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1.—INTRODUCTION.

PO W —

FOR the four years 1894 to 1897, a Review of the Mineral Production

of India was issued annually by the Reporter
on Economic Products; but in 1898 it was
decided, owing to the want of uniformity in the rate of development
of many minerals, to publish reviews of progress at wider intervals,
covering periods sufficiently long to permit the determination of any
decided secular variations in the mineral industry. The present
Review, covering the period of six years, 1898 to 1903, is the first essay
in this direction; but, in'accordance with the orders of Government,
five-year periods will be adopted for the future, and the Quinquennial
Review of Mineral Production will be published in the Records of the
Geological Survey of India.

In this review the minerals are grouped according to the system
laid down by Government ten years ago, namely—

Group L—Those for which approximately trustworthy returns
are available; and

Group I1.—Those regarding which definitely recurring particulars
cannot be procured.

In the first review, issued by Sir George Watt in 1894, the
minerals referable to Group 1 included only Salt,
Coal, Iron-ore, and Petroleum, and in the three
subsequent issues of the same publication no advance was shown in
transferring mtinerals from Group 1I to Group I. It is possible now,
however, to raise several minerals to the level of those for Wthh
approximately trustworthy returns are available, and the minerals thus
included in this group are :—

Origin of the Review.

Grouping of the minerals.

Coal. Mica.
Gold. Petr_oleum.
Graphite. Rubies,
Iron-ore. Salt.
Jadeite. © Saltpetre.
Magnesite. Tin.
Manganese-ore.

B 2
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In the case of Gold, the most precise and elaborate details are
obtainable for more than g9 per cent. of the production, and approxi-
mate values are obtainable for the rest. For Graphite, accurate returns
of.q.uantity are obtained from the only company engaged in regular
mining for the mineral,  Although the refurns sent i; for the pro-
duction of Jadeite and Mica are manifestly understated, both minerals
are worked largely for export, and, as far as value is concerned, the
exlmrt.ﬁgures may be accepted as an approximate estimate of’ the
;rade in each case, whilst the n.ature‘ of the error being known, the
figures are not liable to be misleading.  Manganese-ore has come
into prominence since the older reviews were issued, and may now
be transferred to Group I, as the mineral is worked entirely for
export, and the totals obtained from returns made by the District
Oiﬁ(.:ers agree very closely with those obtained from the ports. Rubies
L by the P Ry Mives (o 1€ 0wt recovered other

: . m: y Mines Company may be neglected as an
unlmP01tant fraction of the total. Saltpetre and Tin are, with less
certainty, e.ntitled to places in this group. ‘For Saltpetre, the returns
for prf)ductxon are evidently understated, being less each year than the
quantity exported, but the export figures may be taken as only slightly
less th.an those for the production of refined Saltpetre. The returns
for Tin refer to two districts only in South Burma, but the estimates
are probably more reliable than those for Iron, which was originally
included in Group I,

This Review is directed primarily to a survey of the progress
alrcady made, and for anything approaching an
idea of the material awaiting development the
reader must consult the Manual of Economic Geology, now in course
of revision by the Geological Survey Department. But besides the
substances whose existence has been determined by the exploratory
work to which a geological survey is properly restricted with regard
to minerals of economic value, the attention of prospectors might be
directed to the minerals which have lately come into prominence
through recent industrial developments, and which, in a country
including the geological variety of India, are at present conspicuous
by an absence that is probably only the result of absence of search.
Ar.nongst these are some minerals of the so-called rare metals, which,
being generally of high specific gravity, should be searched for in the
heavy concentrates of riter gravels (see p. 114).

Missing minerals.

PART 1] HOLLAND: Mineral Production, 1898—1903. 5

Unless otherwise specified, the ton is invariably taken in this Review
to be the English statute ton, or the so-called long
ton of 2,240 lbs. To facilitate comparison with
the returns of foreign countries, many of the larger quantities are alsg
calculated to metric tons of 1,000 kilogrammes each. As exchange
has been steadily maintained at the rate of Rs.15=41 through-
out the period under review, all values are expressed in terms of the
sterling unit,

The data employed in this Review have been mainly extracted

Sources of Information. from the publications issued by the Director-
General of Statistics; but additional information
has been obtained from the following sources:—
(1) Annual Reports of the Gold Mining Companies on the Kolar
field, kindly supplied by the Managing Agents.
(2) Annual Reports of the Chief Inspector of Mines for India
and the Chief Inspector for Mysore.
(3) Administration Reports of the various Local Govcruments
and Local Administrations in India.
(4) Administration Reports of the Railways.
(5) Reports issued by various foreign Geological Surveys, and
Statistics relating to Mines and Quarries, published by the
English Home Oilice.

The writer is also indebted to the Managing Agents of several
mining companies for much information supplied dircet, and he
is especially indebted to Mr. J. A. Robertson, Dircctor-General of
Statistics, for assistance in analysing the data hitherto published only
in consolidated tables.

Units recogaized.
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1.—-SUMMARY OF PROGRESS.
——
HE following table summarizes the values of the principal minerals
produced during the six years under review.
The totals have the obvious defect of beipg due
to the addition of unlike denominations; for export values, being the
only returns obtainable in some cases, are ranged with spot values, while
the latter necessarily vary with the position of the mine, representing

Total values.

not the walues, but the prices obtainable. In the case of coal, for’

instance, the so-called value of a ton of good coal in Bengal is less
than half that of the inferior material raised in Baluchistan or Burma ;
in the case of salt, the values given are the prices charged, and these,
on an average, are but one-tenth of the duty, which is the principal
value of the salt to Government ; certain valuable mineral products, like
building-stone, are omitted altogether for want of even approximate
estimates,

The values returned for minerals exported. are also necessari\ly
lower than they would be if the minerals were consumed in the
country, and it is consequently unfair to compare this table of values
with corresponding returns for countries in which metallurgical indus-
tries flourish, Manganese-ore is a conspicuous example of a product
which, according to its quality, may be worth 30 to 40 shillings a ton
to the European steel-maker, but which is of less value to the Indian
producer by the heavy cost of transport. The country is thus not
only so much poorer by the loss of the matal exported in the ore, but is
paid in return little more than half its market value.

The imperfections of the table are those confessedly inseparable
from all such estimates of mineral production ; and it is of use merely
as a means of comparing one year with another, the same system
being carried through the whole period under review. It will be seen
that there has been, year by year, a steady, uninterrupted progress in
production, from a total of 43,455,565 in 1898, to £4,988,527 in 1903—
an increase of 4437 per cent. in five years. To this total increase every
mineral has contributed, except jadeite and amber, and for both of these

Part 1.] HOLLAND : Mineral Production, 1898~~1903. 5

the figures are of more doubtful value than for most of the other
minerals,

TABLE 1.—Total Value of Minerals for which Returns of Produc-
tion are available for the years 1898 to 1903. -

MINERALS. 1808. | 1899. | 1900. 1901. 1902, | 1903. | Average.

4 £ £ £ 4 £ £
Gold . . . 11,608,504|1,724,006.1,891,767/1,930,411/1,970,23. 2,302,493 1,004,719

Coal {a). . .| 957,162 1,063,82019343,081‘}1,323,372 1,366,909 1,299,716)1,225,677

l

Salt (5) . .| 358033 312652 325070 409,019 344,633 336.147| 347,897
Saltpetre (c) .| 265,8¢6| 232,896 256,210! 204,249 237,380 288,487] 202,603
Petroleum (3) .| 67,897 ;25,684 148,755;t 200,342 217,816] 354,365] 185810
Rubies . .| 57050 00848 07326 104476 86805 08,5751 89,345
Mica () . . .1 53,800 73:372 109,554‘ 70,034/ 87,504 86,277} 80,120
Manganese-ore . 27,426 39,529 77,304‘1 79,119| 120,538 132,741 79,443
Jadestone (¢) . .| 41780 42,120, 358955 46377 3L,713 47,676 44,770
Iron-ore (¢) .| 12,403 12,836 1 1,17xi. 13,508 16,533 14,563 13,584
Graphite (d) . 110 7,620 9,745 13,635/ 24410 16,97 11,081
Tin . « <] %353 7,990 8,534\ 7,773, 5340, 9,153 6875
Magnesite (d) » . 56 150 .. \ 2,360 550 510
Amber . . . 1,061 151\ 103 11\ 432 a14} v 302

: ‘ _ .
TOTAL . | 3,455,565 3,734,420 4,338,025‘ 4,492,416'[ 4,5l3,283l 4,988,527).4,253,700
. |

(a) Spot prices. ‘ () Exgort values.
(b) Prices without duty. (d) Estimated values.
(e) Estimated values for provinces other than Bengal.

On looking over the returns for mineral production in India for the
past six years, two features stand out most cor‘l-

General character of gpioyously, Firstly, there has been a remarkabie
the mincrals worked. progress in developing the few minerals which
are consumed by what conveniently might be called direct processes,

>
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such as Coal, Gold, Petroleum, Gem-stones, and Salt, or which are
raised for simple export, such as Manganese ore, Graphite, Saltpetre,
Mica, and Tin. Secondly, there has been an equally remarkable
neglect of the metalliferous ores and the minerals which are necessary
to the more complicated chemical and metallurgical industries.

The principal reason for the neglect of metalliferous minerals

is the fact that in modern metallurgical and

The neglect of metalli- .

ferous oes. chemical developments the bye-product has come

to be a serious and indispensable item in the
sources of profit, and the failure to utilize the bye-products necessarily
involves neglect of the minerals which will not pay to work for the
metal alone. Copper sulphide ores are conspicuous examples of the
kind : many of the most profitable copper mines in the World could
not be worked but for the demand for sulphur in sulphuric acid
manufacture, and for sulphuric acid there would be no demand but for
a string of other chemical industries in which it is used (¢f. page 117).
A country like India must be content, therefore, to pay the tax of
imports until industries arise demanding a sufficient number of chemical
products to complete an economic cycle, for chemical and metallurgical
industries are essentially gregarious in their habits.

An examination of our import statistics shows how far the domestic
production falls short of the requirements of
the country in minerals and mineral products.
During the three years 19o1-19o3 the average annual value of these
imports was £10,158,252, and this figure does not include the value of
glassware, earthenware, porcelain, machjnery, railway material, hard-
ware, and the innumerable articles which, though made from metals
known to exist in India, have values greatly in excess of the raw
materials used in their manufacture, and which, in any case, would be
partly made elsewhere. Of the average annual total, 54'7 per cent., or
45,559,511, was paid for metals alone.

Value of mineral imports.

Summary for the Minerals of Group I.

In the case of Coal, the Indian output has risen from a little over 4

Coal million tons in *897 to 74 million tons in 1903, and

within the period under review, India, for the
first, though probably also for the only, time, secured the leading place

as a coal-producer amongst British dependencies. Of the total output,
the Bengal coal-mines contributed the chief, and an annually increasing,

w h -] o
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fraction, from 786 per cent. in 1898 to 855 per cent. of the total
in 1903. On account of the fact that very little de\{elopment.ha.s
occurred in metallurgical industries, the coa.tl consumPtlon of .Indla is
not likely greatly to exceed that of Austr.aha, and will certamly'fan
behind that of Canada, until our metalliferous ores, and especially
those of iron, are raised for smelting in the country.
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Fig. 1.—Production of Coal for 20 years.

As far as they go in their small way, i.t is satisfact?ry, frocrln the c%i:,-
miners’ point of view, to observe that, within the period un ef't;'levx er,
the figures for imports and exports hay’e becc.n’fle reversed, wi Zvl O)y
sign of permanency in their present relative p0'51t10.ns (ﬁgure 2, pa.g1 ; .

Another feature of the coal trade—which is satisfactory as(})1 .10
those with wider interests than the coal-miner—is the' fact tha;t tvv ; ;t
the railways have reduced their purchase§ of f-orexgn coal to ; €
dimensions of mere samples—as shown graphically in figure 3 (Il)lageil 1)
—and whilst their total coal bill has been steadily increasing, they have

bl
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which distribute the cheap imported material, but in more remote
parts of the Peninsula the old industry persists, and in parts of the
Central Provinces has even improved. Inthe Sambalpur district there
are over 200 small direct-process furnaces still at work.

During the six years under review the average annual value of iron
and steel imported was £3,078,065, but as this does not include the
amounts brought in in the form of machinery, the figures would present
a very different appearance if workshops and foundries were more
widely developed in India. As the imports of iron and steel have been
rising year by year, and were valued at £4,136,184 in 1903, the
figures, as far as they go, are quite sufficient to show that there is

room in the country for a large iron-manufacturing industry, which
would soon bring in its train the manufacture of machinery.
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F16. 4~Production of Gold since 1890.

From the fact that the district returns for

Jadeite, more than half the

. . declared in the export
less interest is taken ip the mineral than it
With an average annual value of £44,
the Straits and China, jadeite should
portant minerals, its value bejp
turned out and nearly half that

Production show ljttle
qQuantities of «Jadestone ”
statistics, it is evident that
S value appears to Justify.
770 returned for the exports to

be ranked amongst the im-

g nearly seven times that of the tin
of rubies,

ParT 1] HOLLAND: Mineral Production, 1898—r1903. 13

; ini blished before the close of 1go3,
Magnemte-mmmggﬁs hra:d;Za:is;zs on a large scale are now being
mad(I: tf)) open up the well—known'deposits.near
Salem, in which the mineral occurs in a cor'ldltl.on of exceptlf)nal pumty.h

, id rise of Manganese-ore mining 1s probably. just now the
The rapid rise most conspicuous feature in the mineral industry
of India. Twelve years ago the1 industry h?-dt no.;

i India turned out alarger quantity o
d?ﬁnitel)’d Starri;d,t}::illi;aizg:;; except Russia. Th(? diagram form-
%ngh-gra © Ohows that, within the period - under review, work com-
‘ng ﬁgm:e 5h5 Central Provinces, and on account of the hxgh. degrete of
n'lenced o 21 eurit of the ore-bodiesthere opened up, production rapidly
richness an . PS it)t; of the handicap of a railway journey of 500 to 6<.)o
de.Veloped; o 31(: mines and the coast. The recent discovery of fieposn.ts
Emles betweberl Presidency nearer the coast will probably -res_u.lt in a still
in the Bom ay'on of the export trade, which, however, 1n view of Fhe
furt'he.r e;pfanil supplies lying idle in India, and the annuall'y mcfeasmg
z?lllﬂf?:?mpg:ted si)ge], cannot be regarded with unmixed satisfaction.
i

Magnesite.

Manganese-ore.
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F16. 5.—Production of Manganese-ore since the commencement tn 1893,

i i lying some-
ia is sti leading producer, and is supplying
Although Tndle 3 :;lilrllghleik:ahalfg the World's wants in Mica, the

miner in India has not secured a satisfacﬁori}lly

. .. ¢
large share of the recently increased trade in thxs: mm;,ral, t;xzse foi
:st;gxrns for India show a smaller degree of expansion than
consumption in Europe and America.

Mica.
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Figure 6, showing the fluctuations in total weight and total
value of the mica exported, demonstrates in an interesting way the
change which took place in the ratio of the two, when, near the
beginning of the period under review, the Indian mica-miners began
to turn over their waste heaps to supply the demand for the cheaper
“flimsy " mica required for the newly-invented micanite.
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Fi6. 6.— Exports of Indian Mica during the past 10 years,

The Petroleum industry has increased at a greater rate even than
Petroleum. coal-mining. From a production of just 19 mil-

N lion gallons in 1897, the output rose to nearly
88 million gallons in 1903, and in addition to the export of consider-

able quantities of paraffin wax, the illuminating oils and petrol refined

in Burma and Assam have at last shown signs of definitely displacing
foreign supplies in the Indian market (figure 7, page 15).

Next to Petroleum, Rubies now form the chief source of revenue
Rubles. amongst mineral products in Burma, the Ruby-
Mining Company under the new lease having

phase after a long period of uncertainty in its
any paid its first dividend of 5 per cent. in 1898,
rk with greater profits in 1899 and the follow-

entered a favourable
prospects.  The Comp
and continued to wo
ing years,

The production of Salt has shown considerable fl

Salt, 1,102,039 tons in 1
the average annual

uctuations, from
901 to 823,184 tons in 1903,
production for India, exclusive
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iod under review.
. 72 tons for the perio
(’Offﬁg?sn;n:lj:x:?%gee;ergzzgi. was obtained from sea-water, 27 per

o per . i
i .soil brine and from lakes in areas o
. obtained frem sub-soil | .
'ce:etrn:rasdrainage whilst the remainder, 11°2 per cent, wa; ralts'ed
’ i ]
lfll;lom the rock-salt deposits in the Punjab and North-West Frontier

i f foreign salt amounted to
i average annual import of !
irgv;;l:eionr:hzf whic}% 89'8 per cent. was imported to Bengal, and
a3, ,
103 per cent. entered Burma.
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Fie. 7.—Production of Pelroleum since 1890.

is evi d, being con-
i f Saltpetre is evidently understated,

The production © sidera%ly below the quantities returned as .exports.
The average annual exports for the six yea}:s
amounted to 382,353 cwt., of which 30'7 per cent. went :oc etn:
United Kingdom, 25'7 per cent. to Hong-Kong, and 240 pe nu..
was exported to the United States. Most of the saltpetre was hma -
f ture?i in Behar, and 985 per cent. of the total left lr.xdxa throug]
t;‘; ort of Calcu,tta. The only trans-frontier trade of importance is
the ilr)nport of saltpetre from Nepal, the average annual amount for the
period under review being 9,417 cWts.

Saltpetre.
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Although Tin-mining in South Burma is still
Tin, scale, there has been 3 ma
- the returns, and the persiste
s likely to inspire more enterprise in the explojtat;
ik : ploitation of th i
wh}(_h are a natural continuation of those in the Malay Pe:;le dlepOSltS’
which more than half the World's supply is obtained e from

practised on a small
rked improvement in
ntly high price of tin

of India. [VoL. XXXII -

.PART .] HOLLAND: Mineral Production, 1898~1rg03. . t7

HL—DETAILED ACCOUNT OF THE MINERALS OF_GROUP I.
s

Coal.

DURING the period of six years under review, the output of Coal

rose from a total of 4,066,294 tons in 1897 to
7,438,386 tons in 1903, an increase of 83 per
cent. (table 2). The expansion was, however, mostly confined to the
first five years of this period, as in 1903 the production exceeded that

of 190z by only 13,906 tons.
TABLE 2,—Production of Coal during the years 1898 to 1903,

Progress in output.

Total value Average
YrAR. Quantity. at the place of | value per ton at
production. the mines.

Tons, Rupees. Rupees.
1898 . . . . . 4,608,196 1,43,57,436 313
1899 . . . . . 5,003,260 1,59,57:301 313
1900 ‘. . . . . 6,118,692 2,01,46,222 339
tgor . . . . . 6,635,727 1,68,50,582 290
1902 . . . . . 7,424,480 2,05,03,639 2'76
1903 . . o . 7,438,386, . 1,04,95,741 262

From this table it will be noticed that during the latter half of the
period under review supplies began to exceed the

Prices. .
demand, and lower prices, on an average, were

" accepted. The average prices paid for coal at the pit’s mouth are

rather unfairly stated as values, but the figures are nevertheless inter-

esting as indications of the rates at which coal can be raised with

profit. The average rate given as Rs. 276 (3s. 84.) in 1902 was much
>
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below that of most coal-producing countries of the same year. The

folloWi_ng table shows the declared pit-mouth value in some other
countries for 1go2 : —

Countries. Per ton. Countries. Per ton.
s. d. s. d.
United Kingdom . . 8 2% | Australia . 1709
‘Germany . . . .| 8 10} | New Zealand . 10 o
United States . . . 5 8% |Canada 9 3

A reference to table 3 will show that in 1902 India, for the first

Comparison of Indla time, secured the leading place asa coal-producer
with Camada and Aus- amongst the British' dependencies, although the

tralia. amount of coal raised was only 295 per cent. of

the total for the British Empire in the same year, and only o

cent. of the World's total output. The figures are not mereycurigo4- t}.)ef
to ’those who know the leading conditions affecting productio o
1895 Canada produced more coal than India, but India then b -
SuPPly the eastern steamship companies in consequence of tigaﬁ' "
prices produced by the English colliers’ strikes of the two c l.gh
years, and for the first time the returns for 1896 showed that II)rZ?edmg
leading as coal.-producer, but was still well behind Austral; Austonlis
was overtaken in 1902, and India thus enjoyed the first 1a..
unl(;kfllly that this position will be occupied for more th ) the

and the returns for 1903, when published, will l :
fﬁzlzi way, .Illlot to Australia, but to Canada.w if It)}rl?: :?(1){’ eslti;)vgelzldxa
coal-rr:f:;i wi Cbe v(;'orth the attention of those interested in Incri?aer,\
steel, and igt.s l'inln(?e:oi(i)trs rg;“i‘g’oyears Was a small producer of iron and
where Canadian territory is wi?hOre " the region of the Great Lakes,

terri out coal deposits, were work
export to the adjoining States of the American I&nion. In 1960(3) tf}?:e

total production of pig-iron in Canada amounted to 86,000 to d
of stee'l 23,577 tons only; but iron and steel works we’reg starxtlsdan'n
the chief coal-'producing colony, Nova Scotia, at the end of (: oll
and the result is a reported production of 319,557 tons of pig-iro ; c{
182,037 tons of steel for 1902. Iron and steel-;naking, moregthannn?;lst

Australia
; but it is
an the one year,
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manufacturing industries, creates a market for coal, and if this in-
dustry flourishes in Canada, India will resume its second place as a
coal-producer until its resources in iron-ore can, in the same way,
be utilized for the consumption of coal. Australia at present is, like
India, dependent for most of its iron supplies from outside sources, and,
like India, must depend on other industries and on exports for a
coal market.

TABLE 3,— Production of Coal in the three large British Dependencies.

1898, 1899. 1g00. 1901, 1902,
S S . S By
i H H H i
COUNTRIES, £3 <3 £33 43 =5
Metric tons.| 5 o [Metric tons.| 5.5 [Metric tons,| Q.o Metric tons., | 8. [Metrictons.| § 3
< e.2 =2 2 2
t;. S ey = o
:i:. xQ E ] E £ § «Q 5;‘5
|
Australia .| 5,490,776 ] 249 | s.539.383 | z3r | 6479991 | 261 | 7,000,237 286 | 6,968,514 | 272
Canada .| 3,785,373 | rva| graz,c0n | 173] 483791 95| s.613,08 ) T30 6,930,330 | 271
India «| 4,393,199 | 1°91 5,016,300 | 309 | 6,316,883 | 251§ 6,742,214 276 | 74543,625 | 295
|
"_____‘ —— —_— —— |
TOTAL for | 220,301,326 " 239,995,118 247,938,725 244,463,996 256,003,311
British I
Empire. 1

The market for Indian coal must be limited to (1) its own home
industries, and (2) the Indian Ocean ports, where
the manufacturing industries requiring coal are
comparatively few, and where India is not the
sole supplier of fuel. Tables 4and 6 show that during the last six
years India consumed on an average 93'1 pet cent. of the coal produced
in the country, and, in addition, imported annually on an average
208,940 tons of foreign coal, which must have been, in calorific value,
very little below the slightly larger quantity of Indian coal sent out of

Relation of cousump-
tion to production.

_ the country during the same period.

The actual annual increment of consumption since 1897 has been, on
an average, 509,919 tons a year, whilst the increment of production
during the same period has averaged 562,015 tons. As the figures for
consumption and production do not differ seriously, the great expansion

C 2
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which has taken place in the Indian coal trade must have been made

possible by industrial developments in India itself. The next few years

will show whether this expansion is a correct index to the development ’

of other industries, or whether it is the result mainly of increased facilj-
ties of transport and of consequent access to new markets,

TABLE 4.-~Relation of Consumption to Production.

CoNsumPTION OF INDIAN COAL 1N IRD1A.(a)
‘ Total ‘
Year, consumption of coal Percentage
in India, Quantity, of Indian
preduction,
Tons. Tons.
1898 . . . 41650)154 412801929 939
89 . . . 5,269,563 4,788,373 oq't
1Igoo . . 5:719,136 5,576,669 ors
igor . . 6,396,466 6,110,680 921
1902 . . . 7,221,241 6,992’679 043
1003 . . . 7,189, 167 6,996,438 of'r
_—
Average . 64,075,054 5,700,061 931

A (@) The consumption ?f coal is assumed to be production plus imports minws exports, In
the exports a ton of cokeis taken to be equivalent to 1} tons coal required for its prog .t‘
The imports include Government stores, ocuetion.

The railways in India havye consumed on ‘an avera

g€ 29'7 per
Consumption of coal cent. of the coal produced during the past psix
on Indian rajlways, years and table 5 shows that there hag been
a slight. tendency for the consumption of Ingj
coal on the railways to form a gradually smaller fraction of the ont an
from the mines. This is probably not merely a temporary eﬂoutpu.t
the figures for a corresponding period ten years back, namei ; 18e§8, to
1893, show, when treated in the same way, that the cong gm o t‘;
Indian coal on the railways averaged at that time 326 of the ro}; 1on‘ o
As the differences between exports and imports have been, on gn uction.
insufficient to affect seriously the figures for tota] co;l const?:i)r;gs,
)
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and as the railways in India now consume a sm'aller I?ercentage of
the output than in former years, the expansion In Indlafl coafl p;o-
duction may be regarded as a partial measure of the expansion o ot. er
industrial enterprises. It is not a complete measure 02 _such e;?i:éo:;
as new markets have been found in recent years Lor In 1atn ccc>1a n,ow as
i kets have been entere ,
robably most of the available mar ' no
fate of iyncrease in production in the future will be more nearlirhl.lm:(t;cslot:
the rate of expansion in the industries of the C(})luntr.);.thForwelx-‘s3 - pros,
i ini 1d be brighter it there -
the future of Indian coal-mining wou .
pect here, as in Canada, of a sensible development czlf l.;?e.metail)lrur‘%ilc:;
)

h of coal, and 1t is on
industries : these are the real consumers l, ar > on. iy
they are d’(;velbped in India that the expansion in coal n;m;r‘:gﬂable
make a serious inroad into the enormous supplies of coa

in the country.

TABLE §.—Coal consumed on Indian Railways during the years
1898 to 1903.

ForeigN CoAL.
Inp1AN CoAL. OTAL
Consump.
t. of Per cent. lon.
yrar. tit ber fz}nt. Perl:fixilano Quantity. I g f tion
Quantity. Total. output. otak.
To Tous. ' Tons.
ns.
-y " 1,461,107
1898 . . .| 1,422,103 97'3 309 39,094 2y 1.639.446
1899 1,557,000 05°0 306 82,446 50 1639,
. . | vsss . 1,909,949
1900 1,855,610 07'2 303 54,339 28 A0
. | 1 boss . 1,969,849
1901 . . .| 1,956,601 09°3 29'5 13,248 07 b .461
1902 2,091,092 00'0 282 21,469 10 2,113,
. . Loms - 221,585
1903 . . .| 2203,88 09'2 2g'6 17,696 o8 2,
[ E—
Average .| 1,847,866 20'7

umi iti lying its

¥ idly assuming the position of supply
The country-is nowwll':;[;:e vgants in mineral fuel. ‘Table 6 an('l figure
Forelgn coal on Indian 2 (page 10) show that the imports of fc'>re.1g.n t.:oal
railways. for all purposcs have been gradually diminishing,
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whilst table 5 and figure 3 show that on the railways foreign coal has
been almost entirely cut out. Twenty years ago the foreign coal
consumed on the railways amounted to 31 per cent. of the total ; ten
yf:ars ago this was reduced to 10'7 per cent., whilst during the past
six years the foreign coal has averaged 2:16 per cent. of the supplies
to the railways, and during the last three years this has been reduced
to under 1 per cent. In other words, twenty years ago foreign coal
was a serious item in the fuel supplies of the railways: it is now
imported in mere samples.

The interchange of positions, which has occurred between exports

Imports and exports, and imports during th.e last 20 years, is clearly

shown in figure 2, and in more detail
The actual reversal has occurred within the
shown in table 6,

on plate 1,
period under review, as

TABLE 6.—Imports and Exportsof Coal during the years 1897-98 to
1902-03, including Government Stores.(a)

YEar Imports. Exports.
Tons. Tons,
1897-908 . . . 276,407 213,146
18g98.99 . . . 379,225 327,267
189g-00 . . . . 481,190 304,887
1g0o-o1 . .. . 142,467 542,023
1901-02 . . . 285,786 525,047
1902.03 *. . . 228,562 431801
Average . 298,940 39; ;;;QN o

(@) The figures include coke and patent fuel

. » each ton of coke beirg counted as 14 tons of

It is important to observe,
exports, that the reversal of positi
expressed in diagrammatic form,
small quantities, both being insi
consumption within India itself,

with regard to both imports and
on, although it looks striking when
}}afs taken place on comparatively
gnificant beside the production and
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The countries from which. foreign coal supplies have .been. obt,:;mined
are shown in table 7, from which it will be
seen that the principal portion of the supplies has
been obtained from Great Britain, and that practically all of the
remainder has come from Australia and Japan.

Imports.

TABLE 7.—Origin of Imported Coal, Coke, and Patent Fuel.

i Other

YEAR. Klli’lnglctlf)?n Australia. Japan. Couatries. - TOTAL.

) Tons. Tons. Tons. * Tons. | Tons.
1897-98 . .| 245555 16,406 14,213 233 | 276,407
1898-99 . .| 326,794 18,778 32,281 1,372 | 379,225
1899-00 . 775,269 20,282 82,036 2,703 481,190
1900-01 . . 98,315 14,638 27,907 1,547 l42,4§7
1001-02 . 211,327 19,685 53,440 1,334 285,786
1902:03 .| 210,904 6,237 6.975 4,446 228,562
Average . 244,694 16,005 36,302 1,039 208,040

The distribution of exported Indian coal is shown in table 8,
from which it will be seen that Ceylon a‘nd ‘the
Straits Settlements have taken the pr{nc1pal
share, the averages for the six years being 246,352 tqns of coal in tfh?-
case of Ceylon and 85,095 tons in the case of the Straits, the returns fo
being of small importance.

COk?I‘he viriations in I::xports to the two chief customers are .shoiivz
graphically on plate 1. Of the causes wh.lch ed .

Possible expansion of o 4o line in the exports to Ceylon during the
the exportfrade. last three years, one has been reported to be the
hipment of inferior coal to meet

Exports.

le reputation earned by the s t of
:E:ili?;i:ez dSmands made in 19OO. If this is the case, the; lfure
is in the hands of the Bengal coal-owgers, for the demand must have
been no real strain on the supplies available, and the figures given n
table 9 will show that the markets of Ceylon and Singapore are
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both ‘
large enough to be worth the serious attentjon of Indian

coal-shippers,
TABLE 8.—Exports of Indian Coal,
—_— :897-98.} 1808-99. 1899-00. 1500-01.{ 1901-032. 1902-03| Average.
. Tons. | Tons. | Tons, Tons. | Tons. _;‘ons._ Tons,

© v Bo94| 14416 | 4000 | s3305 | 47,10

o 21,21
British East Africa , 3,619 150 4| 24,704

20,569 | 16,922 | 1;
‘ X ,562 o,
Ceylon . . . l104,524 214,986 | 180,909 | 368,041 o

Mauritius 335,651 274,010 246,352

Y3t
7317 2708 | 18,128 | 500 18,745 | 14,690 | 11,224
)

. 287 | 6,072
. ) 598
Straits Settlements . 85,280 o

Natal

2324 | 1,573
89;592 89‘567 85’095
3531 | 10,863 | 10,690
3,439 769 | 4,392

931452 86,951 65,715
Sumatra .

Other Places , 14,655 6,623

. 15,450 5,012

TOT N 3032 | 5,349

AL

Exports .| 212,273 326,778 | 303,983 | 540,200 523,966 | 431 osm "
’ , 1054 | 389,724

Varve s
: £
2571068 268,499

£
* 142,283 | 224 100 217,

776 | 393,889 | 3, ;f’977

OriGIN op CevLon.
THE CoAL. [——u_ SiNGApore,
1901, T \\
— I902. 1903. 1901,
— e . 1502 1903
Tors, T I
ons, T T
England 2 ons Tons.
| 286845 Tons T
Japan | 2830 246,500 | 60,419 8 -
. 6,300 ' 50,984 52,500
N . : “ 26,400 a3, )
ustralia ] 5522 3752 423,548 370,426 400,000
— J 1
—_— 2200 1 38965 | 608 44,500

(a) IOI Indlan €o l
a sent to ( ey]on an 1 S.
g F > See table 8.
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Practically all the coal exported leaves by the port of Calcutta,
which, being the nearest port to the Bengal coal-
fields, is the centre of distribution to the other
ports of India. The quantity exported from Calcutta during the past
six years is shown in table 10 to have averaged 1,622,686 tons, with
the two highest records in 1gor and 1903 and a distinct- general
increase from the year 1898 onwards.

Calcutta exports,

TABLE 10.=~=Coal skipped jfrom Calcutta during the years
1898 to 1903. '

—_— 1898. 1899. 1900, 160I. 1902, 1903. | Average.

To Foreign Ports .| 314,562 260,112| 488,555 587,100, 428,005 438,075 421,316
» Indian Ports .| 906,509| 867,161(1,245,996 1,407,913(1,257,528(1,513,711}/,301,470

TOTAL .| 1,221,071 | 1,136,273 | 1,734,551 | 1,995,013 | 1,696,523 | 1,952,686 |1,622,686

Of Indian ports, Bombay is by far the most important market for
Bengal coal, having, during the period under report, taken on an
average 679,445 tons a year, with a maximum of 881,806 tons in the
last year, 1903. The amount of Bengal coal taken at Bombay is now
well beyond the foreign imports, which, during the same period,
averaged 192,237 tons, by far the largest fraction having come from

. the United Kingdom.

The distribution of Bengal coal to Indian ports is shown in table
11, on page 26, from which it will be seen that the places of import-
ance after Bombay have been, in order, Rangoon, Madras, Karachi,
Cuddalore, and Negapatam,

Table 12 (page 27) shows that amongst the provinces Bengal
occupies the leading position as a coal-producer,
whilst a glance at figure 1 (page g) will show that -
the Bengal output is not only the largest part, but has been a yearly
increasing fraction of the total, the contribution having risen from 786
per cent. in 1898 to 855 per cent. in 1903. Three coal-fields in Bengal,
namely, Raniganj, Jherria, and Giridih, have yielded nearly all the coal
hitherto credited to Bengal, but the Daltonganj field, which is now -
conngcted with the East Indian Railway system, has recently been
opened up by the Bengal Coal Company,

Production by provinces.
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TABLE U~Distribution of'Bengal Coal to Indian Poyts,

PART 1.] HOLLAND : Mineral Production, 1898—1903.

27.
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Most of the coal rajsed has been obtained from the Gondwana
Oeologlc;l orlgin of system‘ of strzfta in Peninsular India, where the
the coal. coal-mines, being nearer the coast, and generally

within touch of the main railway lines, have been
developed more rapidly than those of the Extra-Peninsular Cretaceous
and Tertiary coal-beds (table 13).

TABLE 13.~Origin of Indian Coal raised during the years
1898 to 1903.

From GoNDWANA FRrRoM TERTIARY
STRATA. STRATA.
Year TOTAL
: Per cent, Pe L
Tons. of Tons, 4 ;;” production.
Total. . Total.
Tons.
188 ..o ol agonuy | o3t | ogoz0s0 | 66 | 4608196
e 4757626 | 934 | 335634 | o6 | 5003200
e 5785114 | 946 | 333578 | s | 6,118,692
1901 o« 6,264681 044 371,046 56 6635121
1902 - . . 7.083,179 954 a1 1301 4~6 7'424'480
l9°3 . . . . 71076|376 951 362.010 40 7'438’386 .
A‘Derage . 5)878,02[ 04’5 341,769 55 6'2l9'790

'The contribution from the Gondwana coal-fields in 1898 amounted

The Gondwana cosltields. o 93 4 PEr cent. of the total output for the year.

This increased to g5'1 per cent, in 1903, whilst
the average for the whole period of six years has been g4'5 per cent.

Comparing 1898 with 1gu3, there has been an increased output in all
the Peninsular Gondwana fields, except in the case of Singareni, where
the rapid expansion which had been going-on without interruption until
1902 was suddenly checked by a serious mining accident in June
1903, and a consequent drop in the year’s output from 455,424 tons
in 1go2 to 362,733 tons in 1903. In the case of the Extra-Peninsular

]
.
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fields, there has also been an increase, though a much smallerll?ne,
in all the provinces, except in the Punjab, where the Dandot co blery
in the Salt Range, which has been the chief producer, has been
gradually failing (cf- table 17, page 35)-

TABLE 14.—Output of Gondwana Coalfields for the years
1898 to 1903

-

X . 1903,
COALFIELD. 1898. 1890. 1900, | . 1901 1902 903

-

N Tons,
Bengal : — Tons. | Tons. | Tons. Tons. | Tons
Daling . 2,101 2,098 1,490
Daltonganj ol s 707 4,881 | 19,352 | 33,557

653,047 | 628,977 | 712727 604,806 | 776,656 | 766,87t
749,988 [1,007,236 |1,710,757 1,046,763 3,420,786 2,493,739

Giridih - .
Jherria . .
Rajmahal . . 423 412 397 436 219 335

Raniganj « - (2216441 |2,396,742 2,552,414 (2,841,099 (3,042,233 3,066,720

Central India :—

Umaria and Johilla | 134,726 164,569 | 164,489 164,362 | 171,538 | 193,277

Central Provinces :—
Mohpani 22473 | 23506 | 30:612 | 43046 43545 30443
' e 88

Pench valley

Warora . 127,237 | 132,980 | 133230 148,470 | 153,336 | 127,623

Hyderabad :—

Singareni 394,622 | 401,216 | 469,291 421,218 | 455,424 | 362733

PR g

4,301,147 | 4,757,626 5,785,114 | 6,264,681 | 7,083,179 2,076,376

TOTAL Gondwana beds .

Taking the Gondwana areas first, We find that the Raniga:nj field,
which was the first to be developed, still holds
the lead (see table 14), having turnec! out 412
per cent, of the total production for India in ¥903. ]herrxg, further

Raniganj and Sherria.
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west in the Damuda valley, is, however, rapidly overtaking Raniganj
since its railway connection to the capital by the East Indian line has
been supplemented by a branch from the Bengal-Nagpur system. In
1897 Jherria contributed only 8:2 per ¢ent. of the Indian output, whilst
in the last year, 1903, the production of this field amounted to 33'5 per
cent. of the total, '

The coal from the Raniganj field is mainly derived from seams in
the highest beds of the Damuda series, the lowest, or Barakar stage,
being less developed in the exposures along the northern margin of the
field. In the Jherria field the converse is the case: the uppermost
stage has yielded poor coal, whilst in the Barakar series there are some

eighteen well-defined seams, of which the upper eight seams include
enormous supplies of good coal.

a well-marked and constant differenc
contain : the older, Barakar, coals,
Jherria, contain on an average about 1 per cent. of moisture, whilst
the average for the younger coal of the Raniganj series is 3'8 per
cent. in the lower seams, and nearly 7 per cent in the upper seams.

There is a corresponding, but less marked, difference in the proportion
of volatile hydrocarbons, which

form a Jarger percentage of the

younger coals than of those at lower stages in the Damuda series.
The small patch of coal-bearing Gondwana rocks near Giridih is
Giridih, practically divided between the Bengal Coal and

the East Indian Railway Companies. The chief
wealth of the field is stored in a I

. 5-foot seam of good steam and
coking coal near the base of the Damuda series This coal has the
following average composition ;— ‘

The two classes of coal present
e in the amount of moisture they
both in the Raniganj field and in

Fixed carbon

Volatile matter . . . 66:4
Ash . . . 244
92
The output of the field,

which is controlled 1 1
ments of the raiIWay compa argely by t

: ny, has been rising gradually
last six years from 660,665 tons in 1897 to 766,871 tons i
the remaining workable supplies probably do pot excee

he require-
during the
N 1903, and
d 77 million

with a view to the recovery coke-making

considered by the East Ipg;

' T.H. Ward : Moder ) :
XXXI, 92 (1g0g). " methods of coke making, Rec, Geol. Surv. Ind,, vol.
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incipal coal- ing worked on the Peninsula are,
. pnin:sglt;cgi fj)efl(:‘tsxeb(;relﬁch valley in 'th‘e Centra% Pr(:-
Wacr:sra’lll\::;}r‘ilar;r; the Rewah State, and Singareni in the Nizam’s
vinces, :
Dominions, coal-bearing Gondwana
fn the Pench vauego:lx: filzgpbx?; (?xfnile;?ticlile Satpufa g;ange, only
prospecting work has beer-l dox.le1 so far; l;::
f b} lts have been obtained by locomotive trials on samp ;
e cor resud the proximity of the fields to the great manganese
o t};le Cos?’:; a:jmlnd (whzn connected by direct rail to Nagpur or Itarsi)
ore deposits, '

Deccan, will give these

bay and the mills of the can, :

:10 the.t mz;ke;:iriﬁy }c;f developing whatever Intrinsic merits they
eposits .

Pench valley.

POSS:;;S- coal-bearing rocks which dip under the Upper Gondwanas
e .

of the Satpura range re-appear near Moh};:am
Motipani. in the Narsinghpur dli\?tnst,d wh?lrEVitéxr;y 'lz};ee
he Narbada a .
just esc.aped. totatlh zor;c;;:}lm;ztﬂ{i}l' stince 865 by t'he N.erbudda
Mobpas collery Cozrln any and, through various difficulties, has
Coal and Irl(??tle rfgres’s- Between the years 1898 and 1203
made very 1t tpfrom this colliery rose from 22,472 to 43,645
the annu.al o:hpu first five years, but a drop occurred in 1903,
Py durmgf ?abandonment of the old mines and t?e develop-
due tto otfh ew;?; in the newly-discovered area two miles further
men \ . .
west. ; i th of Nagpur, in the Chanda
The Warora basm(i':z?:tt G}Tarsn11beesesnouworked ,C;’ince 871 by the
Sltate. ’About half the coal raised, WhiC}‘l( ave;'agtc;(i
’ i i re
Great.Ind.iarll\IPenLanl;Eig cig;l;V;}l’r;tst oef the'Cintral Provinces. Thedc}c))al
fact.ones in agptaneous combustion, and a large.part of the fiel ka;
e Sﬁpon d walled-off. The Warora colliery has been wor 'ih
beeh 105.1: }?y y gt ater natural dithculties than those usuall_y melt) wxh
}mder disinoy g examination of the chief results obtamfed y the
in Bengal, but an ement will probably be of value to those interested
present able manag Table 15 shows the financial results of the past
in Indian Coal‘?:;r:)gf.the colliery. These results are shown graphically
ix years’ worki
isnxr)elation to coal output on Plat? 3

Warora.
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TABLE 15, —Financia) Results of the Waroy
years 1898 ¢ 1903,

of India, [VoL. xxx11.

a Colliery during the

Financiar Resurr,
Yean, Gross Working
earnings. | expenses,
N et Percentage
earnings. | oy Capital,
— —
—
£ £ £
188 . ., L, . 39719 28,247 11,472 58
189 . . ., 40,193 27,661 12,532 10°96
1900 . o . . 40,507 26,939 13,568 1;'23
wor . . ., 46,085 28,875 17,210 1590
oz, . ., 46,669 29,267 17,402 g
1903 . . . . . 39499 26,616 12,883 1346
The average selling price of coal at Waroy

<years has been Rs. 4-7 a ton, and ¢

distributed as follows :—~

Mine Working Expenses—

Superintendence
Coal-cutting

.

Underground haulag;:, incl.uding' main.tenan'ce shafts.
roads and working ways, with repairs of shafts,

luding lighting and rx;ainte.nancé 987

Surface haulage, inc
of permanent way
Pumping . .
Ventilation . . . .
Staff-quarters and other buildings
Miscellaneous . .
Management and Offce Expenses—
Local Offices, Police,
Sinking Fund charges

The returns for labour a¢ Warora,
arising from water and liability to spont

* the system of mining adopted permits o
son employed, whilst the deaths dye to

he avera
during the same period has been Rs.

fraction is due to charges for the sinking f

Medical and India Office charges

3 during the past six
g€ cost of its prod
of which a consid
und, Thijs cost

uction
erable
as been

315,

Annag

R
12'85

. . 1°28

N A

. . . 1765

.- . . og2

) . «  I52

307

. 801

\

Toraw * 4942 annag,

. ‘\.

notw1thstanding the diﬂicll]ties

aneous combustioy
fa satisfactory out
accidents haye bee

» show that
Put per per-
1} reduced to
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a low rate. During the six years, 1898 to 1903, the :alwerage annual
output of coal per person employed was .I 32 tons, 6whx st ;:herel were
four deaths only during the period in which ?322,87 tons odcoz.a were
raised, and the death-rate from mining accxdc?nts aver?ge 0'64 per
1,000 employed. Another three or four years will probably see the end
o; the Warora colliery, but, with the extension of the- Vg’ardha valley
line southwards, the extensive deposits near Bellarpur will be openfed uph
The great belt of Gondwana rocks, near the north-west end of whic )
Warora is situated, stretches down the Godavari
Singareal. valley as far as Rajamund;y, am.i at. o]x;e or 1two
i ts of the coal-bearing Damuda series in Bengal are
?;i;?isct};:;g:;v:;ezom below the Upper .Gonflwana .rc?cks. One of
these occurrences near Yellandu in the leam' s Domlmc?ns'forms the
1d well known by the name of Singareni. Th:e prmc1PaI seam
Coalﬁel o to 6 feet thick, being worked at the Singareni colhery,
of Coa.» - g by the late Dr. W. King of the Geological Survey in
187 dlls)czver?nin ) operations were not commenced until 1886, since
e hu mt utghas rapidly risen to over 400,000 tons a year, althoxfgh
e tde ot‘;orx; last year, 1903, showed a decline to 362,733 tons, owing
:Eeaprsoerlil;us subsidence in one of the workings (see table 14 and
platz:a)l.-mining at Singareni has been accompanied by a heavier loss
of life by accidents than in the general run of Gondwal}ahﬁetllclls. ) '{‘:bilz
16 shows the death-rate on this field compared wit e ra

Bengal.

TABLE 16.—~Decath-rate from Accidents at Singareni compared
with Bengal.

1898. [1899. | 1900. | 1901. | 1902.] 1903.] Average.

675386, 7,473
(Number of persons em- | 6,788 | 8 4c0 | 8,045 | 7,616 | 7,538 ) 6,359 y
l ployed. . -

2 14
Deaths from accidents . 9 8 9 12 17 9

SINGARENI.

. 8| o . 187
Death.rate per 1,000 em-| 1'33 | o'g4| 1'12) 1'58| 225) 4356

ployed.

- . . .8 0.58
Deatherate in Bengal coal-fields| 0'¢45| o052 | 060 | 053 | 0°53 | 0'85

oo - b
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- The Bilaspur-Katni Branch of the Bengal-Nagpur Railway passes

Umadia. through the small coalfield of Umaria in the

Rewah State, Central India. The quantity of
workable coal in this field is estimated at about 24 million tons, and
during the past six years the output has been gradually rising from
134,726 tons in 1898 to 193,277 in 1903 (see table 14, and plate 2).
The four coal seams being worked vary from about 3 to 12 feet in
thickness, and dip about 4° to the north-east. The mines were opened
in 1882 under the direction of Mr, T. W. H. Hughes of the Geological
Survey, and were controlled by Government until the 1st January
1900, when they were handed over to the Rewah State. Most of the
coal raised is sold to the Indian ‘Midland (Great Indian Peninsular)

Railway, and a small quantity to the Bengal Nagpur Railway and
other customers.

Cretaceous and Tertiary Coalfields, )

The younger coals are nearly all of Cretaceous and Tertiary age
although some thin and poor seams of Upper Jurassic coal have beer;
. worked in Cutch. The Cretaceous beds occur in the Khasia and Garo

hills in Assam, where they are found in small basins resting on the
Archzan schists and gneisses. The Cretaceous coals of Assam are
generally distinguished by the inclusion in them of nests of fossil resin,
and this character was noticed in the coal recently discovered to the
north of Shillong.!

Coal of Tertiary age is found in Sind, Rajputana, Baluchistan, along

the foot-hills of the Himalayas, further east in Assam, in Burma, and in

the Andaman and Nicobar Islands. The most frequent occurrence is

in association with nummulitic limestones, though the richest deposits,
namely, those in North-East Assam, are younger, probably miocene, in
age. Of these Extra-Peninsular fields, the only ones producing coal are
of Tertiaryage. The output for each of these for the years 1898 to 1903
is shown in table 17 (page 35).

