin stage, principally pebble-beds, 2,000 J 
to 4,000 ft. 

Eocene. 

As I have already had occasion to notice (see, above, page 259), 
I wish again to draw attention to the disagreement between this 
list and a stratigraphical table which was published in these same 
" Records" ten years ago, for which I am largely responsible (Vol. 
XLI, p. 253). As already mentioned, the great a:dvance of know
ledge realised during the intervening years accounts for these dis
crepancies. In every branch of scientific research, we should always 
bear in mind the dictum so felicitously expressed by Professor Daly 
(Igneous Rocks and their Origin, 1914, page xxii): "Science is 
built on a long succession of mistakes." 

2. Tertiary sequence in North=Western India. 
The only other area in the East-Indies where the Tertiary has 

been classified with the same fulness of detail as in Burma, is the 
north-western region of India, including Kachh, Sind and Baluchistan. 
Throughout this region, the classification first established by Blanford 
in 1876 (Rec. Geol. Surv. Ind., Vol. IX, p. 9) is applicable over a 
vast extent of country. The only amendment to Blanford's scheme 
that has seemed necessary is the intercalation of the Laki division 
between the Ranikot and Khirthar. 

Owing to the absence of any observed direct stratigraphical 
continuity either with the other members of the marine succession 
or with the fresh-water Manchhar beds, the exact position of the 
Mekran beds remained uncertain in Blanford's scheme. These beds 
have yielded a rich faUfla, the study of which is now far 
enough advanced to supply precise indications of their age. 

The Mekran beds include a total thickness of several thousand 
feet of strata in which fossiliferous layers occur at many horizons. 
The stratigraphical investigations so far carried out are not sufficiently 
detailed to refer these various fossiliferous horizons to their relative 
levels respectively to one another. The isolated. local faunulas 
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are usually not suffioiently abundant to establish a distinot succession 
from faunistic oonsiderations. Certain fossiliferous beds constituting 
the Gwadar peninsula undoubtedly belong to one of the highest 
horizons, while the lowest fossiliferous horizon so far reoognised is 
that exposed at the northern end of the Talar pass, on the road from 
Kej to Gwadar, along the northern foot of the Talar mountains, 
some fifty miles north-east of Gwadar. This is, fortunately, the 
riohest fauna at present available and is very useful, therefore, in 
affording a lower limit to the age of the Mekran Series. The Talar 
fauna oan clearly be shown to coinoide with the Odeng fauna of 
Java, not only on acoount of its oontaining identical species, one of 
whioh is the highly characteristic mutational form Melongena pon
derosa Martin,. a valuable zone-fossil, but also on account of the 
proportion of living species, whioh closely corresponds with that 
observed in the Odeng fauna when reckoned for an individual 
zoological group taken by itself. The entire mollusoan fauna 
has not yet been critically examined, but, reokoning from what 
is already known of it, the proportion of living forms is pro
bably not far from 40 per cent. The Odeng gastropoda examined 
by Martin up to the year 1900 gave a proportion of living species 
of 42 per cent. (Samml. des geol. Reichsmus. in Leiden, ser. 1, 
Vol. VI, p. 161). The Odeng beds are plaoed by Martin at the limit 
of miocene and pliooene, therefore at about the level of the Pontian. 
We may take it as suffioiently established that the Talar beds, the 
lowest fossiliferous beds at present known in the Mekran Series, are 
approximately of Pontian age. 

The various looal faunulas other than the Talar fauna, are, 
as already mentioned, too scanty to furnish severally useful data for 
reokoning the age of the beds by means of the proportion of living 
forms; yet, taken together, the fossils from these various localities 
constitute a rioh fauna, which, when united with the Talar fauna, 
give an aggregate proportion of living forms of 50 per cent. or more. 
As the Talar fauna considered by itself, does not contain more 
than 40 per cent. of living forms, it is olear that, in order to make up an 
average of 50 per cent., some of the later Mekran beds must yield a 
fauna with even more than 50 per cent. of living forms, probably as 
much ail 60 per cent. In acoordance, therefore, with Blanford's 
original surmise, the Mekran Series undoubtedly oontains pliooene 
beds. Indeed, the newest beds probably reach high into th~ 
pliooene. 
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Although, with the stratigraphical data at present available, 
I cannot draw exact lines of demarcation between the various 
zones of the Mekran Series, yet, for general purposes, I may 
conveniently distinguish two stages: a lower Talar stage, 
approximately coinciding with the Pontian, and an upper Gwadar 
stage generally representing the pliocene. 

The Mekran Series consists almost entirely of alternations of 
shales and sandstones, with some pebble-beds at the upper horizons. 
This is also generally the constitution of the fresh-water Manchhar 
beds of Sind. The Upper Nari consists largely of sandstones. 
The lowest division of the eocene of Siitd, the Lower Ranikot, also 
consists of shales and sandstones. All the other divisions, throughout 
a vast belt of territory extending through a portion of Baluchistan 
and Sind, known as the calcareous zone, consist chiefly of limestones 
and calcareous shales (Rec. Geol. Surv. Ind., Vol. XXXVIII, p. 190). 
As in some parts of southern Java, we are evidently here 
in the presence of a region which, during a vast succession of ages, 
scarcely received any detrital sediments, and in which the sediment
ary formations are almost entirely of organic origin (d. Martin, 
Samml. des geol. Reichsmus. in Leiden, ser. 1, Vol. IX, p. 143). 
In other parts of Baluchistan, throughout the region in which the 
rocks assume the "flysch" character, sandstones become abundant 
at the various horizons represented chiefly by limestones in the 
calcareous zone. Owing to these lateral changes of facies, the 
lithological constitution of the various divisions has not been entered 
in the following list of formations, from which the thicknesses have 
also been omitted owing to their great range of variation :-,-

TERTIARY SEQUENCE IN NORTH-WESTERN INDIA. 

Marine. 

{

GWRdar stage with 
abundant P~en 

7. MEK1IAN V 1188eli. 
SERIES. Talarstagewith M elan-

gena 'J pw.der08a, 
081rea digilata, O. 
Virleli. 

Fresh·water. Approximate age. 

Upper Manchhar coinciding Pliocene. 
with the Upper Siwalik. 

Middle Manchhar generally Pontian. 
coinciding with the Middle 
Siwalik. 

(Representatives not Lower Manchhar coinciding Vindobonian. 
observed). generally with the Nahan. 
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Marine. Fresh-water. I Approximate age. 

-----------------; 
6 (6). Upper G"j with 08trea lati

marginata. 
Bugti beds, oorresponding to Burdigalian. 
part of the Murrees. 

Chiefly marine. 

6(a). Lower Gaj with Lepidocyclina 
marginata. 

6(b). Upper Nari with Lepidocyclina 
dilatata. 

6(a}. Lower Nari with Lepidocyclina 
dilatata and Nummulites 
intermediU8. 

•• Poorly fossiliferous massive 
limestones of the Mula pass; 
elsewhere a stratigraphical gap. 

3. Khirthar with large nummUlites 
and large assilines. 

2. Laki with Nummulite8 atacicu8 
and A8Bilina tattamBia. . 

rzone 4, with Num
mulites planulatU8 

l(b). UPPS& lZo::::r~i::~ 
R.urmoT. Zone. 2, w. ith o.p.er'j oulines. 

Zone I, with Caly
ptrophorus indio 
CUB. . 

I(a}. Lower Ranikot (fresh-water . 
exoept at base). 1 

Aquitanian.. 

Chattian. 

Stampian. 

Lower oligocene 
and upper 
eocene. 

Lutetia.n. 

Lybia.n. 

Upper Cuisian. 

Lower Cuisian. 

London Clay. 