On the whole, the younger coals, which are being worked in Extrg.
Peninsular areas, differ from the Gondwana coals in containing a larger
proportion of Enoisture and volatile hydrocarbons, and though as vari-
able in composition as they are in thickness of seam, coals are obtained,

1 p, N. Bose: Report on the Um-Rileng coal-bed N
Surv. Ind., XXXI, 35 (1904). s eds Assam. Rec, Geol,
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as for instance in Assam, with a remarkably low percentage of ash and

having a high calorific value,

TABLE 17.—Production of Tertiary Coal during the years
. 1898 to 1903,

Province and field. 18¢8. | 189g. 1g00. | 190K | 1902 1903.
Tons. | Tons. | Toms. | Tons. | Tons. | Tons,
Assam ;—
Makum , . . . 1202,178 [232,033 | 215,962 |254,200 | 220,640 230,328
Smaller fields . . 1,367 807 774 456
Baluchistan :—
. Khost . . .| 10,662 | 11,689 | 17,6064 | 18,431 25,082 | 36,444
Sor Range and Mach . 5 265 | 5617 | 6225 7907 | 10465
Burma ' :— j
Shwebo: Thingadaw .| 6075 | 8105 | 10,228 | 12,466 | 13,302 9,306
Kashmir s
Ladda . 1,138 999
Punjab :—
Dandot .« .l 74500 | 81,218 | 74,083 | 67,730 | 535,373 | 43,704
Other mines . . o272 61.7
Rajputana :—
Bikaner R 0,250 | 12,094 | 16,503 | 21,764
TOTAL for Tertiary beds .| 307,049 | 335634 | 333,578 | 371,046 | 341,301 362,010 "

The most promising amongst these young coals is the group of
occurrences in North-East Assam, one of whichis

Nort-ast Assam. now being worked by the Assam Railways and

.Trading Company, who commenced operations at Makum (27°15';

95°45’) in 1881, The collieries are connected by a metre-gauge raile
way with Dibrugarh on the Brahmaputra river, which, being navigable,
forms both a market and a means of transport for the coal. The most:
valuable seams occur between the Tirap and Namdang streams, where,

D2
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for a distance of about five miles, the seams vary fr i
thickness. The average dip is 40° but as the oitcr(:)t;s Ii?l ::nS fefa.tclex;
are several hundred feet above the plains, facilities exist for zvgrkin
the coal by adit levels. The average coal production of the Makurg
mines during the last six years has been 227,523 tons a year. The
coil has the reputation of being a good fuel, and forms an e);cellent
coke.

Coal occurs in various parts of Burma, and in the Shwebo district

Shwebo district, Burma. the'annual output during the years 1898 to 1903
) . varied between 6,975 and 13,302 tons without
signs of expansion. The only point worth adding to previously pub-
lished accounts of the Burma coal is the fact that during the Yt pu
it has been definitely ascertained that in the Nammaw gﬁeld Pai' );fa:r
some 30 miles from the Mandalay-Lashio Railway line, the e;(iv: ic 1:;
seams of good coal, 10 feet thick, has been recently ,Veriﬁ ds ebnce 0
Geological Survey. This and the Lashio field, further eth y the
Northern Shan States, are likely to be of imPOYt;nCe i lf:or in the
way lines in that area, 0 the new rail-

Possibly the most important of the coal deposits in the west occur in
Baluchistan, Khost. oBfalt';::h‘Sta‘l:: where, however, the disturbed state

. € Tocks renders mining operati e
expensive, and often dangerous. Besides the smagll rrf;neztll)?s dd’ﬁc‘\:ltci
in the Sor range, south-east of Quetta, and in the Bolan st Mach
collxefnes h.ana bee'n worked since 1877 at Khost (30° IS'a-SS(,aO lach,
the Sind-Pishin Railway. The fwo seams being worked hz,we’]a?\oa)v::

age thickness respectively of 26 and i
gradually risen from 10,662 tons in 18985 Zolgghes, and the output has

To the natural difficulties of the ground is’d;f;é ::gnz in 1903,
of trained labour, and as a consequence the working resa] tSer;m;ls scar.mty
appear to l?e unfavourable when compared with %he uits o .t ese mines
tions existing on the Gondwana fields of Peninsulare};czl.mona‘ condi-
.(on page 37) shows the financial results of the dn - Table.18
is under the control of the North Western State R n{‘ ertaking, which

The output per person employed at Khost hag mu 1
tonsk per ;}nn&m d“}:i“g the past six year veraged only 44
work are further shown by the f
accidents has beer}, in the zame Pe:;:(:dfh:;,;};ird:;th-ratg from mining
ployed ; but of this serious loss of life, 47 out of 301;22:21 I;egson; eg:;
were caused on October 1ath, 1899, by a fire in the Takrai m(?me. 4Bei?des
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the stratigraphical difficulties arising from working the Tertiary coal
seams, which are often irregular in thickness and lie in disturbed, un-
certain ground, there are additional dangers due to the liability of most
of these pyritous coals to spontaneous combustion, and to the danger of
explosions by the large quantities of dust generally formed in working
such friable coals.

TABLE 18.—Summary of the Financial Results of Working the
Khost Colliery during the years 1898 to 1903.

Financiat Resuct.
Ygar. ea?t:?:Zs. :X;::;Ielg Net Percentage
earnings. on capital.
' £ 5
1808 . . . . . 9,423 8,371 1,052 25'00
1899 - . . . . 10,482 11,334 —852
1900 . . . . . 16,200 14,443 1,847 1911
1901 . . . . . 14,500 11,379 3121 2297
1902 .+ . . s 18,509 17,266 1,243 701
1903 . . . . . 23,804 19,978 3,826 17°03

s, and the difficulties of the .

The coal which has been most worked in the Punjab is that long
known to exist in the Jhelum district, on the

Dandot. Dandot plateau of the Salt range. The only

valuable seam varies in thickness from 18 to 39 inches, forming a basin
under the nummulitic limestone. The mines at Dandot and at Pidh,
3 miles to the north-east, have been worked for the North Western Rail-
way since 1884. During the period under review, 1898 to 1903, the
collieries have shown a decline in output, from a maximum of 81,218
tons in 1899 to 43,704 tons in 1903, and during the last two years the
mines have been worked at a loss. The annual output of coal per
miner employed at Dandot during the last six years has averaged only
‘42 tons, against about 75 tons turned out per man in Bengal ; but not-
withstanding the difficulties connected with mining in this area, the

loss of life through accident has been as low, on an average, as 0'74
per 1,000 employés.
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The coal near Bhaganwala at the eastern end of the Salt range

Bhaganwala, occurs in a seam of very variable thickness, in

consequence of which widely discordant estimates

have‘ been made of the resources of the field. Between 1893 and 1898

the field was worked by the North-Western Railway, but the quality of

the fuel was poor, and the collieries were worked at a loss. The out-

p}‘t amounted to 11,272 tonsin 1898, when arrangements were made to
dismantle the colliery, which was closed on the 15th January 1899.

Some minor works, not beyond the scale of ordinary prospecting

 Misnwall district, operations, have been conducted on the deposits

of Jurassic coal in the Mianwali district. The
deposits about 2 miles north of Kalabagh are estimated to contain
about 72,000 tons of coal, of which less than 1,000 tons a year are '
extracted. More promising deposits of Tertiary coal occur in the
Maidan range, 24 miles further west, but no mining in this locality has,
so far been attempted.

A lignite of dark-brown colour, with included lumps’ of fossil resin,
occurs in association with nummulitic rocks at
Palana in the Bikaner State, Rajputana. In 1898
mining operations were started at a point where the seam was found
to be 20 feet thick, and a branch line, 10 miles long, from the Jodhpur
Bikaner Railway, has been constructed to assist the development of
the colliery. The figures given in table 17 show a gradual.increase of
output since 19oo, the returns for 1903 being 21,764 tons. The
physical characters of the natural fuel form a drawback to its use in
locomotives, but experiments recently made are said to show that
satisfactory briquettes can be made in which the proportion of
moisture is reduced, and the fuel made less vulnerable to atmospheric
action.

Bikaner.

»
Labour.

Coalemining in India, from the point of view of labour, is quite ahead
of all other forms of mining. The number of persons employed daj
has averaged 84,805 for the years 1898 to 1903, but the returns fo):-
1903 show 9,872 less workers than in 1902, although the output of coal
has risen (see table 19), This difference is possibly in part dye to 2’
gradually increased precision in the system of makin oo
partly, no doubt, to the fact that the introduction of im
in mining is gradually increasing the average efficien

g returns, and
proved methods -
cy of the miner;

Central Provinces o] 1711 1,852 2,104 2,220 2,337
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but the sudden rise to an dutput of 84 tons per person employed, shown
in table 20 for the year 1903, is so much in excess of the Giridih return
pf 72 tons, that there is probably some fault in the returns made of
persons employed.

Table 19 shows that 81'8 per cent. of the average number employed
during the period have worked in Bengal coal mines, and that the
changes elsewhere have been insignificant beside the rise in Bengal
from 48,673 in 1898 to 74,538 in 1903.

TABLE 19.—Number of Persons employed daily in Indian Coal-
Mining during the years 1898 to 1903.

Per cent.
of
average
total,

PrOVINCE. 18¢8. | 1899. | 1900. | 1got. | 1902. | 1903. |Average.

Assam . . .1 1,430 1,444) 1,350| 1,210 1,293l 1,255 1,332 1°56

Baluchistan . . 238 310 493 633 828| 843 558 ‘66
Bengal .. . . |48673 5813072790 79,620| 82,545 74,5381 69,383 | 81'80

|

Burma . . . 315 230 279] 203 170 8o 213 25

Central India . .| 1,031 2,354 2:214| 2,126] 1,723 1,670] 2,003 2'33

|
i 2,071 2040 | 241
Nizam’s Dominions .| 6,788 8,490| 8,045 7,616| 7,538 6,359 7,473 880
Punjab and Kashmir .| 1,879| 1,640 1.826| 1,536| 1,742 1,621 1,707 2'01

Rajputana . ol e 147) 152| 136 gsﬂ {a)132 | + 16

|
|
l
!

TOTAL . 62.974j 74,450 89,248, 95,318 98,3!2' 88,530‘ 84,805 | 100-00

(a) Average of three years only,

In the parts of Bengal where coal-mining has especially developed,
the changes in the population of certain revenue
areas since the Census of 1891 have been quite
remarkable. The Census of 1go1 showed that in

Effect of coal-mining
on the population.

"the Giridih sub-division of the Hazaribagh district, there had been an

increase of 40 per cent., part of which, in the Ganwan and Koderma
thénas, was due to mica-mining, whilst in the Giridih théna the
increase in ten years was 8'8 per cent. In the Gobindpur sub-division
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of Manbhum district, which includes much of the Jherria field, the
increase of population between 1891 and 1901 was 25'1 per cent., v:rhilst
in the Jherria ¢hdna itself the increase was 75'1 per cent., and in the
adjoining ¢kdna of Topchanchi the increase, from the same cause, was
302 per cent.
It will not be surprising to those who know the habits of the Indian
coal-miner to learn that the output per person
m:il::irr:lency oftheladian o 16ved is lower than in any part of t[ljle gritish
. Empire except in Cape Colony, where cheap
native labour is largely employed. During the years 19or and 19oz
' fhe outputs of coal per person employed in Indian mines were respect-
ively 70 and 75 tons, whilst for the rest of the British Empire the
corresponding figures were 281 and 285 tons (see table 21).

TABLE 20.—O0utput of Coal per Person employed at Indian
Colliertes.

1898. 1899. 1goo. 1901. 1902, 1903.

Number employed] 62,974 74,450 89,248 95,318 08,312 88,530
! h

Tons of coall| 4,608,196 | 5,093,260 | 6,118,692

raised. 6,635,727 | 7,424,480 | 7,438,386

Tons of coal 73 68 69 70 7s 8

raised per per-
son employed.

An important consideration, naturally, in every mining community

is the risk to life i i ;
Death-rate from acc- ¢ 1 l-fe-mvo,lved in the occupation. As
dents. ar as coal-mining is concerned in India, fhe

industry, so far as it has progressed, has sho
. wn n
only a very low death-rate from isolated accidents, but als,o a notew(,rﬂ?)t,

freedom from disasters, which in European countries have done

perhaps, than statistics to force special legislation for the prote t.mOre,
workers in “ dangerous ” occupations. Table 22 shows, for thC o o
1898 to 1903, the number of deaths from coal-mining acc’:idents? })Ierl?d
compared with the amount of coal raised and the number of In India,
employed. It will be seen from this table that the average dei;ri:;:
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from such accidents has been 0°88 per thousand employed, which will
compare favourably with the returns for any other country.

TABLE 21.—Amount of Coal raised per Person employed at Coal
Mines in the British Empire.

1901, 1903.
s
COUNTRIES. Persons | o of coal ’I;)oer;s Pe:g-ns Tons of coal T:er:s
plf,’;;d, raised. person. | ployed. raised. | person.

e

——————

United Kingdom . 702,648 | 219,046,945 276 810,787 | 227,005,042 | 280
New South Wales . | 12,191 5068426 | 490 12815 | 5942011 | 464
Queensland . - 1,266 539472 | 426 1,336 501,531 | 375
Victoria R 209,329 | 253 | 1303 225,164 | 172
British Columbia . | 3974 1,460,331 | 367 | 4o 1,397,304 | 348
Nova Scotia «»  + 2,663 | 3625365 | 473 8062 | 4366869 | 542

Cape Colony « -« 2,588 183,759 7 2,196 165,557 75
Natal . o] 3397 569,200 | 168 3,850 592,821 154
New Zealand . - | 2754 1,227,638 | 446 2,885 | 1,362,702 | 472

1,590,330 | 292
Transvaal - o . 5,439 590,33 9

——

Britsh Bapke except | 70 | 23800465 | 281 | ssnesd | 2Z0M 285
: e
S

India . . .| 95318 €,635,727 70 98,312 7,434,480 75

In table 23 (page 43) the results for therest of the British Empire ft;;
the years 190t and 1902 (the latest years for wh.xch complete ﬁlgtilr'es z:tIt
obtainable) are compared with the correspondx'ng years for nfla. A
will be seen from this that India competes with Queensland for the

E E .
h t 3 g

. : . .77 for India.
is 1'53 and 1°54 against 0’73 and 0 77 Yo - e
comf,ire favousrably with the princxpal foreign coal-mming countries: In
Austria the rates for 1901 and 1902 were 1°39 and 1-60 per thousand
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respectively ; in Germ
France 1°21 anq 1'09

States 316 and 3°25.

any 2°22 and 1'93; in Bel

gium 1'02 ang 1'07; in
; in Holland 1'47 and

'27; and inthe Unjteq

TABLE 22.—Production of Coal ¢,

- mpared with Degths Sfrom
Coal-Mining Accidengs in India.
_
— 1898, | 18gg, 1900. | 1901.| 1902, 1903, Average,
_— T
Deaths from coal-mining acci-
dents . . . . | 43 o8 62 70 76 97 74
e T ey
Thousands of tons  of coal
raised for each’ life lost . <] 107 | §2 99 95 08 77 84
] B el PN N
Lives lost per million tons of
coal raised . . . f 93] 192 | 101 105 | 102 | 139 120
- | B e R
Death-rate per thousand
persons employed . . «| 068 139 069 | 073 077 | 1'10| o088
150
L 100 " S— '
& | 100
0 | A —
—
2 L |
g 50 — \’\.\ 50
=]
(=)
z \\L\l\L
1896 87 98 99 1900 o1 02 1903
Fic. 8.

€ when we count
in lives lost by mining accidents, QOn
table 23 that whilst in the years 19or and

lives lost per million topg of coal raised |
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i i . ‘41, in India the loss in the same
e weretresi?sc m;egi sxcizz;ndlf t:iyll be noticed, however, th.‘:lt in
i,:;;: t(;lim:iur:b:ar osf persons employed in coal-mining .is :inal?'r tldn::
greater than in any part of the Empire, fsx9ept the [8,Tn1te0o ;E(gi om
i the large number of coal-minefs, near 800,000, ;
e Wheret f more than 220 million tons of coal, together co'ntro
Zzzrlt)(’):;tciut a(l)l the irregularities in the returns from the dependencies.

TABLE 23.— Death-rate from Coal-Mining Accidents in the
British Empire.

1901. ‘ 1902.
' . ‘Deaths
Deaths
A A Death- per
Number| £ | Death- per Nutr;ber _E et | onaoo
employ- fé rate per |1,000,c00} employ- 3 rhe per | 1,000,000
ed. o | #,000. tons coall ed. 3 ,

tsed raised.
raised. T

United Ki:{gdom. 792,648 1,075 1°36 491 {810,787 | 1,003 134 4.'42
New South Wales| 12,191 | 17 37 2'85 12,815 | 105 8or 17.67
Queensland .| 1,266 1| 079 183 1,336 1 075 1'99
Victoria - .| 827 4! 484 | 1911 1,303 1| o7y 4'44
New Zealand .| 2,754 3 1'00 2'44 2,885 2| o069 1°47
British Columbia | 3,974 | 102 | 2567 6987 4,011 139 | 3465 99:48
Nova Scotia .| 7,663 | 14 183 386 8,062 19| 2236 435

-8 24716
Cape Colony .| 2,588 4 rss | 217 2,166 4| rsz

26
Natal . ! 33971 43| 1266 | 7554 3,850 16 | 416 99
Tra | 5,439 23! 423 1447

nsvaal . . vee a“

| . ' . 541
Bﬂct:;l: E::?:r ¢ .ex. 827,308 11,263 153 542 | 852,684 | 1,315 1-54

. '

India .1 05318 g0 o073 | 1055 | 98312 76 | o777 | 1023

The results for the coal-mines under the control of the Indian Mines"
Act of 1go1 are slightly more favourable than for the total, For the
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three years during which the Act has been in operation the average
death-rates from accidents at coal-mines under the Act have been
follows :—

1901 . . . -« 068 per r1,000.
1902 . . . 066

1903 . t . R . o84 ::
Mining methods

The almost universal practice in Indian coal-mines is to extract the
coal on the system variously known as the “ bord and pillar,” “ post
and stall,” or ‘“stoop and room” system. Although this system in
Europe is fast being superseded by the more economical long-wall ”
method, yet, owing to the thickness of most of the Indian seams, it is
not easy to devise any more suitable plan of working. It is undoubt-
edly wasteful, for the pillars form from 25 to 65 per cent. of the
available coal, and at the present time, except in certain mines, where
local-trained labour and efficient supervision are possible, their extrac-
tion is not even contemplated.

The strong roof so frequently found in the mines worked in Gond-
wana rocks, due, not only to the intrinsic strength of the rocks, but to
the remarkable freedom from geotectonic disturbances on the Peninsula,
adds a feature of strength and safety not at once fully appreciated by
those who have gained their experience in countries without these
advantages, or where the galleries are subject to the stresses of a
.greater overburden. _

In the Giridih coal-field, the system of working thick seams at the
East Indian Railway collieries permits of the removal of over go per
cent, of the coal. As the system here carried out has been subject to
careful criticism by English colliery experts, and as it has been shown
that the system is perfectly safe under the efficient standard of manage-
ment and discipline observed at Giridih, workers in other fields are
recommended to study the account given by Mr. T. Adamson in

his paper on the “Working of a thick coal-seam in Bengal,”
(Trans. Min. and Mech. Engineers, vol. L1], p. 202, 1903).

* The system described by Mr. Adamson has been worked for the
last twelve years in the Railway Company’s collieries at Giridih
without a fatal accident being caused by it, but the sandstone roof is
an unusually strong one and the coal is free of gas, During the past
six years, 1898 to 1903, the average death-rate from accidents of aji
kinds in these mines has been only o*40 per thousand persons employed,
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l-mining countries will give
: . sable 23 for other coak } .
Thedﬁgurfest%xv:r:;::ab\ e gegrce of efficiency in management which
an idea o e
i indicates. ick, is worked
this figare mdlCat“de a highly inclined seam, 75 feet{t:ud:;alri work.”
In the.Mak.um ¢ the South Staffordshire system of *‘ sq gl
on a modification Oed . two, O sometimes three, szctxg:ls,b i ek
i ov ; c
Thi'coatl,e;flgre:zmoved first, and a parting Oflitzgz Ia;;u dot and Khost
section - of sections. .
ch pair 0 . “long-
““tou‘:h;(.i betw;:na;a wofked in one operation, on 3 modified g
mines, thin sed

» m.
wall 7’ syste dold.! - )
i ixth or seventh position
3 occupies the sixt : .
India, as shownin table 2t4,the lef)ading go\d-producmg Fountrles of
ith other amows dd. The total Indian output 1s ne\.zerthe-
Comparen the N s tively insignificant, aggregating no
countries. less compara! ; ¢
nt. of the World's annual supply-

. the Chief Gold-producing
—Production, in Ounces, of
TABLE 24. Pro

Countries for the years 1897 to 1902

more than 3} per c€

p——

. 1902
' 1898, 1899- 1900« 1901
CoOUNTRIES:

1897-
————

a3 8 70,000
2 864 576 K] ‘48 64’ 3159‘7‘96 3’7 8'!3 3 5’300 ] ]
d ) 3 g 10 80
3°l3 ;63 3)831\937 315681279 31719;103 3!9891083

e

//,’”——

United States

Australasia(@) - ?.539,49x

662,796 | 1,018,371 1,350,176 | 1,183,405 | 1,003,447
' 1,704,410

291,583

238,99t
2,744,010 | 3:777:009 3,529,826 348,760 38.99 o
| 1,196,634 | 1,159,214 1,072,434 1,253,593 | 1,183.3

Canada « .

Transvaal .

Russia . . 11,042017

6,020
i 0,505 | 418,944 | 450
o " 308,487 | 448,832 455,204 | 499,725 $46,373

512,085 | 532,126 517,639

' ico - 344,518 | s
- 321,296 21,206 | 521,510 208,031 | 14513 e
. . , | ,272 217,
China 52,927 55432 70,954 87,882 ‘ 111,27 o
. ! ' ; .
_ 70,736 | 76,613 107,644 | 127,820 133,63
Brazil . . )

i nd New Zealand.
a) Includes the six States a

( y colleague, Mr. J. Malcolm

inly by m
=z} ! This note on gold has been prepared mainly by

“Maclaren, B.Sc., F.G-S.
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Table 25 shows the provincial production for India. In 1903 no
less than 99} per cent. of the Indian output was returned by Mysore.
Three-fourths of the remainder was derived from the Nizam's

Dominions, leaving only 18 per cent. as the produce of districts
directly under British administration,

TABLE 25.—Valye of Gold produced during the years 1898 to 1903,

1898, . 1899, 1900, 1901, 1902, 1963,
2 £ 2 2 £ £
Mysare *oe ) LSTSS06 | 1678463 | 1,879,085 | 1,923,088 1,969,442 | 2,283,000
Nizam’s Dominions . 11,620 33,335 0,375 , 14,505
Barma . . 44118 41386 3,337 7,606 5,804 8,988
Madras , . . 10,993 1,361 17
TOTAL (@ .} 16m691| 1L717445] 1801808 | 1,930,687 1,975,336 | 2,302,402

(a) Exclusive of small

quantities obtained by river-washing in varions provinces for which accarate
returns are not available,

The produce of the Mysore State is solely derived from the Kolar
: district, and from a single vein or reef in that
Development of the district—a reef averaging only some four feet in
Kolar Field, . . .
thickness, and payably auriferous for a distance
of little more than four miles. As has been the case with all other
known auriferous deposits in Peninsular India, the attention of Europeans
was directed to this vein by the numerous old native workings along its
strike. During the Wainad gold “boom” of 1878-82, several com.
panies with huge capitals were floated to work portions of a concession
over the Kolar field. Of the capital subscribed the greater portion
was devoted to purchase money, and comparatively little was left for
- weorking capital. The features of the auriferous deposits were not a¢
first grasped, and much money was wasted in mining in barren ground
and amidst ancient workings, which were eventually found to reach tq
a depth of 300 feet. All the companies floated with sych ‘extravagant
hopes in 1881-2 were moribund in 1883, and it was only a dying
effort of the Mysore Company in that year th

| ) at disclosed the great
richness of the reef and incidentally the disposition of the auriferoyg
chutes,

By 1887 the adjacent companies had resumed operations, and sipce
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then the history of the field has been one of uninterrupted progress and

i e now somewhat more than 3,000
?::: i)s:l.ow’r;?: iiffaisé, :Vn‘)(;ktlll:f ie:; shows, at that depth, little diminu-
thon in the value or thél;;’rigtgffzfrsth:ngtirrtizus obstacles on this field.
i ining nor mi ) C ¢
In tllx\leelfgxl-:e?the iecessity for heavy tlmperlng ;1}112 Ti;ni ?oltcefgri?
dways open is perhaps the most serious. o 1 ok refrac
It'ziy V‘:’:‘)’d yi 51 ds its gold to a simple combination of amalga
J
cyaniding: : jew the annual tonnage crushed has
D}“i“g th; S,:)x )éeza;f;rcl:;:_’rﬁ?,iwsy,636 tons in 189§ to 546,752
been .mcrease Thye old yield has not shown a correspondl.ng advance,
tfn’\s in 1903. ¢ il 575,966 in 1898 to 42,284,000 m‘ 1903, ar}
rising _only .rom r c;:nt The divergence between' the increase o
inerease of 443 ped the .increase of yield therefrom is due to thf: fact
tonnagta crushed anomieé in mining and milling indicated by experience,
t.:l%t’::vth ;lc::sicg:lznto pfoﬁtably crush low-grade quartz that ten years
it is 0! !
ago must have been lei;:ir:e: h:e:ieel:v. the value of gold extracted was
For the st yﬁearser cent. of the total value (£18,687,818) extracted
f£ 11,310,038, oF osi}:xce the commencement of work under .European
m the' ?l yea\‘)z/'sith the increase in output dividends have also mf:reased,
S?Perv‘?lon' £ 114 in 1898 to £1,019,347 in 1903, or an increase
of 28 por o t73'91:he total dividends paid during the six years were
o3 pe Cenr' 60 per cent. of the dividends (£8,287,071) pa}d since
£4é98§, zl?(i;t(;ng thgt dividends and output have advanced par: passf:.
8 %hlg above dividends have been paid hw}i\?llly by (?}Y:m;?zlp;zf:
i i ampion reef-—the Mysore, v )
gttf:::te:xir: ’ lt\?:ng;zfzfog:e;}(ll Bilaghat. A con§iderable zla.{m?u:; e;)é
explo%ato;y work has been done by othe‘r compamgf g?et:l:sulto a
and elsewhere in Mysore, but hitherto w.mthou.t profital 1 .f e
Of the improvement schemes WthlfL :vnll tr::tkefogrf;; ypm(;onga.
ducti i and, to that exteni,
lt.fadr:1 f)tfl?l?e(;ifzv zlf'l?}?eg Keo,izf I;iszlsti, the introduction of elf:ctric Eower (f:rotznn'i ,
t;xoe Cauvery falls is probably the most important. This work was

" menced about July 1902, and has since uninterruptedly supplied a little

an 4 - i ini g i : l“rg ical
more th 0 e var 10US MININ a“d "letal
1 .
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scheme has led to
progress will enable the Mysore Govern
Power available for consumption.

Table 26 shows the
period under review,

ment to materially increase the

TaBLE 26.—Statistics o) Production in the Kolay Gold-field,
| SR | 2 Vot g Oidends |
|
£ £ £
88 oL amess #2966 | 1,575,966 | 730114 78,009
1899 339,526 | 446307 | 1678464 | 762,600 83,154
1900 | 401,687 509272 | 1,870,085 767,586 93,619
1901 . *| 450,372 530,142 1,923,081 874,158 95,319
1902 499,664 533492 | 1,969,442 825,088 97,365
1903 . | 546,752 597,884 2,284,000 1,010,347 | (a)113,200
TOTAL . 2,515,537 3,030,153 11,310,038 4,988,793 560,566

{a) Estimated.

Total value of gold produced from 1882 to 1903 inclusive ... £ 18687818 11 3

——
» » Ofdividendspaid , » »n v £8387071 7 9

. e ——

Approximate value of Royalty paid to Mysore Government
tom 1882 to 1903 inclusive e o £926334 13 2
—

The work of the field is carried on by Europeans, Eurasjans and

Natives in the following proportions, calculated from the number
employed during an average year (1902) ;~—

Per cent.
Europeans (including Italian miners) , , . 2'0§
Eurasians . . . . . . . . 158
Natives: men |, | . © e+ . L8983
Natives : women (employed only on the surface) + 654

various statistics for the Kolar field for the
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The following table indicates the risks attendant on mining in the
Mysore State :—

TABLE 27.—Showing Fatal Accidents in Mysore Mines for the
years 1898 o 1903.

Death-rate Death-rate per | Death-rate per 7

No. of persons | yor {000 em- | 100,000 tons  |£100,000 worth of
YEea per 1, .

R employed. ployed. quartz crushed. | gold obtained.
188 . . 21,597 245 15770 336
1899 . . 21,093 1-80 1119 2'26
1900 . . 24,587 2°61 1568 335
gor . 25,060 2'99 16'65 3'60
1goz . 26,268 221 11-58 2'G0
¥ : 02
1903 . . 27,355 2’52 127 3

Average . 24,320 243 13'67 313

Outside the Mysore State the only gold quartz mim? producing g?ld

at the end of 1903 was the Hutti (Nizam’s) mine

situated at Hutti in the Lingsugur district of
Hyderabad. This company is an offshoot of .the Hyderabad (Deccan)
Company and was floated in 1go1. Crushing with 10 head of stamps was
commenced in February 1903, and 3,414 ounces were returned for t¥1at
year. This result has been considered so promising tha.t the .crushmg
power is being doubled. The workings of this mine give ev1dence. of
the remarkable mining skill of the ancients, the auriferous chute having
here been followed downwards to a depth of no less than 540 feet.

*  Another offshoot of the Hyderabad (Deccan) Cf)mpany was formed
in 1898 to work the adjacent mines of Wundalli, and durmg. 1899
crushed 18,790 tons of quartz for a yield of 7,822 ounces. Th? y;eldt }?f
the Nizam’s territory during 1898-gg-1900 was almost exclusive yd i
produce of the Wundalli Company. Work was, however, stopped a

i the middle of 1goo.
thes’;hrzu;?eslt‘;o:;iﬁrsx from the Madras Presidenc.y was derived from the.
Mysore (Kangundi) mines in the Kangundi
Madras Presidency. zemindari of North Arcot. Work commenced
E

Nizam’s Dominions.
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}'}ere it} 1893,.and was continued with varying success until 1900.
he highest yield obtained was that for the year 1898, vis., 2,854
ounces. o

During the period under review the only other reef-mining of im-

Burma. portance was cargied on at the Kyaukpazat mine
. ' near Wuntho, in Upper Burma. This mine
ylelqed, in .1898, 1,120 ounces, and maintained, and indeed increased
its ylelfl until 1902, when 1,984 ounces, valued at £7,606, were produced.
This yxe}d, however, formed merely another example of the general rule
that aurxfero'us deposits in andesitic rocks are {extremely uncertain in
extent and in richness, The pay chute was lost in 1go3; and after
some exploratory work the mine was closed down.

Alluvial gold-washing is carried on in many places in British India,
but from the fact that the washers invariably combine this pursuit with
other occupations, and because the individual return is exceédingly
sma.ll and is locally absorbed for jewellery, complete returns are not
available. Returns for 1903 show, however, that 106 ounces of
alluvial gold were obtained from the Ladhaki wazirat of the ]ammu
and.Kashmir State. This amount may perhaps be fairly taken as
an indication of the annual yield from this portion of the Upper
Indus. ‘

Dredging for alluvial gold above Myitkyina on the Upper Irawadi
was commenced about November 1902, with a dredger capable of
dealing with 10,000 tons a week. The whole of the season (until June
1903) was spent in prospecting the river bed. Five or six spots were
thus tried, and the results were considered to be sufficiently satisfactory
to warrant an increase of dredgers.

During the past two years surveys of the auriferous deposits of
India have been in progress. These, so far as they go, give little hope
of the discovery of rich alluvial deposits in Peninsular India, or indeed
in any part of India affected by the monsoon rains and dependent on
them alone for the supply of the rivers. For concentration of gold a
comparatively equable current is essential—a condition rarely obtain-
able in the gravel river beds of India, where alone gold would be found
for these are almost dry in the cold weather and roaring torrents i’
the rains. The greater possibilities of dredging on the Iray dIT
appear to arise from the fact that the waters of that river :r;

derived from ranges where, even in the cold weather, there ;
, ever er
rainfall, | e heavy

*
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Graphite.

The graphite deposits of Travancore occur under conditions simi-
lar to those of Ceylon, which is but a continua-
tion of the charnockite series and associated rocks
of South India. Similar geological occurrences of graphite are found
in Coorg, and in the hill tracts of Vizagapatam and adjoining State
of Kalahandi. The Ceylon graphite has been made the subject of
an elaborate study by E. Weinschenk, who regards it as of igneous
origin,! a conclusion in agreement with its occurrences in South India ®

Prospecting for graphite has been attempted in the Godavari dis-
trict, Madras Presidency, and in the Ruby Mines
district in Upper Burma, but the only progress
made in mining has been in the Travancore State. Regular returns
were not available before 1go1, but the following figures are returned
for Travancore for the remaining three years of the period under
review :=—

Mode of occurrence.

Production.

1901 . . . . . . . 2,400 tons.

1902 . . . . . . . 4)575 ”

1903 . . . . . . - 3304 o
[ron.

Notwithstanding the fact, very widely published, that rich deposits
of iron-ore occur in India, only one attempt to manufacture iron on
European lines has been so far successful, and as it is doubtful if the
ores are sufficiently valuable to bear the cost of transport to Europe,
no attempt has been made to raise Indian iron-ore for export.

The production of ore is thus confined to that used by the Bengal
Iron and Steel Company in its works at Barakar, and the smaller
quantities, for which accurate returns are not obtainable, used in the
numerous small native furnaces still surviving in parts of Central India,
the Central Provinces, Madras, Mysore, and Rajputana. Iron-ore is
also used in small quantities in the steel furnaces at the East Indian
‘Railway Company’s workshops, Jamalpur.

' Die Graphitlagerstitten der Insel Ceylon. Abhand., d. k. Bayer. Akad.,
1901, XXi, 279—335.

? Holland : The Charnockite series, Mem. Geol. Surv. Ind,, XXVIII, 1900,
126; and the Sivamalai series, Mem. Geol. Surv, Ind, XXX, 1901, 174

E2
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The figures retur
) ned for Bengal, i i
Barakar is raised, are given in tgblé I:SWhICh most of the ore used at

TABLE 28— sed §
28.—Iron-ore raised in Bengal during the years 1898 to 1 903

YEAr, i
Quantity. Value. Value per ton.
Tons.
o ons £ Shillings.
. <. . 41,854 7,006 3'35
99
. . 52,000 6
,333 2'44
1900 . .
57,000 7,333 2:57
1901 . . ’
. . 57,800 8,352 289
1902, . . '
o . . 76,056 11,287 296
. 61,355 9,717 317
Average . 57,078 8,338 289

Up to the present the Barakar Ir
factured pig-iron only,
turned out about 35,00
furnace is now in cours

on and Steel Compan

' . y has manu-

;)ftWhICh W.lth. two blast furnaces they have
ons of pig-iron a year. But a third blast

A e of erection, an
. for starting the manufacture of steel, d arrangements are complete

OutSlde Bellgal thele 1S Very llttle done m tl\e Way Of 1ron-m
n-manu-

facture. T :
peo0 to 422()(322&;11 Provinces s'how the largest returns, varying f
Bijawar P,a o nS;1 and there is also a sensible industr,y suZ ng rofn
well as', W , an (?rchha, amongst the Central Indj Lvng I
s 11n _Mysore and in parts of the Madras Presiden s States, =5
el 18 H Cy.
made, both in the form of ingots by the C);rbur' t
1zation of

wrought-iron in crucible
st s, and, on a much sm
burization of cast-iron shot in a small open he ;2:;1' scale, by the decar-

Jadeite.
. The r'nineral jadeite, like the
1s especially prized by the Chi
forms quite an important ind
mineral raised passes by the

Jade with which it ;

it is ofte
n:se, and the quarrying of
ustry in Upper Burmg
overland route intq South

N confused,
the mineral
Some of the
-West China,
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whilst most of it finds its way down to Rangoon, whence it is exported
to the Straits Settlements and China. The following table shows the
extent of this export trade :—

TABLE 29,— Exports of Fadestont from Burma to the Straits
Settlements and China. (a

YEAR. Weight. Value. Value per cwt.
|
Cwts. £ £

1897-98 . . . . . 4,036 41,780 1035

1898-99 « . . . 4,532 42,120 929

1899-00 . 3,130 58,955 1883

190001 » . . . 4,531 46,377 1024

1901+02 . . . . . 3,015 31,713 10°52

1902-03 . . . . 4,220 47,676 1106
S —

Average . 3,011 44,770 11°48

(a) Overland trade and exports vid Rangoon combined.

Amongst prehistoric relics found in various parts of the World, both

Value of jade jade and jadeite implements and ornaments are

’ widely distributed, and an admiration for the

beauty of the stone, descended from a belief in its magical properties,

maintains the value of the mineral in the eyes of the Chinese, who are

the chief buyers, and to whom the different varieties of both minerals,

and possibly some others, are known under the generic name Yu-esh.

The softer, serpentinous mineral bowenite passes on the North-West

Frontier under the name of Sang-i-yeshm, and though its characters

are unmistakeably distinct from those of jade and jadeite, itis evidently
regarded as a poor variety of jade.

Some jadeite, and often the best material, is obtained as pebbles in

Mode of occurrence the gravels of the Uru river, a triput.ary of.the

" Chindwin, but most of the material is obtained

by quarrying near Tammaw (25° 44’5 96° 14) in the Mogaung sub-

division of the Myitkyina district, Upper Burma. At this locality the

jadeite forms a layer in the dark-green serpentine, against which, on a
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fresh surface, it stands in striking contrast on account of its lighter
colour, The serpentine is apparently intrusive into miocene sandstones,
and the jadeite must have been separated as a primary segregation
from the magma.

There is a general external resemblance between jadeite and jade,
Composition or nephrite as it would be more appropriate-ly

) called, but mineralogically the two are quite

distinct. Jadeite is essentially a silicate of soda and alumina, Na,O,
ALO,, 45i0,, with the crystallographic characters of the pyroxene

group. Jade is a silicate of lime and magnesia, CaO, 3MgO, 4SiOy
with the essential characters of a hornblende.

Their crystallo-
graphic characters sufficiently distinguish them in microscopic sections,

but in hand-specimens jadeite can be distinguished by its superior
hardness and higher specific gravity, as well asby its greater fusibility.
Jadeite occurs in masses of closely interwoven crystals, a structure
which gives rise to its great toughness. The purest, though not the
most valued, forms are white in colour, but more often there are various
shades of green, and, in the case of stones found embedded in the
laterite of Upper Burma, there is a red staining often extending to
considerable depths in the pebbles, and, in the eyes of the Chinese put-
chaser, greatly increasing the value of the mineral. The white jadeite
with emerald-green spots, caused by the presence of chromium, is also
valued greatly for the carving of ring-stones or bracelets.
- The prices paid for rough stones vary too greatly to permit of an

Prices. average figure being given, but the export values
declared give an idea of the value of the stone:

the value so determined has averaged £11-gs. per cwt. during the last
six years,

. No jade (nephrite) of the kind which would be regarded as a
marketable mineral is known in India. A mineral having the essential
composition, and approaching coarse jade in physical characters, is
known in South Mirzapur! True jade, however, has been largely
worked in the Karakash valley in South Turkistan for many centuries.?

Magnesite.

. In South India there are numerous occurrences of the ultra-basic
igneous rocks in which olivine is an abundant constituent, and at
'ﬂ F. R. Mallet, Rec. Geol. Surv. Ind., v, 22.
* Cf. papers quoted by Mallet in Manual, Geol. of Ind,, part iv, 1887, p. 85.
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Production.

ix years
o—Production of Manganese-ore for the six )
ThBLES® 1898 to 1903:

Central Central ‘ TOTAL.
Yeat. Madras. Provinces. India. -
[ .
o as. Metric Tons.
Gtatute Tons. Statute Tons. Statute To
. Statute Tons.\5ta . -
o ‘ . 87,126 88,524
- ‘ ' - ) . 121814 120,865
o ‘ " e ) 120,891 122,831
1 . '
2,428
- . o 4 608 151,119 160,311
89, . 6
i . o 6,800 171,806 174,563
63,452 101,554 .
1603 . ,

——
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It will be seen from thig table that the mining of manganese-ore was
Provinclal diylsiey, ~ C°P00€d to the Madras Presidency until 1899,
after which the rich deposits in the Central

cked, and are now, notwithstanding their great

oast, providing the chief part of the mineral ex-
d America,

Provinces were atta
distance from the ¢
Ported to Europe an

The statistics published by different countries cannot be directly

Production of foreign compared, as different definitions of a manganese-
countries, ore are followed, Accord

the Unite
manganese-ore was so-

ing to the rulings of
d States Treasury before 1899, a
metal ; but in 190n | called only when .it carr.ied 50 per cent. of the
than 3 per Centgg ;)VYer grades were admitted if they contained less
per cent., those b(l) won, and the recognised lower limit is now 44
ores, T-};e stati t.e ofw this grade be.mg generally manganiferous iron-
a total pro duz'ms OF 1902 show, in the case of the United States,
ore, but only ‘612;]7 Otf0n9501,214 statute tons of manganiferous iron-
3 )
Manganese. ore, came within the Treasury definition of a

o 8 whilst in the same period as much as :35,576 tons of
- 50 per cent. ore was imported. Of the countries
this amount, Brazil contrj

which supplied
36,294 tons, Turkey 12,6

buted 102,550 tons, India 64,170 tons, Cuba

09 tons, and Spain 10,464 tons.

- t’f‘zblsv 311(0n Page 57) shows the chief producers of manganese-ore

its oy or d.- Of.these Brazil has developed as rapidly as India,

. utput hav'mg risen from 14,710 tons in 1896 to 156,269 tons

o, 202. Spain, th.e next producer, for many years turned out over

alw; 00 ;ons, but SInce 1900 has been declining rapidly., Russia has

pureyz .eetn the leading producer, the chief source being beds of
re ; : .

o Kutais.m erstratified with eocene sands and shales in the province

The mineral s Row assuming such importance that it will perhaps
Distribution of manganese- be useful for those who are following the
ore in India, developments to put on record a sketch of

the distribution in India of de osits consid
to be of possible value. p sidered

In the Central Provinces,
principal occurrences are in
where in some 17 different
actively carried on.
there are 14 localitie

where mining is at present most a
the Ramtek tahsil of the Na
villages quarr
In the north-west part

s known to contain man

ctive, the

. \agpur district,
ying operations are being

of the Bhandara district
ganese-ore, and a certain
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is 1 alaghat district 10 occurrences
o woill(’l lsv;:sfroofgtrlfssc.iis{;ctth,ew?ulstgmmmg 1s belI}g carri{ed o.n
e the ton if Balaghat, and on another lar.ge deposit at U 111'3..111
?}T: rB:l?r :2}‘1‘;?1 In Chhindwara manganese-0re 15 kn;))wn athn xol‘:ia ::;Zi
in the Sausar tahsil, whilst the miner;.ﬂ }.1as lonfg1 e:;nhas o near
lGosalpur and Sihora in the Jabalpur district. ST tzso
reported from the Khairagarh and Kalahandi States.

- and latest
TABLE 31.— Principal sources of Manganese-0r¢,

veported productions.

|

Year, |Production.

COUNTRY Year. \Producﬁon. COUNTRY.
{
\

| o e—
I S
—_— )

Tons.
Tons. ’
628
1900 | 884,200 Cuba (Exports) .| 1902 39
Russia . . .

1% . . [ g 1001 22,3
B Zl‘ (Ex OTtS) ‘ 1602 156,269 France 90 00
Ta.

1902 62,044 | United States 1902 16,477

Spain . .

!
. ( 31,477
hili (Exports) . .1 1901
. .\ 1603 171,806 | C l
India . . .
!
. 1601 15,858
|
|

a
Turkey (Exports) .{ 102 | 50000 |Japan -
49,812 | Greece . . . 1601 :

Germany - . ] 1go2

1 i ame
The deposits in the Central Provinces possibly beloixi\;gs ttczv (t)}rx]e:e(sl me
i the south-east were ‘

f rocks which further to . \ od o
gro:Paflese-ore in the Vizianagram State, and .the mt%'lmed;;t;: ]furggh ¢
ma %ed country, which is very little known, will possi ny e parts
Cz‘clzrrences of the ore on more systematic exploratlc:ln.. 31 o s
(()>f the Madras Presidency the ore has been repolr)t.le1 (:?Benary,

State, in the Ganjam district, and in (‘;h.e %;ndéliv 311;; e one s
e 3
urrence has been recorde .m O in
owolzfir? chorked in Jhabua, from which 6,809 1tlons v:el;; zlsm;re o
l:903 wh;glst there are several localities at which poo
y

in the Dhar forest.

b

. 3 thern part of

and Satara; in the sou '

nd Mahabaleshwar an . wa Kantha

l]);afe:uar;:o;istrict; in Bijapur; near ]ambugthra N eIr{;ions are ix;
a:dgin the Dharwar district where prospecting  Op
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progress. If the deposits in Dharwar and Belgaum approach those in
the Central Provinces in quality, they will, on account of their proxim-
ity to the coast, develop very rapidly. Manganese has been reported
also in the Tavoy and Mergui districts of South Burma, in the Nizam's
Dominions, and in the form of manganiferous iron-ore near Chaibassa
in Chota Nagpur.
In the Nagpur-area the manganese-ore occurs as lenticular masses
_ and bands in the quartzites, schists, and gneisses,
Na’;‘:::a reoa(. oceurreace, and as regards origin appears to have been
formed at least partly, by the alteration of rocks
composed of manganese-garnet, with which the mineral rhodonite, a
manganese pyroxene, is often associated. Consequently the ore is
frequently found to pass, both laterally and along the strike, into partly
altered or quite fresh spessartite-quartz rock, or rhodonite-spessartite-
quartz rock.
The ore-bodies often attain great dimensions, and their disposition as
Dimtenslous of ore-bodics. irre.gular lenses a.long the strike 'of t!le en‘closing
schists naturally influences the miner in laying out
the boundaries of his “ claims.” A deposit near Balaghat is 1} miles
long ; at Manegaon in the Nagpur district the ore-body is 14 miles long ;
whilst at Thirori in the Balaghat district it is nearly 6 miles in length.
As examples of great breadth may be quoted K4ndri, 100 feet thick, of
pure ore, and Rdmdongri, 1,500 feet of ore and unaltered spessartite
(manganese-garnet) rock. The depth of these ore-bodies is quite
unknown, as the so~called mining has so far passed little beyond the
quarrying stage, and the question of possible exhaustion does not enter

into the calculations of the present owners.
This' Nagpur ore is typically a mixture of braunite, and psilomelane,
~ sometimes, though, entirely braunite—a hard,
Compositios. .
compact, pure ore, ranging well over 51 per cent.
of manganese. The average material now being raised ranges

between the following limits on analysis :—

Per cent.
Manganese . . . . . . e 51—54
Iron . « . . . . . . . 5~ 8
SHI‘C& . . . . . . . . . 5“ ¥}
Phosphorus . . . . . . . 005012
Moisture . . . . . . usually below 1'0

The Vizianagram ore occurs under geological conditions apparently

'Y
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resembling those of Nagpur, though the enclosing rocks are sometimés
too decomposed for precise petrological determination. There is
another mode of occurrence in the Nagpur district, the ore occurring
as nodules in crystalline limestone associated with piedmontite, and in
places where there has been a dwindling of the limestone through
water-action, these nodules of ore have accumulated in layers of a size
which might be worth working. Occasionally in cavities in this lime-
stone beautiful pyrolusite crystals are found.

Being near the coast, and consequently free of the tax of railway
freight, it is possible to export a lower grade of ore from Vizianagram
than from the Central Provinces. The oresshipped from Vizianagram
show, according to Mr., H. G. Turner (Fourn. Iron and Steel Inst.,
1896, I, 160) the following range of composition :—

Manganese . . . 45—50 per cent.

Iron 713
Silica . . . . 2—5
Phosphorus .012— 027 ,
Moisture . . 1'10— 1'80,,

Manganese-ore occurs under different conditions in the Jabalpur dis-
Jabslpur. tric_t, where it is found in the Dharwar-like schist
series which forms a belt with a maximum width
of 7 miles stretching for 20 miles in a N.E.~~S.W. direction. The
rocks in this belt are various quartzites, phyllites, and schists, including
hematite schists and jaspers. The hematite-schists are slightly man-
ganiferous and are often capped by a secondary deposit of limonite, in
which psilomelane has formed into irregular nodules. Pyrolusite and
‘lomelane also occur in this district, sometimes occupying cavities in a
ceous breccia which is rather common.
The manganese-ore occurring in the neighbourhood of
Makabalesiwar. Mahabaleshwar forms irregular nodules distributed
through the laterite cover on the Deccan Trap, and
nodules are formed presumably by concentration of the residue from
action of meteoric waters on the basaltic rocks.