Woolwich and 
Reading bed&. 

Thanet sands. 

I wish once more. to draw attention to the conclusion, already 
expressed on previous occasions (Rec. Geol. Surv. lnil., Vol. XXXIV, 
pp. 86, 177) that a study of Indian Tertiary geology undoubtedly 
reveals the presencll of a vastly developed intercalary stage, the 
Laki, intervening between the equivalents of the (luisian and Lute
tian, and corresponding with neither. It is equivalent to the 
Lybian stage of Egypt. In the Paris basin it correspoBds to a 
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stratigraphical gap between the Cuisian and Lutetian, first recognised 
by Lemoine, who has given the name of " Laonnian " to the scanty 
fresh-water or brackish representative oi the missing zone, occasion
ally occurring as discontinuous patches (1911, Geologie du Bassin de 
Paris, p. 220). 

In Burma, the eocene divisions below the Pondaung stage 
have, as yet, yielded very few characteristic fossils, and their exact 
age is still uncertain. The equivalence of the post-eocene in Burma 
and in north-western India, in its main lines at least, is now 
established beyond any possible further doubt, and may be tabulated 
as follows;-

NORTH-WESTERN INDIA. 

UPPER MANCHHAR} 

Mekran 
Series. 

MIDDLB MAN. 
{

GWlida.r stage. 

Talar stage 
CHHAlI. 

Lower Manchhar 

UpperGaj 

Lower Gaj 

Upper Nari 

LowerNari 

Massive limestones of MUla{ 
pass. 

BURMA. 

Irra wadi Series, 
upper,part. 

Irra wadi Series, 
lower part. 

Not observed 

PyaIo stage 

Kama stage 

Singu stage. 

Sitsayan stage 

Shwezetaw stage. 

Yaw stage. 

Ponda.ung stage. 

3. Tertiary sequence in Java. 

Perhaps upper 
part of Akauk
taung Series. 

Probably lower 
part of Akauk
taung Series. 

Part of Akauk
taung Series. 

Omitting the' rather vaguely demarcated "Fossil-wood group" 
(Lnd the subsequently defined Irrawadi Series, Theobald's "Pegu 



PART 3.] VREDENBURG: Marine Fossils of the Garo Hills. 327 

Group" essentially coincides with the post~eocene portion of the 
Tertiary of Burma. The corresponding beds in Java constitute 
Martin's "Java group" (Samml. d. g. R.-M. in Leiden, ser. 
1, Vol. VI, p. 240). In the Java group, the "lower miocene," 
including the Rembang Series (1912, Samml. des geol. Reichsmus. 
in Leiden, ser. 1, Vol. 8, p. 153) and Njalingdun series (1911, loc. 
cit., pp. 18, 22), corresponds with the Kama and Pyalo stages with 
both of which it has many species in common. The "upper 
miocene" includes the Tji Lanang series (1911, loco cit., pp. 44, 48) 
with the extraordinarily rich fauna collected by Junghuhn, which 
has become classical from Martin's first great monograph, "Die 
Tertiarschichten auf Java," in which a very large proportion of the 
described species belong to this stage. 

The typical pliocene of Java is the Sonde series (loc. cit., p. 194) 
which very closely corresponds, faunistically, with the Mekran beds 
of north-western India and with the rich fauna of Karikal so admir
ably described by Cossmann. The fauna of Odeng seems to re
present a passage zone between the " upper miocene" and "pliocene" 
(8amml. d. geol. Reichsmus. in Leiden, ser. 1, Vol. VI, pp. 178, 
190), corresponding approximately in age with the Pontian. As 
already remarked, the Odeng fauna closely corresponds with the 
Talar fauna of the Mekran. 