For use in steel-making, manganese-ores should contain not more
than o'15 per cent. phosphorus nor more than 1o

;'.l",‘éﬁ"“ of manga- nLer cent. of silica. Under conditions laid down

. by the Carnegie Steel Company, ores containing
s than 40 per cent. manganese and more than the above-mentioned
ntities of phosphorus and silica may be rejected at the option of the
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buyer. Deductions from the scheduled price per unit are made also
for every 1 per cent. of silica above 8 per cent. and for each o'02
per cent. of phosphorus in excess of 0’1 per cent. Steel manufacturers
pay an additional price per unit of iron present in the ore.

TABLE 32.—Variation in the Price of Manganese-ore c. i. f. at
United Kingdom Ports.

50 per cent. Mn.|47—50 per cent.]40—47 per cent.
and upwards. Mn. Mn.
Date.
Pence per unit. [Pence per unit, |Pence per unit,
January 188 . . . . 9—13 8}—n 74—104
July 1898 e o0—12 84—11 74—10%
January 18¢9 . . . 10—12} 9—ir1 74—104
July 1899 . . . . . 12—14 10}—11% 8—10
Jamuary 1900 . . . . . 13—15 12—13 10—12
July 1900 . . . . . 13415 114—123 10—12
January 1901 . . . . . 12— 14 11—12 10—I11
]uly 1GOI . . . . . J04—11 9—10 —8
January 1902 . . . . . 24—10} 9—5% 8~9
July 1902 .- 9i—104 9-94 8~9
Janvary1gos3 . . . . . 10—104% 8—9 74~83%
July 1903 s v e e . 10—10% 8—9 74—8%
Janvary 1904 . . . . . 9—9i 8-9 68

The prices paid for manganese-ore carrying over 5o per cent. of the
Prices. metal, delivered at United Kingdom ports or at

New York, ranged between g and 10 pence per

unit at the end of 1903. Thus, an ore with 52 per cent. manganese
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would be valued at 2X=139 shillings a ton. Table 32 {page 60) and

the following diagram (figure 9) show the recent variations in the
prices of ore of different grades :—

20
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F1e. g.—Variation in the Prices of Manganesesore at United Kingdom Ports since
1890,

Owing to the distance of the chief deposits from the sea-board—
amounting in the case of the Central Provinces
to about 500-600 miles—and the heavy freight
charges to Europe and America, only the high grades of ore can be
touched. Ores which would be considered valuable within range of a
steel-making centre are rejected in India, and the result is a regretful
waste of the natural resources, which will continue until there is a
demand in the country for ferro manganese and facilities for its manu-
facture. As the ore sent out of India ranges a little over 50 per cent. of
manganese, the metal for which it is valued is charged with nearly double
freight ; but the present owners of mines have so far sunk comparatively
little capital, and the so-called mines are mere open quarries worked by
the assistance of no expensive plant; there is thus no present induce-
ment for husbanding resources, and there will probably be no attempt,
either to manufacture ferro-manganese from low-grade ores, or to
make steel, before the inevitable decline in the mining industry takes
place. There is now an apparent haste to make the most of the pre-
sent circumstances, and as the Indian and Brazilian outputs have
already affected the market, there is a very evident fear of depreciation
in prices; and consequent curtailment of the life of the industry; for

Economic considerations.



62 Records of the Geological Survey of India. [VoL. XXXI1

the export of manganese-ore will cease to be profitable long before the
natural stocks of higher grades of ore are exhausted—when, in fact,
quarrying passes into mining, and the simple excavation of rich ore now
in sight in great quantities gives place to the more expensive process of
selection, However, by all accounts and all appearances, there is yet a
fair future before the present owners of manganese-ore quarries, and the
wonder is, not that manganese-ore mining has developed so greatly
in India, but that such rich deposits could have remained so long

prominently exposed and yet untouched, as attention was directed to
the best of them many years ago.!l

One cannot help the feeling of regret that the whole industry is at
present equivalent to a heavy loss to the country. The ore exported is
worth perhaps Rs. 30 a ton in the country to which it is sent: this

country gets out of it merely the margin left after paying the heavy
freight charges, and possibly Rs. 15 a ton can be regarded as the profit
to India, divided between the railways, the miners and the owners of
the land. At the same time, India has to pay the foreign manufacturer’s

!
profits and the cost of return carriage for the manganese brought
back in the form of steel.

If a flourishing steel-manufacturing industry
existed in the country, much of the manganese would be retained in

India, and the lower-grade ores also would be economically developed.
As it is, our manganese-ore is being exported to the three great
steel-producing countries—England, United States, and Germany.
The exports to Holland and Belgium shown in table 33 are in part
for transmission to Germany, whilst the consignments sent to Egypt

D
were booked to Port Said to await orders for delivery to ports further
west.

It is only, however, within recent years that the demand for man-
Uses of manganese-ore,  S20ESE in steel-making has grown so raplqu
Manganese-ore was formerly used in the chemical

trade in various ways, but mainly for the production of the chlorine
necessary to manufacture bleaching powder: it was then valued especi-

ally for its content in oxygen, in which respect the Indian braunite is
inferior to pyrolusite, Now the conditions are reversed, and the ore
bemg valued mainly on account of its manganese content, the sesquioxide,

in braunite, which predominates in the Indian deposits, is more valuable
than the dioxide, pyrolusite,

'V, Ball, Manual of the Economic Geology of India, 188; 329
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TABLE 33~ Distribution of exporied Indian Manganese-ore
Sor the years 1897-98 to 1902-03.

CounTrigs, 1897-08. | 1808-9g. | 18gg-00.

1900-611 1g01-02. \ 1602-03.-

Tons. | Tons.

Tons. Tons. Tous. Tons.
United Kingdom | 54,279 51,931 63,175 86,269 65,150 05,540 -

Belgium o 5,250 13,300 1,090 ,
France 5850

Germany . 11,300 10,734
Hollana . 8,330 ‘ 16,500 5,050
Egypt .

3,400 15,000

United States 24,550 10,900 18,350

5,350 41,720 42,950
78,829 62,831 95,225

TOTAL .

130,660 | 133,070 | 155274

Mica.

The returns of production for mica grossly understate both quantity
| ete returns 1 and value, as both are below the export returns.
ncomplete refurns for . . e .

production. As the only mica on which royalty is charged is

that raised in Government land, and as many mica
miners have mines in both Zemindari and Government land, there are

)
obvious reasons for understating the production, and, besides this fact,
the flourishing industry of stealing mica diminishes the returns for
production without affecting the export figures.

A con51derable quantlty of mica of the poorer grades is consumed

in the country for ornamental and decorative
Exports.

purposes, and a small quantity of the larger sheets
is used for painting pictures on in various parts.of the country. As

far as the figures for guantity are concerned, therefore, the exports

cannot be accepted as an approximate expression of the production ;

but as regards value, the export returns may be accepted as a closer
approach to the figures which should express production

From table 34 it will be seen that, during the years 1897-98 to
Varlations fn value, D02 0% the mica exported averaged 19,173
wts,, and bad an average annual value of
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£77,613, or £405 per cwt. The variations in yearly value reflect a
serious change in the trade which occurred in 1899. The diagram
forming figure 6 (page 14) brings out this feature very strikingly.

" In 1898 Indian mica miners began to realize that their waste dumps
contained a large supply of the material wanted for the manufacture

Export of films for of micanite, in which thin films of mica are
micanite, cemented together and moulded into sheets, to

serve many purposes for which the natural sheets
only were used formerly. The waste heaps were consequently turned
over, and the clear sheets of muscovite cleaned and split into thin films
by gangs of childr

en, who, by practice, could select the films of the
required thickness with an accuracy which could scarcely be exceeded
by the use of a micrometer.

The large quantities of flimsy " mica
thus suddenly thrown on to the market raised the weight of mica
exported, without 4a corresponding increase of value, Thus, figure 6
shows the curve for weight, suddenly rising in the years 1899—1go1
until it crosses that for value, falling back with the reaction in the
following year, but with a closer approximation of the two curves
marking the

years subsequent to 1901 when compared with those
before 18g8.

TABLE 34~Exports of Indian Mica durt'ng the years 1897-98
to 1902-03,
Y AR, ;
Quantity, Value Value per cwt.
Cwts,
1897-08 " 4 A
n
1858.9q . . o8 a4 ou
1899-00 . 004 53890 492
190001 , . 2,599 73,372 25
1901-03 N5 109,554 33
9020y, 16,208 70,034 430
o412 87,504 429
. o o B
19,173 77,613 #05

/
e?fpressed. in table 34, from which it will be seen
per t., and € mlca.. sent out of the country in [8.97.9in

that this valye dropped down to £32%

L)
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ART 1.

i i ity, with only
as exported in quantity,
- when the cheaper mica w - : ol
.I 899 tl-gfgécovew in the following years, during w(;ntch t;(l)]';}:. the cheap
rinds l h ore expeusive sheets were echorte ogether. o
K e e the relative contributions of the mica.-exporting
Table 35 shows rovinces, and in the case of Bengal and Madras
ised N : inces in which the industry can be
Source of mica raise the only provinc ‘ y can be
for export. regarded as established, the mlca_lue;po e s
i i h case. It will be seen iro
ithin the Presidency in eac will n
tl}?t [;rc:)cllucfsa:"il uring the years under review, the two chief produce
this table y :—
contributed to the average total as follows

Bengal . . 82 cwis. Va‘ued at, . £J5 272
. 12,2 ) 2y
Idad(as . . . 5’872 » » * . 523!241

The average value of the mica sent out of Bengal was thus £4'26
e av .
per cwt,, whilst that from Madras was £367.

TABLE 35.—Exports of Mica for the years 1897-98 10 1902-03.

AS.
BENGAL. BoMBAY. BURMA. Mabr
Valge| < g Value
YeAR. Kl e ) 2 $ pe:
in Value cwt. é > cwt.
0
et 3 = sl e e | e ——
. £ YCwt.l £ £
Cwt.| 4

q| 649
3,264 121.183
1897-08 | 8,344 | 59,051

8 | 3,706l21,628| 675
189899 | 7,720 | 31,954 4M4 : 2.3 jml o
18g9-00 . 15,473 | 47.234) 305 g K o e
16400-01 . |13,633] 63,049 462 3 P
1901-02 . [11,870) §3,140 448

515
v | e ] 375519 320
1902-03 [16,651 | 63,202 410

R -

18:00 | 5,872 25,241 | 361

Average 12,282 x52,272\

ibuti ica during
distribution of exported mica
Teble 30 shovs t}:fleav:;ii%eunltier review. It will be notlcedhthat
h pUnited Kingdom took the largest s are,1
o ting to 73°2 per cent. of the average tota
amounting [ g

Distribution of mica
exported,
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value, but much of the mic
for transmission to the Co
to America brought a hig
face the heavy import du

TABLE 36.—~Average Distributio
during the years 1897

her price, as only
ty imposed by the

nof Indian Mic
98 to 1902-03,

o India. [Vor, XXXIl,

a sent to the United Kin

. gdom is sold there
ntinent and America,

The mica sent direct

the better qualities could
Dingley Tariff in 1897.

a exported

AVERAGE QuantiTy, AVERaGe Vavve.
—_— —_—
EXPORTED 1O Per Value per
Cwts. cent. of £ cei?o et
total. tot:;l
S \\‘\*\
United Kingdom 14,843 774 56,799 733 383
United States 2,078 155 15,596 207 524
Germany 1,027 5'4 3,920 50 382
loi 141 .
Belgium 4 o7 1 634 o8 4'50
France $§ o3 522 oy 9'49
Hong Kong go o5 ;6 o029
Other Countries . 39 o2 116 0'2 2:97
—— — —_—
Average Total 19,173 1000 77,613 10070 405

According to the Dingley Tariff, im

‘“unmanufae »
Effects of the Ameri- . tured’

can tariff.

and 12 cents a pound in the c
an immediate effect on the America
grades of foreign mica,
unable to face foreign competition
years preceding 18q

valorem,

7 the average val

States averaged £ 14,573 a year,

the average annual vajye of

ase of

and thereby o

whilst for the fiye years fo

PART 1] HOLLAND: Mineral Production, 1898—1903. 67

had an average annual value of £33,481, those for the following five
yea{ls‘hi:vet;i%f;d fc?vf/fvi(:‘., naturally atfected the Indian prc?ducer, vf]ho
then contribu,ted the chief part of the. mica cons;:med 1111 t./&g;e::é
whilst the practice of preparing the mineral for t ? ;nii:] emd;;cers
affected by the classification adopted, tl'10ugh som:.‘eh nLond é)n ducers
were slow in observing the fact that mica sent to .eh o rhet
i immed rectangles was, on account of the higher duty, W
o el trlmmthe Anmerican buyer than the roughly dressed matenal.. .
Shightly less to India met with little competition from other countries
For many years in the American market, but during the last two
years Canada has produced large quanti;ies. of
i meeting the requirements of the. consumers of mica,
Ez}a.lloi?sil(t)i’s?;dczillengedgthe supremacy of India. Tablte. 37 ;}}1::},;3
approximately the relative positions of the th;eehc({;,n rllgxs whic ,
bgfween therr;, produce well over go per cent. of the o(r1d s supply,
India has so far enjoyed an easy lead, but there was a su 1 en exPanci
i he Canadian output in 1902, though reports recently receive
?lzchZtt: return to near the normal value of £32,000 for the year
o

1903.

Competition with Canada.

TABLE 37.—Value of Mz:ca raised 1:n the three principal
producing countries.

YEAR 1898 1899. 1900, 1901, 1902, Average.
E . N
£ £ £ £ £ £
8,888
India (a) .1 53,890 73,372 | 109,554 70,034 87,594 78,

6 25,518
United States (5) 25,219 24,293 29,592 23,715 23,709 5,

Canad 24,324 | 33403 | 410 | 32877 (082,102 | 41,399
anala . . Eh

(a) Exports only. | (6) Value at the pla'cef of production,
{c) Preliminary figpres subject to revision,

ini istribution of mines do not differ
f mining and the distri ! . .
the methods o matexgially from those described in a §pec1al
Mining methods. Memoir issued two years ago,! The short-sighted
' T. H. Holland: The Mica Deposits of India. Mem. Geol. Surv. Ind.,
vol. XXXI1V, part 2, 1goz. "2
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policy then described is beginning now to impress itself on the mica-
miners, who will be fortunate if no other country steps in to secure the
market which could be controlled by India, or no artificial substance is
found to meet the growing demand for mica, before the miners learn
the necessity for reorganizing their methods.
The rules for the grant of prospecting licenses and mining leases
for mica in Bengal were revised in April 1902,
and are printed % exfenso with those for Madras
in the Memoir on Indian Mica published by the Geological Survey in
1902. The important changes introduced in the rules were T—

Prospecting rules.

(1) The levy of a royalty in the case of prospecting licenses at
the rate of 5 per cent. on the sale value of mijca ;

(2) The abolition of the system of putting up leases of mica
mines to auction, and provision for restrictin
to approved methods ;

(3) The raising of the maximum period
years H

(4) The grant of power to lessees to relin
during the currency of their leases,

g operators
of leases to 30

quish their grants

Of the prospecting licenses issued during the period under report,
Prospecting llcenses seven were granted ifx Nellore, four in Coimba-
granted. t(?re,. one in Godavari, and one in the Tinnevelly
district, Madras Presidency. In the Central
Provinces, one was granted in each of the three districts, Balaghat
Hoshangabad, and Chhindwara, In Burma, one license was issued f01i
each of the two districts of Magwe and Mandalay, and two each for
Myitkyina and the Ruby Mines district,
granted in the Khasia and Jaintia hills.
were granted in Ajmer-Merwara,
3,223 square miles,

In Assam, one license wasg
: In Rajputana, four licenses
making a total of 27 licenses, covering

Most of the mica mines having come under the control of the Indian

Labour statistics,  1ines Act of 1gor, lab‘our statistics for the last
. three years of the period under review are now
available. These are summarised in table 38, from which it wil] be

seen that t}_xe mica industry comes next to gold in providing laboyr
whilst the risks attending a8 now practised, are rather’

mica-mining,
greater than those of coal-mining in India, though the period is oo
ries,

short for a fair comparison of the two indust
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TABLE ~8.—ZLabour Statistics of Mica Mines for the years
2 1901 o 1903

Average for
Province. 1got. 19032. 1903 3 years.
7,363 6,464 6,694
Number of persons (| Bongel < | 9080 | ol | s 2471
yed.
TOTAL . 9,219 28,500 3,776 9,165
— 2 9 433
Number of Deaths ! Bengal . . 12 o 533
from Accidents at ] Madras o ~ —
Mica Mines. | TEITAE . 18 2 9 966
T . i . 1 065
Death-rate per 1,000 (' Bengal . ' gg; 0_‘?7 39 216
persons employed Madras :
at Mica Mines. —:;M:a;z . . i 195 o2r 1oz I°0s
[

Petroleum.

uring the period under review,
More progress ha?nbegzvgoafii;dthe gpetroﬁaum resources than
Total production. those of any gther mineral. .The output in i89(7i
amounted to 19 million gallons,.and at the tlmflﬁ dw:;ida i:ef;;:,)
production, but the outturn has since been qt}a(.h'up e“, o
amounted, as shown in table 39, to nearly 88 mllholn ga oce;lt o the
But still India contributes little more 'than td ‘perF. ure-s e
Position of Indla World’s supply of mineral Olli:)t . ;%16 o o3
amonogsst oll-producing  other countries are npt yet obtamn Siler ;
countries, but table 40 (page 71) shows the posxtlv:;llen -
occupied amongst oil-producing countrl.es in I%OI'ta:ildS t;?::;nd Rasin
output exceeded 50 million gallons. With the Unite e o Worlds
overwhelming all others by producing over 9o Pe:i cent. of oroducers,
supply, India takes a place amongst.the sec(;)n gmuptin pwith the
and at the present rate of expansion will soon be co(rlnPe g cological
Dutch East Indies, where the oil-fields are situated on a g

extension of the Assam-Burma belt.

. . t.
! Preliminary returns for 1903 show that the Indian output was 102)9 per cen
of the World’s total supply. {Petroleum Review, Oct. 22, 1924, Ps 330-
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policy then described is beginning now to impress itself on the micae
miners, who will be fortunate if no other country steps in to secure the
market which could be controlled by India, or no artificial substance is
found to meet the growing demand for mica,
the necessity for reorganizing their methods.
The rules for the grant of prospecting licenses and mj
for mica in Bengal w

before the miners learn

ning leases
ere revised in April 1goz,
and are printed in extenso with those for Madras
in the Memoir on Indian Mica published by the Geological Survey in
1902. The important changes introduced in the rules were : —

Prospecting rules.

(1) The levy of a royalty in the case of prospecting licenses at
the rate of 5 per cent. on the sale valye of mica ;

(2) The abolition of the system of putting up leases of mica
mines to auction, and provision for restricting operators
to approved methods ;

(3) The raising of the maximum period
years ;

(4) The grant of power to lessees to r
during the currency of their leases

of leases to 30

elinquish their grants

Of the prospecting licenses issued during the period under report,

seven were granted in Nellore, four in Coimba-

gr::t“;“f“""g Hcemses tore, one in Godavari, and one in the Tinnevelly

district, Madras Presidency. In the Central

Provinces, one was granted in each of the three districts, Balaghat,

Hoshangabad, and Chhindwara, In Burma, one license was issued for

each of the two districts of Magwe and Mandalay, and two each for

Myitkyina and the Ruby Mines district. Ip Assam, one license was

granted in the Khasia and Jaintia hils. In Rajputana, four licenses
were granted in Ajmer-Merwara,

making a total of 27 licenses, covering
3,223 square miles,

Most of the mica mines having come under the con

Mines Act of 1901, laboyr statistics for the last

three years of the period under review are now
available. These are summarised in table 38, from which it wil be

seen that the mica industry comes next to gold in providing labour,
whilst the risks attending mica-mining, as now Practised, are rather

greater than those of coal-mining in India, though the period is too
short for a fair comparison of the two industries,

trol of the Indjan
Labour statistics.
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st Mica Mines for the years
’ a8.—Labour Statistics of
rasLe o8 1901 to 1903

Average for
Province. 1gor. 1903 1903 3 years.
1 eaee 6,464 6,694
.| 6,254 7,363 jagha
Number of persons f\;deandiils ’ 2,'965 21,137 2,312 47
employed. B —_—
o W 9,219 28,500 8,776 9,165
ol . 9 433
32 2 ;
Number of Deaths Bendgal . : . 2 " 533
from Accidents at ‘ Madras A ~ ; e
Mica Mines. .\ TOTAL . 18 '
— B . - 65
‘ ' 027 1'39 995
Deatherate per 1,000 “ Bendgal . gg; 216
persons employed y ! Ma _"ris N - "
at Mica Mines. 1—-;1';3,@3 ) \ 1'95 o'2r 1'02
| |

Petroleum.

: i der review,
de, during the period un
dtion. ther mineral. The output in 1897
olal prods those of any © d at the time was a record
e
million gallons, and a ‘1 100
amounttt?d tobuZche outturn has since been qua('iruple{il,o :Snd m 1903
on H a N
prOdu:t:ad ’as shown in table 39, to nearly 83 m11110; ger cent. of the
amoflgl t t’ill India contributes little more .than ['11p Fromres for all
ut s di World’s supply of mineral ol i)tainalgnle for 1903,
Posifion ?f odlll‘:.lll: other countries are not yet 0 osition India
:::::;f:ets e but table 40 (page 71) shows (tihelgiz when its
‘ . . tries in 1901 an ) .
i st oil-producing countri . tates and Russia
23?;5:2:22325 5o million gallons. With the [i::eéleft 309; the World’s
. by producing over 9o .

Over?hellm?f f;t(ztshirsplzcg amongst the second groupt?tf‘ P:gﬁciié
AT nt rate of expansion will soon .be competing eological

aI;ldt al‘: tl}*ée I:r(;xsx(:iies where the oil-fields are situated on a g

uic as )

extension of the Assam-Burma belt.

. . er cent.
 Prelimi eturns for 1go3 show that the Indian outpu:, w;ss;:)Q k%
r C . , P» 330-
of the \Volrrlréll’:.atroytal supply. (Petroleum Review, Oct. 22, 1924
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TABLE 39 ~—Preduction of Petroleum during the vears 1898 to 1903.

QuANTITY,
YEAR. . Value,
Gallons. tﬁe:.”(ft)
4
1898 . . . . 22,234,438 80,295 76,821
189 . . . . 32,934.c07 132,265 125,684
1900 . . . . 37,729,211 151,523 148,735
1901 . . . . . 50,075,117 201,108 204,342
1902 . . . . 56,607,688 . 227,340 217816
1903 . . . . . 87,859,069 352,848 354,365

{a) The metrictcn is assumed to be cquivalent to 249 gallons of crude petroleum
having a specific gravity of 0°88s.

India is, however, still far from meeting all its own requirements in
mineral oil. The imports during the past six
years have averaged nearly 8534 million gallons,
valued at £2,314,801 (table 41, page 72), but the fall after the
maximum of 1901-02 was continued into 1903-04, and it now appears,
consequently, that foreign supplies are actually being displaced. It
is interesting to notice that, of the two great producers, Russia and
the United States, which have been supplying between them 93'5 per
cent. of the imported foreign oil, Russia has been gradually increasing
its predominance over the United States in the Indian market. In
1897-98 Russia contributed 58'1 per cent. of the imports and the
United States 297 per cent., but in 19ot-02 the former had secured
85'5 and the latter only 95 per cent. of the Indian custom, though a
slight reversal occurred in 1902-03 (see table 41).
As shown in table 42 (page 73), the predominance of Russia as a
Value of imports. supplier (?f mineral oil to India is more a matter
of quantity than of wvalue, for although both
countries supply large quantities of the cheaper kinds of oil, the supplies
of more expensive kerosenes come from America, and the average
price per gallon of the American oil is greater than that from Russia,
prices on the whole having been enhanced in the former case from an

Imports.

b

PArT 1.] HOLLAND: Mineral Production, 1898=—=1903. 71

i 98 to 7'81 pence per gallon in
-66 pence per gallonin 1897-9 e per
EI‘VZT::%Z Oin(zlﬁhasieng bgen depressed in the case of Russm.\ oil from an
agerage,of 6°47 pence per gallon in 1897-98 to 593 pence in 1902-03.

] olewm in 1901 and 1902,
TABLE 4o0.— World's Production of Petrol

1
' 1901, 1902.
e
) Per cent.
COUNTRIES. Pev c;nt. Gallons. ;
Gallons. Loil. 2
i S
[ P
o : 6,842,060 47°94
United States . . 2,428,621,790 4184 3,106,84
2,080,899,460 5138 2,818,001,575 43°50
Russia . 1900,
. 208,100,000 3
Sumatra, Java and 106,354,5C0 1°84 51100,
Botneo.
22
Galicia . . 113,804,040 196 144,975,600 » 4
R in 49,215,600 085 72,007,550 ri
oumanii . .
d 50,075,117 086 56,607,688 087
Iudia . 075, .
] 38,500,000 067 41,755,000 064
apan . . . , ”
Canada 20,037,500 \ 035 18,200,000 o
-20
Germany . 10,677,050 o'ty 12,378,625 g
P
Peru 2,520,135 k 0'04 2,100,000 03
00 ! 420,000
Italy . . 3535 | ‘% 03 - 002
! 910,000
Other Countrics 700,000 |
U S — - -
TOTAL . 5,802,067,692 \‘ 100°00 6,480,288,098 1000

ces of India are confined to the two. systems

0;}:;!:::‘:1‘::‘:;:352?1'{01ded rocks at either end of the Himalayan

P i . t. including the Punjab and

W T}I]; 1“731111}3&: y::imcoxi:;dvij;nd Britigh limits to Persia,

w;el:lr(; Sxe o’il-ﬁelds have attra.cted i.nterest for ma(rllyBif;z;i.

(2) The Arakan system on the east, m(fludmg A§sam 3,211 | Burma,

with their southern geotectomc extension to the mghly
productive oil-fields of Sumatra, Java, and Borneo.
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TABLE 42.—Average Annual Value of Mineral Oil imported during
the years 1897-68 to 1902-03.

Average value per gallon.

Average Price,

Countries. . Average annual value. :

. | i
£ i Pence.
Russia . . . . 1,666,571 } 628
United States . . . 483,220 7'22
Other Countries . . . l 165,011 ! 717
Average Aonnual Total and ' 2,314,802 l 6-50

| |

In both areas the oil is associated with Tertiary strata, and has had
probably similar conditions of origin in both cases, but the structural
features of these areas are not equally suitable for the retention of oil
in natural reservoirs. In Burma, however, the conditions have been
locally ideal: the well-known Yenangyaung field lies in a N.N. W.—
S.S.E. flat anticline, the axis of which by variation in pitch has produced
aflat dome in the Kodaung tract. The rocks in this dome include a
porous sand at depths of 200—300 feet, covered by impervious clay-
beds, which have helped to retain the oil until the impervious layers are
pierced by artificial wells. In the Baluchistan area the rock-folds have
been truncated by agents of denudation, or have been dislocated by
earth-movements, and much of the original stores of oil have disappeared.
Oil-springs are common enough, but they are mere “shows,” not
connected with reservoirs which can be tapped by artificial means,

In the Punjab, oil-springs have been known for many years to exist
in the Rawalpindi district and further to the south-
west, but the total output of the Punjab is small,
ranging between 1,000 and 2,000 gallons a year. During the past six
years the recorded production has been as follows :—

Punjab.

1808 . . . . . . « 1,510 galions.
1899 . . . . . . . 1,104 »
1900 . . . . . . « 1874 »
1901 . . . o . . . 1,812 "
1go2 . . . . N . . 1,049 ”
1903 . . . . . . « I§,793 ”»
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Unsuccessful attempts have been made to develop the oil resources
indicated by springs in different parts of
Baluchistan ; the most prominent of these are near
Khatan in the Mari hills and Moghal Kot in the Sherani country, where
small oil springs which were examined in 1891 were found to yield oil
of a very high quality. The oil-spring in the neighbourhood of
Moghal Kot affords a good illustration of the way in which a country,
originally well endowed with the necessary conditions for the natural
production of petroleum, may lose itsresources by subsequent des-
truction of the natural reservoirs. The Moghal Kot oil-bearing beds
form a very open anticlinal fold, whose axis pitches to the E.N.E,,
and if the domepossessed the necessary plastic, impervious envelope,
the oil rising up from below would have become concentrated in the
porous beds which form the saddle, but for the fact that along this line
the rocks are more easily eroded by surface water, and the anticline
thus forms the gorge of a river by which the rocks have been opened
to permit the waste of oil for an indefinite time. This is, unfor-
tunately, the history of most of Baluchistan and the Punjab, where
the oil-bearing strata are either disturbed beyond the plastic limit of
the impervious layers, or the whole series of beds (those which are
porous and hold the oil, as well as those which are impervious and
limit its movements underground) have been exposed to the air. In this
respect the Punjab-Baluchistan area offers fewer prospects of success
than the eastern group of Assam and Burma, where, especially in the
latter area, the rocks are less disturbed and the softer shales have
retained their nearly impervious character.

Up to the present, however, all attempts to develop the oil prospects
of India have been without success, except in Burma and North-East
Assam. Burma holds an easy lead, and ifits resources hold out, the
present rate of development will soon displace foreign supplies,

The delay in the development of the promising petroleum resources

Assam. of Assam is an instance of a remarkable diffidence

and want of enterprise - existing in a com-

mercial community which could show the reckless speculation of
the gold boom of 1890, As long ago as 1865 an account of the Makum

Baluchistan.

area was published by Mr. H. B. Medlicott, F.R.S, in the Memoirs -

of the Geological Survey, and trial borings were then recommended,
This advice was followed in 1867, when a Calcutta firm obtained per-
mission to prospect, and struck a promising oil-spring at a depth of 118

3
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feet near Makum ; but nothing more was.done., until 18?32 anE}‘OHI}’ very
slow development occurred in the followmg sixteen -{,edrs. . hle Ass.am1
Oil Company was, however, formed in April 1899 with a 1.1ommad c.apltha
of £310,000, most of which was quickly called up and invested in, the

erection of a new refinery at Digboi and in systematic drilling opera-

: ; hat the output rose from 631,571 gallons in
tl’ogls’ tvgl;hsztgisgesggllctns in 1903.pBesides the ordinary illuminating
oigl and sol’id ;’)arafﬁns, the Assam Oil Company ha§ madle a succesls-
ful attempt to put petrol on the Indian market... The f.O1 owm% ta le
shows how the output in this area has been rising during the last six

years (&

.« + . 547,965 gallons,
1898 . . ) 623,372 Y
1899 o 75049 »»
1go0 . . ) ) ) 631;57l "
1901 . . . ) . 1,756,759 " g
1902 LT . 2,528,785 .
1903

The belt of Tertiary rocks extending from the north-—easte.zrn corner
of Assam for some 180 miles scuth and west show§ frequent signs of 911,
nearly always in association with coal_ and sometimes as.somal:;f:dh Wlllt'h
brine-springs and gas-jets. The series of earth-folds in w ich t 1'51
corner of Assam occurs stretches sout.hwards to Cachar: where. ol
springs are also known, through the little-known Lushai .hlusl mtc;
Arakan, and in the same system of parallel folds occur the oil-tields of
the Arakan coast on one side of the Yoma and those of the Irawadi
; other (see plate 6). -
Va!i‘ehyeOx?lot:teproduct(;ive (I))il-ﬁelds of Burma are t'hose on the eastern side
of the Arakan Yoma, in the Irawadi vallf:y,
Burma. forming a belt stretching from the Magwe district,

in which the well-known field of Yenangyaung occurs, through
Myingyan, in which Singu occurs, across the Irawadi into Pakokkuh,
where Yenangyat is situated. Oil is, however, knowr} further' sout.
in Minbu, Thayetmyo and Prome, and further north in the Chmdw:g
valley, but these areas have not so far been thoroughly prospected, ar}ll
the great development which has recently taken place has been the
direct outcome of work in the three fields, Yenangyaung, Yenangyat,
and Singu. _
Yenfﬂgyaung, the best known and most developed of the. .held.s?
still holds the lead as a producer. The oil in this

Yenangyaung. area has been worked by native wells on both
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si.des of the dome for well over 100 years, and before 1886 the annual
yufld Wwas generally over two million gallons, but soon after systemati
drilling was introduced in the central Kodaung tract in 1887 tie ot 1(;
graduaily rose to over 10 million gallons in 1894, and last vear ;l o
reached a record of 56,920,662 gallons. yean 1903

TABLE 43.—Production of the Burma Oil-fields between
1898 and 1903,

YEaR, Y; ;::"l?'- MSylx:gg‘;'an Y;:ﬁnggat, Kyauk-

Diagwe | District. | Districr, | 2" | phyu. TOTALS.

Gallons. | Gallons. | Gallons. Gallon.s‘ Gallons. W
188 . .} 15484301 .. 6,036,088 58,025 | 105,549 | 21,684,963 ,;::,;g
18g9 . .| 22,111,514 10,030,790 50,559 | 116,668 | 32,309,531 120,757
1900 . .| 27,123,325 9,701,769 36,852 112,342 | 36,974,288 148,401
t9or - - 137482935 11,843,341) 22,355 | 93,103 | 49,441,734 | 108 561
1902 , " 49712,142) 174,880 | 13,824,350 36,794 | 1¢0,774 | 54,848,980 | 220,277
o iégmf SOI7.981 122,665,518 52,968 | 71,962 | 85328491 | 54,85
Average .| 33,305,813 2'80(6.;’)130 12,350,316/ 43,026 | 100,233 | 46,764,665 | 187,810

(@) Two years only.

Yenangyat yielded very small supplies of petroleum before 18q;
Yenangyat. when drilling was started by the Burma gll’
Company. The expansion was slow until 18

when 32.4,086 gallons were produced, but rose rapidly to 6,026 -
gallons in 1898 and to 22,665,518 gallons in 1903. 'lyhe oil f,OQ o
Yenangyat area, and that from its southward extension on throm the
side of the Irawadi river near Singu, contains a hj her pr e' other
the lighter hydrocarbons than the Yenangyaung cruge oilp Pportion o
Singu has suddenly come into prominence, .
Singu. struck by the Burma Qil C
on the 30th October 1go1, an

then made to provide tanks for its reception.
consequently begin till 1go2, when only 174,

Petroleum wag first
ompany in this area
d arrangements were
Production did not
880 gallons were turned

)
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out with the opening of the new wells, but the output jumped up to
5,617,381 gallons in 1go3. The crude oil first obtained had a specific
gravity of 0'8247 and flash point under 40° F., in consequence of which
primary stills were erected on the field to remove the light naphthas
before transport to the Rangoon refineries.

Besides the Upper Burma oil-fields, the islands off the Arakan coast,
noted for their mud volcanoes, have also been
known for many years to contain oil deposits of
uncertain value. The chief operations have been carried on in the
Eastern Barongo Island near Akyab and on Ramri Island in the
Kyaukphyu district. During the past six years the average output of
the former area has been 42,926 gallons, whilst in Kyaukphyu the output
in the same period has averaged about 100,000 gallons, with a distinct
tendency to decline.

The main factor which has contributed elsewhere to the recent great

advances in oil production, namely, the general
Bulk system of trans- 45 tion of the bulk system of transport and
port: distribution, has been receiving the attention of
those interested in the development of the Burma oil-helds. The Burma
Oil Company have laid a pipe-line from Yenangyat, through Singu, to the
Yenangyaung area, and are now preparing to connect all the fields in a
similar way with their refineries in Rangoon, a distance of 275 miles;
they are adding several large tank steamers to their present fleet of
five, with storage tanks at the principal Indian ports. The enterprise
shown in the laying out of capital in Burma evidently anticipates an
expansion in the trade well beyond the record output of 1903, and the
fact that mineral oil is being rapidly adopted as fuel instead of coal,
removes the fear of over-production which seemed likely as long as
petroleum was used only as an illuminant.

Arakan coast.

Ruby.

During the period under review the ruby-mining industry in Upper
Burma underwent a new and favourable phase, the mineral having
become, next to petroleum, the most profitable source of revenue amongst
Burmese minerals. Various leases were granted in the ruby-bearing
area near Nanyaseik in the Myitkyina district, and in the “ stone-tract”
of the Sagyin hills, in Mandalay district, and the results have been
mostly profitless ; but the returns for the Mogok area, where the Burma
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Ruby Mines Company is paramount, show that the industry has
e.ntere'd a most encouraging phase. The Company was granted the
rlght.ln 1889 to mine for rubies and to levy royalties from persons
working by native methods, the lease being renewed in 1896 for 14
years, at a rent of Rs, 3,15,000 a year plus a share of the profits. The
r('esults being, however, unsatisfactory from the shareholders’ point of
view, the rent was reduced in 1898 to Rs. 2,00,000, the share of the
px:oﬁts being, at the same time, raised from 20 to 3o per cent. A
dividend of 5 per cent. was paid for the first time in 1898, when the
value of the rubies obtained amounted to £57,950. In 1899 the Com-
pany obtained rubies to the value of £90,848 and paid a dividend of
12} per cent. : in this year three unusually valuable stones were found,
one of 77 carats being valued at 4 lakhs of rupees (£26,666). In the
following year, 1goo, the value of the stones raised increased to
£97,326, and the Company paid a dividend of 174 per cent. The year
1901 showed the record output of stones valued at £104,476, whilst in
1902 they brought £86,895. In the last year, 1903, the Company’s
receipts were £98,575 and profits on the year’s working £44,950-

Salt.

There are three kinds of sources from which salt is produced in
India :—
Origin of Indian salt.

(1) Sea-water, from which 61'8 per cent. of the total produc-
tion was obtained during the period under review :

{(2) Sub-soil water and lakes in areas of internal drain,age in
both of which the origin and mode of concentration op e
Sillt are the results of essentially similar natural process
From these sources about 27 per cent. of the total es,
obtained ; and al was

Rock-salt , . i

) Oct salt beds, from which 112 per cent. of the total was

obtained by mining and quarrying,

During the past six years, 1898 to 1903, the average annual prod
Production. tion of salt in India amounted to 979,572pstat:: :
tons, Table 44 shows the variatio :

six years and plate 4 shows graphically th iti
amongst the large sal g s dupmion !

ns for the past

. ) ndia has
t-producing countries during the past 22 ye:;lsken

)

TABLE 44.—Produ
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ction of Salt in India (excluding Aden).

YEAR Statute Tons. Metric Tons.
AAAAAAAAAA -
986,158 1,001,982
!898 . . . y
935,432
1899 . . . 920,659
83 1,021,315
1900 . . . . 1,005,185
1,119,672
1901 . . . 1,102,039
1,040,206 1,056,899
1902 . . .
823,184 836,394
1003 . . . . 3
e
Average 979,572 995,282

TABLE 4§.—Provincial Production of Salt during ¢

he years 1898

f0 1903.

1808. 1899. 1900. 1901. 1602, 1903. |Averages.

Statute‘ Statuts | Statute | Statute Statute | Statute | Statute

Tons. | Tons. | Tons. | Tons. Tons. | Tons. § Tons.
Aden . 41,217 41,181 49,763 87,800 ‘58,953 71,656] 54428
Bengal . . 174 112 44 o4) (a) 106
Bombay 343,560, 368,072 460,262 323,909l 381,611| 267,619 357,507
Burma . . 18,223‘ 23,240 20,835| 21,500 20,013 26,174} 231,664

Gwalior State

Madras.

456‘l 133
251,875‘1 268,562

352 491 485
322,244| 230,544] 358,430

489 434

244,923) 297,600

Northern India 159 790‘ 248,574

'2’245\’1 11,478

————————_——

|
TOTAL Statute Tons . | 1,027,375 961,840

Sind . .

Metric Tons .

190,532 405,068 269,177 270,068

10,786| 11,415 10,426] 13,817

—

290,535
11,695

_—

1,054,948 119,839 1,099,159 394,340) 1,038,000

__

1,054,665

|
1,043,862‘ 077,269

1’071;877 1120&033"’”61797 900,200

(@) Average of 4 years.
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Of the provinces contributing to this amount, Bombay, with an
Provinclal  contripy. average annual production of ,507 tons, and
gg:f fo the total produc- Madras, with an average of 297,365676 tois, between
them contributed almost exactly two-thirds of
the total. Of the salt produced in Bombay, about 78 per cent,
was obtained from sea-water, the rest being manufactured from
sub-soil brine at Kharaghora and Udu on the border of the lesser
Rann of Cutch, and possibly derived from infltrated sea-water. The
Madras salt is practically all made from sea water, a very small
quantity of spontancous salt being collected at Pandraka in the
Masulipatam sub-division,

The chief manufacture of salt in Burma takes place also along the
sea-coast, but sub-soil brine is evaporated at various places in. Upper
Burma, notably in the Lower Chindwin, Sagaing, Shwebo, Mym'gy.an,
and Yamethin districts, and in smaller quantities in Minbu and Melktlla,
as well as at Mawhkeo in the Hsipaw State. During the past six years
the average annual production of this salt in Burma has been 3,432
tons,

In Sind 88 per cent. of the salt raised during the years 1898 to 1903
was obtained from sea-water, and 12 per cent. from the Saran and
Dilyar deposits on the edge of the great desert. — .

From the point of view of the geologlst‘and mineralogist, the last
two groups of occurrences, namely, sub-soil salt and rOCk'S_alt’ are
naturally of more intgrest than the first, though from' the. ﬁnancla! point
of view the salt from sea-water, being the predominating fraction, is

the most important source of revenue. o
The second form of occurrence is characteristic of areas in which

evaporation of rain-water is excessive compared;,

Sub-soly and internal ., n off and the salt recovered in these areas
fake brine. is that merely arrested on its journ_ey to the sea,
where, in the same way, it is concentra:ted by evaporation of the water,
The most prominent of such areas ® the desert-belt of Rajputana
including the salt-lakes of Sa}mbhar, Didwana, Falodi, Lonkara-syr and
Kachor-Rewassa, with a brine-impregnated sub-soil along the whole
valley of the Luni, as well as the country to the west in Sind, around
the Rann of Cutch and the. delt.a o? tht? Indus. To the north of the
Rajputana country sub-soil brine is raised and evaporated for salt in a

cluster of villages in the Sultanpur mahal, south-west of Delhi. Other -

places occur in parts of the United Provinces and in Berar, where large
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quantities of salt were formerly obtained from sub-soil brine in the
alluvium of the Purna River. In Gwalior State salt is regularly manu-
factured from sub-soil brine, the average annual production during the
years 1898 to 1903 having been 434 tons. In Behar a small quantity of
salt is separated in the manufacture of saltpetre. The returns for the
past four years for Bengal, with an average of 106 tons per annum,
quoted in table 45, refer to salt made in this way.

The most important source of salt of this group is the Sambhar
Lake in Rajputana. Recent investigations have
shown that Sambhar is a silt-filled depression
in the Aravalli schists and gneisses, in which a body of mud and sand,
with kankar and gypsum (some 75 feet thick in what appears to be
about the centre of the depression) includes from 2 to 1z per cent. of
sodic chloride, with smaller quantities of sodic sulphate, sodic carbonate,
and potassic sulphate. Every year the water brought in by the rivers,
which are in flood during the monsoon, forms a lake some 6o square
miles in area and 2 to 3 feet deep. The water, which is fresh when it
first comes in, takes up salt from the accumulated stocks in the silt and
forms a strong brine, which is partly led into prepared enclosures
(kyars) for the separation of salt by solar evaporation, partly isolated
by temporary reservoirs constructed to cut off bodies of the lake-
water in anticipation of the recession towards the centre during
evaporation, and partly forms a thin crust of white glistening salt on the
bed of the lake, where it i1s allowed to remain until the arrival of the
next monsoon and the usual annual flooding of the lake.

During the past six years the average annual removal of salt from
the Sambhar brine has been 135,051 tons, which
is 13'8 per cent. of the average annual production
for India during the same period. Since the
lake came under the direct control of Government in 1871 the salt
removed has amounted to about 4 million tons. During the past few
years the quality of Sambhar salt is said to have depreciated, and it has
been suspected that the large quantities which have been removed have
at last made an impression on the great stores of salt which must have
accumulated in the lake silt, appreciably raising the proportion of the

Sambhar Lake,

Production and pros.
pects of Sambhar.

- associated compounds, sodium sulphate, sodium carbonate, and potas-

sium sulphate. An investigation is now being made with a view to

forming an estimate of the total and relative amounts of these salts

present in the lake mud, and of obtaining a forecast of the effects of
G
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fraCth}nal solution and crystallization under the existing system of
- manutacture,

The chief fraction of the output of Sambhar is consumed in the
Distribution of Sam, United Provinces, l?ut small quantltixe.s reach as.far
bhar salt, even as Behar against the competition of foreign

salt imported through Calcutta. The following.

table shows the average annual distribution of Sambhar salt during the
years 1897-98 to 1902-03 : —

United Provinces . . . 91,443 tons, or 683 per cent. of total.
Rajputana . . . . . 20,371 5 5 153 ” -
Central India . . . . 1L,713 5 5 88 » »
Punjab and North-West Frontier

Province . . . . 0ICO 5w 63 9 ”
Central Provinces . . 716 5, 5 O5  » ”
Behar . . . . . 175 » » ©O1 ” »
Sind (in 1002+03 Only) . . . 204 » » 02 ” »

The salt being manufactured at Didwana is prac.ti.caflly all con-

sumed in Rajputana and the adjoining districts

D 31" B o e 898 10

) 1902-03 the average annual amount, 10,502 tons,

disposed of from this source was divided into 8,123 tons for the Punjab

and 2,379 tons for Rajputana. Pachbadra salt, of which only small lots

entered the Punjab, had an average distribution as follows during the
period under review : —

Average Distribution of Pachbaiva Salt during the years
1807-98 to 1902.03.

- United Provinces . . 15,346 tons, or 450 per cent. of average total
Rajputana . . . 0216 4 w2734 )
Central India . . v 5553w  » 165, . N
Central Provinces . . 3562 , 5, 106,

1y

ToraAL . 33,677 tons,

The production of rock-salt in the Punjab, North-West Frontier
Province and Mandi State is shown in table 46
from which it will be seen that, of the a ,

annual output of 109,540 tons, 89,023 tons,
per cent,, came from the Salt Range mines,

cent. respectively came from Kohat and Mand;,

Production of rock-
galt. verage
or 812
whilst 145 and 4-3 per

)
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TABLE 46.—Prodiiction of Rock-Salt during the years 1898 to 1903.

Percent-
Kohat [ Mandi age of total
YEAR. S?;R?anbge’ North-West S?;te: TOTAL. | salt pro-
61ab. Frontier. duction of
India,
Tons. Tons. Tcns. Tons.
1898 . . . oen117 17.225 4754 113,004 11°4
1899 . . . . 01,488 17.693 4,621 113,802 1273
1000 . . ‘ . . 81,534 14.g00 4,122 100,556 10°0
1¢01 } . o816 | T 14465 | 4,845 11,626 101
1902 e 87,426 14,674 5,152 107,252 103
1903 . . . .| 90,736 15,598 4.354 110,888 13°5
Average . . . 80,023 i5842 4,075 109,540 112
Per cent. of Average Total . 812 14'5 43 1000

The chief deposits of rock-salt are in the so-called Salt Range of the
Punjab, where the seams of salt and included
marl partings have, where worked in the Mayo
mines at Khewra, an aggregate thickness of 550
feet, of which five seams of pure salt make up 275 feet, the rest, known
as talar, being too earthy and impure to be marketable. These beds
occur in a formation lying directly underneath beds of Lower Cambrian
age, but it is suspected that they may be of Lower Tertiary age, like
the other salt deposits of this part of India, and that they have arrived
in their present apparently anomalous position by an overthrust of the
older fossiliferous beds,

Mining for rock-salt is carried on in the Mayo mines, Jhelum district,
the Warcha mines in the Shahpur district, and across the Indus at
Kalabagh, The rock-salt in this area varies from white to brick-red in
colour and thus differs in colour from that of the Kobat area.

The most important of the mines in the Salt Range are the Mayo
mines near Khewra (32° 39"; 73°3’). In thisarea
salt-quarrying was practised for an unknown period
before the time of Akbar, and was continued in a primitive fashion

G2

The Salt Range depo-
sits.

The Mayo mines.



84 Records of the Geological Survey of India. [VoL. XXXII,

until it came under the control of the British Government with the
occupation of the Punjab in 1849. In 1872 the system of mining was
reorganized, and the work now in operation was planned out by Dr.
H. Warth, late Deputy Superintendent, Geological Survey of India.!

The rock-salt being raised in the Mayo mines has, on account of
its purity, a wide distribution. A recent analysis of one of the seams
gave the following results :~—

Sodium chloride . . . . . . . 9886
Sodium sulphate . . . . . . 0’57
Sodium carbonate . . . . . . . trace
Magnesium chloride . . . . . . ml
Maoisture . . . . . . o 0'08
99'51

In the Warcha mine, Shahpur district, the seam of rock-salt being
The Warcha mine. worked_ is'20 feet thick, with a one-foot parting of
marl, dipping 30° to the N. N. W.
About two miles EN.E. of Kalabagh on the Indus, rock-salt is
Kalabagh quarries. worked in open quarries on the east slope of
Sandagar hill.
The rock-salt raised in the ¢7s-Indus mines and Kalabagh quarries is
Diteibation of Salt principally c.onsumed in the Punjab and North-
Range salt, West Frontier Province. During the past six
years the average annual sales in these provinces
amounted to 70,064 tons, or 82'3 per cent. of the total. In the same
periad the rock-salt sent to the United Provinces averaged 10,049 tons a
year, or 11°3 per cent., whilst as much as 5°7 per cent. of the total sales
oran annual average of 4,933 tons, reached as far as Behar, and smal{
consignments of about ro tons a year were despatched to Lower Bengal.
The average annual amount of 580 tons which entered Sind formed 0'7
per cent. of the sales for the years 1897-98 to 1902-03.

The Kohat salt is grey in colour with transparent patches, It is
worked in open quarries, and the masses exposed
may be regarded as practically inexhaustible at
the present rate of output. In the anticlinal at Bahadur Khel where
the salt is seen to be at the base of Tertiary system, the beds’ can be

Kohat quarries.

1For detailed description, see “ Report on the Ins

ecti f
Mine,” by J. Grundy, 1898, pp. 13-15. pection of the Mayo Salt
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traced for a distance of about eight miles, with an exposed thickness

of over 1,000 feet. ' ]
In Mandi State, rock-salt is worked in open quarries near the fa.u'lted
junction of the T ertiary and the older unfossilifer-
Mandi quarries. ous rocks at Guma and Drang. The Mandi salt

is of a dirty plum-colour, containing earthy impurities which bring

down the available sodic chloride to 60 or 70 per Cer}t: .
With low freight-rates from Europe, large quantities of salt are im-
ported, especially into Bengal ar}d Burma, against
Imports and orighn of (}e competition of the domestic produce. The
Forelga salt salt imported during the six years under review

averaged 433,754 tons per annum, of which 56°1 per c.ent., as s.hown.by
table 47, came from the United Kingdom, the remaining supplies beu-lg
obtained, in order of average quantity, from Germany, Aden,- Arabia,
Egypt, and Persia. The average annual value of the salt imported
during the six years was £456,263.

TABLE 47.— Origin of the Salt imported during the years 1897-98 to

71902-03,
Average annual
Imported from quantity im- | Per cent. of total,

ported.

Tons.
United Kingdom . . . . . . 243,216 561
Germany . . . . 56,928 131
Aden . . 49,350 114
Arabia . e e e e e 42,887 99
Egypt . . . . . . . . 28,377 65
Persia . . I . . . . 12,441 29
Other Countries . . . . . . 555 o'l
Average Total for the years 1897-98-1902-03 . 433,754 1000

The amounts taken by the different provinces maintained a fairly
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conbtant« I‘atIO thlou?hOUt t, € I)et 10 W 1t- 1 t € o ow ng yeal ,
averag €S . — ’

Imported to Bengal . . .
" e : . . - 389,376 tons.
. » Bombay . . » - . BT
” » Madras . , . X ) 0o
. » Sind . . . ) ) Zl "
* 9 s
Torar . 433754

———

Of the average annual amount impor :
ente.re('i India through Bengal, Thepgzstfiiu:?i?:fg;e,f(igtg b Cen't.
!ndla in competition with the chief sources of productio g Sé'ﬂt ¥
in the annual reports of the various Salt Departments 1on s reviewed
Small quantities of salt are also imported across éhe land frontier

frans.Frontier 1. c}(:mmg i with borax mainly from Tibet. During
ports and Exports. the years 1898 to 1903 these imports averagea
rom Tibet. AL 1,476 t.ons annually, of which 1,416 tons came
. 1e same time considerable quantiti i

o \ ‘ S quantities of Indian sal
\C;:ri(;se?}i across the frontier, The average annual export in this wat'
ig the six years under review amounted to 41,170 tons, TI :

. he

principal fractions went to N A
(11,234 tons). epal (12,943 tons) and into Kashmir

Saltpetre.

i()rm3.1 10N Of Saltpetre ma SOil thC necessar CODditiOIlS
.

fofo?glﬂo?:rmafisosen“ﬂ: ?r;a (11) supplies of nitrogenous organic matt
n o 2) chimatic conditions f o
Lic avourable to the
growth

saltpetre.
and action of Wino ’
. . r .
nitro bacteria, converting gracsky’s so-called fitroso and

nitric acids, (3) the presence of potash, and (4)

%Ior;s suitable .for the efflorescence of the pot
surface.  An ideal combination of these neccss
made the Behar section of the G
of saltpetre,

meteorological condi-
assium nitrate at he
ary circumstances hag

angetic plain famous for jts producti
ion

. In tll{s part of India we have a population of
mile, mz}uﬂy agricultural in occupation, and thus ac ‘OVC anj
p.roportlon of .domestic animals, supplying an ‘ bwmpdmed @ bigh
nitrogen. With a mean temperature of 7%" K ompance of
range of 68° and for a large part of the

[ 500 per square

\ organic
- confined to an annual
year, when the air has a

urea and : ias i
and ammonia successively into nitrous and
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humidity of over 8o per cent., with a diurnal range not exceeding 8°.
above or below 84° F., the conditions are unusually favourable for the
growth of the so-called “ nitrifying ” bacteria.

With a population largely using wood and cow-dung for fuel, the soil
around villages naturally would be well stocked with potash; and
tinally, with a period of continuous surface desiccation following a small
rainfall, the sub-soil water, brought to the surface by capillary action in
the soil, leaves an efflorescence of salts, in which, not surprisingly,
potassium nitrate is conspicuous. Under these conditions Behar has for
many years yielded some 20,000 tons of saltpetre a year. o

The system of manufacture has been very frequently described in

. detail,! and consists essentially in dissolving out the
System of magufacture. .09 alts contained in soil around villageé, and

effecting a first rough separation of the two most prominent salts—
sodium chloride and potassium nitrate - by fractional crystallization.
The impure sodium: chloride is consumed lecally, whilst the saltpetre is
sent to refineries for further purification before export.
The returns for production are so manifestly, imperfect, being con-
P siderably below the amounts of export, that the
roduction and export. .

export figures must be taken as the only index,
though still an imperfect one, to the extent of the manufacture. The
export figures for the past six years are given in table 48, showing an

average annual export of 382,353 cwts., valued at £262,592.
There is no definite directional change indicated by these figures,
but a comparison with the returns for the past 20

Variations in exports. i
years shows that there has been only a slight reduc-
tion in the amount of exported saltpetre, in spite of the discovery else-
ic nitrate, now being largely consumed
ff, and of wholesale changes in the sub-
stances used for manures and for the manufacture of explosives. For
the six years 1878—1883 the average quantity of saltpetre exported
amounted to 405,568 cwts. a year, whilst for a similar period ten years
later, namely, 1888 to 1893, the average annual exports were 389,989
cwts. The highest values, ranging from about £600,000 to nearly
£900,000 a year, occurred at the time of the American Civil War from
1860 to 1864, but saltpetre was then an essential constituent of

explosives and India had almost a monopoly of supplies.

where of large deposits of sod
in America, of variations in tari

1 G. Watt, Dictionary of the Economic Products of India, vo!, VI, part 11, 5. 656, Py 433, and

Jiterature quoted.
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TABLE 48.—Total Exports of Saltpetre during the years 1897-98 to

1902-03.{4)
QUANTITY.
YeAR. Value. Vallxst.per
Cwts. Metric tons.
£ Shillings.
8793 . . - -+ 417,788 21,224 265,831 1273
8890 . . - - | 65256 | 18,555 232,86 1275
1895-00 . 307,402 20,189 256,210 1516
1900-01 . . . . . 348,636 17,711 204,249 1688
1g01-02 « . . . " oe] 354412 18,005 237,880 1342
1902-03 . 410,626 20,861 288,487 1405
Aveavage . 382,353

19,424 \ 262,592 \ 1373

(a) Includes exports across the frontier which averaged 380 cuts,, due mainly to 2,233 cwts.
sent into Kashmir in 1goo. The saltpetre sent across the {rontier seldom exceeds a ton per

annum.

There have been various changes amongst the consumers of small
quantities, amounting altogether to about 20 per

1 .
sm:‘:::’: onofexported  cent, of the total, but the quantities sent annually

to the three larger markets, United Kingdom,
United States, and Hong Kong, amounting to 80 per cent. of the total,
have remained fairly constant,

Calcutta is still, as it always has been, the chief port through which
saltpetre leaves India, the exports through

Provincial shares In R ' P . oug
the exports. Calcutta, during the pericd under review, having

amounted to g8'5 per cent, of the total. Of the
remaining small amount esported, 1-2 per cent. left v71d Karachi, The
average annual exports from the different provinces have been as
follows during the years 1897-98 to 1902-03 ;=

Bengal . ] . . . 5

Bombay . . . . : 37 ,;gﬁ cwts,
Madras . . ) i : 3 "
Sind « . . . ... 4728

ToTaL .

»
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i i i from Behar, as shown in
1y is obtained mainly '
b{rheocjvlﬁ::tltahsaipgezn compiled from returns published each year
;9; ;135 éommissioner of Northern India Salt Revenue.

TABLE 49.—Average Distribution of Saltpetre exported by Sea
' during the years 1897-98 to 1902-03.

Average annual | Per cent. of
EXPORTED TO quantity. average total.

e

-

Cwts.
117,126 307
United Kingdom . . | . . ~
Hong Kong - . . "
. . 91,790 40
United States -« . . . . . "
Mauritius . . . . . . - 6.0
France - . . . . |
10,012 26
i ts . . . . . .
Straits Settlements . . . . - "
Ceylon . . . . ' i y
Japan . . . . "
. 5,107 3
Other Countries . . . . .
Average Total for the years 1897-98--1902:03 . 381,973 | 160°0

TABLE j0.—Average Annual Imports of Saltpetre into Calcutta
for the years 1897-98 to 1902-03.

Average annual Per cent. oj;
OBTAINED FROM quantity. average total.
e |
Cwts.
h - £20,120 591
Behar . . . . . . . X
13,680 29'2
United Provinces . . . . . . 113,
Punjab .. . 44,300 13
unja . . . . . .
: i 1,540 4
Rajputana and Central India - . . . »S
100 ver
Lower Bengal . . . . . . . o
Average Total . 389,740
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Only very small quantities of saltpetre for chemical and medicinal
purposes are imported into India by sea, but a
considerable quantity comes from Nepal. During
the past six years the impo.rts: from Nepal have averaged 9,417 cwts.
with considerable yearly variations, as shown below :—

Trans<Frontier imports.

Saltpetre imported from Nepal.

1897-93 . . . . . « 9,308 cwts,
1898-99 . . . . . . 12,836

vy

]899-00 R . . ’ . . 15,655 »
. 1400=01 . . . . . 4590
1901-02 . . . . . o 11,357
1902-03 . . . - 2758

Annual Adverage . 0,417,

As the total annual imports of saltpetre averaged only 9,430 cwis,
during the six years under review, the contribution from Nepal was the
only one of importance. The annual values returned for the total
imports give an average of £5,816, or of 12'34 shillings per cwt.

' Tin.
Tin has a wider distributjon than is generally recognised, and its
Unworked occurrences. rr}inerals _are 'Oftefl .overlooked through the
difficulty in distinguishing them from other heavy
minerals. Isolated crystals of cassiterite have been found recently in
pegmatites associated with gadolinite in the Palanpur State,! whilst in
the Hazaribagh district of Chota Nagpur instances have been recorded
of the accidental production of tin from river sands by the native iron
smelters, in addition to the recorded occurrences of ores iz sity, The
principal deposit, which has either been wrongly described or has

received less attention than it deserves, occurs in the Palganj estate .

near the Barakar river.
The only persistent attempts made to work tin have ‘been in Burma,
where cassiterite is obtained by washing river
gravels in the Bawlake State, Karenni, Southern
Shan States, and in the Tavoy and Mergui districts of South Burma.
The work done on these deposits hitherto has been, however, ,

Worked deposits.

' Rec. Geol. Su;v. Ind., xxxi, 1904, 43

on a

PART ] HOLLAND: Muneral Production, 1898—1903. gt

smaller scale than might be expected from the? favourable reports
which have been made as to their extent and richness. Tab}e 51
shows the amounts of tin-ore raised during the years 1.mder review in
Tavoy and Mergui, but the returns are probably approximate onily, a:nd
no returns are available for Upper Burma. The average for the period
has been 1,645 cwts. (82'5 tons) valued at £6,876.

TABLE §1.—Production of T'in-ore in South Burma.

ToraL.
Tavoy. Mergui. |
YeAR. e g Quantity. | Value.
B 7 Cwts. Cwts. Cwis. £

1898 . . . . 780 780 2,553
1899 . . . . 14 1,408 1,422 7,900
1900 . . . . 19 . 2,059 2,078 8,534
1901 . .. . . . 22} 1,372 1,395. 7,773
1902 . . . . . . 25 1,970 1,995 5,340
1903 . . . . . . . 34 2,164 2,198 9,153
Average . 19 1,526 1,645 6,876

The metal is exported mainly in the form of block tin, almost
all of it going to the Straits Settlements. This,
during the years 1897-98 to 1902-03, averaged
601 cwts. a year, as shown in table 52. .

The tin exported from Burma is a small quantity compared to the
requirements of the country. Table 53 shows the
amounts of foreign unwrought block tin which
have been consumed in India during the period und?r review, anq in
addition to these quantities, smaller quantitles' of. tm-plate§ are im-
ported. By far the largest quantity of block tin imported into India
comes from the Straits Settlements. Out {)f the average total of
26,867 cwts., the quantity coming from the Strz.nts aver.aged 25,407 cwts.
per annum. A curious feature connected with the 1mPorts is the ‘fact
that the quantities of foreign tin impo'rted have not increased since
statistics of weight were first recorded in 1875-76. ‘In that year the tin

Exports of lack tin.

Imports of block tin.
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imported was reported to
came from the Strajs,

TABLE g2.—
52=~Exports of Burmese Block Tin for the years 189%7-98

to 1902-03.
YEAr.
Quantity, Value.
-
et Cwts, £
e 905 2,816
1899-00 - -
1900-01 . -~ .
534

1901-02 -
1902-03 . o o
. . . 503 2,881
Average . 661 3,144

T _ .
ABLE 53.—~Consumption of Foreign Block Tin in India

v IMpoRrTs,
EAR. T
Quantity. Value, Re-exports, Consumption.
Cwts. o
s | | 8 £ Cwts, Cwts,
o - 38,483 146,554 3,609 36,874
1 9 -9 . . | |
. 29,099 110,667 1,396 27'703
lsgg-oo . . ’ ’
" 17,202 91,525 2,473 4819
00-01 |
32,501 146,135 2,624 19,967
1901-02 | '
25,907 156,212
) 1,853 24
1902-03 . . .
. 27,830 169,731 1,498 26,338
Average
26,867 136,804 1,008
24,059

of India. [VoL. XXXII.

amount to 36,159 cwts., of which 31,479 cwts.
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As regards the prospects of tin-mining in Burma, it may be worth
notice that the country in which the ore occurs
lies in a belt connecting Yunnan, the south-west
province of China, in which tin-mining is said to support a large popula-
tion,' and the well known tin-ore deposits of the Straits Settlements to
the south, from which, in 1903, 54 per cent. of the World’s supply
of tin was obtained.

At the same time, it should be kept in mind that the tin-ore of the
Straits has been obtained entirely from alluvial deposits, and that the
ore found in lodes has always turned out to be too poor to work.
The rapid rate of rock denudation in the wet zone of the tropics is
responsible for the fact that rich alluvial deposits may accompany poor
lodes, and consequently the occurrence of tin-ore in the sands and
gravels of Burma does not warrant the hope that workable lodes will
be found before the placer deposits are exhausted, That rich placer
deposits exist of sufficient magnitude in Burma also does not necessarily
follow from the fact that thereis a continuity in the solid geology;
the existence of a placer deposit is but a temporary accident in the
geological history of a country, and each one must be gauged for itself.

Prospects of tin-mining.

' A, Leclére. Exploration géologique des Provinces chinoises voisines du
Tonkin. C. R., 20eme Session, Assoc. Fr., 1900, ii, 916-926. Abs. Trans. [ust.
Mining Engineers, XX11, 1901-02, 715.
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IV. - MINERALS OF GROUP 11,
——e

Alum and Aluminium-ore,

’I‘HE separation of the sulphate of alumina from decomposed

pyritous shales, and the preparation of the double sulphate of
alumina and potash, by the introduction of nitre or wood
formerly an important industry in a few places, and, on a smaller scale,
“was practised at numerous places in India. But the importation of
cheap alum, principally from the United Kingdom, and its wide dis-
tribution by the gradually extending network of railways, h
nearly killed the native industry. Table 54 shows that du;ing
six years the consumption of foreign alum in Indi
cwis,

-ashes, was

ave now
the past
a has averaged 66,086

TABLE 54.—Consumption of Foreign Aium in India.

Imporrs,

YeAr il Consumption

AR. | Re-exports. of foreign
Quantity, | Value. ] alum.

B ‘ ———
Cwts. ~ £ ‘] Cwts. Cwts.
1897-98 . . <] 103307 | 3oge8 | 3,050 100,257
1808-99 e 70,999 18,837 3,320 67,679
1899-00 65,953 17,404 4,037 61,916
1000-01 . . . 64 528 ‘. 18,398 3137 61,391
1901-02 49,0914 } 15,137 2,240 47,674
1902-03 . . . . 61,081 l 18,789 2,478 57.603
gy !

Average . 69,206 ‘ 19,015 ') 3,210 66,086

No returns are available to show the amount of
Near Kalabagh, on the Indus,

shale are extracted for this pur
an irregular, fitful way,

. production in Indja.
considerable quantities of a pyritous

and the returns are probably mere rough

pose, but the mining is carried on in -

’
-
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estimates, In 1898 the output was reported to amount to 750 tons,
valued at £3,150, but no returns are available for 1899 and 1903, In
1901 and 1goz the production was reported to be 98 and 112} tons
respectively. .

India possesses a possible asset of great value in the deposits of
laterite which cover considerable areas in the
Peninsula and Burma. On account of their com-
monly rusty colour, and on account of the fact that l'ocally the native
smelters, content with a poor ore, have emPloyed laterite as a source of
iron, the only chemical work done on Iaterlte was formerly devoted to
a determination of its content in iron. It has only recently been
ascertained that many of the deposits contain large quantities of
alumina, and are in all essential respects identical with the substance
known as bauxite, which is now the chief source of aluminium. It is
a curious coincidence that for a long time the original bauxite of Les
Baux was, like laterite, first worked without success as a source of iron.

It is difficult at present to fully estimate the value of this discovery,
as a deposit of laterite, which would ordinarily be regarded as small
and of little consequence, contains enough alumina in some of the
instances examined to completely swamp the market of bauxite, of
which the World's total production is at present little more than
110,000 tons a year. Without any disturbance of present prices, the
aluminous laterites would hardly pay, at the ordinary rate for first class
bauxites of 21 to 22 shillings a ton, to mine for export to Europe and
America, and they must consequently be utilized for the extraction of
alumina on the spot, either for export as such, or for the manufacture
of aluminium in the country. To prepare the alumina from the bauxite
(or laterite) would, according to the most recent processes, require the
use of caustic soda, which is not at present made in the country. But
one of the latest successful processes for the manufacture of caustic
soda involves the separation of chlorine (from which bleaching powder
is prepared) by the electrolytic decomposition of dilute brine, and as
both caustic soda and bleaching powder are now largely imported for
use in paper-making, there would be a market for both, apart from
the requirements of alumina manufacture.

Bauxite.

Amber.

The returns for amber show the irregularities which might be
expected of an industry conducted in a casual fashion. by the
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half-civilized inhabitants of an unadministered ‘area, The following

table (table 55) shows the estimated production for the six years under
review :— '

TABLE §55.—Production of Amber in the Myitkyina District,
Upper Burma.

YEAR. Quantity. Value.
Cwts. FS
1898 114 1,061
1899 20 151
1900 9 103
1901
9 97 (a) 11
1902
30 432
1903
37 414
_— o
Average . 51 362

(@) Poor qualities only raised for medicine in 1901,

The Burmese diggings for amber are situated jn the Hukong valley
Occurrence. II; thbe I\tIalngtotafii?aw hills near Lalaung village
at about lat. 2 10" and o .

stance is found in clays of probably miocene a;;ng::m?lsf;a e tbub;
?1mber have been similarly found in association Witl; beds o%n:l:)n g
in other parts of Burma, for example, at Mantha ip the Shweb d,‘s age
and on the oil-field of Yenangyat in the Pakokku district WTVIO ]Stfrwt’
material is brought from the Hukong valley in U 'e Bost of the
Mandalay, where beads for rosaries, nadaungs (eals.p rl urma to
other trinkets for personal ornament are made from t}fy inders) and
varieties. € transparent
The amber of Burma differs in chemical

Chemical and physical from 'prev10usly known
properties. burmite has been conse

as a specific distinction 1

and physical characters
varieties, and the name
quently suggested for it
The well known amber

nt, of succinic acid, and

1O, Helm, Records, Geyl, Surv. Ind., xxy
¥

180 (1892), and Xxvi, 61 (1892),
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is consequently known to the mineralogist as succinite, but the Burmese
amber contains no succinic acid, though the products of its dry distillation
include formic acid and pyrogallol. Its ultimate chemical composition
has been determined to be as follows :—

Carbon . . . . . . . . 8oos
Hydrogen . . . . . . . . I1'50
Oxygen . . . . . . . . . 843
Sulphur . . . . . . . . . o002

——

10000

The specific gravity of burmite varies between 1'030 and 1°0g95. It
is distinguished from many other amber-like resins by its superior
hardness and greater toughness, which render it fit for carving and
turning. It possesses a peculiar fluorescence, like that which distin-
guiéhes the Sicilian variety simetite. '

Apart from the occurrence of a large percentage of discoloured
and opaque pieces, many of the large fragmer‘xts obtained are damaged
by cracks filled in with calcite; but otherwise there appears to be a
large quantity of material which might be put on the market with
profit. At present it is said to be unable to withstand the competition
of imported Prussian amber, even in the Mandalay bazar, and the
market has to a certain extent been depressed by cheaper foreign
material and by an artificial substance re-made from ‘amber chips.

Antimony.

Prospecting operations for antimony-ores, amongst which stibnite
is the most prominent, have been carried on in South Burma, and in
Lahoul, where a large deposit occurs near the Shigri glacier, The
latter occurrence is included in a mining lease recently granted, and an
attempt is about to be made to mine the ore.

Much of the material sold in the bazars under the name surma
includes galena as well as antimony, and the word has the same wide
significance which the term “ black lead ” once possessed. ’

Arsenic.

Details with regard to the production and use of Indian arsenic
are not available, but there has been a considerable trade in both
Indian and foreign arsenic, presumably in the form of the white
oxide,

H
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Table 56 shows the ex i
. tent of this trade for t i
review, but does not include the trade ot beriod under

separately, in orpiment, which is shown

TABLE 56— Average Annual Exports and Imports of Arsenic for

the years 1897-98 to 1902-03,

o -_— Quantity, Value.
‘ e
Expo;ts of Indian Arsenic— .
To Straits Settlements
w Other Countries |, . . 3::
—_— |
TOTAL . 334 £ 525
Imports of Foreign Arsenic —
From the United Kingdom . 42t
»n n Germany . . 829
o China , . . 09
» » Straits Settlements 999
v »n Other Countries |, . 88
—_—
| TOTAL 2,346 £3,110
Re-export of Foreign Arsenic 1
. 1r

.Orpiment,

0rplm§nt. Burma from Western China
a pigment. During the

:902-03" the average annual imports acrogg thli: f):::xrt%e i897-98tt3

c(:v t9,5§r hzv:ts., at an estimated value of £11,470, or 2l rh'a;;‘ s er

. ast three years have shown 3 decided ir’lcreas: isn 1thl;1 gt:ar:;

’

with, however, ap av .
erage : :
table 57). ge. reduction in the Price per cwt, (see

J
)
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TABLE 57.—Imports of Orpiment from Western China,

YEAR. Quantity. Value. Val:;t?er

Cwts, £ Shillings,

1897-08 . . . . 3,165 4,534 2865
189899 . . . . . 5,253 7,523 2864
1899-00 .- . . . . 8,712 11,582 ) 26°59
1900-61 . . . . . 12,075 14,822 24°55
1g01-02 . . . . . 17,268 21,195 24°55
190203 « . . . . 10,831 9,163 1692
Average . 9,551 11,470 - 2402

‘The mineral is used as a pigment in the manufacture of Indian
ornamental lac-wares and the Burmese lacquer-work, in which the
favourite greens of the Pagan workers. are produced by mixtures of
indigo and orpiment, and the so-called gold-lacquer of Prome by
powdered orpiment and gum. It is used also for the designs on the
Afridi wax-cloths,! :

Asbestos.

Asbestos has not yet passed beyond the prospecting stage in India,
although attempts have been made, during the past three or four
years, to work the occurrences in Merwara, Rajputana, Garhwal in the
United Provinces, and Hassan in Mysore.

Borax,

No undoubted occurrence of borax is known within British Indian
territory, and the material exported, which, during the last six years, has
averaged annually 4,481 cwts., of a value of £6,370 (table 58), is
practically all obtained from Tibet, being imported across the frontier
into the Punjab and United Provinces. The word #/n¢a/, by which it is
known in the bazars, is possibly a corruption of the Tibetan name for
borax, and is in common use on the Punjab frontier, where one meets,

Y G. Watt, Indian Art at Delhi, 1903, Pp. 211, 221, 222, 231.
H2
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in the Himalayan passes, herds of goats and sheep coming down in the
spring from Tibet, each carrying two small bags of borax or salt to be
bartered for Indian and foreign stores.

TABLE 58.—Exports of Borax by Sea from India during the years
1897-98 to 190203,

QUANTITY,
YEAR. Value. vaL‘ivet‘P"
Cwts. Metric tons.

£ Shillings,
189798 . . . .| 3624 184 4339 2395
1898-99 . . . 4,999 254 6,429 2572
1899-00 . . . . 4,405 224 6,304 28:62
1900-01 . . - 3,190 162 5,020 31°47
1901-02 . . . . 5,666 288 8,504 30'34
1902-03 . . . . 5,002 224 7,534 3012
Average . 4,481 228 6,370 2843

In addition to the borax sent by sea to foreign countries, small
quantities cross the frontier into Nepal, Kashmir, and Kalat.
the six years, 1897-98 to 1992-03, these trans-frontier exports of borax
have averaged 23 cwts. a year, with an average total value of Rs. 377
(£25) or Rs 16'4 (225.) per cwt. . The export trade has very seriously
declined. Twenty years ago the borax sent out of India amounted to
over 16,000 cwts. a year, valued at £24,000. At that tim
part of the material exported went to the United Kingdo
in 1883-84), but with the discovery of large deposits of
in America the demand for borax from India ceased, and
large customers are in the Straits Settlements and Chi
having taken 3,827 cwts,, and the former 468 cwts,
annual total of 4,481 cwits. exported.

The amount of borax imported into India across the frontier has

averaged (as shown in table 59) 21,955 cwts., of the valye of £17,369;
adding to this the small quantity of refined material imported by sea,

During

e the principal
m (14,134 cwts.
calcium borate
now the only
na, the latter
, of the average
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namely, an average of 214 cwts,, it is seen thE-).t the consumption in
India h’as averaged 17,655 cwts. per annum during the years 1897-98
to 1902-03.

TABLE §9.—/[mports of Borax by Land during the years 1897-98 to

1902-03.
YEAR i Quantity. Value. Value per cwt.
EAR.
1 Cwts. £ Shillings.
1897-08 . . . . o 18,273 12,097 1584
808 .. 16,564 13,053 1576
1898-99 . . . .
8 . . 20,315 16,424 1617
18g9-00 . . . .
18,621 15,005 1618
1900-01 . . .
.o } 31,085 24,096 15'50
1901-02 . . . .
03 . 29,874 23,482 1572
190203 - . . '
Average . 21,955 17,369 1582

Of the amounts brought across the frontier, and shown in table 59
to have an annual average of 21,955 cwts., 1,117 cwts,, or §'1 per cent.,,
came from Ladakh, whilst 20,831 cwts.,, or 94’9 per cent,, came from
Ch"'II?}f: E;\?'z:{. obtained in the Puga vallt?y of Ladakh, K?shmir,. is
deposited from hot springs, associated W.lt]..’l sulphur -dep051.ts, which
probably represent the final phase o.f declining volcanic actlc?n. The
material collected in Tibet is obtam'ed from salt lakes, which have
possibly obtained their borax in a simxl.ar way from h.ypogene. sources.
In other parts of the World, as in Cahformaf, Argentina, Bolivia, an'd
Chile, deposits of calcium borate, colemanite, are worked fo.r their
boracic acid, besides the borax of salt lakes and marsh deposits. In
Italy borax is obtained from volcanic fumaroles.

Building-Stone.

If the extent of the use of building materials could be Aoty
any recognised standard, it would form one of the besyfguides-to the

7
\\" d
o

7

/
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industrial development of a country. The attempt made to obtain
returns of building-stone, road-metal and clays used in India was
abandoned when it was shown in 1899 that the returns could not
possibly rank in value much above mere guesses. The same remark
might possibly apply to any other country, where figures are regularly
reported, though they are of little value for comparative purposes on
account of the varying systems of making estimates.

In the United Kingdom, where land is generally sufficiently value-

able to cause an increase of depth in quarrying to be less expensive
than horizontal extension, alarge proportion of the quarries come under

the control of the Mines Acts, and regular returns for production are
consequently available ; but in India there are only a few quarries of more
than 20 feet in depth, and the returns from them represent an unimpor-
tant fraction of the total amount of material which is being raised all over
the country for public works of all kinds, For the present, therefore,
we must be content with a general statement to represent the changes
from one period to another, -

In the absence of statistics, it is difficult to express shortly the trade
in material so widespread as common building-stone.
however, a few features which are I

peculiar to, India. In the southern part of the Peninsula, various
igneous rocks—the charnockite series near Madras, and the gneissose
granites of North Arcot and Mysore—are largely used ; in the centre,
slates and limestones from the Cuddapah series, and basalt from the
Deccan trap-flows are largely used. In Central India, Central and
United Provinces, the great Vindhyan system provides incomparable
sandstones and limestones, whilst in Bengal the Gondwana sandstones
are used on, and within easy distance of, the coal-fields. '

The abundant development of concretionary carbonate of lime ip
the great alluvial plains, and the extensive development of laterite on
the Peninsula and in Burma are dependent, in their more pronounced
forms, on conditions peculiar to tropical climates, and these two syl
stances, the so-called kankar and laterite, are about the most valuable
assets in building material possessed by the country.

The three great physical divisions of India, being the result
distinct geological histories, show general contrasts in the
available for simple as well as ornamental architecture. In the great
alluvial plains, buildings of importance are naturally most often made
of brick, but the margins on all sides admit of 3 certain inward

There are,
pecially developed in, if not

of three
materials
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: nded by increased facilities for
diffusion of sitont(;;iswg;:;e(}:: Sitbeiznii)tict;esting ');0 see tha!: at last the
transport. fn brick buildings in Calcutta is being.reheved by the
Tnonoton)f © fnthe Vindhyan sandstones of Mirzapur, and the
mterduCtlonfre(;stOnes and buff traps brought' from the’west coast.
gl(t:atl:: ?,Sse of Italian marble, mainly for floorings, and, 1an aksmfaller

'u the introduction of polished granit.e col.umns.and ocks from
Ardoen a d Peterhead, have been persisted in mainly because.: the:se
Aberd.een anh. heare no l;etter than, and possibly on the w.hole inferior
materlals,v\; ;Cdian origin, are placed on the market In a manner
to,. those o o immediate requirements of the builder and ax:ch}tect.
Sm.table to the bm::ause of the dearth of natural resources, but it is on
" liuz}::uifmt);e svant of enterprise, that Indian ornamental building
acc . o
stong is.lesst}‘::eg):‘;;z:sCltlrfife:l:fi'ew the stone and marble importedf
from l;:rrzfgn countries into India had an balwizﬁle];?miis zall(\)xezzcl)
£19,848, and of this amount the value of marble frc : y : ,i‘in ,

- f the average annual total. It is naturally surprising
kA L ntry which owes its reputation. for architectural
too::iegz:ta: ncxfxzh t)c’) the fact that it possesses anfunlimited Sluppl'y
o 1ding stone as to the genius of its people, is
?lfep(;::l::: zzalfozil;g su;gpplies to the extent indicated by thes&;1 '"}?p}?rt
returns. It can hardly be an accident that e-ach dynastfy,sw 1}(1:. acs1
existed in India since the wonderful Buddhist topes of anfc i ant

Bhahrut were erected, has been marke:d by the erectl}:m ob dgrea
monuments in stone, and there can be little doub’t that the a un artl}cle
of suitable material has been an imh;?:)rt:n: contributory cause in the

ia’ i r architecture.

gfoxth . Itn gg;;?:::t“:fl if:lp0rtance has occurred in quarrying the
nummfx?ictfi:: limestones of the Khasia and.]aintifll. hills, Partlydfor utsle
in the manufacture of lime or for use as simple llmesté)ng, t;n pal;m{
for the manufacture of cement near Calcu?ta. dn t169 et amobut
of limestone quarried in this district was estimate a I,I.<t)§ onsr,leml
considerable fluctuations were shown in subsequent years with a ge
imp;'_:ovement tof 22;673:::—?:5,?;19‘23&;& Vindhyan limestone near Katni,
whic}?rh:\(:;n zo(r)ne unger the control of the lndia:n Mines Aé:t, retturns
are available since 1go1, when the quantity ral'sed was ZA ’(l)'ooestoonr::
followed by 30,091 tons in 1902, and 35,238 tonsin 1903, A limes
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of Upper Vindh
yan age is bein ..
company, but much of the matger::.?rit ed near Sutna by a joint stock

530 miles to the B W carried by rail a distance of
arakar oy ance o
the blast furnaces. ar lron Works, where it is used as a flux in

Chromite.

Chromite ; .

near Sa,le:ne l?nkill?:v ‘:\:zloccur with the peridotites of the Chalk hills
’ amans 1 :

made Iong ago to work the depz) i in Baluchistan, Attempts were

done since. . sits near Salem, but nothi
districts Cl: bei:gB:;‘;ih;Stan tfhe ore occurring in the Pishlirriga}:lils ;)Ez;
ed up for ex
work : port, the output f,
bein ’ r;igoi’ being returned as 284 tons. Larper o the. f.irSt year of
g raised, the amount for the first half of thi bei(ilug:11 nltIStle; ta S
‘ ,O010 tons.

Clays.

No statistics a ;
pproaching any d

able to show the extent 8 2 Cogree of completeness are obtain-

the clays in India. Th .Of the undoubtedly great industrial value of
. ey include the common clays used all over the

country for the man
ufacture of bricks, ti
pottery ; finer varieties used for gl:z:e:l’ fles and the cheaper forms of

obtained . : pottery, which i

able quan ;.t.reputat)on for artistic merit ; ﬁre-?:]l’ays :zisel; ir[\)laces‘ dhas

which is mi le; on some of the Gondwana coal-fields: and fuyll C())nm o
The ine t in fthe Central Provinces and in Rajp;.xta uller's earth,

. mmports of materials comin : na.

1s room f g under this head sh

for the m:; ;he developme.nt of the raw materials wsh'olvlv that .there

munity Inu:xcture of articles required in a modernlc- :jllr.e suitable

amounted to 59(;3 the value of earthenware and or ;:”'1‘ lz‘ed com~

e 1 7;390 ; of earthenware piping, £6 6P celain - imported
of bricks and tiles, £38,618. ' 50,059 of clay, £6,186;

Copper-ores,
Copper was formerl
L5 . y s
Ind‘:?i,1 in Rajputana ang o
a killas-like rock 3
] persists along th
COpper-bear . g € WhOIe .
Pt ing ng m Kuly, Garhwal, Nepal, Si Tange, and is known to be
pper has, hoy 1 Sikkim, and Bhutan. Native-

. Cver, .
material, and all attempts b‘;""é}:}:tely given way to the imported
Opean companies to o
pen up the
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deposits have proved to be unsuccessful so far. Mining leases are still
held, and prospecting licenses frequently granted for copper - ores. The
Indian purchases of copper and brass form a sensible item in the
imports of metals. During the six years under review the average
annual value of copper imported was £813,701, whilst during the last
three years the copper imported was valued at over a million sterling
per annum.

Corundum.

The use of abrasives in manufacturing communities seems to be un
the increase, and new forms are being put on the market yearly.
Emery formerly served most requirements, until purer forms of
corundum were discovered in quantity. The cheaper forms of garnet
have long been used to adulterate emery, and members of the spinel
family, like hercynite, have been used inadvertently as such. During
the last ten years carborundum, manufactured by the cheap electrical
power developed in America, has come into use, the production of the
United States having now reached about 1,700 tons a year. Artificial
corundum is also being manufactured from bauxite at Niagara, and
crushed steel is being used to an increasing extent.

Natural corundum has thus many competitors in the market of
abrasive materials, and as a large portion of the alumina in igneous
magmas is necessarily used up during the processes of consolidation by
the silica and bases present, it is theoretically unlikely that the free oxide
can exist anywhere in an abundance comparable to the vast quantities
of combined alumina in the earth’s crust. In most cases the corundum
is scattered as isolated crystals through the rock, and only the most
economical devices for its separation can make mining remunerative,

In India, where the use of corundum by the old satkalgar(armourer,
sword-grinder) and lapidary has been known for many generations, the
requirements of the country have been met by a few comparatively
rich deposits, but it is doubtful if these are worth working for export
in the face of the competition referred to above in Europe and America,
or will even stand against the importation of cheap abrasives.

There is still, and for many generations has been, a certain trade in
Indian corundum, but the returns for production are manifestly incom-
plete. No workings exist of the kind that could be ordinarily
described as mining, but attempts have been made to increase the
scale of operations at Palakod and Paparapatti in the Salem district,
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the others, the only ones which are of immediate concern are Beryl,
Diamond, Garnet, Sapphire, Spinel, Tourmaline, and Turquois.  All
of these except the last have been, or are still being, worked to
some extent in India, and the Turquois may be dismissed with the mere
mention of the fact that India, besides being a large importer for local
use, is one of the channels by which the material raised in Persia and:
adjoining areas reaches the European and Eastern market. The other
minerals deserve more particular mention.

There is still a considerable trade in agate and the related forms of
silica, known under the general name of Agf:%,
and obtained from the amygdaloidal flows of the
Deccan Trap. The best known and perhaps still the most important
of the places at which agate and carnelians are cut and prepared for the
market is Cambay, the chief city of the state of that name under the
Kaira Political Agency, Bombay Presidency. The agates come from
various states and districts on or near the edge of the trap, but mostly
from the State of Rajpipla, where the chief source is a conglomerate
near the village of Ratanpur. The right to collect Aakit at Ratanpur
is leased for a period of five years at a fixed annual rental, but precise
data as to the value of the stones sent to Cambay are not obtainable.
A certain amount of agate-cutting is also carried on at Jabalpur, and at
a few other places within range of the Deccan Trap.

Much of the agate retailed in Europe is sent from Cambay, and
large quantities are alsoc exported to China.

In the Tanjore district, Madras Presidency, fragments of rock.
crystal are collected and cut for cheap jewellery,
being known as “Vallum diamonds,” whilst the
bi-pyramidal quartz-crystals found in the gypsum of the salt marl pear
Kalabagh, on the Indus, are to a certain extent used for making
necklaces, and rock-crystal is similarly used for cheap jewellery in
Kashmir,

Beryl in its pale-coloured varieties is of common occurrence in the
granite-pegmatites of India, but the crystals are
generally too much fissured for use as gem-stones.
Occasionally in the pegmatite veins which are worked for mica in Behar
and in Nellore, large crystals of beryl, many inches across, are found to
include clear fragments which might be cut as aqua-marines ; but the
only places in India where attempts have been made to excavate
pegmatite solely for its aqua marines are at Padyur (Pattalai, near
Kangayam, Coimbatore district, and at different places in the Toda

Agate,

Rock-crystal.

Beryl.
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Returns are not available to show the condition of the industry in
Jaipur, but there is still a considerable industry in the Kishengarh State,
though the yearly estimates are altogether too variable to permit ofa
fair average being drawn, varying from about 410,000 to £2,000.
Sapphires of considerable value were formerly obtained in Zanskar,
Kashmir State, but the mines are said to be
Sapphire.
exhausted, and returns for recent work are not
available. Occasionally the normal blue sapphire, and the rarer green,
yellow and white varieties are found in the ruby-bearing gravels in
Burma.
Spinel is a constant associate of the ruby, both in the gravels and
Splnel in the limestone, and the crystals, on account of
) their perfect ruby colour and their octahedral
habit, are often mistaken for the true ruby with its eight-faced com.
.bination of the basal plane and rhombohedron.
Several attempts have been made to work the beautiful red variety
of tourmaline (rubellite) which occurs in the Ruby
Tourmaline. . . e
Mines district of Upper Burma. In 1898 an out-
turn worth £359 was reported for this area, in 1900 the value was esti-
mated at 41,240, and in 1903 at 4196, but returns are not available

for 1899 and 1902.
Gypsum occurs in considerable abundance in various parts of India,

Gypsum occurring both in the fibrous form and as clear
) selenite crystals. In Sind it occurs in beds some-
times 3 to 4 feet thick near the top of the G4j beds of the Kirthar
range ; in Cutch it occurs in abundance in the rocks below the Nummu-
litic limestones; in the Salt Range it occurs in large masses with
the salt-marl, lying below Cambrian beds. A very interesting, and,
judging by the returns, important occurrence is N.-N.-W. of Nagore
in Jodhpur, Rajputana, where a bed, 5 feet thick or more, occurs in
silt probably formed in an old salt-lake. From this area an annual
average output of 5,304 tons is reported for the years 1898 to 1903.
Selenite crystals of similar origin have been recently found in the
kankar near the base of the silt in the Sambhar lake.

Glass-making Materials.

ers and the efflorescent alkali

The common, impure sands of the riv
are used in various places for

salts, so common in many parts of India,
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the manufacture of the infe

but attempts to make the bet
hitherto failed in India.

The chief difficulty in the way of manufacturing the better grades
of glass in India is the absence of known deposits of quartz-sand of the
requisite purity and of suitable texture, For the finer qualities of glass,
the sand which is, of course, the chief natural substance used, should
be rather fine and uniform in grain, angular rather than rounded, and
perfectly white. For the commoner

nds of glass, in which colour is
of no importance, a considerable quantity of impurity can be tolerated

and allowed for in making up the melting charge. The well-known
Fontainebleau sand of France, used largely for glass-making, will yield
as much as g9 per cent. of silica, with 050 per cent. of alumina and a

trace of iron oxide; but good window glass can be made from sand
containing iron oxide up to ‘02 per cent, without the use of the correc-*
tive manganese oxide.

"To what extent a glass-making industry would find a market in
India may be judged by the fact that during the past six years the

annual imports of glass and glassware have gradually risen in value
from £441,529 in 189899 to £661,377 in 1903-04.
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the travelling public in all railway refreshment rooms. Natives of
India have for many ages recognised a value in mineral waters and
in the hot springs which are often charged with more than usual
quantities of mineral matter, In many cases these, like most unusual
natural phenomena, have become sacred to the Hindus, and have conse-
quently become places of resort for pilgrims from great distances, Of
instances of this sort may be mentioned the hot springs at Manikarn in
Kuly, where the pilgrims cook their rice in the hot springs emerging in
the shingle beds close to the ice-cold stream of the Parbatti river. The
water is led into the neighbouring temple and rest-house for baths,
being supposed to be of value for rheumatism. At Lasundra in the
Kaira district, and at Vajrabai in the Thana district, Bombay Presi-
dency, springs of sulphurous water, having a temperature of 115°F,, are
also resorted to by Hindu pilgrims. Generally it may be said that hot
springs, often sulphurous, are common throughout the Tertiary areas of
Sind and Baluchistan on one side, and of Assam and Burma on the
other side, of India, the distribution being similar (and perhaps depend-
ent on similar causes) to the distribution of petroleum, with its constant
associates of salt and gypsum. Other springs occur along the foot-
hills of the Himalayas, in the Kharakhpur hills, etc., sufficiently well
distributed to permit of easy transport. The provincial gazetteers con-
tain sufficient references to these springs to guide private enterprise,
but more might be done in the way of analysis of the waters, which
would be as interesting from a scientific as possibly from an economic

point of view. The mineral water of Sitakhund in the Kharakhpur
hills is the only one which has been turned to account.

Phosphates.

One regretful feature in connection with the Indian mineral
resources is the absence, in a country where agriculture is such a pre-
dominant industry, of any phosphatic deposits of value, and a further
circumstance to be regretted is the continued export of phosphates in
the form of bones, due primarily to the fact that, being without means
for the manufacture of cheap sulphuric acid, superphosphates are not
made in the country, and the little that is used is imported from Europe.
During the past six years the materials imported under the head of
manures have varied in value from £6,367 in 1898-99 to £2,144 in
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02-03, whilst the exports of manures, amongst which bones make-
1902+03, t
u?) g9 per cent, of the total, have been as follows:
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$903-03 . . .

Average . 05,317 344,081

-__—-—’-/-

i i i incipal and perhaps
tic deposits of India, the principa '
Amongst the p};(})lspz::lsliderilr)lg is the deposit of phosphatic nodules
the only one W0 d, occurring in the Cretaceous beds of the Peram-
3

gf 1thetsfl)\:atli‘;:;lc}1:il§opoly district, Madras Presidency. Dr. H. Warth
alur taluk,

beds contained

. a depth of 200 feet the
in 1893 eStlmattg t:;toutgt of ablz)ut 8 million tons, but thft nodules are
phosphates YO el v through clay, varying, in the .dlfferent dee.p
distributed uregu abytwee“ 27 and 47 Ibs. per 100 cubic feet, and in
ot :70 Ibs, per 100 cubic feet. Analyses of these
some chal b dlghglrngto contain from 56 £0 59 per cent. of phosphafe,
nodules show the t. of carbonate of lime, with C(?n51deral?le varia-
and abo“t;,%pfnzeiédules. The alumina and oxide of iron vary

tions in dilter

between 4 and 8 per CZI:J‘ to dispose of these phosphates in a finely
Two attemgtf‘ mafor use as a fertilizer on coﬂf:e. plantatlon}s‘ in
powdered' condition orted f0 be unproﬁtable, and mining le:asesd a\tre
South India were P lied for. No attempts have been made 10

consequently nOt.ble enltzpsalue would possibly be about the same as a
export the material. ! ! ! _ :

excavations made,



L4 Records of the Geological Survey of India. [Vor. XXXII,

third-grade Algerian phosphate, which brings about 41 a ton deli-
vered at European ports, and as the sea freight from Madras would be
added to the cost of a railway journey of 248 miles and cartage of 30
miles, there is no present prospect of profitable mining for export.
Small quantities of apatite are turned out and thrown away with
the waste in the Hazaribagh and Nellore mica-mining areas, and
a few other occurrences of unknown, and presumably smaller, value
have been reported at different places—ncar Mussoorie, in East Berar,

and in the eocene shales gbove the coal near Dandot colliery in the
Punjab Salt Range.

Rare Minerals.

Minerals of the so-called rare metals have received hitherto practi-
cally no attention in India, although some are known to exist in the
country, and others, judging by the geological conditions, might be
hopefully searched for, Molybdenite has been found as isolated crystals
in pegmatite and quartz-veins in parts of Chota Nagpur; tungsten
occurs in the mineral wolfram as a common associate of tin-ores in
South Burma and in the Southern Shan States; platinum and iridjum
have been found in the auriferous gravels of the rivers draining the
slopes of the Patkoi ranges, both on the Assam and the Burma sides ;
uranium-ores have been detected in the mica-bearing pegmatites of
the Singar mica mine in the Gaya district, occurring as pitchblende,
torbernite and uranium-ochre; titanium is widely distributed in the
form of ilmenite and sphene: and zircon occurs associated with the
elzolite-syenites in the Coimbatore district.  Of these minerals possibly
the wolfram (tungstic ore) of Burma offers the best prospects of imme-
diate development.