Regarding the Kendeng beds which overlie the Sonde Series, 
and which have yielded remains of Stegodon, Elephas, and of the 
far-famed Pithecanthropus, there may be perhaps some slight uncer
tainty as to whether they might correspond with the uppermost 
zone of the Siwalik. The general' consensus of, opinion seems to 
be in favour of a true pleistocene age, and there is good reason for 
concluding that the Kendeng beds are approximately equivalent to 
the Narbada stage of India. 

Fossiliferous equivalents of the oligocene have not been met with 
in Java. The" Java-Group" is underlaid by the Nanggulan Series 
of upper eocene age corresponding with the Yaw stage of Burma. 

The following table indicates the approximate parallelism of 
the three most completely defined schemes of the later tertiary 
succession of the East-Indies, respectively in Burma, .in Java, and 
in North-Western India. . 



-- BURMA. JAVA. NORTH-WESTERN INDYA. 

-.-

PLElSTOOENE . . PIa.teau-gr!Lvel . Kendeng Series Raised beaches and other equi-
valents of the Narbada Series. 

FRESH-WATER. MARINE. FRESH-WATER. MARINE. 

PLIOCENE - · Irrawadi Series, ? Sonde Series . Upper Manchhar Gwadar stage. - npperpart. and Upper 
Siwalik. 

PONTlAN . Irrawadi Series, Akauktaung Se- Odengbeds Middle Manchhar TaIa.r stage. 
lower part. ries (in part at and Middle. 

least). Siwalik. 

VINDOBONlA.N · Not recognised or perhaps partly Tji Lanang Series Lower Manchhar • Notknowu. 
represented by the Akauktaung or Nahan. 
Series. 

BURDIGALIAN . Pyalo stage Njalingdun Series Bugti beds corres. Upper Gaj. 
ponding to 
part of the Murrees. 

AQUITANIAN Kama stage Rembang Series Lower.Gaj. 

CHATTIAN Singu stage 

}NotidM .... 
Upper Nari. 

STAlIU'IAN · . Sitsayan stage • 
I 

Lower Nari. 

LATTORFIAN · Shwezetaw stage 
I ~Massive limestones of the Mula. 

NangguIa.n Series 
pass. 

UPPBR EOCBNE · Yaw stage 
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4. Equivalence of the Oaro Tertiary. 
Amongst the specifically recognisable fossils of the Garo hills, 

the following are known to occur also in other parts of the East
Indies :~ 

Terebra protomyuros, 
Surcula promensis, 
Drillia protocincta, 

" tjemoroensis var., 
Mitra ckinensis var. subscrobiculata, 
Turritella Pin/oUi, 

" angulata,' 
Calliostoma prome'Yl,se. 

Amongst these eight species, Terebra protomyuros, SUTcula pro
mensu, and Calliostoma promense have hitherto peen met with 
only in the Kama beds of Burma. Surcula promensis is represented, 
in the Garo hills, by the variety silistrensis, but, as already explained, 
this appears to be a collateral variety, not a mutation. Drillia 
protocincta occurs in the Kama beds of Burma and in the pliocene 
Sonde series of Java. Drillia tjemoroensis var. characterises the 
Kama stage of Burma. The type is found in Java at Sangiran 
(Kali Tjemoro), in beds the exact horizon of which has not been 
recorded, but which may be pliocene; the Garo and Burma form 
representing, however, a separate variety. Mitra ckinensis is the 
only undoubted living species recognised in the fauna of the Garo 
hills, where it is represented by the variety subscrobiculata charac
teristic of the Gaj of Kachh. Turritella Pin/oldi, at Myaungu 
(200 31', 940 21'), in the Minbu district of Burma, occurs in beds 
which contain Ostrea latimarginata and which, therefore, must be 
referable to the Pyalo stage. Tu.rritella angulata occurs in the 
Singu, Kama, and Pyalo beds of Burma, perhaps also at higher 
horizons. In western India, it is found in the Gaj and perhitps in 
the Mekran series. As already mentioned, its specific distinctness 
from the living Turritella duplicata is not quite certain. 

If we now analyse ·the evidence afforded by these fossils, Turri
tella angulata only indicates. that the Garo fauna.is newer tertiary. 
All the other species point to the Kama-Pyalo or Gaj as the age of the 
Garo fossils. One form, Turritella Pin/oldi, has, hitherto. been met 
with only in the Pyalo stage cQinciding with the uppex Gaj. The 
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absence of any undoubted oligocene forms, and the presence of Drillia 
protocincta which is known to extend into the pliocene, further 
suggest more particularly the Pyalo stage or the upper limit of the 
Gaj as the most probable horizon, which would be in keeping with 
the very likely supposition that the Karaibari exposure, described 
in 1821 by Scott and Colebrooke, is the western extension of the 
Sumeswari beds. One of the Karaibari mammalia, Anthracotherium 
silistrense, probably occurs in the Lower Manchhar of Sind. The 
Kamlial horizon, at the base of the Manchhar, immediately resting 
on the Ga,j, is regarded by Pilgrim as possibly synchronous with 
the Sansan fauna which de Lapparent places astride of the limit 
between Lower Miocene and Vindobonian, therefore just about the 
upper limit of the Gaj. We may therefore conclude that the age 
of the Sumeswari fauna is probably the same as that of the Pyalo 
beds, at the upper limit of the Gaj, at the upper limit therefore of 
the Lower Miocene. 

Out of a total of nine recognisable species in the Garo fauna, orie 
only, Mitra chinensis var. subscrobiculata, is considered certainly 
to be specifically identical with a living shell. This would give 
eleven per cent. as the proportion of living forms. On the supposition 
that Turritella angulata is identical with T. duplicata, the proportion 
would become twenty-two per cent. No precise signification can 
be attributed to figures derived from so small a total, though they 
are within the limits of the proportions observed for the lower 
miocene molluscan faunas of Burma, Java, and Western India, which, 
according to the horizon, facies, and generic constitution, vary from 
about 7 per cent. to about 25 per cent. 

Other occurrences of Tertiary Fossils in North=Eastern India. 
The interesting collections obtained by Mr. Pinfold in the Garo 

hills constitute the first and only instance in which precise data 
have become available regarding the age of any of the later tertiary 
formations in the districts to the North of Burma, including Assam, 
the Sylhet region and the neighbouring countries. Indeed, with 
the exception of ,the neighbourhood of Cherra-Poonjee and Shillong, 
there is practically no spot where any of the rocks can be accurately 
dated. Fossils have been recorded only from a small number of 
localities, and have not been fully studied. 
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The nearest spot to the localities examined by Mr. Pinfold, from 
which newer tertiary fossils have been obtained, is along the Karai
bari hills, between the western extremity of the Garo hills and the 
Erahmaputra. 

A small thickness of horizontal or slightly undulating sandstones 
and clays which were exposed at low water along the banks of the 
Brahmaputra about a hundred years ago, but have not been observed 
since, yielded some littoral marine fossils together with mammalian 
remains (Colebrooke and Scott, Trans. Geol. Soc. London, 2nd ser., 
Vol. I, p. 132). 

The mammalian remains have been studied by Pentland, Falconer 
and Cautley, Pomel, and Lydekker, and have been referred to two 
species which have been named Anthracotherium silistrense Pentland 
and ChaJromeryx silistrensis [Pentland]. Remains specifically iden
tical with Anthracotherium silistrense, or at least very closely related, 
have been recorded from the Lower Manchhar of Sind, at a horizon 
therefore not very different from that of the Gaj beds. The species 
has an extensive vertical range, and, of itself, would not suffice to 
fix the date of the bed otherwise than as miocene. Nevertheless, 
the fact that the only other mammalian species recorded from the 
same bed is also an anthracotheroid, communicates a relatively 
ancient appearance to the fauna. The most conspicuous amongst 
the mollusca from Karaibari are large oyster-shells, now preserved 
at the British Museum, which, on a casual inspection. appeared 
to me to coincide with Gaj forms. Unfortunately, I did not take 
note of their characters. The small thickness of sandstone overlying 
the bed with littoral and mammalian remains is recorded to have 
yielded fossil wood. 