No undoubted occurrence has been recorded of the minerals which
are valuable, like monazite and the new Ceylon mineral thorianite, on
account of the incandescent rare earths they

contain, although some of
these minerals are very widely distributed amongst crystalline rocks

resembling those of Peninsular India. Columbite, tscheffkinite,

gadolinite, and allanite containing helium have, however, been definitely
determined in India,

Slate.

Slate-quarrying gives a means of livelihood to numbers of workers

along the outer Himalayas, where the foliated rocks, though often not
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Geological Survey of India, vol. XX1], part 2 (1889}, and a note by
Mr. H. H. Hayden in vol. XXIX (p. 71) of the same publication adds
further details with regard to the deposits in Minbu district, Burma,
where the annual outturn is estimated to be worth from £300 to £500.
The returns, which are confessedly incomplete, give an average annua
production in India of about 35,000 tons, valued at £1,900.

Sulphur, Sulphu ic Acid, and Soluble Sulphates.

Small quantities of sulphur are obtainable on the dying volcano of

R . .
Sulphur. Barren Island, and on some of the volcanoes in

. . Western Baluchistan, whilst it has been reported
in connection with the petroliferous Tertiary rocks in the Baluchistan-

Persian belt, as well as in the Arakan system on the east, There are,
however, no deposits of free sulphur known to be worth working.
Pyrite is known in various parts of India, and in one place, near
Kalabagh on the Indus, it is sulficiently abundant in the shales which
have been worked for alum to give rise to frequent cases of spontane-

ous combustion. An occurrence of this sort is one that, suitably placed,
might be of value as a source of sulphur.

Otherwise, the only chance
of sulphur to compete with the imported article is bound up in the

problem of developing the metalliferous sulphides for both metal and
sulphur.
In view of the value of the imports of sulphur and sulphuric acid,
Sulphuric acld. and in consideration of the fact that a cheap

supply of the acid would be the key to many
industries now either non-existent or in a feeble condition, the

manufacture of sulphuric acid on a large scale and cheaply would
be the starting point of an economic revival. During the six years
under review the imports of sulphur averaged 34,136 cwts. a year,
valued at £12,612, whilst the annual average for sulphuric acid was
45,374 cwts,, valued at £32,273. A small quantity of the acid, on
an average 250 cwts, a year, was re-exported, chiefly to British East
Africa. In addition to sulphuric acid, there are several chemicals
imported which could be produced in India more cheaply if the acid
were made in the country in large quantities at a sufficiently low price.
The average annual value of imported “ chemicals for paper-making
alone has been £54,810 during the past six years, and if, as seems
likely, an attempt is made to turn the bye-products in coke-making

genera.l survey of
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) dpigg:r?il}’ m‘etallurgical industr.ies; it is essc;nt}fd f:;
most chemical aﬂof superphosphates’ the pun.ﬁcatxon. ((i)f mmgra ohloss ta d
the manufacture e nium sulphate, various act s,fan at. o
the production .0,t ‘s a necessary link in t.he chz'nn ) (gJeradlons txhe
minor Rroducts ; :mfactul‘e of the alkalies, W1th.wh1ch are <()iun E)p o
yolved in the ma ving s0ap, glass, Paper, oils, dyes an colou gf
industries of ma lb?e- roduct, it permits the remunerative sme}tmg o
matters ; and, as 31 J i’)e p',mpossible otherwise to develop. During the

ores whi;h Cilt Wf:rls the cost of a ton of sulphuric acid in England has
last hundred Y€

er £2, and it is in consequence of
been reduced from ov.el;fr? :}f: Ezfopefn chemical industries, aided by
the attendant fe'volutlotranspart’ that in India the manufacture o.f alumt
increased facilities .f(;ra“d the alkalies have been :3111 but exterminated ,
copperas, blue vxtn; .n nitre has been reduced instead of developed;
that the export tr@ e | other metals are 1O longer smelted ; that th.e
that copper and sevel‘ar year of nearly 100,000 tons'of pho§phatlc
country 15 robbed <7¢ ycompelled to pay over 10 million sterling for

it is . . . :
fertilizers; 10 té]%;l;i;rope from minerals identical with those lying
btained 1
products 0

idle in India. :c acid and the alkalies are essential to so many

Although ?“whun conditions for their profitable manufacture will
other industries th‘;ve " effect of transport charges only when there
. icbi : pfﬁﬁeccoumy for the bye-products which are nOW FEaeh"
is a market 10

ions 1 hemical industry. These
e of operations 1 & €
tial parts of the €Y
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PLATE 1.~Diagram showing the imports of foreign and the exports of Indian coal in
statute tons during the decade 1894 - 1903.

PLATE 2.—Diagram showing the provincial output of coal in statute tons for the years
1884—1903. The output for Bengal is necessarily omitted from a
diagram on this scale, but is shown in figure 1, p. 0.

PLATE 3.—Progress of the Warora colliery since the commencement in 1871. For
details of the last six years, see p 32.

PLATE 4.—Output of the principal salt-producing countries. The information for
Foreign countries has been obtained mainly from Mineral Industry.

PLATE 5.—Production of the Upper Burmajoil-fields for the decade 1894—1903, stated
in Imperial gallons.

PLATE 6.—Map showing the occurrences of petroleum in Assam and Burma, prepared
by Mr. T. D. LaTouche, !B.A, F.G.S, Superintendent, Geological
Survey of Indiae :
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PART 2.] General Report, 1903—1904. 23

INTRODUCTION,

THIS Report covers the work done by the Department between the
Perlod of Report, beginning of April 1903 anfl the fend of Decem-
ber 1904, the composite period being adopted to
permit of a reversion to the system followed, up to the end of 1896,
of reporting results in periods of calendar years instead of during
financial years. Of the ordinary field season, which lasts in India
from early in November to about the end of April, the first two months
are necessarily taken up with preliminary traverses in a new area,
whilst the latter part, after the beginning of January, is naturally the
most fruitful in results. As the work at head-quarters is the natural
complement of the field work, and is invariably necessary for its inter«
pretation, the system of reporting at the end of the first quarter, which
is found to be convenient for Departments in which financial results
are of direct importance, would separate halves of the geological
working year which should be naturally joined, and would bring
together unrelated parts of two separate years. The system now
adopted of reporting by calendar years, however, permits of the field
observations being joined to the succeeding recess results, the con-
clusions of which attain a greater degree of finality through the full
discussion of progress reports by the whole body of officers assembled
at head-quarters.

"2, The distinct revival of interest in Indian minerals, which has
occurred during the past year, has been one of the means by which we
have had new material of interest brought to our notice, and has been the
cause of an increase in the work of the Laboratory altogether beyond
the capacity of the Curator and his Assistant; but the extraordinary
series of results, of scientific interest as well as of immediate economic
value, is due mainly to the enthusiasm and energy displayed by my
colleagues, amongst whom I find it impossible to make a selection for
special notice.

3. A more perfect acquaintance with one another’s work, a closer
Officers’ Meetings. approach to uniff)r.m.ity in .no.menclature, and,
through mutual criticism, a distinct development

in quality of finished product, have resulted largely from the newly

organized, bi-weckly meetings of the whole Department during the
B 2
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rec?ss term, when all papers and reports arc discussed, and often
revised, beforc submission to Government or issue to the public

DIRECTOR’S TOURS.

4 Besides the visits to different parts of the country in connecti
with the engineering enquiries referred to below in paragraph P
38, the Director’s tours have included—(1) visits to Bomg{);p'ts 37 e
the',proposed boring for artesian water north-east of Wng rlscu'ss
Gujarat, and to consult the Bombay Government with refer“an o
reported mineral discoveries in the Panch Mahals; (2) to i the
Central Provinces to examine certain manganese-ore d,e osits “"Sd‘“ e
new occurrences of bauxite ; (3) a tour in Rajputana topsu er'a‘tj jlome
bormg" work ;in the Sambhar salt-lake, to examine ceP:t o m o
quarries, copper deposits and the newly discovered sodalita “; m?_ﬂ_)le
nlz.nlils%lengarh, a}n‘d to make a traverse of the Aravalli sci\i:tcsarllt;zls'
f) rt., (4) a visit to the Motxghyr district to examine the slate
formation of.the Kharakhpur hills; (5) to the Raniganj y
connection with boring operations being conducted by %h:] lgzgiﬁilc(li N
lan

St war d exl(f i

DISPOSITION LIST.

_ 5. During the period under re

Wére emplonad 28 roloms e port thg officers of the Department

M’ . Superintendents.
Mr. R. D. Oldhgm . . \ At head-quarters till 21st March 1903 ;
posted to Jammu and Kashmir ag(i

returned on the 16th October 190,3

. ' Returned from leave on the 23rd June

1904 ; posted to Northern Sh
Burma, and left for the ﬁeﬁ? Ertxattisé

4th November 1904.

Mr, Tom D. La Touche

Mr. C. S. Middlemiss Deputed to Ceylon on the 22nd
1903, and retur) '
e T eturned to head

‘ Aprﬂ
. June 1903. Post 1o the
Vizagapatam hill-tracts arslde dEtzc,tg:?l

\
|
|
Godavari district on th
e 14th N -
\ ber 1903 ; returned to he:a.d‘tqualr\tg:’se r:n

the 23rd May 1904. P
India on the 1st N‘t)vemg:'e(llg?“central

%
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) n . . |Deputed to Madras on the 7th April

Mz, H. H. Hayde 1(13)03, and returned to head-qt;]artersploh‘
the 16th June 1903. Posted to the
Tibetan Frontier Mission on the 6th
September 1903, returning to head-
quarters on the 24th September 1904.

Deputy Superintendents.

Mr. P. N. Bose . .| Returned from Assam on the 1gth May
19os. Posted to Assam on the 16th
October 1903, and returned to head-

quarters on the 24th November 1903.

Mr. P. N, Datta . .| Returned  from the Northern Shan
States, Burma, on the 25th May 1903.
Deputed to the same area on the 8th
November 1903, and returned to head-
quarters on the 1gth May 1904. De-

uted to the Central Provinces, ‘and’
left for the field on the 2oth November

1904..

. H.Smith . .| Returned to head-quarters from Chota
Mr. ¥ ™ Nagpur on the 23rd April 1903.

Mr. E. Vredenburg .| At head-quarters as Curator throughout
the period.
Mr. L. L, Fermor .| Returned to head-quarters on the 18th

April 1903. Posted to the Central
Provinces for examination of the man-
ganese-ore deposits on the 17th Octo-
ber 1go3, returning, to head-quarters
on the $th May 1904. Deputed to the
Central Provinces, Bombay, and Madras.
for completion of the examination of
the manganese-ore deposits, and left for
the field on the 2gth October 1904.

Mr. Guy E. Pilgrim « .| Returned from Burma on the 14th May
1go3. Deputed to Nasik  district,

Bombay, on the 21st January 1904, and

returned on 22nd February 1904.

Posted to the Persian Gulf, and left

head-quarters on the 5th November

1904,



126 Records of the Geological Survey of India, [(VoL. xxx11

Assistant S, uperintendents.

Mr. G. H. Tipper Joined the Department on e 5th De-

cember 1903,” De uted t
Mr. La Touche toI B y
urma on the 4th
i\llovlimb‘er 1904, subsequently postcd4t0
1¢ North Andaman Exploration Party
)

which he joj the
19(;: 1€ joined on the 18th November

Joined the Department on the 15th Octo-

ber 904, and deputed to accompany

Mr, Mid is
100 iddlemiss op the 1st November

accompany

Mr. H. Walker .

Palwontolog[sz‘.

. | At head.-
1903,
Mining Specialists.

. | Returned to head.

Dr. F. Noetlin
g quarters til] the I15th October

Mr. R, R, Simpson .
quarters on the jath

?}?élgrtlh(%flf;te of Somesaram dam on
o uaret Fuary 1904, and returned to
)utedqt ers on t!le 18th idem, De-
{he o Mohpani for exXamination of
4 dcoa}-ﬁeld on the 1yth arch 1go

and returned tq Calcutta on the 297t4h’

th
. States for survey of Lashig anferIaShan
coal-ﬁelds, and left on the Ist N mber
o ovember

M . l. . y Ca.
r M Ma(,]a.ren ’ Retu[ned to ICutta on the 161.h A
p

1903. Deputed ¢q th
field, Madras, op the st

1903, and returpeq o head-
3:: zflth idem. Pogteq toqr\zrs::rb on
Cal‘7 1 November 1903, returnrg o
t cutta on the 8t} May 190 Pe “
fO the Bellary apnqg Dhar hy st
acr)]rdel);afltn}matxon of the auriferoyg ¢

: or the field op the 2 Yoo
&t 1g0g 9th Octo-
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Sub-Assistants.

Hira Lal . . .| At head-quarters till the 16th May 1g04.

S. Sethu Rama Rau . | Joined the Department onthe 11th Feb-

ruary 19o4. Deputed to accompany
Mr. Middlemiss on the 1st November

1904.

|
|
M. Vinayak Rao . .1 Joined the Decpartment on the 26th
. October 1904. Deputed to accompany
I Mr. Maclaren on the 29gth October

| 1904

Assistant Curator.

Mr. T. R. Blyth . . Was on duty at head-quarters through-
|

| out the period.

ADMINISTRATIVE CHANGES.

6. A considerable number of changes have occurred in the staff

during the period under report, the balance of

Retitemeats. result being a deficiency of three graded officers

below the sanctioned strength of the Department. The Department

has not only been undermanned by retirements, but a number of

officers have been on leave, and the effect of a diminished numerical

strength has been accentuated by the fact that the newly-appointed

officers have necessarily to undergo a period of probation before they
are fully efficient,

7. Mr. P.N. Bose retired on the 1st of December 1903, and Mr.R. D.
Oldham on the 1st May 1904 ; and Mr. F. H. Smith resigned through
ill-health on the 29th July 1904, whilst Dr. F. Noetling’s services were
dispensed with by order of the Governor-General in Council from t'he
15th October 1903. The two Sub-Assistants, Kishen Singh and Hira

Lal, having completed their period of service for pension, retired on

the 6th June 1go3 and the 16th May 1904, respectively.
8. This review of the changes which have taken place in the staff
since the issue of the last report affords the
Retiremet of Mr.R. D, pleasurable opportunity of recalling the extent
Oldham. and value of Mr. R. D, Oldham’s services, as
a partial compensation for the regret with which his retirement
from active work in India has been received by all his colleagues,




128  Records of the Geological Survey of India. [VoL, XXXIL,

Mr. Oldham joined the Department in 1879, with the advantages of
an all-round training which has shown itself in the breadth of field
covered by his unusually heavy record of literary productions. As the
son of the founder of the Department, and the relative of some past
members, he brought with him the inspiration of family traditions,
which gave rise to a manifest identity of his own interests with those
of the work and the service to which he has devoted the most
valuable part of his life. During a service of 24 years Mr. Oldham’s
field-work covered parts of every province in India, and the variety of
subjects in which he was interested is shown by his contribution of
some 40 papers and memoirs to the Survey publications, besides
numerous contributions to extra-departmental journals. His sclection
by the late Dr. W. King for the work of revising the official Manual
correctly expressed the feelings of the other officers with regard to his
superiority in knowledge of general Indian geology, whilst his latest
large work, on the great earthquake of the 12th June 1897, may be
taken as a representative sample of his papers, which invariably passed
beyond the purely descriptive stage in applying newly-acquired data
to the revision of the current ideas concerning the standard theories
which make science of practical value.

9. So far only two recruits have been appointed to fill the vacancies

New Appointments, O" tuh.e- graded list: Mr. G. H. Tipper, B.A,,

who joined the service on the sth December
1903, and Mr. H. Walker, AR.CS., F.G.S. who joined the service
on the 15th October 1904, the first of these two officers being appointed
to fill the vacancy caused by Mr. C. L. Griesbach’s retirement on
the 25th February 19o3. : _ .

The two vacancies for Sub-Assistants were filled by the appoint-
ment of S. Sethu Rama Rau, B.A., on the 11th February 1904, and
of M. Vinayak Rau, B.A,, on the 26th October 1904.

10. In consequence of the vacancies caused in the higher grades,

Promotions. Mr. H. H. Hayden was promoted to be Superin-
tendent with effect from the 2nd May 1904;
Mr. Vredenburg was appointed to be Deputy Superintendent with effect
from the 1st December 1903, and Messrs. L. L. Fermor and G. E.
Pilgrim, on the completion of their period of probation, were promoted
to be Deputy Superintendents with effect from the 29th October 1g9o4.
Mr. G. E. Pilgrim has also been appointed to officiate as Palzon-
tologist, with effect from the 15th October 1903.
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N i ot returned from furlough and
11. Mr. La Touche,'Sil:lgzriﬁtsezif)()i;tmem o the o3rd Jun.e g
Leave. ‘;IJ:) R. R. Simpson, Mining Speciahist, was
ilege leave f;om the 2oth July to the zstg Oc_tc?:)er 11904é
granted priviicge Deput Superintendent, was granted privilege eai;;
Mr. P. N. Datté, ngr )t/o the 4th November 19043 Mr.t hH.{rBt;'1 th(;
from the 3r(_l € - anted combined leave for 15 months fro ’
Garrick, Artist, waSE,. Sub-Assistant Hira Lal was gx:anted prwgege
18th February 1?0411’] the 31st August 1903- In addition to tll_\le g O'ZE’
leaye for 28 (92 Z'ored at the end of their leav.e were Mr. F.. . nuth,
the officers who re lmbined privilege and special leavta for sxx. mon ts
who was granted COI 03 afterwards extended on medical certlﬁcatet 3
from the 29th May Signa)tioﬁ; Mr. R. D. O¥dham, who was g};‘ran ed
the date of .h{S e gn d special leave for Slx.months from the 2nd
combined privic? a] Sub-Assistant Kishen Singh, who was grante
November 1903 anc tificate for six months trom 27t.h January 1902,
e doz tm et(:xl:ilat(;e;{ his retirement on medical certificate.
‘extended 10

ATIONAL GEOLOGICAL CONGRESS.

.ated at the International Geolo-
rtment was represen ~ .

12. The DCI:Z Vienna in August 1903 by Mr. CL (:If}esl()iac}l,
gical Congrlgsiiector and by Mr. T. D. La Touche, Supermten etn .
'(1:";‘&’ 18:,;6 reports’ of the delegates were forwarded to quernmen .

e sepa

INTERN

ST, LOUIS EXHIBITION.

invited to send a collection to the St.
) 1.3. T:l‘eb'g:r? all;tu[?et:l?te gvrisssure of urgent work on a sm:ftll staff mad;
Po.uts Ex'E]lto a:rrange {or the preparation of a. c?llectlon 0 s;;:?;'-
it xm§70ss:i € contribution, consequently, was limited to the ex 113
n}ens, Y omf- the Departmenta\ publications, with unfolded dup ’1-
‘txon of 2 Sett?l"hed maps. ' For this exhibit the judge.zs awarded‘tz\o
‘;:;sd c[)fri}z):c :)bne in the class for maps, and the other in the class for

g >

literature relating to mining and geology:

PUBLICATIONS.

tment, which
. he Records of the Department,
t4. During the pait-ezzzii;s:xez as yearly volumes between the years

Records. 1868 and 1897, were revi'ved, and the f:::lxr Sz:ts,
forming volume XXXI, containing the following papers 2 es,
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. : ite-Syenites in Kishengarh,
fairly illustrate the range of interests with which the Department has lélaeollte anﬁifndélétyelon)’em
f— ’ em-sands fr .
been concerned : : ' o e e from Burma,
On a deposit of Copper Ore near Komaj, Darjeeling District, - Bel
by H. H. Hayden, B.A,, B.E,, F.G.S. Prehnite in Las’] ‘:a— Persia
Note on the Zewan Beds in the Vihi District, Kashmir, Cretaceous fossils from

Y i i i in the Andamans.
‘ ¢ kitchen-midden in the
o D G D o é:liftlilonsl from assays made in the Laboratory on ores of

Report on the Coal Deposits of Isa Khel, Mianwali, pPper lead, manganese, and on coal.
co ) )

) Punjab,
by R. R. Simpson, B.Sc.

! i in the Godavari alluvium.
Rep%tson I;lg Sum-R]leng Coal-Beds, Assam, by P. N. Bose, gOS:;: bf.;z(: ltlllle Yenangyaung oilfield, Burma.
on 2 Sapp ossils :
e C e ear 8 i Assays of Ranigan] coals.
N fm .a xS me: earlng B, 708, Vet Titaniferous iron-ore smelted in native furnaces.
. District, by C. S. M)ddlermss, B.A, F.GS. Dl_tafz)lver s romone amelted in i
Lleut[;-ge;efal & A McMahon, RS, by T. H. Holland, D;Z(czover;: of Cancrinite in Kishengarh,
" i Kir4na hills, Punjab.
Note on Cyclolobus Haydeni, Di . . Pyrrhotite from the X
PhD. 7ens Diener, by Protessor C. Diener, Vivianite in the alluvium of Bengal.

Recent or sub-recent marine bed in CaIC}ztta,,
i fossils from the Ganges alluvium.
: MalCO!m. Madare'n, B.SC? i o i‘el::”‘?fi?; of blue Amphibole from Central India.
On thekfe351b111ty l:)f introducing modern methods of Coke- Annunusual of bue Amphibole rom
making at the East Indian Rajlwa commonalt
T. H. Ward, AMICE, F.GS. Assa)éild(;f ol and coke fr goni
The Upper Pal.aeozoic Formations of Eurasia, by Th. Tscher- 1s. As a bye.-product obtained during the course of reorganizing
nyschew, l.)"ector of the Russian Geolog 5 the office records with regard to the progress of
translated by Professor P, Briihl. mineral developments in India, material was ob-
Note on the Glaciation and History of the

The Auriferous Occurrences of Chota Nagpur, Bengal, by

y Collieries, by

ical Committee
’ Review of Mineral Pro-

ir, by R. D Sind Valley, Kash- duction. tained for the preparation of a Review of Mineral

On t[}?clar’Og::urr.en. Ol(;hams’ A.I.{.S.I\f/l.[,{F.G,S, Production, for which statistics have been prepared to cover the period

i by B Veonont o) fHalorites in the Trias of i i i the Reporter on Economic Products
Baluchistan, by E. Vredenburg, B.A., B.L., A.R.C.S.Ia 0 since the last issue of a Review by the Repor

1 to the Government of India. The new Review, covering the six years
NOtesyorl:’ tllile (I}BZOIogl)B, gnd 24 l(l;]esral Resources 1898 —1903, is ready for issue to-day as part 1 (;f Volume XXXII of the
. . Se, . C" A3.0. , C

.Records, and, in accordance with the orders of Government, such

The I(“} e(;)lggy of Upper Assam, by J. Malcolm Maclaren, B.Sc,, reviews :Nill bé issued in future for every five years,
: uife 16. Besides the papers issued with the Records, the following
e nglfe?lg gccurfences of Assam, by J. Malcolm Maclaren, = p]l;emoirs have been published since April

Sc, F.GS.

of Mayurbhanj,

Memoirs.
On a curious occurrence of Scapolite from the Madras Pres; R i
esl- l-fields, by R. R. Simpson, B.Sc.
dency, by E. Vredenburg, B.A,, B.L, AR.CS. Repoze;:)i:;l evglar;lg(uXICIO?)art 4. i e ’
. § : . )
M "“f”aneom Notes on — Note on the Sandhills of Clifton near Karachi, by R, D. Oldham,
Tin-ore and Gadolinite in Palanpur.

i F.G.S., Memoirs, vol. XXXIV, part 3.
Tin-ore in Burma,
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The diurnal variation in frequency of the Aftershocks of the

Great Earthquake of 12th June 18
t 97, by R, . 01
F.G.S., Memoirs, vol. XXXV, part 2. g dham,

The Seismic phenomena in British India and their connection
with its Geology, by Count F. de Montessus de Ballore
Memoirs, vol. XXXV, part 3. !

The Geology of Spiti, by H, H, Havyde :

Memoz%’:s, vol. XXXVI part 1, yien, BA, BE, FGS.,

The Permian fossils of the Central Himalayas, by Professo
C. Diener, Palzontologia Indica, scries XV, vol. 1 part i

The Jurassic fauna of the Central Himalayas, by éFOIessS.
V. Uhlig, Palzontologia Indica, series XV, vol. 1V, part o

The Trigoniee of Kach, by F. L. Kitchin, M.A. i)h Dl'
Palzontologia Indica, series 1X, vol, I, [;art 2, ! o

17. A considerable portion of the officers’ time during the year hag

been taken up by th .
Imperial Gazetteer. T y the preparation of g ]
p articles on the Geolog Separate

. : y of each of the Provincec
Agencies, States, and Districts of India for the new editiogo\'lfnccs,
Imperial Gazetteer. ot the

MUSEUM AND LABORATORY,
18. Mr. E. Vredenburg has been in charge of the Museum and

Laboratory - throughout the whole period under

report, and, through his eper d si
knowledge of the variety of subjects necessarily dea%f ;?th Z:;tc;;s;se

quarters, as well as through the untiring energy of Mr. T. R, B
the Assistant Curator, we have been able to deal, with 3 fa.ir I;le yth,
of success, with the great increase which has occurred in the asull;e
The number of specimens sent in for determination and report amowotrd.
to 917 during the period under report, but this does not inclu&l S
course, the collections made by officers of the Department ore’ }?f
samples sent by them for determination, and, as an officer in,the ﬁtle |
sends in only specimens which offer special difficulties, this part of ehd
Curator’s work forms a serious fraction of his tota] duties, For :he
ten years previous to 19o3, the specimens so received from extrae
departmental sources averaged only 94 a year. As Curator for };
of that period I can gauge the serious additional task which has tlllxc
recently been thrown on the Curator, whom we have al| been compey) us
to assist, with, however, the knowledge that desirable lines of reSI;e e(;
have had to be neglected, and desirable improvements in the Musaeincm

Determinative Work,
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have had to be postponed - in consequence of the pressure of urgent
current duties. .

19. To a certain degree the extra work done in the Laboratory has
been accomplished by the introduction of care-
fully selected students who have shown an apti-
tude for chemical and petrological determinative
work. One student holding a research scholarship from the Bengal
Government has completed a course of training, combining the field and
laboratory work, with very satisfactory results; one was deputed by
the Gwalior Durbar, and another at his own expense came from
Madras, both in special ways having shown the advantages of the
training received, and both can be regarded as having returned by
assistance the trouble taken in their training.

2o. It is quite evident, however, in view of the lines of profitable
investigation which we have had to avoid, and in
view of the recently increased importance of the
rarer elements in mineralogy, that the want of a special chemist, pure
and simple, in charge of the Laboratory has now become a serious
consideration, which, in the interests of practical efficiency, must soon
be faced. A certain amount of work on material of a specially
difficult kind is being undertaken by scientific friends abroad, such as
that in connection with the peculiar rocks and minerals of the Vizaga-
patam hill-tracts, now being investigated by Professor T. L. Walker of
Toronto University, formerly Assistant Superintendent in this Depart-
ment. But most of the cases of interest, or, at any rate, cases which can
be turned to full account only through chemical aid, require investigation
before the officers leave the areas in which petrological and mineralo-
gical puzzles are met, and special provision for such work at head-
quarters is urgently needed.

21. Several new meteorites, obtained by donation or exchange,
have been added to the collection during the past
year, Amongst the most important additions is
a superb mounted specimen of the Cafion Diablo meteoric iron,
presented by Professor H. A. Ward of Chicago. The most interesting
amongst the new meteorites is that which was seen to fall as a bright
meteor to the east-north-east of Calcutta on the 22nd of October 1903.
In falling, the meteor broke into several pieces, of which fifteen aerolites
have been obtained for the Geological Survey Muscum. The largest
of these picces weighed 1,538 grammes, and, like the smaller fragments,

Training of Research
Scholars.

Chemical Work.

Meteorites.
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was completely invested with a crust, which showed that fusion of th
surface occurred during flight after disruption of the meteor (;‘ e
ments were found as widely scparated as 74 miles, aligned 1b;) t rag-
north-cast—west-south-west along a band crossing one of th(e bu eflst.
of the Ganges near Kolapara (23° 28 ; go° 17') in the D ranches
22. Amongst the large number of donations made t
durix}g the period under feport, the followin
] specimens are of special value and interest : g
Emeralds from Columbia and Norway, presented by Mr. Isaac Shr —
sodalite and garnet from Kishengarh, presented by Rag ggery
Sunderlal Bahadur, C.LE.; gadolinite and tin-stone from Pa yam
presented by Babu Baidyanath Saha, M,A,; samples of thanl)ur,
mineral thorianite and of thorite, presented by Mr., W. p Heu new
Ceylon; thenardite from the Didwana salt-lake, presente.d g’and;
Commissioner of Northern India Salt Revenue; two aérolite y Fhe
fell in the Dacca district on 22nd October 1903, presented s Whl(:h
Srinath Roy ; and a large number of specimens of marbles fron y R'a]a
States, including specimens from Baroda, Jodhpur, K;j }:Varlous
Nimkhera, and Kharwa. ) hishengarh,
23. In addition to the fine collection of marbles which
been made, representative specimens L
obtained of other varieties of stone use
famous ancient buildings of [nqj, and a
of our knowledge concerning the distribution of the éhief
building stone, with which India is so conspicuously endow :;r
prepared by the Director, and published by the Truste iy
Memorial. es of the

acca district,
o the Museum

Donations.

has now
ave been
d in the
SUmmary
Namenta]
has been
Victoria

Ornamental  Bullding
tone.

LIBRARY,

24. The additions to the Library during the period 1st Apr;
to 31st December 1904 amounted to 4,789 volumes, cop pril 1903
2,017 volumes in 102-03.  Of the books received thi; year p:"ed with
acquired as presentations from other institutions ang auth;r’ ,988 were
1,184 volumes so obtained in 1902-03. S, as against

PALAEONTOLOGICAL WORK,

25 The list of publications given above (paragraph 16) ing;
Descrintive Work 1g  PAEontological work which has b cates the
escriptive T behalf of the Department in EUrope

Europe. . Prof
Diener and Uhlig of Vienna have ¢o essors

Ntinued to

€en done op -
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give their valuable help, and, besides the work done by Mr. A. C.
Seward, F.R.S., and Dr. A. Smith Woodward, F.R.S. referred to below
(paragraph 80), the description of fossils recently collected in Upper
Burma has been undertaken by Miss Healey of Oxford and Mr. F. R.
Cowper Reed of Cambridge, the last-named authority having just
completed an exhaustive memoir on the Lower Palzozoic fossils of the
Northern Shan States.

26. Considerable progress has been made by Messrs. Pilgrim and
Tipper in the registration and sorting of the
large collections of fossils accumulated at head-
quarters, and Mr. Pilgrim has made a number of determinations of
fossils obtained during the year from Iocalities of special interest.
These include Cretaceous fossils collected by Mr. G. B. Reynolds in
Persia (Rec. Geol. Surv. Ind., XXXI, 45), Tertiary fossils obtained by
Mr. L. G. Boyde in the Yenangyoung oilfield of Burma (Rec. Geol.
Surv. Ind., XXXI, ro3), and a number of Permo-Carboniferous fossils
obtained in Kashgar by Herr H. Keidel, the descriptions of which have
been withheld out of deference to a specialist in Europe, who, it was found
afterwards, had undertaken to describe Herr Keidel’s main collections.
Two other instances deserve more complete notice, both being interest-
ing additions to the older pleistocene alluvium of the Indo-Gangetic
plain and the Peninsula, including species of several extinct mammals,
as well as remains of Zippopotamus now no longer living in India.

27. Our attention was directed to the first of these two finds
' by Mr. H. F. G. Beale of the Public Works
Department, and Mr. Pilgrim was deputed at
once to excavate the fossil bones, which were
exposed in the Godavari river-bed near Nandur
Madmeshwar, Nasik district. ' :

Mr. Pilgrim succeeded in excavating the cranium of a remarkably

Head-quarters’ Work.

Pleistocene Fossil-
pones in the Godavari

alluvium.

+ large specimen of Elephas namadicus, together with portions of a

femur and the pelvic bones. Inthe gravels near the same spot he found
a single tooth of Eguus namadicus, some crocodile teeth, several
species of recent molluscs, and the lower jaw of Hippopotamus palzin-
dicus, which was afterwards stolen. In a special paper, to be pub-
lished in the Records, Mr. Pilgrim has given a full description of the
bones found, has discussed the evidences on which these beds are
grouped with the pleistocene deposits in the Narbada valley, and has
pointed out the wide distribution of Elephas antiguus, of which
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E. namadicus is a variety, indicating the eas
forms from an European centre of distribution.
28. The second instance of this kind was discovered by Mr. R. R

Gales of the Public Works Department, whilst
sinking wells for the foundations of ¢} new

railway bridge across the Ganges at Allahabad.
The fossils were found embedded in a calcareous conglomerate 8 to 100

feet below low-water mark, and 120 feet below the surface of the banks
in the river. On examination by Mr, Pilgrim they were found (g
include remains of Gos namadicus, associated with remains of Hippo-
potamus, Elcphas, Cervus and Bubalus, thus adding another instance
to the occurrences of pleistocene deposits below the recent alluvium of
the Indo-Gangetic plain. From the advanced type of structure shown
by the specimens of Hos namadicus, which was the only form that
could be identified specifically, it is concluded that these deposits below
the present Ganges, like those described by Dr. Falconer jp 1830
below the Jumna, are slightly younger than the pleistocene
the Narbada valley (Rec. Geol. Surp. Ind., XXXI, 176).
29. The discovery in July last of an old oyster-bed in Caleytt
level well above present hi

tward migration of the

Pleistocene Fossils in
the Gangetic alluvium.

deposits of

aata
i gh-tide mark shows that
besides the general depression which has o¢ ’
to permit of the accumulation of alluvial deposits in the Gangeti
there have been oscillations also of the relative leve| of sea g

during recent geological times (Rec. Geol, Sury. Ind., XXX]
‘ )

Oyster-bed in Calcutta.

curred
C delta,
nd land
174).

SEISMOLOGY,

30. Two papers dealing with earthquake phenomeng have been
issued since the last report, forming parts 2 and 3 of volume XXXV of
the Memoirs. The first of these two, by Mr, R, D, Oldham, dealin
with the * diurnal variation in frequency of the aftershocks of the grea%
carthquake of 12th June 1897, gives a detailed discussion of th
questions raised by the same author ip a paper read before t};:
Astiatic Society of Bengal.? It had previously been pointed oyt by Mr
Oldham, that any effect which the attraction of the sun ang -
have in determining the occurrence of 3 shock w
probably at or about the times when the tidal str

h moon may
il be founq most
€sses reach their
' On tidal periodicity in the earthquakes of

Assam.  Foupn. 4s. S
LXXI, 1902, 139—153. o
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maximum; as these times vary with the lntitude of the place f)f
observation and the declination of the attracting body, the ftfte(':t will
be obscured if earthquakes are grouped_ merelx by their time of
occurrence, irrespective of the variation in the time when .the tnflal
stresses reach their maximum. Treated on these lines, the dlscns§10n
of the record of aftershocks shows that there seems to be a d:stmc.t
tendency to an increase in frequency about the time when t!‘e h_Ofl-
zontal tidal stress is varying most rapldl)’ in amount and c%lrecuon,
and a decrease in frequency at the times when it is ‘changmg.most
slowly. The vertical stresses appear to be practically without
mﬂl;l_]c;'he Count de Montessus de Ballore, who has made a special

study of scismology, courteously offered the results, published in t‘he
‘second memoir,! of his enumeration of earthquake occurrences in India,
showing the greater frequency of shocks in the areas most recently

subjected to geotectonic movements.

ECONOMIC ENQUIRIES.
Coal.

32. Mr. R. R. Simpson has made a d.etailed examination of the
Jammy : Tertiary coal-seams in the Jammu State, forming
Mr. R. D.Oldham.  the fields known as Ladda, Sangarmarg, Mehow.
Mr. R R. Simpson. gala, Siro valley, Kalakot, and Lodhra, th_e
results of his investigations being published as a special memoir
(Memorrs, vol. XXXII, part 4, 1904). The work was commenced in
March 1903 with a conference on the ground between Messr.s. R. D.
Oldham, R. R. Simpson, and E. L. Hope of the Dandot Colliery, the
investigation being afterwards carried on by Mr. Simpson alone, -
The value of the coal in this area has recently been for(.:ed into
prominence by a revival of the old project for buil.ding a rallyvay to
connect the city of Jammu with Srinagar, one intention being to
arrange the alignment so as to tap the coal-bearing area in the Jammu
ills.
' The coal in all cases is extremely friable, duc to crushing by enrth-
movements, and generally has a high percentage of a'sh ;.lt some.tlme.s
exhibits coking qualities, and, on account of the pyrites it contains. is

' The Seismic Phenomena in British India, and their connection with its
Geology. Mem. Geol. Surv. Ind., XXXV, part 3, 1904.
C
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in some places liable to spontaneous combustion,
material is subject to great variation in different f
Anji valley, Sangarmarg and Lodhra being little be
ccous shale. Locomotive trials made on bri
gave satisfactory calorific results,
account of the insufficient stren
which might possibly be avoided
their manufacture.

The following estimates of the workable coal in th
wcere made as the result of extensive prospecting operations : — [ the
areas from which coal might be brought to a railway with a terminus
at the foot of the Ladda slope, the yield would be 795,029 tons for the
[.adda slope itself, and for the Sukhal gully a prodable addition of
696,383 tons, with a possible further amount of 613,730 tons.
The area from which coal might be brought to a railway aligned
along the Anji valley, was estimated to yield 1,657,117 tons. In this
field, therefore, the total yield of coal might amount (o just 3% million
tons. For the other fields the results were so unsatisfactory that the
working of the coal on a large scale was considered to be out of the
question,

The washed and briquetted Ladda coal w
result of several analyses and trials, to be pr
average Bengal coal, but the cost of mining wo
taking into account also the loss of coal thr
additional unusual charges due to briquetting
station, that it could not compete with coal
and the proposal to undertake the exploitatio
thus regarded, at present rates, to be distinctly unpromising,

33. Mr. R, R. Simpson was deputed, during March 1904, to inspect

Mokpaai gne Mohpani co.l_liery, in order to advise the

Mr. R. R. Simpson. overnment  with reference to the proposed
transfer of the property from the Nerbudda Coal

and Iron Company to the Great Indian Peninsula Railwa

. y Com .
A detailed report of the investigation was forwarded to Governm f:t")’

34. Mr. Datta surveyed the houndaries of the Lashio coalfielg
Northern Shan States:  during the course of his mapping in the Northern
Mr. P. N. Datta.  Shan States, and, at the end of the season

Mr. R. R. Simpson. 1903-04, paid a short visit to the Namma coal.
field, where he discovercd somc ncw seams of coal, of which one seam

The quality of the
elds, that from the
tter than carbona.

' quettes of Ladda coal
but difficulties were €xpetienced on

gth‘of the briquettes—difficylties
by improvements in the system of

e Ladda felq

as considered, as the
obably as valuable as
uld be so heavy, when
ough washing and the
and transport to Tawj
brought from Bengal,
n of these coal-fields js

" irrigation projects.
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was some 10—12 feet thick, with, howeVex:, a coal contai.ning an und.esir-
ably high percentage of moisture, Mr. Simpson, who is now r.nakmg a
detailed examination of these fields, has paf‘tly eXpOS(.fd the thick scfam
found by Mr. Datta, and so far has found :t‘to be quite 14 feet thick.
The work, commenced with the current field sea}son, has .not )'yet
progressed sufficiently to permit of drawing any definite conclusions with
regard to the value of these coal deposits. ’ .

35. The publication of Mr, T. H. Ward’s paper on the feasibility of
introducing recovery ovens for the manufacture
of coke (Rec. Geol. Surv. Ind., XXXI: 92) has
led to further tests of Bengal coal and distinctly favourable estimates as
to their suitability for the recovery of bye-products, for which arrange-
ments are now well developed.

Coke-making.

Engineering Questions.

36. During the period under report the advice of the Depz.artmex.lt
Ceylon mountain cail. has been requested on several occasions  in
way: connection with engineering problems directly
Mr.C.S. Middlemiss.  depending on the nature of local geological forma-
tions. Towards the end of April 1903 the services Mr. C. S. Middlemiss
were lent to the Ceylon Government to join a committee appointed to
deal with the questions of tunnelling and landslips on the hill railway.
37. At the end of the last field season Mr, Middlemiss was deputed
Tungabhadra, Penner, to report on the site selected for a proposed dam
Karmnassa, and Ramtek across the Tungabhadra river near Hospet. Mr.
Simpson was similarly deputed to examine the
proposed site for a large dam across the Penner river in the Nellore
district. In January 1904 the Director made a report for the Ber}ga}l
Government on the site suggested for the formation of a large irri-
gation reservoir in the Karmnassa valley on the Kaimur range ; and in
November a similar investigation was carried out on behalf of the
Central Provinces Administration in connection with the proposed dam
across the Sur river, near Ramtek, Nagpur district. .
38. In connection with the Himalayan stations special inspections
and reports were made by the Director—(1)

Himalayan Stations. with regard to the effect of the railway cuttings

~ on the hill-slopes below the new Civil Secretariat buildings in Simla,

(2) on the site of the jail and some of the higher slopes in Dharmsala,
C 2
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and (3) on two occasions in Darjecling, first in connection with the
training works in the cutcherry jhora and on the Rungaroon road, and,
second, to give an opinion on a claim for damages alleged to have heen
accelerated in the lower part of the station in consequence of drainage
changes introduced on the recommendation of the L:mdslips Come
mittee of 1899,

Gold.

39. During the last ficld season Mr. J. M. Maclaren made

[ ™ " a survey
of the auriferous gravels in Upper Ass

Upper Assam: . ) . ) am, and, in
Mr. M. Maclaren. spite of the natural difficultics of the country,

managed to make a very thorough exploration of
the area. The results of Mr. Maclaren’s examination of the rj
 river

gravels .have bee'n published fn a spec.ial Paper,l in which he has
summarized the history of previous investigations in this area

40. The most striking result in connection with the wo e
the universal distribution of the gold in cxtremely sm
throughout the river gravels.  This wide distributiny
be due chiefly to the wandering of the Brahma
and to the extensive development of the Tipam sandston X
auriferous in places, and arc now undergoing erosjon, es, which

41. The gold of the recent gravels and of (he older Tj
stones is probably obtained originally from the quartz vlipam sand-
crystalline schists in the Miju ranges beyond the Brah‘mak}\ems 0[‘ the
the presence of gold inthe Assam valley above the mouth [lund. .l' rom
and from the negative evidence as to the occurrence OOf the D.Ihong,
Tibetan Tsangpo, it is regarded as extremely impyrop, bgold - the
Tibetan plateau furnished any of the gold now found 1in Ad le that the

42. The gold is gencrally most abundant iy ihc 1SSam.
cnds of long pools in the rivers, especially w he
eroded, and in the longitudinal boulder be
zarried by the back cddies, whilst the fine
of sand are quite barren,

43. The most prominent spots noticed were
above Sa(.liya and oppositc the Chunpara stockade ((‘2)\ ttlllc gG uri Mara,
on the Dihong river, and (3) the Derpai pool of ,thcj 1€ Sibia Mukh

Of these the deposit in the Subansiri river wag consider:d“lt)anbsiri river.
0 be the one

rk is, perhaps,
all pereentages
13 considered to

putra river over the plain,

arc

_ aches at (he
‘ hen high banks are being
aches o which the gold 1:

-grained, | >
» lomogeneoyg masscs

! The Auriferous Occurrences of Assam, Ree. Geol

(1904), Surv. Ind., XXX

» 205-232
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most worth prospecting, with a view to exploitation by dredging
operations, for which Mr. Maclaren has outlined the chiefl difficulties
likely to be met, and the line of operations offering the fewest chances
of failure.

44. The Assam river gravels, like those known to be auriferous in
Peninsular India, have the serious drawback of being completely dis-
turbed cvery year by the floods of the monsoon. For the concentration
of gold a comparatively equable current is cssential—a condition rarely
obtainable in the rivers of India, for these are almost dry in the cold
weather and roaring torrents in the rains.

45. It is to be regretted that the race of Sonwals, who formerly
flourished by washing for gold in Upper Assam, have almost completely
disappeared, being tempted, under recent changes in the system of
administration and other industrial developments in the province, to
forsake their ancestral calling. In the interests of those who may be
found later to undertake the work of gold recovery on a large scale,
it is desirable that the native worker should be encouraged : the
amount of gold he recovers from the gravel is insignificant compared
to the value of his information to the prospector and investor.

Laterite,

46. The stages by which we have arrived at the conclusion, that
the peculiar weather.product known as laterite,
so commonly found in moist, tropical countries,
often shows the essential constitutional characters of bauxite, were
summarised in a special paper published in the Geological Magasine
in February 1903.! Since that paper was published, Dr. H. Warth,
late Deputy Superintendent of the Geological Survey, has continued
the interesting line of research which he pioneered, by recently show-
ing that the weather products of a basaltic rock exposed to the
temperate climate of England differ essentially from those of the
similar Deccan trap in the Bombay Presidency.?

47. The questions raised by the results of these researches have a
two-fold interest to the owners of lands in the humid parts of the
tropics : (1) the origin of laterite explains some or all of the occurrences

Aluminous Laterites.

! Holland. On the constitution, origin, and dehydration of Laterite. Geol.
Mag., decade 1V, vol X, p. 59.

® H. Warth. Weathered Delerite of Rowly Regis compared with the Laterite of
the Western Ghits near Bombay. Geol. Mag.,decade V, val. 11, 2ist January 1905,
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of bauxite, and raises the interesting questions naturally suggested
by the remarkable differences between the chemical products of
weathering in temperate and tropical climates; (2) the fact that
bauxite must always be the main, and up to the present practically
the only, source of the metal aluminium, indicates a possible value for
laterite not hitherto suspected. It is not without interest in this connec-
tion to observe that the original bauxite of Les Baux inthe south of
I'rance was first worked without success as a source of iron, just as many
laterites in India have been employed by the native iron-smelters
and, on account of their commonly rusty colour, have been regarde(i
as essentially ferruginous products, without raising the suspicion that
many contain large proportions of alumina in the form of free hydrates
available for separation as soluble alkaline aluminates, '

48. The high percentage of alumina in an Indian laterite was
first remarked by Mr. F. R, Mallet, late Superintendent of the
Geological Survey, in a paper on the iron-ores and subsidjar
materials for the manufacture of iron in the Jabalpur district,} Whils)t,;
m tgo3 Dr. H. Warth published the results of a number of analyses
of Indian laterites showing a variation in alumina
67°88 per cent.? "

49. In April 1903, Mr. H. H. Hayden was deputed to South India
to examine some of the promising occurrences of laterite in the
Madras Presidency; and it was intended to extend this work to other
parts of the Peninsula where aluminous laterites were known or suspected
to occur, but the investigation was interrupted by Mr. Hayden’s
deputation with the Tibetan expedition in the following September (para-
graph 835). Other officers, however, whose survey work necessarily took
them across lateritic areas, were instructed to pay special attent};on to
any considerable deposits showing the characters generally displayed
by the aluminous varieties of laterite. Mr. Middlemiss made as eii ]
study of the occurrences in the Vizagapatam hill-tracts; Mr. F(I:)rn a
collected specimens from the highly aluminous deposits in the Centu?rl
Provinces, some of which were examined also by myself Wh.rla.
Mr. La Touche took advantage of an opportunity during the l,ast Pl .St
holidays to sample the laterites of Nalhati in Bengal. The result }‘llja
been the definite determination of a number of instances in which t}::::

percentage up to

1 F.R. Mallet. Ree. Geol. Surv. Ind.,vol. XV}, 1883, 113,

* H. and F. J. Warth. The composition of Indian Laterite. G
1V, vol. X, 154, April 1903. - Geol. Mag,, decade
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percentage of alumina is as high as in the high-grade bauxites mined
as sources of alumina in Europe and America, and the material
appears to exist in quantities altogether out of proportion to the present
consumption of the mineral. _

50. In the Vizagapatam hill-tracts Mr. Middlemiss paid especial
attention to the high-level laterites of the Kala-
handi State, and his observations tended to con-
firm, in his opinion, the conclusions drawn from an examination last
year of the adjoining estate of Jeypore.! Mr. Middlemiss found in
both areas that the higher hills rising above 4,000 feet are never capped
by laterite, and that the latter occurs as deposits, in places 80 to 100
feet thick, limited to a very well marked plane surface, 3,500 to 4,000
feet above sea-level. This surface, he considers, on account of its
uniformity and extent, to have originated as a plain of marine denuda-
tion, on which the laterite was subsequently formed, and which was
afterwards modified by the ordinary erosive action of subaerial
agencies of denudation.