There is reason to think that the Karaibari exposure, which is 
in the direct continuation of a line passing through· the Bagmara 
and Dalu exposures, may be a western continuation of the strata 
studied by Mr. Pinfold, and, like them, may correspond with the 
Pyalo beds of Burma and the Upper Gaj beds of Sind, but the 
question needs further investigation. 

In the Khasia hills, east of the region examined by Mr. Pinfold, 
the undulating stratification of the Garo hills gives place to a sharp 
flexure, north of which the strata are practically horizontal, while, 
south of the bend, they dip south at high angles. Identical horizons, 
when recognisable on both sides of the bend, are represented by a 
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much greater thickness of strata on the southern than on the northern 
side, indicating a rapid deepening of the basin of deposition in a 
southern direction. Amongst the horizontally stratified deposits of 
the plateau, on the northern side of the flexure, the undoubtedly 
eocene beds include two subdivisions, recognisable from their num
mulites, and corresponding respectively with the Laki of Lybian age, 
ahd the Khirthar of Lutetian age, as developed in north-western 
India. The Sylhet limestone, on the southern side of the flexure, 
is a rock containing abundant large nummulites of Khirthar 
age. 

Overlying the undoubted eocene of the plateau, is the Nongku
lang Hill Series (Godwin-Austen, 1869, Journ. As. Soc., Bengal, 
V 01. XXXVIII, (2), p. 23) which must not be confounded with the 
Nanggulan Series of Java (see Martin, 1912, Samml. des geol. 
Reicks-Mus. in Leiden, ser., 1, Vol. IX, p. 111, with complete biblio
graphy; also, 1914, neUe Folge, Vol. II, part 4) though it is by no 
means impossible that both series may be contemporaneous. 

The Nongkulang Hill Series of the Khasia hills is described by 
Godwin-Austen as consisting of marine strata unconformably over
lying the eocene. The N ongkulang fossils were first examined by 
Stoliczka, who stated that "none of the species, so far as recognis
able, appear to be identical with those known from the nummulitic 
beds of the same district" (Rec. Geol. Surv. Ind., Vol. II, p. 10). 
The N ongkulang Hill Series, in the West Khasia hills, is overlaid 
by a considerable thickness of beds which Godwin-Austen attributes 
entirely to the Nahan; this same assimilation being extended to the 
entire succession of later Tertiary beds in the Garo hills, including 
even their uppermost strata; and also to the greater portion of the 
vast thickness of later Tertiary beds along the southern border of 
the Jaintia hills, with the exception of some uppermost irregularly 
bedded clays and conglomerates regarded by Godwin-Austen as 
perhaps the equivalents of the Siwalik proper (loc. cit., p. 153). 
The fossils'collected by Mr. Pinfold occur in the uppermost zones of 
the Tertiary beds in the Garo hills, and, since their palreontological 
characters indicate the age of the Upper Gaj or Pyalo beds, it follows 
that the entire succession of Upper Tertiary beds in the Garo hills 
must be, even at its upper limit, somewhat older than the Nahan; 
while as the horizon of the Nongkulang Hill fauna is separated 
ff9ID that of the Sumeswari fauna br a considerable thickness Qf 
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strata, we must also conclude that the Nongkulang Hill fauna cannot 
correspond with that discoV'ered by Mr. Pinfold, and is probably older 
than the Gaj. The small collection of fossils obtained by Godwin
Austen from the Nongkulang Hill Series has lately been studied by 
Dr. E. Spengler. The full description has not yet been published, 
but, in a short preliminary note (Cent,alblatt /. M., G., u. P., 1915, 
p. 623), Dr. Spengler mentions the occurrence of a new species of 
Clypeaster and of a Euspatangus related to Euspatangus ,ost,atus 
d'Arch. The latter is a characteristic zone-fossil of the Nari of 
western India, and the comparison made by Dr. Spengler leads us 
therefore to believe that the Nongkulang Hill Series may be related 
to the Nari of western India, and that its age, therefore, may be 
oligocene. Still, the possibility is not yet excluded that it may 
be, after all, of upper eocene age, and, by a curious coincidence of 
terms, contemporaneous with the Nanggulan Series of Java. 