51. The upper layers of these high level laterites show the usually
hardened, variegated, vesicular, and tubular characters, whilst the
lower layers are of the more homogeneous and uniformly coloured;
light-red, soft and earthy material. Although these high-level deposits
may be found as far south as Yendriki hill (18°12"; 82°38’) and
Ontali hill (18°t’; 82°40'), or even further south on a few high
ridges, the area over which they are mainly developed stretches from
the neighbourhood of Korlapat (19°41”; 83°12") in Kalahandi to the
nills north of Doliamb (18°3g’; 82°56') on the Jeypore-Vizianagram
road. Viewed from some prominent hill to the east of the main
watershed, for example, Niamgiri, 4,973 feet (19°34" ; 83°29'), or from
the plateau south-west of Girliguma (19°7"; 82°55), this assemblzge
of closely approximating laterite-caps gives the impression of a vast
and almost continuous plain existing at the present day ; but this im-
pression is nevertheless deceptive, for in those parts where the laterite
is most widely spread its area is small compared to that of the un-
covered rock. That these disconnected outliers of laterite were,
however, once parts of a continuous bed, which has, with the crys-
tatline rock below, been since deeply eroded, is considered by M.
Middlemiss to be a justifiable conclusion.

Vizagapatam hill-tracts.

! General Report for 19g02-03, p. 25, para. 63.
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52. The deposits hitherto referred to as laterite in the Balaghat
and Jubbulpore districts cannot he rcgardcd as
normal, recent  weathersproducts ; they agree
much more perfectly with the ordinary bauxites of Europe in pektm_
logical characters; they often show well-defined bedding’ and are
disturbed in a way which, in Peninsular India, we have learned to
regard as evidence of considerable geological age. They certainly are
not products of any superficial process now in operation in that region
and we look forward to their economic development as an opport;mit);
of displaying evidence which will add materially to our knowledge
of the past physical history of this arca.

53. With the establishment of the fact that high-grade aluminous
laterites, or bauxites, do exist in India, the work
of. prospecting and exploitation of the most proe
‘ mising areas may be left appropriately to private
enterprise. But there are certain aspects of the problem, which ip
view of the haste being shown in securing concessions, it a.pp,earg
desirable to point out for the assistance of prospectors, The lm\;
average values of bauxites at European and American ports makes
it unlikely that simple export of the raw material will be remunerative
except possibly in the case of some remarkably rich forms which havé
been found ; and to extract the alumina, either for export as such, or for
use locally in the manufacture of the metal, will require asup,p] of
alkali, which, however, can be partially recovered after the St‘:para);ion
of alumina from the alkaline aluminate, and its cost, consequent]
should not be any serious handicap to the suggested industry T}i’
whole problem is, however, now open to private enterprise and. so far
as we can judge, after the preliminary investigations WhiCl’,l have beél
carried out, the economic prospects are no less promising than t]en
theoretical questions awaiting solution. e

Central Provinces.

Prospects of economic
development.

Manganese.

54. In consequence of the rapid expansion of man

3 ganesc-ore minjp
and the growing importance B

. of the j .
c/el;r(.ml!. L'f'%'r",iis,ﬁ an officer of the Department was resc::zlibltr)jt’
year for an examination of the manganese‘as
deposits, with a view to the preparation of a special men;Oi ore
the lines adopted two years ago in the case of mica. Mrr a[IOI;‘?

Fermor was selected for this work, and during the field season |
903-04
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completed the first section of his task by a study of the occurrences
in the Central Provinces, his survey covering the districts of Nagpur,
Chhindwara, Bhandara, Balaghat, Mandla, Seoni, and Jubbulpore.

55. Mr. Fermor’s progress report for the season gives an elaboratc
account of the manganese-ores and of the crystalline rocks with which
they occur, and although the relationships of the ore-bodics to the
‘“ country rock ” are indicated, the theory of their ultimate origin is very
properly withheld until the similar ores in other areas, being examined
during the current field season, have been thoroughly studied.

56. Braunite is the predominating oxide of manganese in the ore-
bodies which are being worked. The ore-bodies occur as lenticular
masses lying in the ordinary gneisses, schists, and quartzites of pre-
sumably Archzan age, and as regards immediate origin appear to have
been formed, at least partly, by the alteration of manganese silicates,
amongst which spessartite, rhodonite, and manganese-pyroxenes are
prominent species. Manganiferous silicates—piedmontite, spessartite,
and mangan-hedenbergite—are found also in the crystalline limestones
of the Nagpur and Chhindwara districts, and have been changed in
some instances into oxides, which would be considered worth working
but for the unlimited quantities of richer ore exposed in the same area.

57. Some of the manganese minerals found during the course of this
survey, such as dialogite, spessartite, mangan-hedenbergite, and pied-
montite, have not been recorded hitherto in India, whilst others are
apparently species new to science. One of these new forms from the
Nagpur district displays the essential family characters of the pyroxenes,
but has a remarkable pleochroism of red, blue and lilac, whilst another
pyroxenic form, found in the Chhindwara district, changes from a pink
to a greenish-brown colour. In association with the deposits of
Bhandara district, a crimson manganiferous mica was found with
characters apparently novel amongst the mica family, whilst specimens
of a blue amphibole, obtained from the deposits in the Jhabua State,
Central India, have been described by Mr. Fermor as a new variety of
the amphibole family (Rec. Geol. Surv. Ind., XXXI, 235)-

58. In the four districts grouped together near the eastern edge
of the Deccan Trap—Nagpur, Chhindwara, Bhandara, and Balaghat—
Mr. Fermor obtained detailed descriptions of over 6o deposits of
manganese ore, most of which contain valuable material, rich enough and
pure enough to command a price sufficient to cover the cost of mining
and of transport to the European and American markets. Although
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the higher grades only arc being exported, the large amounts which
have been quarried have made no serious impression on the total stocks
in sight, and for the time being the removal of the valuable mineral
from the country, at rates which return less than half its market value
may be regarded with a complacency which will be less tolerable whex;
steel manufacture in India reaches a stage comparable to the growing
requirements of the country. The statistics with regard to the trade
in manganese-ores have been reviewed in a special paper published
to-day.!

59. An interesting feature in connection with the area in which the
manganese ore-bodies lie is the extensive silicifica-
tion which has occurred amongst many of the
Archean crystalline rocks, as well as in the infra-trappean Lameta
beds. This effect is probably directly connected with the action of the
great Deccan trap-flows, which have but recently been removed by
erosion and cut back to their present position near Nagpur, We are
not at present prepared to connect these phenomena with the removal
of silica from the manganese silicates from which the oxide ores havye
apparently been formed, but it is at least significant that our most
valuable ore-bodies—in the Central Provinces, in Jhabua, and the recently
discovered deposits in Belgaum—are all near the edge of the trap forma-
tion, We have, however, no present evidence to show the former
extension of the trap as far east as the Vizianagram area, where
manganese ores occur under conditions apparently similar to those of
the Central Provinces.

Silicification of Rocks.

Salt.

60. The first stage has been completed of a special enquiry into the
condition of the large salt lake at Sambhar iy
Rajputana. The questions of the origin of the
salt and of the prospective resources of the Lake
were raised by Mr. R. M. Dane, C.LE., Commissioner of Northern India
Salt Revenue, in 1go1, in consequence of the general tmpression
then developing as to the depreciation in quality of, and the increageq
difficulty of obtaining, salt at Sambhar. A very accurate map of the
lake was made by the Survey Department, and a report was submitted

Sambhar Lake :
The Director.

in 1902 by Dr. F. Noetling of the Geological Survey, who suggested a

1T, H. Holland : Review of the Mineral Production of India.

Sure. Ind., XXXII, p. s55. Rec, Geol,
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theory for the origin of the salt, and pointed out the necessity of
exploring the lake-bed by borings in order to finally settle this
question.

Arrangements were made in 1903 for the boring operations, the sites
being determined by the Director, in consultation with the Commis-
sioner of Salt, in December 1903, and the work was commenced in
March 190o4. Three borings—one near Sambhar at the eastern end
of the Lake, one at the so-called £kasana near the centre, and one off
Nawa in the west—passed through the silt, and touched the under-
lying Aravalli schists at depths of 61, 70, and 76 feet, respectively, At
the same time, samples of the silt were obtained at various points at
depths of 4, 8, and 12 feet, in order to determine by analysis the
amount of salt stored in the upper layers.

61. A report, now in course of preparation, gives the full details of
evidence from which it is concluded that the salt resources of Sambhar
are limited to the body of silt filling-in the depression in the Aravalli
schists, where the sodium chloride, along with large quantities of
sodium sulphate and sodium carbonate, has accumulated in a way
common to arid regions of internal drainage.

62. In the lake-brine formed by the absorption of the salts from the
silt, the ratio of chloride to other soda salts is now about 86 : 14, and,
judging by the few analyses recorded, this represents a distinct depre-
ciation in the quality of the lake-brine, in which the ratio of chloride to
other soda salts in 1869 was go'g : 9'1. As a similar result is shown
by analyses of the subterrancan brines and of the lake-mud, it appears
to be certain that the artificial removal of a little over 4 million tons of
salt during the past 34 years has appreciably diminished the richness
of the lake in chloride, although there has been but a microscopic
inroad made into the enormous stores of salt lying in thesilt. A pre-
liminary estimate gives the present amount of salt in the upper 12 feet
of the silt as just a million tons per square mile.

63. The present system of manufacture consists of the simple solar
evaporation of the compound brine until, by separation of the excess of
chloride, a point is reached at which the solution is nearly saturated by
the sulphate, which is the next most abundant salt. The manufacture
is then stopped, the salt being removed for sale and the bitterns being
returned to the lake, On account of the rapid increase in the solubility
of the sulphate between o° C. (32° F.) and 33° C. (91° F.) with, at the
same time, a small and, for practical purposes, unimportant, variation in
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the solubility of the chloride, the saturation point for the sulphate is
reached much sooner when the brine is cold than when it is warm. On
this account it is possible to extract a larger proportion of the chloride in
the hot weather than in the cold scason, whilst, on account of the diurnal
variation in temperature, a brine will precipitate sulphate in the night and
redissolve the whole or part of it in the heat of the day.  These facts have
heen observed in a general way by the experienced manufacture officers,
hut there is room for the introduction of greater precision in the present
system of removing the simple chloride, and it is to be hoped that a stjil
more important step will be taken by making a practical test of a scheme
which I have suggested for the circulation of the brines and bitterns
amongst the kyars, for the purpose of first removing the excess of
chloride, and then, by treatment of the bitterns in the cold season, of
removing the sulphate. As the sulphate is much less soluble than the
chloride at low temperatures and much more soluble than the chloride
in the hot weather, a judicious system of alternation of crops, such
as should be possible under the natural great ranges of temperature
at Sambhar, will permit of the removal of both instead of only a
small fraction of one of the sodium salts. At present there appears to
be a prospect, in the opinion of the salt officers, of such a system being
practicable, and if it prove to be possible under the natural conditions at
Sambhar, as it certainly is when the temperature can be controlled arti-
ficially, the result will be the indefinite extension of manufacturing opera-
tions for the more important chloride, as the bitterns will thus be pre-
vented from returning to the Lake, and so fouling the reserves of brine.
64. By the present system of manufacture the separation of the
clean chloride stops at a point when, according to the temperature,
from 10 to 40 per cent. only of the salt has been extracted, and as the
only available supplies are probably those in the uppermost layers of
the silt, of which only the sandy portions readily yield their salts {o
the inflowing fresh water, the economic life of Sambhar would, under
existing conditions of manufacture, come to an end long before an appre-
ciable inroad had been made into the total reserves in the lake mud,
65. For the continued success of the system of manufacture, either
that now observed, which results in yearly depreciation of the lake-
Drine, or the proposed modification, which, if practicable, will indeﬁnitely
lengthen the term of operations, a full supply of water ig essential,
and only a distinctly more important interest should be allowed to
curtail the limited supplies now being obtained from the inflowing rivers.
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Water.

66. As the outcome of orders issued by Government in consequence
of the recommendation of the Irrigation Commission, numerous enquirics
have been made for advice concerning the prospects of obtaining
artesian water: these include enquiries by the Bombay Government
with regard to Gujarat; by the Madras Government with regard to
Chingleput ; by the Bengal Government with regard to Muzaffarpur;
by the Burma Government with regard to the districts of Myingyan,
Yamethin, and Meiktila; by the Punjab Government with regard to
the Mianwali district and the neighbourhood of Dera Ghazi Khan; by
the Assam Administration with regard to the Silchar area; by the
Central Provinces Administration with regard to the Damoh district ;
and by the Agents to the Governor General in Baluchistan, Rajputana,
and the North-West Frontier Province.

GEOLOGICAL SURVEYS.

Assam.

67. During the course of his survey of the river-gravels in Upper
Assam, with special regard to their auriferous
characters, Mr. Maclaren found opportunities for
studying some of the geological features of the
country, of which our information hitherto had been but fragmentary.
Observations were made on most of the formations, representing a
material advance on our previous knowledge, the whole subject being
summarized in a special paper published in the Records, illustrated
by a geological map.!

68. The interesting discovery of Permo-Carboniferous marine fossils
in the Subansiri river is referred to in another paragraph (83). These
fossils are at present being described by Professor Diener, of the Vienna
University, whose preliminary examination of them has confirmed
Mr. Maclaren’s field determination of their general affinities.

69. Examination of the unfossiliferous shales and sandstones previ-
ously distinguished as the Disang series appears
to indicate, though much of the evidence is of a
rnegative character, that they are of older Tertiary age, but, from their

Upper Assam:
Mr. F. M. Maclaren.

Disang series.

' Vol, XXXI, pp. 179~—20..
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- general resemblance to certain rocks in the Mikir hills, they are con-
sidered to be post-Nummulitic.

70. An addition has been made to the previously known develop-

ment of the valuable Tertiary coal-bearing
series by their discovery in the Manbhum range
a long spur parallel to the Noa Dihing, and running out from the Mij1;
Mishmi country into the plains as far as the Tengapani,

71, The question of the age of the Tipam sandstones bas been
advanced by the extension of a
broken series of observations fro
which they are typically developed, round the head
valley, to the Sub-Himalayan sandstones of the norm
of Upper Tertiary age.

72. The fascinating problems in geotectonic
the Upper Assam valley
systems of folds—the Him
and the Malayan arc on the other—are separated
line rocks, forming what Mr. Maclaren conveniently terms the Mi;
ranges) have been summarized with characteristic charm in Profe o
Suess’ chapter on the “ Syntaxis of the mountains of Indiat Byt s;lor
Maclaren’s observations, exceeding in precision those made by work .
who have hitherto been able to make only isolated observation o
limited parts of this area, have shown that the reversed dips ; St }lln
two opposed systems of folds do not truly justify the concluls)iorllnth .
the valley between is cut out along a simple anticlinaj axis : the dj at
the results of the overfolds produced by tangential Pressurepsf are
opposite directions acting on separate systems of rocks, which are krom
apart further east by the immovable mass forming the Mjiy r °pt
The Patkais form the northern termination of the Malayan arc Jan da;’f o
as well as the Himalayas, which end also with the head of ;he A 4
valley, are distinct, orographically and geologically, from ¢}, ssam
meridional mountain system of Upper Burma, Tibet, at;d Wester: Cf;’ll;iat

a.

Coal-bearing formation.

practically un-
m the area in
of the Assam
al Siwalik type

Tipam sandstones.

geology presented by
(where two opposed
alayan arc on one side
by a wedge of crystal-

Geotectonic problems.

Bombay.
73. Whilst in the Nasik district in connection with the €xcavatj
Nasik district : of fossil bones in the Upper Godavar; 1;,(1):
, .

Myr. G. E. Pilgrim, Pilgrim took the opportunity

Of examin;
Deccan Traps, with the object Mining the

in view of discri.
' Das Antlitz der Erdc, 1893, Chapter VII,
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minating between the different lava-flows, in a selected section over
goo feet thick, displayed on the hill face to the north-east of the
reservoir at Igatpuri, The specimens collected have been registered
and stored in the Museum in view of further work in adjoining areas at
a future date, :

Burma.

74. Mr. P. N. Datta continued the mapping of unsurveyed ground
in the Northern Shan States, and covered the
area represented by standard sheets Nos. 377 and
378, together with the eastern portion of sheet 331,
the south-west corner of sheet 432, and north-west part of 433. Much
of this area was occupied by the groups of rocks previously reported, the
old classification being followed pending the revision now under con-
sideration and awailing the results of palzontological work being done
in England. Collections of fossils and rock-specimens were made, and
notes were recorded of the few minerals exposed of possible economic
value. The only mineral of special importance is the coal occurring in
the Lashio and Namma basins, referred to in another paragraph

(paragraph 34).

Northern Shan States:
Mr. P. N. Datta.

Kashmir and Tibet.

75. During the summer of 1903 Mr. Oldham was engaged on a
survey of parts of south-east Kashmir. The
principal results of interest obtained have been
published in two separate papers in the Records,
one dealing with a number of outcrops of the Permo-Carboniferous
Zewan beds in the Vihi district, and the other containing an account
of the glaciation and physical history of the Sind valley.

76. In connection with the Zewan beds Mr. Oldham has pointed
out that their apparent conformable superposition
on the volcanic series, hitherto regarded as real,
is probably deceptive, and as evidence of unconformity he calls atten-
tion to the great variation in development of the shaly bottom beds
of the Zewan stage, and the abrupt cessation of the volcanic rocks on
every section,

77. Near Sonamarg Mr. Oldham found a fine series of lateral and
terminal moraines pointing up the valley of
the Sind, and, after further exploration of the

Kashmir :
Mr. R, D. Oldham,

The Zewan beds,

Sind valley.
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valley, he found the peculiar position of these to be due to a great
reversal of drainage. At the time of the formation of these moraines
the waters from the hills round Sonamarg must have escaped north-
wards through the valley now forming the Zoji-la. As the date of
the formation of the Sonamarg moraincs scems to coincide with the
latest and least extension of the glaciers, the Sind valley must have
captured the head-waters of the adjoining Gumber, and so extended its
course by about 20 miles. This also involves an elevation, within
quite recent times, of the range through which the Zoji-la runs by at
east 2,500 feet relatively to the next range to the south of Sonamarg.

78. Mr. Oldham found several opportunitics for examining the
karewa deposits in the Kashmir valley, and
came to the conclusion that the old idea of their
lacustrine origin needs revision! The complete apsence of laminated
shales, the limited extent of bedding when sufficiently distinct to be
recognizable as such, the common occurrence of coarse sands, and
fragmentary state of the fossil shells, indicate that lacustrine conditions
could not have been any more thoroughly developed when these
deposits were formed than at the present time,

79. In the General Report for 1902-03 (page 22) I referred to the
discovery by Dr. F. Noetling of plant and
vertebrate remains in beds reported to occur
below Productus limestones in a conformable series of strata near
Khunmu, south-east of Srinagar. These fossils have now been criti-
cally examined by Mr. A. C. Seward, F.R.S,) and Dr. A, Smith
Woodward, F.R.S,, through whose courtesy we are able to publish
full descriptions in a forthcoming part of the Palzontologia Indica.

80. The plant remains prove to be several more or less imperfect

Karewa deposits.

Khuamu beds.

fronds of a new species of Gangamopteris, for which Mr. Seward

proposes the name G. kashmirensts, §ogether with a single fragment
of a leaf doubtfully referred to Schimper’s genus Psyomophyllum.
The evidence, so far as it goes, is in favour of assigning the Khunmy
beds in Kashmir to a position at least aslow as the Talchirs, The
vertebrates, described by Dr. Smith Woodward, include remaing of
fishes and of a labyrinthodont, the formCr. being referable to two new
species of Amblypterus, whilst the latter is a new species of Archego-
saurus, all having near rclatives amongst the Lower Permian or the
Carbonifcrous rocks of Europe.

' Manual of the Geology of India, znd Ed., 1893, 420,
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81. The plant and vertebrate bearing beds of Khunmu were first
reported by Dr. Noetling to be seen lying below the Productus
limestone in a conformable series of strata, but subsequent examination
of the ground by Mr. R. D, Oldham (whose observations have since
been confirmed by Mr. J. A. Cunningham) showed that no beds of any
sort actually rest on the plant-bearing scries, that the Productus
limestones arc half a mile off) and that the area is too highly disturbed
to accept the approximate parallelism of the two series alone as evidence
of any order of stratigraphical superposition. We must, therefore,
regretfully fall back on the few fossils which have been found as our
only grounds for assuming the Palxozoic age of the beds. The testi-
mony of the plants does not, naturally, alter the state of the Gondwana
problem, for Gangamopteris in Kashmir has the same significance as
Gangamopteris in Hindustan. The fish remains, however, afford
independent confirmation of the Paleozoic age of the beds, and give
us our first direct support for the accepted age of the Lower Gondwana
system. It is possible, and, judging by the fossils, even probable that
the plant-bearing beds are stratigraphically below the Productus lime-
stone ; it is to be hoped that further field work will show the strati-
graphical relationship of the two; but, meanwhile, we have to be
content with the unsupported testimony of the fossils, the probable
stratigraphical order having been prematurely reported as an observed
fact.

82. The geography of the old Gondwana continent, on which the
great fluviatile formations were laid down, is a
subject no less interesting than the question of
geological age of the older strata, and during
the past year observations have been made which have added mate-
rially to the precision of the ideas so ably summarised in Professor
Suess’ great work Das Antlitz der Evde.

83. Innorth-east Assam Mr. J. M. Maclaren has made an important
discovery of Permo-Carboniferous marine fossils at a point not far
from the previously known Lower Gondwana strata of the Dikrang
valley, and although the specimens were not obtained from beds in
situ, there is no doubt, from the lithological characters of the boulders,
that they could not have travelled for any great distances.!

84. We may assume, therefore, that the beds in Kashmir at one

The Northern coast
line of Gondwana-land.

1 J. M. Maclaren, The Geology of Upper Assam. Rec. Geol. Sur. Ind., XXXI,
1904, 180, 187,

D
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end of the Himalayan range, and those in Assam at the other end
indicate roughly two points on the northern coast-line of GOll(lwan;;,
land. The observations made by Mr. H. H. Hayden during the past
year have contributed still further towards the solution of thig problem
for he has found that, immediately to the north of (}e CTyStalline’
masses of Sikkim, there is a great basin of fossiliferous strata, with a
general east-west strike, forming without doubt the south-eastward
extension of the well-known fossiliferous zone of Garhwal and Spiti
far away to the north-west, where the fossiliferous beds lje also on the
northern flanks of the great central crystalline zone of the Him
range. There is thus little doubt t.hat the crystalline axis of the
Himalayas has been a long persmtc'nt landmark in {he physical
history of Central Asia, marking a:pproxlmately the northern hoyp
line of the great Gondwana continent, and forming the southerp shore
of the old Eurasian ocean to which Professor Suess has given the name
Tethys.
85. The observations with regard to the geology of Southern Tibet
. were made by Mr. H. H. Hayden duripe th
Southern Tibet: progress of the recent mission to Lhgea o ©
My, H. H. Hayden. 4 . 1asa under
Colonel Sir F. E. Younghusband, K.CIE. who
has called my attention to the untiring energy displayed by Mr. H?;yden
in taking advantage of the necessarily limited opportunijes for work
in a hostile country of a physically difficult character. "
however, of an importance and interest which, when pu
will merit the appreciation of the scientific world.

86. The crystalline complex forming the chief part of the State
of Sikkim has been recently described by Professor E. J. Garyw
an appendix to Mr. Douglas Freshfield’s “ Round Kan
and references will be found in that work to Sir Joseph Hooker's
glimpse in 1849 of the fossiliferous zone forming the unknown lanq ls
the north in Tibet, and of Dr. W. T. Blanford’s exploration ag f'o
as the northern borders of Sikkim in 1870. $ lar

87. The Tibetan zone to the north of the Sikkim boundar

composed of a variety of sedimentary formation
often metamorphosed but occasionally b hls,
fossiliferous,  and  represents  (he lcigw y
‘Tertiary, Cretaccous, Jurassic, probably Trias and possibly SOY:Z
of the Palaxozoic systems, The east-west trend of (he CryStallin
zone prevails equally in the sedimentary rocks, the Componeni

alayan

dary

His results are,
blished in full,

ood in
gChenjunga”’

is
Sedimentary zone of
Southern Tibet.
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beds of which strike parallel to the Himalayas and dip as a rule to the
north ; but in parts of the zone, especially at and around Gyantse,
intense folding has occurred, with consequent metamorphism, reducing
the local rocks (in this case of Jurassic age), almost to a series of crys-
talline schists,

88. The only beds, which can with any show of probability be
referred to the Pal@ozoic group, are a series of slates and schistose lime-
stones found along the north-eastern border of the crystalline zone in
the Khongbu valley, between Phari and Sikkim : they are cut off by
faults from all the other sedimentary formations, and, in the absence of
fossils, there is no means of determining their age. A thick series of
limestone, slate, and quartzite, found in the hills to the south of the
Phari plain, may represent the Triassic and "probably also the lower
Jurassic systems.  They arc sparsely fossiliferous in their upper beds.

With these two exceptions, the whole of the sedimentary zone
is composed of beds of younger Mesozoic age, with great intrusive
masses of granitc and basic igneous rocks : the former is most conspi-
cuous in the valleys of the Tsang-po and Kyi Chhuand in the immediate
neighbourhood of Lhasa, and the latter at Gyantse and along the
shores of Yamdok Tso.

89. Beyond the northern frontier of Sikkim a broad zone of Jurassic
slate, quartzite and <hale, striking east-west, extends for several miles to
the north, its upper boundary being defined approximately by a line run-
ning through Tinki, Khamba dzong and Tuna. A subordinate band of
limestone included in these slates about 8 miles to the south of Khamba
dzong has yielded a number of well-preserved fossils, which include
cephalopods, brachiopods and lamellibranchs of middle Jurassic
(doggery age. Immediately south of Khamba dzong the familiar Spiti
shales can be recognised by their characteristic fossils, which here,
however, are, as a rule, only fragmentary.

90. To the north of the Jurassic boundary, a series of parallel east-
west ridges stands out conspicuously above the rolling downs of shale :
these ridges are formed chiefly of limestone, and almost certainly com-
prise the whole of the Cretaceous system, and the eocene stage of the
Tertiary. Fossils characteristic of the cenomanian and turonian stages
occur towards the middle of the series, and include Turrilites costatus,
Lam., below and Hippurites sp. and Radiolites sp. above. The highest
beds found consist of Tertiary sandstone overlying Nummulitic
limestone : between these a thick series of fossiliferous limestone, with

D2
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subordinate sandstones, probably includes the uppermost Cret :
and oldest Tertiary. ‘ o
91. These beds extend for only a comparatively short distance
the north and soon give place again to an endless successioub "‘Y“( y t~0
or less metamorphosed slate and sandstone, extending far (g \I0~ "“.)‘ )
beyond the Tsang-po- and almost, if not quite, up to e oot

. . < : . raccile aro pe southern
shores of Tengri Nur. Fossils arc rare; but have be

en found gy several
ast series, with {he
' the west and nort}
dgc~l)(tl()ngs to the Jyr

localitics, and indicate that the whole of thig v
exception of some limestones found in the hills (o
of Lhasa—which may be of Cretaceous
system.
92. The fossiliferous.chm'actcr of the strata | in

* Age of the unfossiti. (Tibetan) flanks of the Cl‘};’still?r?e the northern
ferous systems in the in remarkable contrast to the ?X‘S..S tands
Lower Himalayas. character of the beds which for untossiliferoug
or Lower Himalayan zone. The persistence of the :2) t:c southe.r.n
ferous zone eastwards as far as Sikkim, now eStablislrdem fossili-
accentuates this contrast, and increases the suspici hed, n.aturally
recently been growing amongst the members of the Ge (;“, i vhich has
that the Lower Himalayan rocks, like those of Simlao <I)<g|
Bhutan, are members of very ancient systemg of Sedi) umaon, and
part pre-Cambrian, nothing other, in fact, thay- nort:ents’ all or in
of the Vindhyan, Cuddapah, and similar old Systems on i:y eXte.nsions
which have been caught, like the much younger Gong J Pemnsu]a,
Darjeeling and Assam, in the great earth-fo]ds that by Ndwana beds of
Himalayan range. That one, two or more strag; ravi Produced the
the south could be unfossiliferous whilst their equisalf ical stages on
are fossiliferous might be possible; that such g acn't:; on t.he north
carried through every geological eporh from Cambria Cident Could be
so highly unlikely, that we are driven to regard t; to. Cret.aceous is
elaborate systems of lithological correspondenceg i. Mgenious and
propounded to distribute the strata of the ow;er‘-Ch have been
over the standard fossiliferous scale, as so mych misdi malayan zone
intended, mental energy. rected, though well

Madras,
93. In November 1903 Mr. Middlemiss continued hjg k
1 . Wwork |
Vigagapatam Hilkracts . * 2282Patam - hill-tracts, in the

takin t
Mr. C. S. Middlemiss. northern and southern 4 8 the extreme

T
The northern parts were ﬁii?lyf(l);nkz)c{iplorati?r;{
: up wit
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Mr. Smith’s work in Ganjam and with Dr. Walker’s in Kalahandi State,
whilst the southern parts were similarly linked with Dr. King’s work
in the Rajahmundry area, The main rocks forming the solid geology
of the former area proved to be a mere continuation in this direction of the
Archzan rock systems (khondalites, charnockites, and gneissose granite)
already described further to the south. They occur in a monotonous
series of bands of one or the other rock in dreary repetition. Towards
the south, in the direction of the Godavari river, through the Rampa
Agency and the northern parts of the Godavari district, the same
remarks hold good with regard to the Archaan systems. No further
examples were found of either the elaeolite-syenite gneiss or the sap-
phirine-bearing rocks. It was incidentally established that some of the
old local varieties of gneiss named by Dr. King, such as the Kailassa
and Rezwada gneiss, are variations of the khondalite series. On com-
paring King’s Bezwada gneiss (distinguished by containing murchis-
onite) with some of the khondalite series in the gorge of the Godavari,
the two were found to be identical ; but the crystals and bands of mur-
chisonite are regarded as adventitious in the ordinary khondalite, and
probably due to injection of pegmatitic intrusions or contemporaneous
veins. The Kailassa gneiss is simply typical khondalite.
94. During the latter part of the field-season Mr. Middlemiss was
Gondwana peds, €ngaged on some questions in connection with
Godavari District : the Gondwana strata near Rajahmundry, in
Mr. C.S. Middlemiss.  consequence of some alleged discoveries of the
coal-bearing series in positions not in accordance with the geological
map. A number of plant remains found in the purple sandstones and
shales at Gudigudiem (19° ¢’; 81° 35"} proved tobe identical with, cr
nearly related to, those described as of Golapilli age from near Ellore.!
The original mapping of the ground at this point is, therefore, vindicated
by fossil evidence. A certain number of minor instances were recorded
towards the revision of Dr. King’s original survey in other parts of the
arca; but, subject to the results of proposed boring operations, there
appears {o be no reason for modifying the accepted ideas concerning
the structure of the ground as inferred from the official geological
map.
95. On the left bank of the Godavari between the Deccan Trap
escarpment (north-north-east of Rajahmundry) and Korukondah

+ (179 1075 81°53’), in addition to the crystalline schists, marked on

1Pal. Ind,, series 11, vol. I, 163 (1877).
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Dr. King’s map, evidence was found, in road-metal pits, of

sandstones representing one of the upper Gondwana staoé; o A[)l‘xr[)le
upstanding hill, cast-south-cast of Raghudavapuram (17331‘0.,' 8 ohm;,l”
is composed of the samc formation. This shows that tl! 1° 40'),
Gondwanas persist on the left bank of the Godavari :m:l ar .1C Upper
connected by a scrics of such outcrops, generally hid’dcn b (‘t] brobably
alluvium, with the patches of Upper Gondwanas fur{l \m recent
Juggumpett (17° 10" ; 82° 7). 1er cast at

Rajputana,

¢6. One of the most interesting results ohtained
was the discovery of a new

Elzolite and Sodalite shlc family of cleol .
®olite-syenitey

Syenites, Kishengarh : I yemtes ne

The Director, in Rajputana. Our atlention w

. . tothese rocks b et
Mr. E. Vredenburg. y the receipt of specimens of bluye

' b:Od&]ltC sent in mistake for corund
subsequent  cxamination of the ground by Mr dum, On

intrusions of clacolite-syenite were discovered, together wity
sodalite, presenting characters, so  far um:xplainc‘;lh;lv
amongst mincrals (Reco Geol. Surv. Ing., XXX;’
freshly broken, the patches of sodalite are Car“,‘in?): VV‘hcn
I colour

: durmg the year
senes of the remark-
ar Kishcngarh
as first directed

V .

redenburg,  the
aricty of
and unique

and the fresh rock face gives the appearance of bejpe «
blood, but in daylight the colour rapidly, and in dircctng, 51)1';151\0(1 with
suddenly, disappears. Many of the specimens ) :“Unhght z.almo:n
dark for a few months rccover their carmine COlour\tln i‘l\'cpt. in the
on exposurc to cither daylight or to clectric light, 'I,‘h Ob‘mg it again
not, so far as we can find, differ in chemical com), C .SOdalltc docs
ordinary varictics of the mineral, and neither the logé osiion from {he
of colour is affected by the humidity of the atn,og )IHOF) the recovery
have becen sent to Europe for more critieg] cx}ﬂ:érc_. Specimens
cxplanation of the remarkable phenomenon has gq far {)Iflallollj but no
although the recovery of colour has not occurred o ‘(‘C[] offcrcd) and
after short intervals of concealment in the dark there ??mc specimens
after the numbers of instances which have bec’u exa '8 NOW no doubt,
observers, that both the disappearance and (he rc'lmlhed by various
carmine colour are real and regularly recurring phel‘l(l))l’earancc of the
In the course of a geological reconnaissance of the I‘;‘fha.

made by Babu Baidyanath Shaha, M.A. a4 part of lb.hengarh State
research scholar, an cxtension of the cl;golite.gycn?tcgln‘s \\vofrk

' S was found (o

as a '
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the north-north-cast of Kishengarh, and with it the mineral cancrinite
was found for the first time in India.

CONCLUSION.

97. It is dangerous in any branch of natural history to assess the
altimate scientific value of an established conclusion, or to arrange the
results of obscrvations in any order of merit, and consequently, within
the usual limits of this Report, it has been possible to review only those
of our past year’s results whose importance and prosimate bearing on
current problems are at present manifest.  There are possibly many
more important observations recorded in the special papers published
during the year in the Kecords and Memoirs of the Department, but
the discovery referred to in the last paragraph, the work which has
been done in Kashmir, Tibet, and Assam, and the additions to our
knowledge of the older alluvial deposits, can be safely selected as
advances of unusual scientilic interest. In cconomic work, besides the
results selected for special mention in this Report, the Department has
kept in touch with the numcrous developments of private enterprise,
and [ think it is not rash to say that the prospects of a healthy dcves
lopment of the mineral resources of India are now more favourable
than they have ever been. Besides the continued progress in the
development of those minerals which are described in the Review of
Mineral Production as minerils raised for consumption by direct pro-
cesses and for export, there has been the definite determination of the
essential conditions for the utilization of raw products which enter into
the web of industrial enterprises far more important to a civilized
community than gold and precious stones. The recent discoveries of
aluminous ores and the demonstration of the existence ol iron-ores
in quantity and richness sufficient to counterbalance the heavy assembly
costs of other raw materials required to manufacture iron and steel,
will create the conditions necessary for the utilization of our enormous
supplies of coal, and for the development of bye-products which will
insure the gradual increase in the production of those materials for which
India is at present dependent on foreign countries.

T. H. HoLLAND, Director,
Geological Survey of India.
CarcuTTa:

The 2nd Fanuary, 1905.
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PRELIMINARY NOTE ON THE GEOLOGY OF THE PROV-
INCES OF TsSANG AND U IN TIBET. By H. H.
HAYDEN, B.A., B.E., F.G.S., Supermtendent, Geological

Survey of India. (With Plate 7.)

THE despatch of the recent British Mission to Tibet, under Colonel
Sir F. E. Younghusband, K.C.LE,, afforded an invaluable oppor-

tunity for gePIOgiFal exploration in the _litt.le-known provinces of Tsang
and U, which lie to the north of Sikkim and Bhutap, With the

exception of the work of Sir Joseph Hooker! and of Dr. Blanford2 alon
the north-eastern, and of Professor E. J. Garwoods on the north-wester 5
borders of Sikkim, our knowledge of the geology of these two provin ‘“’
was confined to a few scattered observations to be found in ths wr't'ces
of Captain Turner and subsequent travellers, and little or nothi 1 1r1’g5‘
known of the great extent of country lying hetween i1 ng was
frontier of Sikkim and Tengri Nur lake. ¢ northern

The greater part of the area visited during the recent expedit
lies between the meridians 88> and xi’(pl(:i( mog

the parallels 28° and 30° N.; much gf thi L an
as well as the Chumbi Valley has now been surveyeq 1s area,
mapping having been carried on concurrently with the) to” geolog}cal
survey, and I am greatly indebted to Captain C. H. p Rl)ggraphlcal
who was in charge of the Survey party, for hijs kindnes‘S iy cr, -R.'E..
me with tracings of his work as it progressed, " providing
The geology of the greater part of Sikkim jg

Area mapped.

already fairly w
vell
Sl crystaltine rocks. known,.and my traverse through that Stag’e ,
too rapid to afford opportunit o

appreciable additions to the observations of previous wr;

north of Gangtok, the prevailing rock is gneiss, which “ rflters' To the
part merely a foliated granite, but inch;des d ho1s for the
origin, represented by quartzite, schists, slate

iCS Of making ;my

greater
nentary
estone,

also beds of sedu
yand crystalline 1y,

' Himalayan Journals.
* Journ. As. Soc. Bengal, 1871, p. 367.
* Round Kangchenjunga, by D. W. Freshfield

E.J. Garwood, M.A,, F.G.S. (1gu3h.

Appendix by Prof.

PArT 2.] HAYDEN : Geology of Tibet. 161

On the right bank of the Tista, at a short distance above Tung, the
limestone is a grey and white banded marble of great beauty : quartzite
and white crystalline limestone also occur in both the Lachen and
Lachung valleys at a few miles above Chungtdng. These beds, how-
ever, are of no great extent, the prevailing rock up to the Tibetan
frontier being granite, usually more or less foliated. Between Lamteng
and Tangu, white marble, similar to that near Chungtdng, occurs in
some quantity, with pyroxene-scapolite granulite and a graphitic
biotite-sillimanite gneiss. To the north of Tangu, granite and gneiss
continue up to the frontier, where they pass through schists into
quartzites, conglomerates, and slates of Mesozoic age.

The boundary between the crystalline rocks and the younger sedi-

Boundary  between mentary beds has a general east-west trend, follow-
crystalline and younger ing the line of high peaks, which constitutes the
sedimentary zones. line of greatest altitudes of the eastern Himalayas.
T'his line includes the peaks of Pauhanri, Kangchenjhau, and Chumiumo,
all of which consist of crystalline rocks, the boundary of the sedimentaries
running along their northern slopes. Similar conditions prevail
throughout the Himalayas of Sikkim, Chumbi, and Bhutdn, all the
highest peaks being composed of the more resisting crystalline rocks,
while the lower hills to the north are composed of softer sedimentary
beds of limestone, slate, and sandstone.

As has already been pointed out by Professor Garwood, much of
the so-called gneiss of Sikkim consists of foliated
granite, and the same applies to the rocks of the
Chumbi valley, which are merely the easterly
continuation of those of Sikkim and consist chiefly of gneiss—in large
part a foliated granite—with schists, quartzites, and some limestone.
Throughout the valley of the Ammo Chhu, the prevailing rock is a
coarse granite, which forms the steep, forest-clad hills on either side of
the river, but at Dothdk, about 20 miles above the village of Chumbsi,
the crystalline rocks are suddenly replaced by beds of limestone,
quartzite, and slate. Granite and gneiss are again found to the north
of Phari, forming the mountain of Chumolhari, and the greater part of
the snowy range running northwards from that peak and separating
Bhutdn from Tibet.

Although the greater part of the area surveyed during the recent
expedition is covered by sedimentary rocks, there
is a rather disappointing monotony in their

Chumbi vafley crystal-
lines.

Palzozoic (?) rocks.
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character. It was hoped that some continuation of the beds, from
which the Permian and Triassic cxotic blocks of northern Kumaon
are derived, might be found between the Himdlayas and Lhass. but
with the exception of a small arca in the Khongbu valley, bct’wcen
Phéri and castern Sikkim, no beds older than Mesozoic were found
anywhere north of the crystalline zone.  The small area referred (o
lies round Talung in the Khongbu valley, and consists of schiss
phyllites, and altered limestones. The rocks are highly mctamorph()sm’
and quite unlike any of the Mesozoic rocks found near Phari or to (he
north of Sikkim: it scems probable that they may represent some ot
the Palaozoic systems, but the apparent absence of {ossils leaves their
age uncertain.

To the cast of these supposed Palieozoic beds, and separated from
them by a fault, is a thick series of limestone
with subordinate bands of quartzite and sht:L
well seen in the hills cast of Dothdk and again on the Pemg (L%’
hetween Phdri and Bhutdn.  On the south it is in abrupt contact v_a{
the Chumbi granite, by which the various beds have been CO[]SE(icr‘vlltll
metamorphosed.  There arc apparently no fossils in (he lower ba' )l.-y
any that there may have been originally having now been destr (.(;i
by the metamorphism: a badly preserved cast of an ammonite ) 10)11(1
Danubites sp., but quite undeterminable, was found in 4 fa r:rl ossibly
zite ncar the middle of the scries above Dothik, The bii]y quart-
continucs along the hills between the south-western edge of thi :’Llrlu
plain and Bhutén, and probably forms the peak of M;‘SOHgChun . 1iri
At about § milcs to the south south-west of Phéri, the highest be( ?b(fong.
serics are limestones, which contain a few badly prescrved bra ‘15_0 the
resembling Jurassic forms: these arc overlain by slates and ¢ uo%)‘ods
of undoubtedly Jurassic age. It is therefore probable that thgula;‘ulxt”es
beds include part at least of the Triassc system, but whet} ~Ol .
include older beds also it is impossible to say, since any fos ITF they
they may have contained have now been obliterated by the ;:lztsv that
phism that they have undergone, and no beds older than Jura“t' amor-
been found in any other locality. ssic have

Trias (?)-

By far the most cxtensive system met with is the Jurassic, whi
covers almost the whole area lying » which

Himdlayas and Lhdsd, and extends |

into the hill-ranges scparating ]

between the
ar Lo the north

. , the Pemb }
from the basin of FTengri Nur. In spite of ity great (-xtentu ‘-’talllcy
» 1L has

Jurassic system. Lower
beds.
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yielded but little of interest, for the whole area has suffered so severely
from metamorphism that the rocks consist chiefly of crushed and
altered slate and limestone, with quartzite and calc-schist. In northern
Sikkim and in the ncighbourhood of Phiri, the Jurassics are found
in contact with the crystalline zone and have been locally metamor -
phosed by the granitc of Chumolhari and neighbouring peaks. The
Jowest beds, which appear to belong to that system, are the limestones
already mentioned as occurring to the south-south-west of Phdri: these
are overlain by an endless succession of slate and quartzite—or, in
less disturbed localities, shale and sandstone—with occasional beds of
conglomerate. Fossils are very scarce in the lower part of the serics,
and have been found only in a few localities: they include an impres
sion of an ammonite in the slates and some brachiopods in the quartzite :
the latter were found on the south side of the Kangra La, below Mec-do,
and include a specimen of Rhyuchonella sp.

Above the slate and quartzite, at Mckhyi-gunru,—about 8 miles south
of Khdmbi dzong—a band of limestone, about 50
feet thick, contains a large fauna: the fossils are
well preserved and include cephalopods, brachio-
pods, and lamellibranchs.  One of the commoncst species is Trigonia
costata, Sow., which occurs in large numbers in the lower beds of the
limestone. Ammonites and belemnites occur in some quantity, and a
large Nautilus is fairly common. The brachiopods include chiefly
species ot Rliynchonella and Terebratnla:the commonest genera of
jamellibranchs arc Trigonia and Ostrea or Alcctryonia. The fossils
have not yet been determined, but the presence of Trigonia costala
indicates that the age of the limestone is middle Jurassic. The strike of
the beds is east-west, but the whole area has been greatly disturbed
and the limestones were found only in this one locality : they may pos-
sibly occur again between Phari and Tiina, but, if so, they are hidden
by the moraine material which covers the Tang La and the Tina plain.

The limestones are overlain by a belt of dark shale, which ex-
tends from the flanks of Chumolhari on the east,
to the northern Nepal frontier on the west, and
covers the greater part of the plain surrounding Khamb4 dzong : these
are the representatives of the Spiti shales, and contain concretions
enclosing fragments of the ammonites characteristic of that stage in
other parts of the Himalayas. Immediately behind Khdmbd dzong,
and at Tina, they are overlain by shales, limestones, and sandstones,

Middle Jurassic lime-
stones.

Spiti shales.
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probably representing the whole of the Cretaceous system, with a small
band of lower Tertiary rocks. The Cretaceous beds extend from
Khdmb4 dzong to Tiina in a comparatively narrow strip, resting on
the Jurassics. From their northern boundary again Jurassic sblates
and shales extend in an endless succession of comparatively low ranges
far to the north beyond the Tsangpo.

The Cretaceous beds consist of shales and ﬂaggy limestones
followed by brown shales with concretions
are overlain by grey shales passing up into
massive limestones, overlain by sandstone and again limestone and
calcareous shale. The lowest beds have yielded no fossils but the
concretions near the top of the brown shales contain ammonit,es (Acan-
thoceras sp.) and Turrilites costatus, Lam.; this horizon therefore
belongs to the cenomanian stage of Europe. The overlying grey shale
contain, near their hase, large numbers of Gryphaa 5p., and, hiher es
a few well-preserved echinoids, chiefly species of Hemiastor res{émb['up,
H. cenomanensis, Cot. The shales pass up into a thicl,< lime tmg
series, consisting of three bands of limestone, each aboyt 100 feetih?llli
separated by shaly limestone and shale. The lowest bed js s l(l:
fossiliferous, and the fossils, chicfly echinoids, are poorly preserv[::se(}l’
in most cases not determinable.  The overlying shales contain a Zfin
badly-preserved lamellibranchs. The two upper limestone bands ett
their intermediate shales, contain great numbers of Rudists c,h"mﬂ
Radiolites, sp. Foraminifera occur more or lesg throughout th’e wlle le
limestone series, but are much more numerous in the upper beds, in w}:.olc
they form bands of foraminiferal limestone, overlying the Iiadi ]'ltC]
beds: the commonest genera are Orbitoides and Orbitolites O’;‘lfs
Rudista limestones pass up into thin-bedded arenaceoys limesto- he
corals and lamellibranchs : the corals include species of Cy[lvl[/ne w%th
C. regularis, Leymerie; among the lamellibranchs Hinnites és’ with
common. Echinoids also occur, though as a rule badly preser ‘1? very
genus Hemipneustes, however, has been recognised. veds the

The coral limestone is overlain by a thick bed of
sandstone, often highly ferruginous and containing

below,

Cretaceous system. ; these

. toarse, gritty
' places small

masses  of hamatite and limonite, but apparent]
Y 1o fossils e
yond

worm-tracks.
The fossils collected from the above series

worked out, but a few could he readily identified

whole of the Cretaceous system is represented bet

hav.e Not yet been
nd indicate that the
ween the Spiti shales
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and the top of the ferruginous sandstone. The lower flaggy limestone
and brown shales overlying the Spiti shales, have not yielded any
fossils, but the concretionary bands at the top of the brown shales
contain cenomanian cephalopods, and the cchinoids of the overlying
grey shales are probably also of cenomanian age. The lower, massive
limestones and the Rudistae limestones may represent the turonian, and
possibly in part the senonian, stages of Europe, while the overlying
coral limestone, with Cyclolites regularis, Hemipneustes sp., and
Hinnites ? sp. (cf. H. foliaccus, Noetling) should probably be referred
to the upper senonian. The overlying sandstone may therefore
represent the danian stage.

The sandstone is overlain by massive limestone containing large
numbers of gastropods. Near the base of the
limestone is a band composed largely of Oréi-
toides sp., and somewhat higher up a specimen of Nawtilus, re-
sembling N. sublavigatus, d'Orb., was found in a bed with a few
gastropods. The remainder of the limestone contains chiefly gastro-
pods and some echinoids, all very badly preserved ; the former include
species of Ovula, Phasianella, Conus, and O/lrva. Until the fossils
have been worked out, the age of this limestone must remain doubtful
but its stratigraphical position certainly points to a Tertiary age, and
it has therefore been included provisionally in that system. It is over-
lain by shaly and nodular limestone full of Foraminifera, but contain-
ing also a few Nautili and large numbers of Velates schmideiiana,
Chemn. This foraminiferal limestone passes up into calcareous shale
containing lamellibranchs—including Spondylus sp.—and overlain by
nummulitic limestone.

Above the nummulitic limestone there is a small thickness of dark
micaceous shale and flaggy sandstone, with calcareous bands contain-
ing gastropods and bivalves. ‘

The above Tertiary series is well exposed in the valley behind
Khdmb4 dzong, on either side of the stream flowing west from the
Dzongbuk L2, The beds dip to the north, and the uppermost shales
are seen at about one-third of the way up the ridge on the right
(north) side of the valley. Here they are cut off by a fault which runs
more or less parallel to their strike, and throws them in some places
below the lower Tertiary foraminiferal limestone, in others below the
’Rudiste limestone. No younger Tertiary rocks were found in the
neighbourhood of Khidmba dzong, or at Tina, but they may very

Tertiary system.
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possibly occur in the hills to the west of Guru, where Cret
Tertiary beds can be seen from the ridge north of Tiina
political considerations, that area could not be visited :
therefore be mapped in detail.
As will be seen from the map, the outcrop of the Cretaceoys - d
Fosslls of Jurassic Tertiary beds 'is comparatively narroyw - ,::lr
slates. Do-chen they give place to Jurassic rocks , hic
. extend beyond the Tsangpo and probabl‘,’,‘]v eh
to Tengri Nur. These are in places interrupted by oranit ’ ,d most
tween Kéngm4 and Gy4ntse and again in the val[e)iq :)’f (hl &5 be-
and Kyi Chhu ; they are everywhere crushed and folded .
intersected by dykes of basic igncous rock,

aceous and
but owing to
and could not

siangpo
o , and are often
rare and in almost all cases very poorly preserved o:}l;} 1:1; CSCQCdingly
in only five localities, vrz., 3 miles north of Do-chen (GC een foung
in the hills above— east of —Mangtsa (Grvphag s 'ryp/z.m ),
Spiriferina sp.), Kdngm4 (crinoids), on a hill 3 milesp.e’ fl.nd Casts of
(Perisphinctes sp.), and in the valley of the Rilune (?1"]t o Gyintse
Gubshi and Lungma (Perisphinctes sp,, belemnites z;ld bl-]-u) Pechen
Of thesc, the least badly prescrved are the beleml;iteq 1l ('lChlopOds)'
black shales, with brachiopods, at Gorchj and Sél:il-hk', oich ocor in
probably represent the Spiti shales and can be follov;esl;g-; these leds
forming the higher parts of the hills between the Ry] ey ny miles,
Yung L4 8 Chbuand e

The only ammonites found in the S
Khimb4 dzong, where they form the
as a rule only fragmentary.

How far the Jurassics extend to the north it

lpml s.hales Were obtaine( near
uclel of Concretions they are

1s i i
Great extent of Jurassics. but thC.y have been traced mll)l(;)Sblble
. dzong, in the Nyang Chhy
almost certainly continuous up to and beyond tth;;m .
'are apparently continuous to Chiksim on the Tsap gpo; thence the
interrupted by granite intrusions, appear (o exte;l(d Ebo, and thougl,
part of the ranges to the west of the Kyi Chhy valloVer the gr
although the Kyi Chhu itselfl has cut its  course ]e)’ up to Lhésé,
intrusive granite, Above Lhdsa, again, they appear t(? :"tg A mass of
miles to the castward, and certainly occur again at al, X end.for Mmany
north of Lhas4, where they form the higher parts of t(h out 7 miles tq the
the Kyi Chhu from the Pembu valley. To the nort‘; ri?g; Se{;arating
can be seen extending far into the hill-ranges separatin tmbu tley
Trparating that valley

to say,
to Penap,
whence they are
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from the Tengri Nur basin, where Cretaceous rocks are know to
occur, and although, on the higher ridges, they may be capped by
younger beds, they probably cover the greater part of the intervening
country,

Altliough no well-preserved ammonites have been found in the
Spiti shales in the area visited during the recent expedition, beautifyl
specimens are, nevertheless, (requently to be found in Tibetan houses,
being employcd, it is said, in certain religious rites. Those seen by
me were said by the Tibetans to have been brought from certain black
hills near Shikar dzong, and similar fossils are said to be found also
further to the west. It is probable, therefore, that a zone of Jurassic
rocks extends from at least as far cast as the gist meridian, along
the north of Nepal to Hundes, and the excellent state of preservation
of the specimens said to have come from near Shikar dzong points to
the probability that the rocks in that area are comparatively little dis-
turbed.

The uplands to the north of Sikkim and Bhutan furnish abuadant

. cvidence of the former greater exteut of glacial
ﬂoi:‘rmer glaclal condi- nditions in the trans-Himalayan region. This
is seen in the old moraines, crratics, old lake-
basins, and the many other phenomena indicative of former glacial
action. Throughout the plain of the Ydru river, around Khimbi
dzong, characteristic rockhes moutonnées show the direction of flow of old
glaciers from the northern slopes of the Himalayas: at the same time
erratic blocks of granite which are stranded on the hills) now at a
height of several hundred feet above the surrounding plain, and which
were probably derived from Kangchenjhau and its neighbourhood,
prove that the drainage from that area must at one time have had a
northe:ly trend, and that consequently the Lachen river has captured
much of what was formerly the watershed between the north and south
sysitems of drainage, while even the Yaru plain and valley itself, which
now drains into Nepal) has probably been captured from the northern
system by the gradual encroachments of the southward-flowing streams,
On the northern flanks of Chumolhari, too, old moraines extend for
many miles beyond the limits of the now comparatively insignificant
glaciers, into the Tiina plain.
Of the lakes, both Kala Tso and Yamdok Tso apparently owe their

" existence to the damming up of old river valleys by fans from side

valleys, and the consequent formation of an arca of closed drainage.
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That both lakes have shrunk since their formation is proved by the
existence of old terraces at some height above the present levels of the
lakes, whilst, at the same time, the waters of both are slightly, though
distinetly, brackish. ‘ ’ )

Igneous Rocks.

Both acid and basic igneous rocks are found in this part of Tibet
The former are represented by granite, whi(-h'
forms the greater part of the main range of the
Himdlayas of Sikkim, Chumbi, and Bhut4n. It
is found again among the snowy peaks to the north of the Karo L4 in
the valley of the Tsangpo between Shigatse and Chdksam, and throu’gh.
out the valley of the Kyi Chhu up to Lhdsd. The Him4layan granite
as seen in Sikkim and Chumbi, is either a foliated biotite granitef
(“ gneiss”’) or a fresh schorl granite—usually occurring in the form Of
pegmatite. The presence of hornblende has also been recorded b
Professor Garwood.! y

The granite of the peaks to the north of the Karo La was not
seen iz sffu, but blocks were found on the plain
to the north of Rélung and in the streams
draining the northern slopes of the Karo L4
group of snowy peaks.

The granite of the Tsangpo and the Kyi Chhu forms 5 wide belt
following the valleys of those two river
appear to have found less difficulty in cuttin
their way through this rock than through thi
Jurassic slates and quartzites, which now form the adjoining hills
This might seem, at first sight, somewhat anomalous, but the eXPlana:
tion would appear to lie in the wide diurnal range of temperature
which has a more powerful disintegrating effect on a coarse ang hetero:
geneous rock like the Kyi Chhu granite, than on the softer, but more
compact and homogeneous, slates, rendering the former friable anq
easily eroded, while having comparatively little effect on the latter,

The Tsangpo and Kyi Chhu rock differs from the Himalayan granit
in containing large quantities of hornblende and sphene. At Nam ©
the Kyi Chhu, about 20 miles below Lhasa, the granite is 2 o
some porphyritic variety with large crystals of flesh-coloureqd

Granite of Sikkim and
Chumbi.

Granite of peaks north
of Karo La.

Tsangpo and Kyl s, which

Chhu granite.

very hand-
orthoclase,

' op. cit. p. 289. But Professor Garwood does not state wheth

. . . er he reg;
the hornblende-bearing variety as a granite or as a gneiss of sedimen gards

tary origin,
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In the neighbourhood of Lh4s4, the rock is more compact, but other.
wise similar in mineralogical character; in places itis a compara-
tively fine-grained, grey rock which is largely used for building
purposes.

At Chaksam ferry, a large hill-mass on the right bank of the river is
composed of a greenish-grey rock, approaching
syenite, and undoubtedly related to the granites,
scen on the opposite bank of the river, from which it differs only in the
larger proportion of plagioclase (oligoclase) and of ferro-magnesian
silicates which it contains.

The basic rocks occur as dykes and sills in the Jurassic slates, and
are most conspicuous in the neighbourhood of
Gyantse and round the shores of Yamdok Tso.
They are chiefly fine-grained rocks of doleritic type, but include also
serpentines. The latter occur in some quantity
between Dongtse and Penam, in the valley of the
Nyang Chhu, and are probably responsible for the native reports of the
occurrence of coal in that valley. At a little distance and in certain
lights, they appear black and shiny, and might easily be mistaken
for that mineral, as indeed one native informed me that they had
been.

Syenite.

Doferite.

Serpentine.

Economic Geology.

The area visited during the recent expedition is strikingly poor in
minerals of economic value, the only one {ound
in situ being gold, which was obtained in very
small quantities from the coarse gravel beds of the Tsangpo; these
were panned at various points near Chdksim, but the largest yield
was only at the rate of *28 grain of gold per ton of gravel. The con-
centrates, which were examined by my colleague, Mr. Maclaren,
were found to contain, in addition to much magnetite and zircon, a
small quantity of rutile, tourmaline, and hercynite, and probably
uraninite.! '

Persistent 1umours of the existence of coal at Lhdsi, where it was
said to be used in the local “arsenal,” proved
groundless; the local rocks consist chiefly of
granite, Jurassic slate, and quartzite, with no trace of carbonaceous
beds, while the fuel employed in the “arsenal” was charcoal.

Gold.

Coal,

! See note by Mr. Maclaren, on pages 171-172,
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Some quantity of graphite was found in that building, Leing used

Graphite. for the manufactur'c of crucibles, and I am indebted

. . o to Mr. E. C. Wilton, C.M.G., Assistant to the

British Commissioner, for samples of the mineral, and also for the
suggestion that it represents the so-called “ coal ”’,

‘The graphite, Mr. Wilton tells me, is said to come from the Rong

~ =)

Lead. valley between Yamdok Tso and Shigatse. The

_ same valley is also said to yield lead, but the report
was not substantiated by any reliable evidence.

While at Lhdsd, I bought a number of samples of the gem-stoncs

Gemestoncs. emploxed by the local jewcllers ; these included
. turquoise, ruby, tourmaline, emerald, and sapphire.
T'he jewellers stated that all thesc stones were brousht from consider-

. . . 5™
able distances, th'e turquoise being obtained from L4d4akiand Monwolian
traders, the rubles and emeralds from India ang ¥

i 1d4 M i th
sapphires from Laddk and India. I could obt ongolia, aud the

ti s to th ist ¢ ain no reliable informa-
ion as to the existen S

. ce of any indigenous source of gems. The
rubics and emeralds werc small and very p

ale : the sapphires were
on the whole, of Dbetter quality, but sm sapj S )

all, often pale and flawed, and

though a few stones of good colour were to be obtained, they werc

very small and of little value.  Pink tourmaline is also apparently

used largely, not being distinguished from ruby of similar colour.
Yellow "jmd white rock-crystal and red garnct are alsoused. It appears
that, ‘."”th the) exception of turquoise, practically all the gem-stones
f‘sed in Lhdsi come from foreign countries, and it is ?mt at all
improbable ﬂ‘a't”‘l“‘te a large proportion of t,hcm come from Ceylon
and Burma, i@ Caleutta and Nepal. In fact, no mineral industries
of any kind appear to exist in the area visited by the Commission.
Before le)Slllg this note, I must record my very great indebtedness
t‘f Col.onel Sir .Ffﬂnk Younghusband, K.C.1.E., not only for his unflag-
ging terest in the work, but also for his assistance, so generous?y

given at all. times, and without which much of the exploration would
have been impossible.

Summary,

1. "The northern parts of Sikkim and Chumbi are composed chiefly
ol gneiss and granite. Some schists and crystalline limestones, found
at Tdlung in the Khongbu valley, may be of Paleozoic age. '

2, A thick scries of limestone, with subordinate bc«is of quartzite
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and slate, occurring to the east of Dothdk, probably includes at least
a part of the Triassic system.

3. The greater part of the provinces of Tsang and U is covered
by Jurassic rocks. The lower beds contain few fossils, but highly fossili-
ferous limestones of middle Jurassic age were found to the south of
Kh4mb4 dzong, and fossiliferous representatives of the Spiti shales
occur at Kh&mb4 dzong and in the hills to the east and south-east of
(Gyantse.

4. A comparatively narrow strip of Cretaccous and Tertiary rocks
runs from Kh4mb4 dzong to Tiina. The Cretaceous rocks are shales,
limestones, and sandstones, and represent the whole of that system.
The lowest fossiliferous horizon is of cenomanian age and contains
Turrilites costatus, Lam. The turonian, and probably part of the
senonian, stage is represented by Rudiste limestone, with Radiolites
sp. The upper senonian is represented by limestone with Cyclolites
recularis, Leymerie, Hemipneustes sp., and Hinnites sp. A thick
bed of coarse, ferruginous sandstone may be of danian age.

5. The Tertiary system is represented by gastropod-bearing lime-
stone, overlain by shaly foraminiferal limestone with Velates schmi-
deliana, Chemn. This is followed by nummulitic limestone and shale.
It is probable that none of these are younger than eocene.

6. Basic igneous rocks, including dolerite and serpentine, occur
as dykes in the Jurassic slates near Gyantse and alorg the shores of
Yamdok Tso. Granite is found in the valleys of the Tsangpo and
Kyi Chhu and also at Lhdisd, where it is used as a building stone.
The Lh4sd rock is a fairly coarse-grained, biotite granite, containing
oligoclase, hornblende, and sphene.

7. Few minerals of economic value were found iz sifu ; gold occurs
in very small quantity in the Tsangpo gravels, and an efflorescence,
composed largely of sodium carbonate, is found at Utsi, 6 miles north-
west of Khimb4 dzong.

Note by J. M. Maclaren, B.Sc., F.G.S., Geological Survey of India, on
Auriferous Concentrates from Chdksdm on the Tsangpo.

Two samples of concentrates were brought by Mr. H. H, Hayden,
of this Department, from the Tsangpo, near Chdksim. No. 1 weighed
500 grains and was the result of washing 112 lbs. of gravel from
the left bank of the river, one mile above Chdksdm. 399 grains, or 80
per cent., of the concentrate, proved to be magnetite, while the greater

E 2
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part of the remainder was composed of zircons, Of gold, there were
only four extremely fine specks, far too fine to be weighable.

No. 2 sample, of 790 grains, was the result of washing 160 lbs.
of gravel from the right bank of the Tsangpo above the Chdksim
ferry. This contained 612 grains of magnetite sand, or 77 per cent.,
nearly the same as the prcceding- The residue of 178 grains was
carefully washed and yielded 2 number of extremely small grains of gold,
weighing "0z grain. The total gold content per ton of these gravels
js+28 grain, of a little more than & grain, of a value of one half-penny.

The minerals associated with the gold are magnetite and zircon
making up, as already stated, nearly the whole of the concentrates,.
There are also occasional grains of rutile, of tourmaline, and of
hercynite. With the gold, and impossible to separate from it by
ordinary washing, there remained a little dust, which was resolved
under the high powers of the microscope, into black, cubical crystal;
with cubical cleavage. These, from their extremely high specific
gravity, their crystalline form and their colour, are probably uraninite
or pitchblende.

The washings were made at a wide portion of the river, and gold
was obtained in the dish only when washing was carried on in the
coarser gravels, the stones of which ranged up to 6 inches in diameter
There is no record of gold-washing along the Tsangpo, and the povert .
of its gravels, as indicated by the above results, confirms previou)i
assumptions that the gold of the Assam valley has not been dcrivegl
from the Tibetan highlands. The extreme fineness of the gold, com-
bined with its flaky character,—the largest grain is no more t,han-
mm. long and ‘o1 mm. thick—indicates a distant source, possibly ai
far distant as the gold-regions of the Manasarowar lakes.

Geographical Index.

Latitude, N, \ Longitude, E

Ammo Chhu . . . . . . 27 30 89
Chaksam . . . . . . 29 18 90 43
Chumbi . . . . . . . 27 2§ 83 57

Chumiumo . . . . . . 28 2 88 35
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Chumolhari

Chungtang

Do-chen
Dongtse
Dothdk

Dzongbuk La .

Gangtok
Gorchi
Gubshi
Guru
Gyantse
Kala Tso

RKangchenjhau

Kangma

Kangra La

Karo La

Khamba dzong

Khongbu Valley

Lachen R.

Lachung R.

Lamteng
Lhasa
Lungma

Mangtsa

Masongchungdong -

Me-do

. .
. «
(3 .
)
. .
.
.
. »
.
-
- .
.
. .
.
" .
. .
.
.
. ]

Latitude, N-

o !

. 27 50
. 27 36
. . 28 8
29 1
27 37
v . 28 16
. 27 20
28 50
28 49
28 6
28 52
28 18
28

28 34
28 6
28 53
28 17
27 40
27 50
27 40
27 M4
29 38
28 5o
28 25
27 33
28 5

Longitude, E.

838 35
88 45
88 35
g1 6
89 56
89 33
89 9
88 42
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Mekhyisgunru |

Nam

Nyang Chhu
Pauhanri
Peinbu La
Pemo La
Penam dzong
Phari

Ralung

Rong Valley
Salakhang

Shigatse

¢

Shikar dzong .

Talung
Tang La
Tangu
Tengri Nur
Tsangpo R,
Tina

Tung .
Utsi .
Yamdok Tso
Yaru R. ,

Yung La

J 20
!

|

Latitude.

28 10

29 28

. 27 40

28 20
28 50
28 15

Longitude,

88 33
90 55
89 30
83 53
9t 8
89 14
89 13
89 12
9 3
Qo

89 52
8 55
87 10
89

89 13
88 34
90 30

89 16
83 40
88 35
90 35
88 20

89 47
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THE OCCURRENCE OF BAUXITE IN INDIA. By T. H.
HOLLAND, F.RS., Director, Geological Survey  of
India. :

N the Review of the Mineral Production, published in the first part
I of the present volume, attention is called to the fact that India
possesses a possible asset of value in the deposits of laterite which cover
considerable areas in the Peninsula and Burma.! The object of this
note is to announce, as the result of the exploratory work which has
been in progress during the past year, the determination in India of a
number of ¢ prospecting propositions” in aluminous deposits, similar
to those known in Europe and America as bauxites, and now being
developed as the only practicable source for aluminium, and as one of
the materials employed for the manufacture of aluminic salts,

Reference to the literature quoted in the General Report of the Geolo-
gical Survey published in,this part of the Records (supra, pp. 141, 142)
will give an idea of the interesting scientific problems opened up by
the investigation into the origin and nature of laterite, and the solution
of these will be helped materially by the economic development of the
deposits, which appear to come within the category of marketable
aluminous ores. The actual prospecting work comes properly within
the sphere of private enterprise, but those who wish to undertake the
problem of testing the economic value of the deposits mentioned below
may find the information we have collected to be of material assist-
ance, though it should be understood that, in an industry which has
developed so rapidly as has the manufacture of aluminium and the
processes for extracting alumina from bauxites, any scheme of opera-
tions employed as a means for estimating economic probabilities is
likely to be out-of-date almost as soon as it is announced.

In conducting this exploratory work I have assumed that the
simple export of aluminous laterites to Europe would not be practi-
cable in the face of the present low values of bauxites, and in view of
the fact that discoveries of new occurrences, elsewhere as well as in
India, have been made at a rate well beyond the rate of increase in the

! Supra, p. 95.
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. L. .

demand for alumina. .I should consequently regard an oc

a reaso.nable prospecting proposition only on the yng Curr.encC to b.e

1 possible to manufacture pure caleined glypm; “Tianding that it
na

exbort a A ) in India, ¢j

¢ p rt as such to the European and Americap markets > Clﬂ\e.r.for

1on 1n the manufacture of aluminium and alumipje salt ; Oflfor utilizn-
Salls m the country

It is nccessary, however, to state ths
been sampled contain éercentages ;; :,ﬁ:?neinoaf :26 ({el)?sits which have
average bauxites on the market, that i may be wc.ll " excess of the
on the spot, toturn out a product whijch can EOSSlble, 0y calcination
tranqurt to the. coast and the charges necess ear the heavy cost of
searfreight, | This is & question fo. the pr arily added to g heavy
capable of simple s.olution within a very narrgecltf)r .to settle, and it is
The analyses given below fepresent some ‘;Var:];]l:so‘iﬁfrﬁr]. )
ich have been

taken from normal deposits of lateri
¢ : aterite, :
varily be described as bauxites, thon (:itil::rs hh would ordi-
ussing the question of

the writer is not

species, that is, a definite chemical
properties.  Its composition

amounts of accessory compounds of silica, ir
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Tfo the.tr.ade bauxnte' 1s a substance ip w,hich t’h
0 a]uml.mc hyflratf':,.m contradistinction ¢ clay '8¢ quantities
1s combined with silica in a fory unsuitable fy: I which the alumina
or

by present methods. Some [ater: ceonomi i

' . aterite Mic separation
bauxite ; others would not b ® have the e g
Some of the deposits referred
ters of ordinary bauxite than
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cal age. This point will tes of a i
; : probably be sety] Past geologi-
c!urmg the economic development of i ed by the observations made
lishment of their history and and with the estab-
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as typical of laterites,

Ofthe deposils,
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pp- 59 to 69, 1903.
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decade IV, vol. X,
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more precision the meanings and limitations of the terms laterite and
bauxite. For the present we regard the former as the wider term, and
say that some laterites are in all essentials bauxites.

In estimating the value of the analyses given below it should be
kept in mind that the mineral diaspore has a theoretical composition of

Alumina, 8z0; water, 15'0, per cent.
whilst the higher bydrate, gibbsite, is composed of—
Alumina, 654 ; water, 34'6, per cent. ’

Bauxite, being essentially a mixture of these two, must contain,
therefore, less than 85 per cent. of alumina, and it generally
contains very much less on account of a partial replacement of the
alumina by the isomorphous compound ferric oxide, and by the
mechanical admixture of clay, quartz, and other impurities.

A large number of analyses of bauxites on the market will be found
quoted in the bibliography given at the end of this note. For those
who wish to have arough mental idea of the composition of a marketable
bauxite, it will be sufficient to indicate the very wide limits of varia-
tion which occur.

For French bauxites the recorded analyses show alumina varying
from 30'3 to 76'9 per cent., and ferric oxide from o'10 to 4848.
An average sample of Georgia bauxite is given by A. E. Hunt! as
follows :—

Silica . . . . . . . 3
Ferric oxide , . . . . . I'5
Titania . . . . . . 450
Alumina . . . . . . 5867
Water . . . . ; . 3233
100°00

A series of 21 analyses of Alabama bauxites quoted by H, Mc Calley*
shows variations in alumina from 39'44 to62 per cent., ferric oxide
from under 1 to 22'6 per cent., silica from o0'40 to 37°87 per cent., and
water from 12'8 to 38'2 per cent. The Arkansas bauxites are returned
as varying in alumina percentage between 44'81 and 62'05. The
Irish bauxites show similar variations in analyses of individual speci-

mens, but with, in general, a lower percen.age of free alimina.

Y Trans. Amer. Inst. Min. Eng., XX1V, 1895, 858.
® Min. Industry for 1893, p. 64.
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The following partial analyses represent the best samples of Indian
bauxites which have so far been tested :—

Latcrites (Bauxites) tn the Madras DPresidency.

! | i
A B ¢ D E ‘ F
N ‘ , o
| - - ——
| ;
Alumina, AlOy .| 6280 ‘ 3137 | 4577 | 2808 .
S _ §64‘34 | 408 J %63-14 ’ 3 3538
Ferric oxide, Fey Oy o1 044 4071€ | 930 | 3788 | 3437
Water, HO . .| 3374 3158 | 2418 ;2830 1681 | 2070 19°co
Silica, Si0; . o278 468 216 €8 . .
tica, o1y [ 14'5 19°32 314 1075
Titamia TiO. . i 0 . 2 [
Titdnia, TiO, 004 995 01 ’ 0'52 — — oo
Lime, CaO . .1 o020 — — | = —_
j k 040
Magnesia, MgO .| 03 — ~ | r32 -
I ] o '
TOTAL .| 10003 | 10055 | 9990 | 99.79 | o927 { 1000 | 10000

A. Specimen collected and analysed by . Warth (Min, M,
* ag.,

XU, 1902, 172).  Specihic gravity, 2’42 ; cream-coloured nodules {
ing a layer about 1 foot in thickness, mixed with various formsy ()f()\r[],n-
and decomposition products of the charnockite series, The 9‘)eci:' (Ty
analyscd is practically pure gibbsite, Al,0, 3H,0. soluble specimen
sulphuric acid and in boiling caustic soda solution, :
kanal, Palni hills.

B. Laterite collected by H. H. Hayden, at For
miles south of Kodaikanal, Palni hills. The ap
the ferric oxide distinct from the alumin

n boiling
Louality, Kodai-

Hamilton, 1
alysis does not show

a, hut the fOI‘mL[ iS I)re 2Nt l‘]l
‘ . SC
N‘[na“ quantthS on y- S5 ¢ 1 ' ve : ] cu L
( ;eo 0U1Ca y y . I .

C. Laterite collected by H. I Hayden near the Gols Club Pavil;
Ootacamund, Nilgiri hills, In making the analysis {he \‘ili; iliop,
titania were not completely scparated from one another, o

D. Collected by H. H. Hayden, 4 miles south of K
hills.  The analysis does not distinguish the combined silica wh:
would hold a portion of the alumina from thyt present + which
which would not interfere with extraction of the alumina
Survey collection, No. J. 575. )

E. Laterite collected by C. S. Middlcmiss, from
of Girliguma in the Vizagapatam hill-tracts, The an

a and

odaikanal Paly;

a5 quartz,
Geological

alysis docs not

hill south-west -
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separate the ferric oxide which is present in quantity sufficient to give
the specimen a rusty colour. Geological Survey collection, No. 15,704-

Fand G. Specimens {rom the Nilgiri hills, obtained through the
Superintendent of the Government Museum, Madras, and analysed
by H. and ¥. J. Warth (Geol. Mag., dec. IV, vol. X, 1903, 155). Of
the silica in specimen G, 10'52 is returned as quartz, Specific gravity
of F = 309, of G, 3707,

Laterites ( Bauxites ) in the Central Provinces and Central India.

H | J K L M
[ I ‘_;_,,, [

Al,O, . . . ] 6548 | 5267 5162 54°20 €788 57'50
Fe,O, . . . . 377 7°04 581 402 409 653
H.0 < s« ol 1938 | 2983 | 3072 2793 | 2647 | 20694
SiO, . . . . 038 1°26 00§ ‘ 1’55 093 2'35
TiO, . . . JAori6r 751 l 7'51 ‘ 1221 1°04 661
CaO . . . . 178 ] 5285 1 e a'36 015
MgO . . . .| trace trace ‘ nil

TOTAL .| 100-62 { 100-06 , 100-66 9991 | 10077 | 10008

H. Light buff-coloured, coarsely pisolitic form, collected by P. C.
Dutt, near Katni, Jubbulpore district. Analysis by T. R. Blyth. Of
the water returned as 19°38 per cent.,”:'06 was moisture lost at 100°C.,
and the rest, 1832 per cent., was combined.

I. Brown, pisolitic material, collected at Katni, Jubbulpore district,
by T. H. Holland. Referred to by F. R. Mallet as aluminous laterite
(Ree. Geol. Surv. Ind., XVI, 1883, 113). In large deposits associated
with H and used commonly for road-metal and ballast on the railway.
Analysis by T. R. Blyth. Corresponding specimens collected by F. R.
Mallet (Nos. F. 155—157) analysed by H.and F. J. Warth, gave Al,0;,
5480, and TiO, , 038 (Geol. Hag., 1903, 155).

J. Yellowish, pisolitic rock, collected by L. L. Fermor, from a hill
13 mile, E-N-E, of Rupjhar, Baihir tahsil, Balaghat district. Analy-
sis by T. R, Blyth. The water, returned as £0'72 per cent., includes
0'74 moisture lost at 100° C,
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K. Brownish-yellow, pisolitic rock, collec
l[groll?l wcst.sid.e of scarp 2 miles north of g::j)ngguii.éi: _Huydc‘n,
alaghat district, Analysis by H. H. Hayden and T [; o tabsil
L. Mottled laterite collected by T. L. Walker b
Ka]illlall(li State. Geological Museum No, 15,215 OnAKorla.pat hill,
imd F. J. .Wa.rth‘(Geal. Mag., dec. 1V, vol, X ’xgo. 1 s by .
by determination in the Geological Survey lai)or' '3, 55)-' Checked
H,0, 26:82; ALO, and Fe,0, , 7263, HOTY: 8i0,, 092
Laterites (bauxites), with the same charactore .
aluminous by analysis, occur also in thccg:i:ll;:e:zlissilulfo Sf Proved o be
(1) Laughar, ncar the P, W, D. bungale o l)alaghat al—
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H.and F.J. Warth (Geol. Mag., 1903, 155). Geological Survey collec-
tion No. 1,295.

R. Laterite said to have been obtained from Mahabaleshwar, and
consequently resting on the Deccan Trap. Analysis by H, and F. J.
Warth (Geol. Mag., 1903, 155).

S. Laterite interstratified with the nummulitic rocks, Turkesar,
Satara. Analysis by H. and F. J. Warth (Geol. Mag., 1903, 155).
Geological Survey collection No. 1,3¢9.

An intcresting feature in the analyscs is the high return so fre-
quently made for titanic acid, and the same circumstance is noticed in
connection with foreign bauxites, especially those of America, where a
large number of analyses have been made in the deposits being
developed in Georgia, Alabama and Arkansas. The very high per-
centages of 1161 for the Katni sample (H) and 12'21 for Sam-
napur sample (K) indicate the probable existence of some unfamiliar
substance being precipitated with the titania. This material is now
under investigation, but has so far eluded detection by the ordinary
tests applied to well known substances in the same class. Dr. R. S.
Bayer, whosc process for the extraction of alumina by digestion of
bauxite in caustic soda has been largely employed, studied the in-
soluble residues of bauxites, and amongst a great variety of the rarer
clements, obtained reactions for some strange substance which he con-
sidered to be a new element.!

It is not the intention of this paper to discuss methods for the
profitable exploitation of Indian bauxites ; but as a warning to those
who may be in haste to take out prospecting licenses, and as a help
to the usually smaller number by whom mineral exploitation is not
classified with the games of pure chance, it may be desirable to indicate
some of the obstacles which will possibly be met between the
prospecting and the mining stages.

In the first place, it is practically certain that, with present prices
ruling a limited market, no bauxite will be found in quantity of the
quality which could cover the costs of simple export to existing markets
The prices quoted in the New York market up to the end of last
month for wholesale lots of Georgia and Alabama bauxites varied
between 21 and 22 shillings per ton of the first-grade qualities, The
capacity of the market is indicated by the following table, showing the

" World’s production during the years 1898 ~1902.  Although there has

V Chemscal News, LXXI, 1895, 128.
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been a considerable pereentage of increase in the fiv y
2ase o veo

consumption is small compared to the quantie ,:1.|~s,.lhe total
India. juantity of materiy] iy sight in

Production of Bauxite in Metric Tons

YFAR. France. United States, United Kiagdom. TOTAL
188 . 36,723 27,220 '2,60;“% \Tosjs
189 . . 48,215 37,302 8,137 93’754
1goo .. 58,530 23,556 5873 87‘959
1901 . . 76,620 19,207 10,357 mo’m
9oz . . 96,909 29,690 6,192 135’782
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certain that one of the large items in the total cost of a pound of
aluminium is the cost due to the preliminary manufacture of the pure
oxide by such processes as extraction by sulphuric acid, heating with
carbonate of soda, or digestion with caustic soda.

The value of the alumina will largely determine the question as
to whether the deposits are worth working simply for the preparation
of the pure oxide, or whether it will be necessary to combine this
process of extraction with the manufacture of the metal.

For a practical test of the first proposal the apparatus is compara-
tively inexpensive, but the installation of plant necessary for the
manufacturc of the metal should not be undertaken without counting
the cost. The comparatively high price of the purified alumina has
recently forced attention to processes for the preparation of the oxide
at sites near the deposits of bauxite: this is being attempted in the
United States, whilst the oxide used at Foyers in Inverness is prepared
at Larne from the Antrim bauxites.

The manufacture of the purified alumina from bauxite is of course
a purely chemical process, involving no unusual expenditure of energy
and, in the case of the alkali processes, only small loss of chemicals,
as the alkali employed to make the sodic aluminate is recovered during
the separation of the alumina. For the manufacture of aluminium
electric power works will be necessary, and the purpose of this note
will end by reminding possible investors that in Bengal coal we have
a reserve of energy which can be converted into electricity at a cost
probably as low as water power. Besides being the immediate source
of the metal, alumina is used in dyeing and as a base for the
manufacture of aluminic salts.

Besides general works on chemistry and metallurgy, the following
publications contain information of special value to those who wish

to follow up this subject :—

F. W. Richards. Aluminium, its history, occurrences, proper-
ties, metallurgy, and applications. 3rd Edition, Philadelphia
and London, 18g6.

The Mineral Industry, published annually (New York), with
special articles on aluminium by J. W. Richards (18g3),
J. B. C. Kershaw (1gor and 1902) ;: on a/um by J. Enequist
(1804); and on ‘lanxite by H. McCalley (18g3) and

J. Struthers (1902).



184

F, Laur. The Bauxites: a study of a new m;

C.

C.
E.

7. L. Watson. The Georgia bauxite deposits

Records of the Geological Survey of India.

[Vor. XXXII.

neralogical

family.  Trans. Amer. Inst. Min. Eng., XXIV 1895

234—242, 855—801.
W. Hayes. The geological relations of the
Appalachian bauxite deposits.
XXIV, 243—254.

W. Hayes. The Arkansas bauxi i

Report, U. S. Geol. Surv., 1899._t?9(§1:’l)331135i,;tf’m'
Ristori.  Aluminium.  Fncyel, Brt’tmmz'ca, V0|.7X.XV
1902, 339. ’

Southern
Amer. Inss, Min, Fng
A

)

i their chemical

Amer. Geologist, vol, XXVvii,

constitution and genesis,
1901, 2j5.

—_—

PART 2.] Miscellaneous Notes. 185

MISCELLANEOUS NOTES.

S —

Imports and Exports of Mineral Products during 1904,

HE returns for sea-borne, foreign trade for the calendar year 1go4 in-

clude figures of considerable value to those interested

IMPORTS. in the mineral industries of India. The following

table shows the values recorded for imported minerals

and products obtained directly from minerals, exclusive of hardware, cutlery,

plated ware, machinery, millwork, railway plant, glass, earthenware and plate
of gold and silver.

Imporis of Minerals and Products directly obtained from Minerals
during 1904

(including Government Stoves).

Average for the
1904. three years
1901-1403.

£ £

Salt . . . . . . . 471,034 451,766
Metals : Brass . . . . . . 69,932 66,084
Copper . . . . . 1,751,744 1,090,843
German silver . . . 127,563 127,614
fron . . . . . . 2,831,493 2,244,908
Stee! = . . . . . 1,799,018 1,517,969
Lead. . . . . . 129,319 136,444
Quicksilver . . . . . 27,472 28,269
Tin . . . . . . 233,528 187,740
Zinc or spelter . . . . 110,391 87,089
Unenumerated . . . . 81,244 71,651
Total of metals . . . . . 7,187,204 5559511
Carried over . 7.658,238 6,011,277




186 Records of the Geological Survey of India. [VoL. XXX11

. Average for the
1904. three years
1901-1903.
£ £
Brought forward . 7:658,238 6,011,275
k4 ’
Inorganic chemicals 3
. . . . 294,982 377
1497
Mineral oils and paraffin . 2,207,995 6,8
’ ’ 2)45 ) 75
Coal, coke, and patent fuel . 325,613
) 302,314
Precious stones and pearls, unset . . 589,679 8
4 35,31
Stone and marble . . . 17,877 >
, 19,52
Other building materials . . . 226,428 -
’ 155450
M\‘
—_—
TOTAL 11,420,812 10,158,252

It will be noticed with regard to these
kind that might be obtained directly fr
that there has been a very substantial incr
ports, the total for the year 1904 Tepre
11 million sterling, or 12°43 per cent. co
the preceding three years, 1go1 to 1903.

The two groups of products which hay
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and mineral oils, of which there has be
of £248,880. There is g satisfactory
t;\lese results : the increase in the imports
the necessary conditions of market requ:
the Jarge deposits of ore known ine?;::egoior the pr.Oﬁtable
imports of mineral oils shows the 7Y, Whilst the

development
Amongst the metals, the remarkable Ii)ncreas(;fio

Imports of Metals, co.p per, rising from ap av

products, which are nearly all of a

om . .
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ease in thf: total value of the im-
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exploitation of

decrease j
! nt
ur own oil-fieldg he
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copper are, next to iron,
resources. The figures for iron ang ste

. el only partially i
requirements of the country, as th Y Partially indjc,
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an increase . Ncreased
a]so In

the inports
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of materials made of iron and steel. The imports of machinery and millwork
in 1904 were valued at £ 2,925,260 against an annual average for the preceding
three years of /2,142,541, whilst the cost of railway plant and rolling stock
imported during 1904 was £3,547,556 against an annual average for the
preceding three years of £3,507,979.

A feature of serious importance in connection with the purchases of steel
is the fact that only two-fifths of the private imports come from the United
Kingdom,

The exports of mineral products from India make a small show beside the
imports, The values returned for borax, coal, jade-
stone, manganese-ore, mica, paraffin and petroleum
rubies, and ssltpetre make a total of less than £ g00,000, whilst the gold raised
in Mysore and the Nizam’s Dominions during 1904 must have been worth
over £2,300,000, as the output in crude ounces was 62 3,688, being an
increase on the production for 1903 by 23,628, ounces.

The borax trade, which has been declining against the cheap supplies of
Europe and America, showed an export in 1904 of
4,246 cwt,, valued at £s5,419, against an annual
average for the three preceding years of 5.385 cwt., valued at £7.898. The
saltpetre trade showed no definite variation in any direction ; there has been
a slight increase, during the past year, in the exports by sea, which amounted
t0 390,970 cwt., valued at £266,349, against an annual average for the years
19o1—1903 of 377,536 cwt., valued at £259,420.

The slight increase in the imports of foreign coal has been more than
counterbalanced by an increase in the exports from
India, due largely to an improved market at Colombo.
The quantity exported during 1904 amounted to 602,810 tons, against an
average of 486,641 tons for the preceding three years. The return for the
past year, though a small amount compared to the whole trade, and though
still a small contribution to the total requirements of Singapore, is the highest
recorded export of Indian coal.

The exports of mica have not definitely changed. The annual average
vaiue of the mica exported during the years 1901—1903
was £83,952, which is very near the value, £83,183
returned for the mica exported during 1904. The “jadestone” exported
from Burma zid Rangoon represents only a part of the total, as considerable
quantities of jadeite are sent overland from Upper Burma to China. The
quantity of the mineral sent out through Rangoon in 1904 was 2,869 cwt.
valued at £43,946, against the average annual quantity of 3,576 cwt., valued
at £43,359, for the three years 1901—1003.

The preliminary returns for 1904 show an export of 154,830 tons of man-
ganese-ore against an average of 147,950 tons for the
three preceding years, .

EXPORTS.

Borax and Saltpetre.

Coal.

Mica and Jadeite.

’ Manganese-ore,
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An interesting feature is the fact that, besides a

Petroleum. th?re has been a rapid incre
mineral oil, as shown by the f

growing sale in India,
ase m the export of our
ollowing figures :—

Exparts of Indian Mincyal Oils,

YEAR. Quantity, Value,
N Gailons. £
» 1,303 436
1903 . . . . . . I o
1904 . . . . . . | | o ; —
. . 4,014,077 i 128,030

The oil exported to the Straits ¢ i
Omes into com petit; i
Dutch East Indies, which has also been betion with that from the

. : ; assisting to replac i
in the Indian market. The import of Russian keroqege }fqlzufiSmn kerosene
) <5 Qropped from

90,119,318 gallons in 1901 to 42,256,738 ol .
America, consisting largely of the be 73 allons in
position near 7} million gallons, The rem
2 . ark
from the Dutch East Indies, from hg)f a mi“ioibl
millions in 1904, has taken place ch;
Past year. It is thus
market is now the §0uth-eastem extension of the g, ssam for. the Indian
rocks cropping up in the Dutch Eagt Indies me oil-bearing Tertiary
The exports of paraffin wax show no signs of ex .

the wax exported amounted to 41,057 cwt, valuedpansxon so far,
rise to 65,041 cwt., in 1902, the trade fell,ba.ck t L
t0 42,940 cwt, valued at £58,018, in 1904 ° 43,20
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NOTES ON AN ANTHRACOLITHIC FAUNA FROM THE
MOUTH OF THE SUBANSIRI GORGE, AssaMm. By
ProOF. C. DIENER, PH.D., of the Vienna University.
(With Plate 8.)

PAPER published by Mr. J. Malcolm Maclaren in the Records
of the Geological Survey of India (Vol. XXXI, Pt, 4) gives 2
detailed report on the progress of his geological survey in N.-E. Assam.
During his survey some fossils, supposed to be of permo-carboniferous
age, were obtained by him in boulders in the Subansiri river at Derpai,
near the mouth of the Subansiri gorge, North Lakhimpur, Assam.
Provisional determinations of the fossils were made by Mr. G. H.
Tipper.

The Subansiri valley being an impenetrable jungle occupied by
hostile tribes, every fragment of evidence may be considered valuable
until this almost unknown area is more thoroughly explored. In view of
the interest connected with the problem of a relation between the
coal-bearing Gondwanas of Assam and marine beds of Permo-Carboni-
ferous (Anthracolithic) age! Mr. T. H. Holland, Director of th=
Geological Survey of India, had Mr. Maclaren's fossils sent to me for
examination, and asked me to determine them and to prepare a paper
for the Records. 1 am greatly obliged to him for entrusting this
interesting material to me.

] prefer to use the term “ Anthracolithic ” under which I understand both the
Carboniferous and Permian systems. The reasons for adopting this denomination
introduced by W. Waagen, have been detailed in my memoir on the Anthracolithic
fossils of Kashmir and Spiti. (Palmont. Indica, ser. XV, Himal. Foss., Vol. 1,
Pt. 2, p. 1).
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The fossils were all obtained f
e fo rom a small nymb
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A.—FOSSILS FROM THE ARENACEOUS ROCKS
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1836. Productus pustulosus Ph”“ps, Geolo g1,
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A large cast of a ventral valve reminds one of the gromp of
Productus Cora ¢'Orb,

Three casts show the interior of dorsal valves, with the median
septum, adductor and reniform impressions partly preserved. One of
those casts has been illustrated in fig. 2.

SPIRIFER DIV. SP. IND.

The genus Spirifer is rather richly represented amorg the fossils
from the mouth of the Subansiri gorge, but all specimens are
fragmentary and only internal casts devoid of their shelly substance.
Among them some transversely fusiform shapes with widely expanding
wings have been noticed, reminding one of Spirifer alatus Schlotk.,
or of Sp, convolutus Phill. ,

The cast of a large dorsal valve, measuring at least 115 mm. in
width, shows strong and coarse ribs with distinctly trianvular sections
and sharp edges, and a strongly elevated mesial fold, which has been
severely injured. It recalls Spirifer convolutus Phill, Sp. trigonalts
Mart., or Sp. vespertilio Sow.

SPIRIFERINA SP. IND

A weathered {ragment of a ventral valve reminds one of Spirs-
Jerina Kentuckens:s Shum., or of Sp. tnsculpta Phill. 1t is greatly
extended transversely and provided with rounded plications, which
are crossed by numerous lamelle of growth.

RETICULARIA CF. INZEQUILATERALIS (*) Gemmellaro.

18¢9. Reticularia inequilatervalis Gemmeliaro, La faunz dei calcari con
Fusulina della valle del F. Sosio, Fasc. IV, Pt. 1, p. 336, Tav.
XXXV, figs. 2-21.  LXVI, fig.13.

1903. R. ineguilateralis Diener, Himdlayan Fossils, Paleontologia
Indica, ser. XV, Vol. i, Pt. 5, p.23, FlL. |, fig. 6.

A single cast without any trace of its shelly substance is provi-
sionally and with much hesitation referred to Reticuiaria inzquilaters
alis as comparable on account of its remarkable similarity with this
species.

That the cast belongs to the family of Spiriferidz or rather to
one of the subgenera of Spirifer distinguished by their smooth shells,
is pretty certain. The general shape of the two valves, the presence
of a large, slightly incurved beak in the ventral valve, the shart
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hinge-line, and the indistinctly marked-off area with j .

fissure are all characters agreeing with the group Ofvgn . .lts d€?]t01dal
Mart. pirifer lineatus

With Reticularia inaquilateralis .

Sicily and of the 1ibetan rfgion of exotfiim;:loiti Ii):f?}\]lan r‘ocks of
the present species agrees in the remarkably as‘ - t.e”l~lm1éilayas,
the valves and in the position of the apex Wh{(-l _e‘ flc.dl shape of
right, the specimen having been placed into ,its ! lsshilted to the
margin upwards. prope

A mesial sinus is marked by a shallow impression in t]
valve. Traces of concentric lines of growth hay e ventral

r position, front

. ) e been noti
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DIELASMA SP. IND. AFF. URALICO Krolow Fig. 8

The fairly well preserved cast
strongly of the Russian /)z'e/zzsmaOlfsz/‘::z:al}(v:;ve rer'ninds one very
stage, Mem. Soc. of Naturalists Kasan, Imjer. G(:x\i‘;(frr!‘e Artinskian
i;liynlssﬁy P‘d"‘87»Ga)‘;)'f‘)GAeO]Ogisc’he Forschungen am “:3]’ \;01. Xiil,

ange in der Gebie ten von Tscherdyn uad Ssol ichen Ural-
Co.mue géol. St. Pétersburg, 1858 Vol V) p. 42 ;(; lkamssk, Mém.
?vt is strongly curved, bordered by straight ’]at;ajalg’ g 1, ﬁgS: 33-36).
m. the par'tly broken-off beak under a very shar vmarglns, thxch unile
with a high and regularly vaulted mesia) ellzvd':_g?e, and is provided
falevauon increases in width towards the front ! ‘gn. iﬂus median
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The present cast differs from /’
dimensions,‘by a narrow mesial {};rdot:rds lE)’Pl(z-!specimen by larger
But those differences are of small importancey 'loader lateral wings.
general agreement of the two shells, This ’ln(‘;ny Con?pared to the
must.nearly allied to Dielasma uralicum, whic lfan Species is certainly
ters is one of the most remarkable types of },L V10T its peculiar charac-
s affinity to the Russian form is m the genus.

- e ! uch strong .
La Touchei Diener (Himlayan Fossils, Vsoi‘m;ge;)tthdn to Dielasma
*h TRG porr, PLYV,
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figs. 7-9), from which it is easily distinguished by its different outlines.
Dielasma La Touchei is nearly trianpular, with a slightly emarginated
front-line, the angles of which correspond to the greatest transverse
diameter, whereas in the present cast the outline is trapezoidal and the
greatest breadth occurs in the second fith of the entire length of the
shell.

The measurements of this cast are as follows :—

Length . . 28 mm.
Breadth of the ventral valve . . 22,
Thickness . . 15 .

DIELASMA SP. IND. EX. AFF. D. BIPLEX, Waagen. Fig. 7.

A cast of a ventral valve recalls in its outlines and in the presence
of a median ridge the group of Dielasma biplex Waagen from the
Productus limestone of the Salt Range (Productus limestone foss.,
Palzontologia Indica, ser. XIi1, Vol. I, p. 349)-

It cannot be identified with any of the species illustrated by Waagen
on Pl XXV of his memoir, but probably belongs to a new species.
It is of larger size than D. biplex, a longitudinal diameter of
45 mm. corresponding to a transverse diameter of 32 mm. The
mesial ridge is more strongly developed and originates in the apical
region The greatest width occurs nearer to the front. The outline
is distinctly pentagonal, with a biplicate front-line. By this character
the present cast is easily distinguished from Dielasma La Touchet
Diener, of which it reminds one in the development of a comparatively

high and narrow mesial ridge.

DIELASMA SP. IND.

An imperfect cast suggests Dielasma ficus McCoy, but bas its
dorsal valve provided with a sharp mesial edge, from which the shell
slopes obliquely towards the marginal region. The bad state of
preservation does not allow of a decision as to whether this character
is, indeed, a specific feature or only accidental,

B.—FOSSILS FROM THE HARD, BLUE, ARGILLACEOUS
LIMESTONE NODULES.
CHONETES CF. CARBONIFERA Keyserling. Figs. 3-6.