Fossil palm-wood and dicotyledonous leaves are the only distinct 
organic remains so far recorded from the "teelah JJ ridges about 
eachar. Between Cachar and the Bay of Bengal, the ranges in 
Hill-Tipperah and Chittagong include considerable thicknesses of 
strata regarded as upper tertiary in age. Fragmentary marine 
fossils have been obtained by Mr. P. N. Bose and other explorers. 
They are not specifically determinable, but include small clathrate 
valves of Venus, analogous to V. bataviana Martin, such as occur 
abundantly in the upper Tertiary of Java and in the Kama beds 
of Burma. The existence, in Hill-Tipperah and Chittagong, of 
equivalents of the Kama and Pyalo stages is probable. 

In the North Cachar Hills, the strata, considerably disturbed, 
which apparently form the continuation of the Newer Tertiaries 
of the Jaintia hills, include two subdivisions, of which the lower one, 
with a maximum exposed thickness of 2,000 feet, is mainly shaly, 
while the upper one, with a maximum thickness of 3,000 feet, consists 
principally of sandstones. 

The north-eastern extension of the Newer Tertiaries of Hill
Tipperah, of eachar, and of the Jaintia hills, is to be sought in the 
Mikir hills, where the Mikir° Shale Series (F. H. Smith, Mem. Geol. 
Su,,,. Ind., Vol. XXVII, p. 84), estimated at 800 feet in thickness, 
appeara to be undoubtedly the continuation of the lower shaly beds 
of the North Cachar Hills. They contain oysters and other marine 
~}l.e1l8 (Smith,loc. cit., Pl>. 86, 87) which have not bee!1 identified. 
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They rest on eocene beds, and are overlaid by sandstones, apparently 
continuous with the upper arenaceous division of the North Cachar 
hills and containing fossil-wood. 

The north-eastern continuation of the Tertiary zone of the Mikir 
Rills is in the Naga Hills .. where Mallet recognised four· principal 
stratigraphical divisions: the Disang 'series, mostly shaly;' with an 
uppermost arenaceous subdivision, the Naogaon sandstone; over
laid by the coal-measures, principally shaly; the Tipam sandstones 
with fossil wood; and the locally developed Dihing conglomerates 
overlying the Tipam beds. 

The structure, in the Naga hills, is complicated by faulting and 
overfolding, which increases the difficulties of classification. The 
Disang series appears to be partly cretaceous and may be hetero
geneous. There is reason to believe that the coal-measures corres
pond, partly at least, with the coal-bearing Shwezetaw stage of Burma 
of lower oligocene age. They have not yielded any distinct fossils. 
The Mikir Shale Series was regarded by Smith as approximately 
equivalent to the coal-measures. Fossil shells have been observed 
in the Tipam beds along the high road in the Diphupani gorge near 
Samaguting by R. D. Oldham who expressly states their identity 
with some of the Veneridre from the strata near Prome (Mem. Geol. 
Surv. Ind., Vol. XIX, p. 228), and, in the valley»f the ,Dayang 
river, by Hayden (Rec. Geol. Surv. Ind., Vol. XL, ~. 291). ; 

The evidence above reviewed reduces itself to this: fossils of 
the age of the Upper Gaj or Pyalo beds occur at the upper limit 
of the newer tertiary beds in the Garo hills; :rhile the lower limit 
of these beds may safely be interpreted as post-eocene, since the 
Nongkulang Hill Series, whatever its exact· ageinay be, intervenes 
between these Newer Tertiaries and the middle eocene. The Tip~m 
sandstone is partly equivalent to the Pyalo stage, but we. cannot 
state anything definite regarding its inferior limit. The next older 
rocks, the coal-measures, are probably, in part at least, Of lower 
oligocene a~e, while the Sitsayan, Singu, or even Kama horizons, 
may be represented either by the lower portion of the Tipam beds, 
or, more probably perhaps, by the upper portion of the coal-measures. 
The upper limit of the Tipam beds is also indefinite. 

With these important, but, at the same time, meagre data, the 
equivalence of the upper Tertiary beds throughout the vast terri
tories of north-eastern India remains almost entirely conjectural 
as will be seen from··the following tabular statement;-
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From the table it may be noticed that, even by partly referrin5 
the coal measures of Assam to as late an age as the oligocene, and 
-even if we bring down the uppermost J aintia conglomerates to an 
age as old as that of the Nahan, thereby compressing the sequence. 
within the omallest probable range, yet the number of subdivisions 
established in Assam or in the neighbouring regions remains much 
.smaller than those already defined, within the same range of time, 
in Burma, or in north-western India, or in Java; and, consequently, 
great difficulty is experienced in attempting to apportion the Assam 
strata to their respective equivalents in other regions. In conse
-quence of 1he inaccessibility and unhealthiness of the north-eastern 
districts of India and also the scarcity of rock exposures m a forest
clad country, geological information regarding those regions is in a 
backward condition, and, until Mr. Pinfold's discovery, not a single 
horizon had been accurately fixed above the middle eocene. We 
must congratulate Mr. Pinfold on having for the first time established 
.a definite stratigraphical zone, which will afford a most valuable 
fixed horizon in further unravelling the geology of this difficult 
Tegion. 

LIST OF ILLUSTRATIONS. 

PLATE VIll 
.FIG. 1.-Surcula. Promensis. Mya.ukmigon, Burma; a, b, ventral aspeCt, natural . 

size and enlarged 2/1; c, d, dorsal aspect, natural size and enlarged. 
2/1 • 

. FIGs. 2, 3.-Surcula Promensis. Kyaungo:J., Burma; a, b, dorsal aspect, natural 
size and enlarged 2/1. . 

. FIG. 4.-Surcula. Promensis var. Silistrensis. Bagma.ra., Gam Hills; presented ; 
by the British Burma Petroleum Compa.ny; a, b, ventral aspect, natural . 
size and enlarged 2/1. . 

. .FIG. 5.-CaJliostoma Promense. Kyudawon, Burma.; presented by the Burma 
Oil Company; a, lateral view, natural size; b, c, base, natural size and 
enlarged 2/1. 

PLATE IX. 
FIG. 6.-Siphonalia subspadicea. Dalu, Gam Hills; presented by the British' 

Burma Petroleum Company; a, b, ventral view, natural size and 
enlarged 2/1; c, d, dorsal view, natural size and enla.rged 2/1; e, f •. 
side view, natural size and enIaI"{!:ed 2/1 • 

.FIG. 7.-Calliostoma Promense. Myauktin, Burma; a. ventral aspect, natural· 
size; b, c, dorsal aspect, natural size and enlarged' 2/1 ; d. e, base, 
natural size u.nd enlarged 2/1. 
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Fm. 8.-Calliostoma Promense. Myauktin, Burma; a, b, ventral aspect, natural 
size and enlarged 3/1. 

FIG. 9.-TuITiteJla Pinfoldi. Bagmara., Garo Hills; presented by the British 
Burma Petroleum Company; natural size. 

,FIGs. 1O,11.-Turritella Pinfoldi Myaungu, Burma; presented by the Burma 
Oil Company; 10, llb, natural size; Ha, enlarged 2/1. 
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