1845. Chonetes savcinulata Verneuil, Géologie de la Russie d’Euvrope 11,
Paléontologie, p. 272, Pl. XV, fig. 10.

1846. Chonetes sarcinulata var. carbonifera Keyserling, Reise in das
Petschoraland, p. 2135
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of strongly expanding rings. From Ck platynota White (in Wheeler’s
report on the United States Geographical Survey of the rooth meridian,
Vol. IV, p. 121; PL IX, fig. 6) they differ by the curvature of their
dorsal valve, which is distinctly concave, not flat or even convex, as
in Ch. platynota. Ch. dalmanoides Nikitin is of much larger
size. Among all the asinuated forms of Chonefes striatz it is Ch.
carbonifera with which the specimens from the Subansiri gorge agree
most closely.

For this species, which is widely distributed throughout the upper
catboniferous rocks of Europe and Asia, Count Keyserling's original
name, Chonetes carbonifera, must be retained, as has been argued by
Th. Tschernyschew.

MyaLiNa sp. IND. Fig. 11,

The plaster-cast of an impression of a right valve might at a first
glance be mistaken for a My¢ilus, nearly allied to a species {rom the
Kuling shales of Spiti, which has been illustrated on PL VIII, fig. 4,
of Vol. I, Pt. 5, of the “Himélayan Fossils” (Palzontologia Indica,
ser. XV). But a closer examination revealed the presence of
a moderately long hinge:line.

The generic separation of Myalina and Mytilus has been based on
the character of the hinge-line by L. de Koninck (Description des
animaux foss. du terr. carbon. de la Belgique, 1842, p. 125). It is
short and very narrow in Mytilus, but elongated, thickened, and
provided with longitudinal grooves in Myalina. Of all those charac-
ters of distinction enumerated by L. de Koninck only the length of
the hinge-line is accessible to examination in my specimen, which, |
think, must be classed with the genus Myalina. An identification
with Modiola is excluded by the terminal position of the beak.

Myalina lamellosa de Koun. (Faune du calcaire carbonifere de la
Belgique, Annales du Musée d’hist nat. de Bruxelles, T. XI, p. 169 ;
Pl. XXIX, fig. 11) shows a distant similarity with the present species,
but the gibbosity of the median part of its umbonal region is more
distinctly developed.

MONOPTERIA SUBANSIRICA, nov. sp. Fig. 10.

Among Mr. Maclaren’s materials there are a cast and an impres-
sion of the left valve of a very remarkable representative of the family
of Pteriide Meek, distinguished by its large posterior wing and by the
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comp}ete ahsence of an anterior one. Pteriide of this kind have been
described as Limoptera by Hall (Paleontology of New-York. Vol. V
Pt. v; Lamellibranchiata, p. 243), as Munoptcria by M,eek and,
Worthen (Geological Survey of Illinois, P't. 11, Palzontology, p. 340)
’I"he absence of the anterior wing in my specimens induces m’e to plact;
them in the genus Monopteria, although they differ considerably from
the prototype of that genus, Monopteria gibbosa Meek and Worthen
(L ¢, p. 340; PL XXV, hg. 11) from the coal-measures of Ilinois ’

The plaster-cast of the impression allows a sufficiently good recion.
struction of the left valve to justify the introduction of a new specific
denomination. ‘The differences in sculpture from Monopteria gibhosa
are, perhaps, remarkable enough to be considered of subgeneric value
but my materials are too scanty for proposing a new subgenerié
name.

Shell of equal height and length. Anterior margin truncate
posterior margin broadly rounded, uniting with the straight hinge;liné
in a right angle. Neutral margin passing into the posterior margin in
a regular curve and meeting the anterior one in a blunt angle. From
this angle a sharp edge runs to the beak, separating the vertical
anterior part from the remainder of the shell. A second edge runnin
from the beak towards the posterior margin is less distinctly defined s

Median portion of the shell elevated and gibbous along t};e u.
bonal slopes. Apex shifted to the anterior termination of the hin ,Z:
line, which corresponds to the greatest length of the valve &

Surface covered with numerous concentric lines of :
become ohsolete along the anterior wall,

The measurements of the illustrated plaster-cast are as follows :—

growth, which

Length ) . .
Height  °f the She"{ L :9 mm.
Thickness of the left valye . ¢ . ‘; ”

LoXoNEMA sp. iND. Fig. 12.

A turreted shell with deep sutures and S-shaped growth-lines is
provisionally referred to this genus, but its fragmentary state render.
it unfit for an exact determination. Neither the apical whorls nor thS
body-whorl have been preserved. The whorls are somewhat ap ul :
in the middle, but the growth-lines are not turned backwards aglo i
this angular band as along the slit-band of Pleurotomarig and g
allies. The sutures are remarkably deep and take the shape of 'l’tsl,
furrows or channels as in Loxowema Walcidiodorense de I*:OSI,II;:‘r:k
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(Faune du calcaire carbonifére de la Belgique, Annales Musée Royar
d’hist. nat. Bruxelles, T. V, 3e¢me ptie, p- 55 PL V, figs. s, 6).

PLEUROTOMARIA SP. IND. AFF. PUNJABICA Waag. Fig. 13.

An impression of a Plenrotomaria reminds one of this species
from the Productus limestone of the Salt Range (Salt Range Fossils,
Palzont. Indica, ser. XIt, Vol. 1, Productus Limestone Foss.,p. 115;
PL XI, figs. 3, 4) or of the examples of Pleurotomaria from the
permian Productus (Kuling) shales of the Lissar valley, described and
figured in “ Himalayan Fossils,” Vol. 1, Pt. 5, p. 100; PL V,
figs. 1—3),

The spire is a little less noticeably depressed, but consists of an
equally small number of whorls. The profile of the body-whorl is not
evenly rounded. The ridges bordering the narrow and angular slit-
band are distinctly marked. The zone between the slit-band and the
suture of the preceding whorl is covered with a small number of
delicate spiral striz. The lower part of the body-whorl is apparently
smooth.

BELLEROPHON sp. IND. Fig. 14.

The cast of a small, bilaterally symmetrical shell, coiled in one
plane, undoubtedly belongs to a species of bellerophon. The globose
shell is narrowly umbilicated on both sides and exhibits no trace of a
slit-band.

FENESTELLA SP. IND. Fig. 15,

Traces of Bryozoa have been noticed in the condition of impres-
sions left by the removal and decay of the polyzoarium. The delicate
shape of the colony, with rectangular fenestrules and thin dissepiments
reminds one of the Fenestellz from the Zewan-beds of Kashmir and
from the Fenestella-beds of Spiti, probably allied to Fenestellu plebeia
McCoy.

CONCLUSION.

Notwithstanding the unsatisfactory state of preservation of the
materials from the mouth of the Subansiri gorge, their examination
leads to the interesting result, that they contain a marine fauna of
Anthracolithic age. This result fully confirms Mr. Holland’s sugges-
tion with regard to the relation between the Gondwanas and the
marine Permo-Carboniferous strata in N.-E. Assam.!

1 General Report, Geol. Surv, Ind. for 1903-04- Records, XXXII, p. 153
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The assemblage of forms does not leave a shadow of doubt about
the Anthracolithic age of the Subansiri fauna. The large number of
Producti, among which a species closely allied 'to a2 well-known
European one (Prod. pustulosus Phill.), has been noticed, the presence
of the widely distributed Chonetes carbonifera Keyserl,, of 3 species
of Dielasma nearly allied to D. wralicum Krotow, of a Reticularia
of strongly inequilateral shape, are all characters of great stratigraphi-
cal importance. Their value is strengthened l.)y t.he complete absence
of any type which has hitherto been met with in strata of the lower
Palxozoic systems. ‘

The fauna is too poor in determinable fossils for me to
with regard to its corrclation with either Carboniferous
strata.

say anything
or Permian

EXPLANATION OF PLATE g,

o v}
Y
-

. Productus sp. cf. pusiuiosus Phill, Impression of a dorsal valve.
2. Preductus sp. ind.  Cast of the interior of 2 dorsal valve,

v and reniform impressions and median septum.

w 3. Chonetes cf. carbonifera Keyserling.

with adductor

Dcrsal valve with its gest partly

preserved.
w 4 Chonetes cf. carlonifera. Dorsal valve, with its test partly preserved.
s 5 » s » Fragment of a ventral valve, with its test

partly preserved.

» 6. Chonetes cf, carbonifera, Cast of a ventral valve,

» 7. Dielasma sp. ind. ex aff. biplex Waagen,
view, b lateral view, ¢ front view.

» 8. Dielasma” sp. ind, off. nralicum Krotow,
a ventral view, b lateral view, ¢ front view.

w O Reticularia cof. inequilateralls Gemmellarg,
b dursal view, ¢ Jateral view, d front view.

n  10. Moucpteria subansiyica Diener.
of a left valve,

o 1V Myalina sp, ind, Plaster-cast taken from the im

» 12, Loxonema sp. {nd, Cast, with fragmen:s of th

»n 13. Pleurotomaria sp.ind. off. punjabica Waag
an impression,

» 4. Belleropiion sps ind. Cast,
» 13 Fenestella sp, ing. Impression of ghe polyzoarium,

Fragmenlary €ast; a ventral

Cast of a ventral valve ;
Cast; ¢ ventral view,

Plaster-cast taken from the impression

Pression of a right valve,
e test adhering,

en.  Plaster-cagt taken from
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ON THE OCCURRENCE OF ELEPHAS ANTIQUUS (NAMA-
DICUS) N THE GODAVARI ALLUVIUM, WITH REMARKS
ON THE SPECIES, ITS DISTRIBUTION AND THE AGE
OF THE ASSOCIATED INDIAN DEPOSITS. By Guy _Eh.
PILGRIM, B.SC., Geological Survey of India. (Wit
Plates 9—13.)

; . G. Beale, of the Public Worksg
N Febrmary of laStD);ea;;tx;x:{.i:fo?med the Geological Survey
of Ehe discovery of fossill bonets at dNanilG:I'
t. 20°1” ; Long. 74° 11'), wh.ic}} was at once epn'r e
xag:::j::?r ('[[“:e locality is on the Godévart rlvc;; af?d is ia:ct);i Iiv‘ag;:li
miles south of Niphdd station on the G. 1. P. Railway
diStht Of'the B()tmr:zs}‘]t I:trte:;ﬁetnoc );..ny discovery of fossil bones in the
reat inferes Goddvari alluvium, as so few records of such
exisfi As compared with thfa alluvial deposits
f the Narbada, which flows in a contrary direction, and egter§ the.
. he west coast of India, our knowledge of those of the God4vari
‘Sea o t1'e ited, both as regards the fossil contents, and ?ven ‘:‘ls to the
o :lx:ilckn::ss and superficial extent of the a]luvmm. 1tse.1f. It
“3t“re-.t thereforc' be out of place to touch upon these points in .t}?e
ma);;:’()f this paper, as tending to throw some light upon the origin
;(())(’:h of the God4vari and of the Nafbad-a depo?nts. | b than that
That the fossil fauna of the Godavar'l beds is n<? es.s Tic :
of other Indian river deposits, is proved -by the
Previoas fossil dis- reports we have in the.past of exce[l))txon?lly
coveres in the Godavari large “ finds "’ of bones in them. In but few
alluvium. cases, however, has any troublf? been ta.!:en Xz
iscovery to scientific account.
preserve the b(?nes :)}:e t:;?ie;hea: lelepl'lznt: skull was found in the
some tm}e d;;rmg No account of the discovery seems to hz.w<_: been
God?van iy ;y- o far as [ know, the only authentic record of it is con-
plfbllSh.ed, et ipt note by the late General Twemlow, the original
thmed o manusf}:ig Dr. W. T. Blanford had access when he wrote
;ilfsco;/:; eorl; th'zoGodévari 'gravels.l He considers that it is the came as
is n

1 Mem. Geol. Sur. Ind., VI, p. 232,

Locality of the find,

The Godayarl alluvium.
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that referred to b

Dr. i
Society o Londa y Dr. Falconer in a paper read before the Geological

n,' when ke mentioned the
namadicus *in - © _the occurrence of Elephas
India”  Mai in vichly fossil'ferous fluviatile deposits of Southern
: . ajor-General Twemlow also seems to h
impression tl . ems to have been under the
Dr Fz;lco mt“}he skull in question was examined and named by
. ner. : one .
was identified b € may therefore conclude that this God4vari elephant
It thed by Falconer as Elephas namadicus, Falc, and Cautl
was obtained from a place near Paitén t 1
Goddvari. sout] ‘ dn, a town on the Upper
, south of Aurangabad, (19° 45" : 75° 20’
river, and had b 8 (197 45" ; 75° 30’) on the left bank of the
o {) . ad been washed out of a calcareous conglomerate, of which
gl ag bconsxsted. The skull was sent to Sir Philip Egerton in
I gaan » but I have no knowledge of what eventually became of it.
beenppeafm htO .hav? been of immense size, as the tusk is said to have
e 2g.mc es in circumference. The tusk of the animal which forms
subject of the present paper measures 25 inches in circamference
at the base.

General Twemlow also met with very extensive deposits of mam-

Ossiferous deposits of mfiliatl.bones in the valley of the Pem-Ganga at
the Pem Ganga, Hingéli (19° 55" ; 77° 2), and is of opinion that
| these ossiferous gravels are widely spread
throughout the valleys of the Godavari and the Pem Ganga.

In 1867 Mr. Fedden, of the Geological Survey of India, examined
the whole area through which the Pem Ganga flons. He discovered
a few bovine bones, Lut neither at Hingdli nor elsewhere did he come
across any extensive fos<il remains.

It appears from his ob-ervations that the gravels, though widely
scattered, are not continuous, and while in some places they form the
})ed of the river, in others the Pem Ganga has cut down its channel
into t-he Deccan Trap or even into the older crystalline rocks below

Since 1867, however, no collections were made from these interest-

The alluvial deposits at 8 deposits until Februz‘iry 1904. I shall there-
Nandur Madmeshwar. fore proceed to the details relating to this latest
fossil find.

ln‘ th'e area which I was able to examine, most of the allyyia]
depesit lies on the left bank of the Goddvari. The alluvial cliffs ris
to a hexgl‘mt of about 60 feet above the general level of the river-be:;
and afe highest at a point about 1 mile farther up the river th
Nandir Madméshwar. It was here that I found, embedded in t;n

e

' Q. ]J. G S, XX, p. 381 ; Falconer Pal. Mem., 11, p. 463.
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gravels, in the very channel of the river, a magnificent skull of the
ordinary Narbada elephant. These cliffs consist of conglomerates,
gravels, and clays quite devoid of any stratification and showing
evidences of a continuous period of deposition, marked only by such
clanges in the character of the deposit as might be expected in the
history of most rivers. Calcareous concretions (kankar) were not
observed in any portion of the deposit. The river-bed here was
perbaps a quarter of a mile wide, but at the time of my visit most
of it was entirely dry and the flow was kept up only in two or three
channels. The broadest of these is shown in plate 9, and occupies
the extreme right-hand margin of the river-bed. The falls shown
are not more than 15 feet high, and are entirely of the Deccan Trap.
In fact, all the rock within sight here is of the same nature, as is also
the greater portion of the dry bed of the river. To the right of the
river just here, there seems to be hardly any trace of alluvium, although
lower down, opposite Nanddr Madméshwar, the right bank is alluvial.

On the left of the river, however, the alluvial deposit stretches

away some distance, but has been deeply carved out into innumerable
the forces of denudation

small gullies showing to what an extent
have been acting. It would seem as if this alluvial deposit were
confined to the immediate neighbourhood of the Goddvari or of its
main tributaries, one of which, the Kadva, I followed from the rail-
way. At various places near its banks, the same network of deep
channels had been cut out of the soft alluvial gravels, the existence
of which | have noted on the Godavari. The smaller tributaries,
however, had cut down into the Deccan Trap, and in many cases their
sides consisted only of trap and soil arising from disintegration of
trap. One is therefore led to the conclusion that the alluvium, though
distributed over a wide area and accumulated locally toa cons:derable
thickness, does not persist equally, and, except
nHE":::;‘_"' the Godavarl ;. 41 immediate neighbourhood of the deposit-
ing streams, is either superficial or altogether
absent. It seems highly probable, however, that the alluvium of the
Godévari valley as a whole, even if it be only superficial, is sufficient
to merit a recognition on the geological map as distinct as that which
has been accorded to the more northern rivers.
Immediately at the foot of the alluvial cliff above mentioned, the
river flowed in three small adjacent channels, in

Situation and - . s .
tion of l:h.c:“ Eel:;;::t one of which were the fossil remains. These

remalas. channels were separated from one another by a



202 Records of the Geological Survey of Iniig, [Vor. XXXIr

hard calcareous, gravelly conglomerate, w
become cemented into a refractory concre
the bone. The skull was almost entirely c
feet deep. On account of the alteration
water being but slight for a considerable g
lower it at the required place, while the s nat
prevented the dams from being very eﬂeg?‘fzm!na;ur; of the rock
(lam§, however, by keeping a large gang of cooljes Corl:llinemle]med .the
and in this way I was able to dry the spot sufficiently ¢ A
fossil hones embedded there. Y to extract all the
Throughout the operations I was much indebted ¢, Mr. A. Hil
- A. Hill,

C.1E,, Executive Engineer at Nasik, for the . g
which he kindly placed at my disposal assistance and implements

The position of the animal, as found,
cranium was resting on the vertjcal portio
ferior part must have been subjected o ],
for several years. Under these circumsta
surprising. A portion of a tusk lay deta
cranium. Closely cemented to the cran;
femur, the head of the bone having ev;
projecting part of the skull. Aboyt 4 feet beh; Jammed by some
bones were found Through the kindness of Mr. H. ) T)" .the pelvic
Honorary Sccretary of the Bombay Naturat Histor' S. 1 Phipson, the
.mal end of the femur and another porti Y Society. the proxi-
In our possession. Both of thege
the same spot by Mr. Beale and sent by hi J been obtained from

hich, next to the bones, had
te materijal inseparable from
overed by water about {hree
In the general leve] of the
stance, it proveq difficult to

Was facing up stream, The
n of its occiput, while the ip-
e er?sive action of the river
NCes its imperfections are not
ched a few feet in front of the
UM was the distal enq of the

be dealt with later. That all of the
se  bel : .
no reasonable doubt can be entertained conged toa single individual
In the gravels near the same sp

ot
Jaw of a H; was found 5 Portion of the jower
Other fossils from Nan- t Hippopotumys, Containing the ine
dur Madmeshwar, and canine teeth, This specime s i ¢ 1heisor
N 1s unfortu-

nately missing! byt th
belonged to the subgenus Tetraprl’ltodon a::

species A, Palzindicus, Falc, et Cautl. A

is little doyht that it
May be assigned to the
single tooth hag been

! [t was stolen during the nigh
! ght fromm sct .
Madméshwar, presumably by a villager, an 3’ iO”LCtlon of specimens 5y Nandiir

any information with regard to it. ubsequent enquiries failed tq elicit
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identified as that of Equus namadicus, Falc. et Cautl.  Crocodile teeth
were also found, and several shells of Mollusca which are identica ‘
with those that exist in the area at the present day.
The cranium and bones, which 1 am describing,’and which repre-
sent the species Elephas antiguus (namadicus),
Dimenslons of fhe [ajc et Cautl, belonged to an individual of
present individual, .
remarkable size. It cannot have stood much
less than 16 feet at the shoulder. The cranium, as found, is larger
than any hitherto recorded, Individual bones have, however, been found
both in India and in Europe, the original owners of which must have
attained an equal or even a greater stature, The validity‘ of the name
Elephas antiguus, as applied to the Narbada elephant, will be referred
to later, It will be more convenient to describe first the portions of
the animal which the present find has put into our possession.
The cranium.~The cranium either on one or both sides possesses
all the essential features of the portion above
Description  of the (e mayillaries and the foramen magnum. The
craat. occiput on the right side is complete, with! the
exception of a small region lying between the posterior depression and
the vertical boss. On the left side this region is retained, but on the
other hand the whole of the occiput external to the left vertical boss is
broken away, together with portions of the parietal and frontal and the
upper part of the temporal. The foramen magnum and the occipital
condyles are missing. The frontal region and the nasals are perfect.
The incisives are only partially preserved, the missing portions being
indicated in the plate. It will, however. be observed that sufficient of
them has been left bordering the nasal fossa, as well as in the distal
region, to determine their shape and dimensions. The portions of the
temporal fossa below the level of the external auditory meatus are
broken away ; on the left side the auditory opening cannot be observed,
but on the right its position is distinctly indicated. The base of the
zygomatic process of the temporal is preserved on the right side, and
on both sides the orbit with the supra-orbital and post-orbital processes
are well shown, The cranium, like all the bones, was surrounded by a
very hard, unyielding calcareous conglomerate, in removing which the
bones have lost some substance.
The accompanying plates exhibit all the more important characters
of the present cranium, and the most casual in-
Mo;;_w‘in:s‘s,ﬁ':g(:x:: spection of it can leave no doubt as to its identity
dious). with the crania from the Narbada beds, figured
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by Falconer in the Antigua Fauna Sivalensis, Plates 12A. 12B
figs. 1-3, and Plate 24A, figs. 4, 44, as Elephas namadicus. ’Thesé
are the two most complete crania which have been known up to
now, and are preserved in the British Museum. One of them has
small tusks and probably belonged to an adult female. The tusk
sheaths are broken off almost immediately in front of the nasal
foramen. The other, that of a young male, has large tusks, and shows
also the characteristic divergence of the incisive alveoli. Five other
crania exist in the Geological Museum at Calcutta, These are all
exceedingly imperfect. Two of them, however, show the supra-orbital
ridge, which, until Pohlig’s extensive discoveries of £, melitensis
Falc., in the Grotto di Pontale von Carini in Sicily,! had been COnSidered'
peculiar to the Indian species, if indeed there were not still some
Palxontologists left, who favoured Professor Leith Adam’s surmise
that this peculiar frontal projection was a deformity or a distortion
produced by compression after death. The present skull is that of a
fuily grown male.

It seems that the supra-orbital ridge grew forward with age, so
that in young skulls there is a considerable interval between its margin
and the extreme tip of the nasal process; in the large female skull in
the British Museum this interval is sensibly diminished, while in thijs
latest specimen, which represents the largest and presumably the
most aged type with which we are acquainted, the supra-orbital ridge
almost overhangs the nasal fossa, and the interval is reduced to its
smallest dimensions.

The craniological material of Elephas antiquus (stem, sp.), though

Crasiological material fairly extensive, is very imperfect, A co;x-
of the European varicties  prchensive account of it is given by Pohlig
of E. antiquus. in his masterly monograph on £, ll?ltl‘qz(us g

The two most complete fragments are preserved, the :
Heidelberg which has been figured by Pohlig,® and ’t
Florence photographed by Weithofer,s Nothing is
beyond the intermaxillaries and the basa} portion
including the maxille and the basioccipitals,

The other varicties of Elephas antiquus are included under the

one in
he other in
present in thege
of the cranium

! Abh. d. k. Bayer. Akad., XVII1, p. 75
? Act. Acad. C. L. C. G. Nat. Cur. LVII, 13
? id. Tal. B. figs. 5, 5q, p. 276.

* Beitr. z, Pal. Ost. Ung, Bd. VIII,, 1891,

92 p. 337, &ec.

Tat. 11, fig. 2 & Tag. 1y, fig. 1.
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various pygmy types found in Sicily, Malta, Crete and Cyprus, and
described by their authors under the names £, melitensis Falc,)!
E. Falconeri Busk? E. mnaiariensis Leith Adams,® and E. cypriotes
Bate.*
Considering only the teeth and mandible of £. antiguus and of E.
namadicus, Leith Adams® remarked that they
mf‘::‘:;ﬂ:;“ ‘::‘::‘c:: seemed to hi'm to be indistinguishable. This
of £, antigsus. opinion of Leith Ada.ms has been endorsed by
many subsequent writers, among whom I need
only mention Naumann, Weithofer, Pohlig and L_vdek'ker.‘

There are three varieties of molars observable in Elephas anti-
quUUs = » '

1. The broad-crowned variety with closely packed, faintly crenu-
h no definite angulations or central expansions. This
found in £. namadicus.

2. The narrow-crowned variety with a central expansion of the
enamel discs, annulation, and wall-markc::d crenul.ation in the ridges.

3. A thick-plated variety presenting u'ltermednate chara_cters._ This
type is represented by the Elephas pr:ucus of Golfifuss, and it often
closely approaches the lozenge-shaped disc of E. afrzcanzfs.

These same three varieties of molar are present in the dwarf

il Elephants.

Mal;e:: f:s?ong gme the similarity of the dentitic.m of the pygmy
Elephants to that of E. antiquus has caused

Comparison between many Palzontologists to class them as mere
the crania of the races . . iles of the latter, although no complete crania
of . antiguus. of either existed. It would seem to have been
assumed by Lydekker and others thét the crania, when found, would
be of a different type to the Im_ixan form .and would possess no
supraorbital ridge. So far is this from b.emg the.case, however,
that all the skulls of the dwarf forms‘w_hxch. I_’ohhg" has ﬁg.ut.'ed
from the Grotto di Pontale von Carini in Sicily bear a striking
resemblance to Elephas namadicus, and leave us no excuse for

' Parthenon 1862, p. 780, & Falconer Pal. Mem. 11, p. 298.

* ‘| rans: Zool. Soc., V1, 1867, p. 251.

s Trans. Zool, Soc., 1X, 1874, pp. 112, 116. '
¢ Proc. R. Soc., LXX1,1903, p. 498, & Ann. Mag. of Nat, Hist, Vol. XIV,

1904, p» 162.
% Leith Adams, Br. Foss. Elephants, p.67, 56.
¢ Abh. d k. Bay. Akad. XVl p. 75

lated ridges wit
is the usual type of molar
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sepa¥ating the two torms specifically. The accom
taken fr(?xn one of Pohlig's plates, brings out thes
remarkable degree. There is no doubt that fut
prov.e that the original Z. antiguus of Eyro e
craniological peculiarities as its Indian variety, ’

Panying text-figure,
€ resemblances in a
ure discoveries will
Possesses the same

C
R\

il

F‘IG. I—E, Sntiguus (melitensi
s S s Bay'( Ak;g(;f,;{,iz‘??l?f;ﬂlerﬁ Pohlig. [Fossile Elephantten
The cranja of £ ] 52, imper
the foliowing poitits i
types which serve t
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2. The great distance of the occipital fossa from the foramen
magnum and the basal breadth and extreme depth of the fossa.

3. The strong convexity of the occiput in a horizontal direction,
which pushes the zygomatic process of the temporal to the front in
an unusual degree,

The crania of the Sicilian and of the Narbada elephants exhibit
in addition the following points of likeness :—

4. The shortness and breadth of the brow and the widening out
of the cranium from below upward.

5. The rhomboidal outline of the temporal fossa and its sharply-
cut, acute-angled upper margin,

6. The presence of protuberances on either side of the occipital
fossa,

7. The almost rectangular bend by which the occipital passes into
the parietal, and the obtusely-angled junction between the parietal and
frontal surfaces.

8. The well-marked frontal projection of the crown, which must
have given an exceedingly beetling aspect to the living animal.

9. The approximately transversely oval contour of the cranium,
when viewed in a direction at right angles to the plane of the occiput,
It is much broader than high. ‘

E. africanus also approaches them to some extent in regard to the
tst, 4th, sth and gth of the above characters. This is quite in
accordance with the view that E. africanus is the living represen-
tative of an old ancestral form from which it took its origin along with
E. planifrons Falc. & Cautl) E. antiguus, and possibly E. meri-
dionalis Nesti, Pohlig! remarks that he can hardly recognize any
essential differences between the portions of the cranium of £. antiguus
(stem, sp.) known up to now and the London crania of E. namadicus.
He calls attention to the differences in the molars and to the greater
absolute dimensions of E. antiguus (stem. sp.). But as has been
explained above, with the exception of the generally higher ridge
formula, which prevails in the Indian variety, the molars of the latter
are indistinguishable from the broad-crowned type of E. antiguus,
while the present remains show that the advantages in point of size
by no means lay with the European form. Fohlig considers that the
suborbital foramen is larger and shorter in E. mamadicus; that the
occipital condyles do not attain such a colossal size; that the maxillary

2 Act. Acad. C. L. C. G. Nat. Cur,, LVIL, p. 353.
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z‘{]gomat.lc process lies somewhat higher; and that the profile line of
;;e:sc;:olfutf aﬁpears to.have formed a less obtuse angle with the
o is‘ h0 the spyenoxdal portion. The importance of the last of
- C,O owever,_dlscourfted by the equally obtuse angle exhibited
o rresponding region of the present cranium. In addition to
.15 and the already mentioned excessive forward growth of th
ridge, the present cranium differs from the hitherto descri ¥ {mnt?l
of E’i‘ na_madz'cus in the following particulars :— escribed crania
he depth of the intermaxillary sinus at i i :
greater, and would seem to resel)'lnble t}: l:;eir;::;n alf cgd ' rz.ather
(melitensis) figured by Pohlig.! of 8. antiquus
As far as 1 can judge, the pro ; :
occipital fossa are by xllo r;gw,ans soppr:::i:;ntc: i:ntht:tter side of .the
of E. namadicus, nor are the correspondin ondon cramium
arked. g external depressions so
The occipital fossa is extreme i
unusual extent above, bearing sorr}Z lei;l:)lzl:\)c: imd narro.WS to an
t.he Narbada described by Falconer.* The occi o a cranum from
tionally wide. cciput itsell is also excep-
Below is a table giving the i i
cr.anium'and of the Lgndof crani:r(:uglgu(:::eri‘:lir}),s of t.he present
Sivalensis plates 12A, 12B, along with those of theeFllz?::‘c‘;:ua F auna
e cranium

of E. antiguus (stem sp.) and of
. tl .
(melitensis). 1e Palermo cranium of E. antiguus

Measurements of Crania in inches

E. ANTIQUUS (NAMA-
DiCus).

i
E. antiquus E. antiquus

(stem sp.} (meli 1
. t
Caleuntta. | London. Flme"cef ‘,( Pal‘esxls:)

Maximum length from occipital to tip of

s, so | e | e
occiput. cadth at widest part of 42°4 300 -
Vet tom oxsial oty a7 | uss | 7
w;%t:a‘:\f'ol:::s‘z ;itt\.meen temporal fossae 274 o " ee
Width of brow between centre of orbits 250 20°0 re 102
o
{ 90

} Abh. d. k. Bav. Akad. X
: . Bay. . X S
 Weleomer, Pat. Mem 1. p‘\l’lllsl. plate 111, hg.a.
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\ E. ANTIQUUS (NAMA-
DICUS).

Calcutta.

Width between postorbital processes  « 32’0

Vertical distance between plane of vertex 1nsg
and tip of nasal process.

Transverse extent of nasal opening . 20’0

Vertizal height of nasal opening at sides. 56

Distance from anterior margin_ of nasal 340
opening to tip of ptema:illanes. .

Distance from vertex to tip of premaxﬂ- 50+
laries. ‘

Maximum width of p’remaxillaries at the 362
distal end. o

Maximum width of premaxillaries at 198
orbital foramen. .

Width of intermaxillary fossa at proxlmal 41
end.

Width of intermaxillary jossa at distal 132
end.

Vertical diameter of orbit . 9’5

Transverse diameter of orbit . 50

Depth of occipital fossa from plane of 125
vertical bosses. . ,

Maximum width of occipital fossa beiow . 85

Minimum width of occipital fossa above. 3t

From external auditory meatus to frontal 157
margin of fossa at contraction.

From external auditory meatus to anteriof 17'S
margin of orbit.

From posterior plane of occiput to tips 27°0
of nasals.

From posterior plane of occiput to ante- 36's
rior margin of orbit.

Width between margin of nasal opening 50
and margin of orbit.

Width between margin of nasal opening 45
and adjoining portion of temporal
fossa. .

Maximum diameter of tusk near origin . 80

Maximum circumference of tusk near 250
or'gin.

London.

E. antiquus|E. antiquus

[ st s — o
(stem sp.) [(melitensiu}

Florence. | Palermo,

250
82
150

53

133

140

174

222

37

41

[y ane

" 13'a

e

37’0 e
189

ey ey

—
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E. antiguus may be classed with the short-crowned elephants,

Allled species E. africanus Blum., E. pPlanifrons Falc. et
pecies. Cautl., and E. meridionalss Nesti, Correspond-
ing with this character is the ratio between the length from the

vertex to the extremity of the premaxillaries and the breadth of
the cranium between the post-orbital processes,

£, antiqguus approaches nearest to £, africanus in the fattened

i shape of the vertex, in the shortness and
8. .

- afrioany breadth of brow, in the form of the temporal
fossa and of the interjugal space, and

in the obtusely angled junction
between the fiontal and occipital surfaces,

It differs in the slope
of the occipital surface, in the greater length and shallowness of
the intermaxillary median fossa, in the convexity of the occiput, in
the higher position of the maxill

ary zygomatic process, and in the
shorter length and greater width of the sub-orbital foramen,
E. planifrons differs from E. antiguus in the extreme lowness

E. planifrons, of the vertex and of the occiput, the lower

position of the maxillary zygomatic process,
the extremely small dimensions of the nasal aperture, the
excessive length and narrowness of

. . the sub-orbital foramen, and
in the small width and great depth of the intermaxillary fossa; this
species stands, however, in a closer relation to £. africanus.

E. meridionalis, though possessing the deep and large occipital
. meridionatis, 0552 Uf E. antiguus and an excessive deve-

. ‘ . lopment of the occipital protuberances, differs
cssentially in the extreme narrowness and great concavity of the
frontal rfegion, in the trifling divergence of the incisive sheaths, the
deeper intermaxillary fossa, in the narrowness and length of the
sub-orbital foramen,

the lo d noi
temporal fossa, ¢ long and pointed shape of the

It seems probable that all these species were developed from a
COMMON ancestor in a great Indo-Africo-European province in
eocipe] c(:lr oligocene times and the subsequent disconnection,
partial ‘disconnection, of these areas led to the diff iati
the individual types, Terentition

Although there ic no impossibilit

Improbability of tne Linn., being

descent of K. yng40,, (namadicus)
from £. antiguus,

and in

or

of

Yy in the teeth of £. indscus
derived from those of E. antiguus
» the teeth of the former being of
a more advanced type in the same direction,
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yet Mr. Lydekker! considers thai such a descent would be most

idert lon
: ; inion 1 concur. Considering the 2
i pable, with which opinion : o |
:?Pl:c,z:rro:v cranium of E. indicus Linn., with its Pomged. C’f“fazz
B ivable that the onc form should have been deriv
vertex, 1t 1 Incon =¥ he short period which we know to have e'apsed
the other within the shor : ! 4 the
ggtt'een the latest remains of E. anfiquus (ramadicus), aad the
present day. : he hip bones which 1 was
5 e ons of the hip )
The pelms.—-—ThefOf:::;te enough to obtain are the fol:‘owlng.
s lyi the two
Description of the That part of the pelvis ly'mg between he twe
pelvis. acetabula is complete with the exce}p i -
ic symphysis; the bones are, however,
f the pubic symp . . left
the lower. pat 'ous places. Of the two ossa mn.omma;a the deis
kaCt}"e?] "L ‘(,:;rlopreserved. In it the acetabulum is Fer e:: 2? s
Cnited X ethe internal region of the ilium; .the exmm?f g:tween the
umted.t‘Oh eever missing. The ischium 15 brokex;l o e
Lottt s o nd ’its own ascending ramus, so that MR
acetabulur_n 'acomplete. Of the right os innominatum ((;“ Yﬂf’e i
foramen is mbulum and of the ilium are preserved b'em es ne é)ones
of the ?.cets above. The central portions of the innomina Lo
as mentione ubic symphysis are figured in plate 13, fig. 1, imﬁ "
across th:t f{ the left flium with its sacral marginin plate 13, fig. 2.
upper pa

Th how the total width of the pelvic opening as well as the
L ese s

. ts
- r half of the obturator foramen. The remaining fragmen
superior

photographed. o _
hav?fgztfcl:ﬁ:igg areg th[;. measurements of the pelvis in inches:

i 190 i";
D'ttance betWEB" the i""e‘ "la|g|“5 OE lhe two aceta,bu a . 9
18

Antero-posterior diameter of acetabulum . gg :
Transverse diameter of.acetabulum . . . SR
Breadth of pelvic opening - . . .. . e
Breadth of obturator foramen . .

i . . . « 130 5
Girth of pubis at midshaft . .

i that, contrary to what is the case in the Indian

le ‘;;rlt“ It)lia s::::ero-pésterior measurement of theta;:qt;bxfllusl i:

el' phtl ’ reater than the transverse oOne. Tl.\e c]o ymt fogsa is
f\;fro“}:ergthan in the recent species, and opens dze:t.yrcf):'seo
border of the obturator foramen and not on to a flat su .

1 Pal. Ind,, ser. X, Vol [, p. 289.
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T/wfemur.“Both ends of the femur ang a great portion of the
shaft are in our ossession,
Description  of  ¢pe p These are shown

temur, in Plate 13, figs. 3 and 4. The distal portion

3% to the one of £, antiguus figured by Lej
Elephdnts, P). XXl fig. s).

*urface is broad and shallow. The intercondylo
The neck is short and appears to be almost
inclination. The digital pit is shaljoy.

The bone is long and slight. The patellar

id space is not great.

erect with very little
The head seems to

stal end to frag.
mented margin €
Length of fragment

fragmented margin

. . . . . - 40°0in.
of femur from Proximal end to *
From distal en : ;

d to narrowest portion i * + I9o

M:a}::érr:lt:brzrgsiirg:srnfer‘ence 'of di?tal e.xtren;ity a.rounci 35.0 ”
M?:ti)r:rt:’r:itig;atneter'of distal .extremity .around the e
Minimum circurpference of femyr | . ;;g .
Girth of payrorimal end 7 Breat trachanter 190,
I shall now adq some brief explanationg in r.cf o

mountjn -
Restoration of (he "nting of the cranjum and ¢
eranium. which have bee

e the assistance

Y colleagues M. E.
ndly o

n part of the Cranjum,

. and as t
of which there coy] d be no doubt. The tuck. o the correctness

do not consist in an
from out of wood,

. . d . 213
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in the plates shows sufficiently well how mth of
::lo: re:ntlt: li)s:arset:trolrrz)xttil;n.p It must however be 'remarked lthat in t:;
. f transport as well as during the erection many losses a
breakace l';m 4 urred. On this account an inspection 9f the plate
breakag:;a :ver;);fxce the impression that the i'nformzlmox;] at m)t
E:gosil forpthep restoration was less precise thant l:n ‘::lz;l ,iorteed:j}:
not only were the juncti]ons bﬁ:z:::a:ih:gf; i:fa’;e& : matris the position
gl so whi
g: ftilr:zd ::tlf tlelyx;::: :pparent than it is at present. The pht:tl?egx:agh
parts was front view reproduced in Plan? 11 was dy
of the cramuml;n with a telescopic lens at a dlstanc.:e of 18 yar' s,
Mr. E. Vreden l:l'in distortion in the picture. As this r.nfethod was
%0 as t.o preven che of the side view owing to the position of .the
lmp?SSlblF 0 th\; seum, Plate 12 was drawn in cylindrical projec-
crantum i thehl (‘:rbital’ portion is much better Preserved on the
tion, .and as th ° been combined in the drawing with the remamfler
left snd(?, thl; nzsside of the cranium. Plate. 10 represents a view
o l'lghf": from the left before the rest‘oratlon. nine E. antionss
of the craniu ion of the age of these deposits containing E. antiquu
The question ot (3¢ agad{cus) now demands some consideration.
Cont:lme::lan:;? Na:f g::paring the fauna 'of the Godév;.m alluvnl:nﬁ
bada ossiterous deposits.  ith that of the older Narbada deposits, we sha
' he only three mammalian species found Il:) it up to now. are
3o tbat ' e‘h IEI' rbada forms. Of these E. antiquus (namaa’zafx)
identica zlt t aand Hippopotamus palzindicus F. et C.,' are quite
pale. < auti; older deposits of the Siwalik beds, while E.quu's
abecat ‘fromF ed C. comes up from below. We are theltefore justie
namfldi““ ing the. two series of alluvia as of approximately the
fed in regarddmg;\ conclusion we arrive at with respect to the Narbada
same age, ant N y] equally to those of the Goddvari. We m‘ust als.o
A tTlust izrl:lgnt to include a great portion of the older Gangetic
;xten?tsth\l:hse:e in the valleys of the Jamna and Ganges near Allahabad
eposits,

have been found the following :~=1

Sus sp.
Semnopithecus Sp- Cervus sp.
Elepha'; namadicus F. and C. Bubalusppﬂl&’fﬂdicus F.
Mus sp.

H%popotamus paleindicus E. and Bos namadicus F.

Antilope sp.
Equus sp.

v Q. J. G. S. XXI, p. 377 Falconer Pal. Mem,, [I, p. 640, and Rec. Geol.
 Surv. Ind, XXXI, p. 176.
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The following

is a list of the Narbada vertebrate fauna, which has
The Narbada fauna.

hitherto been identiﬁed o

Ursus namadicus F. and C.
Bubalus paleindicus F.
Leptobos fragers Rut.

Bos namadicus F.

Cervus duwaucelli Cuv.
Sus sp,

H. namadicus F. and C.
Equus namadicys F. and C,
Rhinoceros unicornis Linn.
Elephas namadicus F, and C,
E. insignis F. and C.

E. ganesa F . ang C.
Hippopotamus paleindicus F, and C,

Pangsura tectum Beli, and other reptilia,

It will be remembered that Dr. Falconer designated these beds

w pliocene at the same time ag he concluded

Age of the Narbada that the t pical Siwaliks of the outer Himdle s,

ossiferous alluvium. row dlas s):: q as mid e oy bper et Jere

miocene. The arguments for the pliocene age of the latter have been
stated in the Manual of the Geology of India,! and are based on—

1. Their stratigraphical relation to the Minchhar beds of Sind.
The position of the latter immediately above the G4j beds containing
marine strata of miocene age, fixes their age as not older than the
upper miocene. The beds of the original Siwalik area must therefore
be pliocene.

2. The general facies of the fauna as com
and with the mammalian beds of the M4nchh
latter have a distinctly older aspect,

pared with recent types
ars and Baluchistan; the

Moreover, the immense thickness which hag actually been proved
for these middle and upper Siwaliks is evidence of prolonged period
of deposition ; and the frequently observed occurrence «f older ag well
as of more recent types confined to definjte disconnected areas or
to demonstrably different horizons in the series renders it probable
that a very long period was required for the differentiation of such
a diverse fauna. The Ménchhars as well as the ossiferous beds of
Baluchistan are now classed with the Siwaliks, and the strong
relationship which their fauna bears to that of the Pikermi ang Samosg
deposits is quite recognized, Dr. W. T, Blanford, Mr.,

R. Lydekker
and others class these beds in the lower

pliocene,® which gives us 3 sti]|

! Man. Geol. Ind, 1st. ed., ch. XX1V ; 2nd ed,, ch. X1V,
% Blanford, address to Br. Ass., 1884 ; Lydekker, Geog. Hist,

of Ma
1396, p. 197; Geikie, Text book of Geol. I1, p. 1296, 4th ed,, 1904, mmals,‘

)
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i nd upper Siwaliks referred to above.
;;:V ?’ygflfk:xgrint}:ES;‘ lg(grl: itaas his? gpinion that thfz topm?st beds of
the.Siwaliks, containing the newer types, C amelzl;\‘ swalenszs,l if:::‘:’g
palzindicus and Equus namadicus, were probably :plc)iertopinvalidate
even pleistocene ; his latest classification does not ten
this view. ial deposits of the plain
nconformity between the older a!luv:a P '
anthl;li uSiwaliks hays been generally tdfmt:]d'c;a st:se gg:;li::te?t;:z
i n
novwhere incm:ed’tl?: d;f:a(tieg:rstlltx mr:svements, which resultefi in the
Subsequenﬂ}; t;l)e outer Himilayas. These peninsular deposa.ts must
upheaval -0 t at any rate into the pleistocene, and since .the
theref?l‘.e be l;’;l not have been continuous with that of tht’.: Siwaliks,
Cosition ;)3011 onsiderable time break between the. two series. .
thex;: m,:zchefzrcstratigraphical evidence. The ﬁossd xrt)o'lilusc:_n flaur;:h
. i ies, which is not identical w
o hese beds dof S]iI:'ci)Itlgc ()ir;ta;l}:lea::x:f e;:rea,, although many speci.es now
t.ht')se at p resertl been found, while the relative proportion which t.he
!lvn.lg' pave eci s bear to ’one another is different from that which
mdmfjual sp: o sent day. As regards the vertebrate fauna there
'prevalls. atl g xf::: which does not exist at the present day, although
Fiep ‘Smg ed g:]i' popotamus are in part represented b‘y subgenera,
Elffhas g w eﬁtinct. Rhinoceros untcornis is identical thh. the
‘Yh'mh e 'l::; while Bubalus palzindicus and Cervus duvaucelli are
b spellc',ed’ respectively to the modern Indian buffalo aqd. the
nearl¥ ahl Pangsura tectum and possibly others of .the Reptilia are
:las:asiiinegnt?c.al with forms which frequent the Indian r;vgrs l(:i VZO;i?ry‘;
‘nsiont. nesa and Eguus mamadicus y
Elfihds ”::;:5 néi;vflliipsha:nga Hippopotamus namaa’z‘czf: may have
up .romd from a Siwali,k ancestor ; Hippopotamus palzmdzc.u.s: belorlgs
o & sebuents ow only found in Africa. Elephas namadicus is identical
to.aSUbgem]I;s I:o ean £. anmtiquus, while the phylogeny of Ufsus
:,V;t;:a;?;s ;as[:mmadz'ws and Leptobos frazert is obscure. A fauna
)

! Pal. Ind,, X, 11, g6. "
. 52) states that the older ailuvia
o oot (::seco.n(ii\es‘dlt;)l\xldlédp;pstixfngd)surface of the upper §iwa»!il-<s
clay of the Gan’lg“ﬁz r:omeSt beds containing Bxbalus and Cgmelu.s mentnlc;mla:'c:I u:
:l:el;lei;d:-:ri.nclined, according to Falconer, at an alnglk;( of 20 ,)while at Bubho
strata with the same fossils are vertical (Rec. G. S. 1., 1X, p. 57).
¥ Mem. G. S. 1, 11, p. 284.
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of such a type and with such recent affinities shows no inherent
likelihood of having lived at a time approximating very closely to that
of the Siwaliks, and we cannot reasonably assign to it a date earljer
than pleistocene,

In conclusion, it may be of interest to review briefly the various

regions where remains of Elephas antiguus are
Geographical and geo-

logical distribution — of fou.nd along w1t}'1 t}fe geological horizons through
Klephas antiguus. which they are distributed. The case of Elephas

antiguus is of special interest as it is a species
which, by virtue of its powers of locomotion and its adaptability to
varying environments, had a very wide geographical distribution and
has been recorded from deposits ranging through a very considerable
period.

In the first place we have to notice that it is entirely absent from
all the Siwalik strata, nor, as we have seen, is
there any ancestral Siwalik type from which it
might claim immediate descent. But as soon as we begin to examine
the younger deposits of the Godavari, the Narbada and the Ganges,

we at once find its remains in abundance, It has
hg:.“’“' Chins, 284 ;10 been found in Burma,! China and Java,

though sparingly so as compared with many
other mammalia, which the researches of Owen,? Martin,® Koken ¢ and

Schlosser ¢ have disclosed to us in the same countries. Naumann® has
also recorded a tooth of E, antiguus from Japan

All these deposits are considered to be of
younger date than those of Siwalik age.

On the other hand £. antiguus is found widely distributed in the

Earope. upper pliocene of E'urope. It was essentially a
southern type and its remains are found most

Indie.

Japan.

' Lydekker, Cat. Pleist. Vert. Ind. Mus,, 1886, p. 14,

p. 168. and Foss. Mam,, 1v,
? Owen, Fossil remains of Mammals found in Chj

1870, p. 417. ina, Q.J. G. 8, XXxvi,
? Martin, Fossile Saugethierreste von Java und

Reichs. Mus,, Lei. 1V, 1886, 25. und Japan, Samm. 4. Geol,

¢ Koken, Ueber fossile Saugethiere 2us China.
¥ Schlosser,

XX11, 1903, p. 1.
¢ Palzontographica, XX VIII, 1881, p. 25, Taf. 6 and 7.

. Pal. Abhandl., 111,
Die fossilen Saugethiere Chinas. Abhandl. d. k. Ba;ssz,ksald.
. ' °r
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abundantly in Italy. Thence it extended bcfth to northern Africa,
which in upper pliocene times or later was united
Distribution of the 1. mainland of Europe, to England!and
stem  speces ol B4 Germany. It attains its maximum in the
e pleistocene deposits of the same countries,
mingling with northern species, perhaps in the course of seasrfnal migra-
tions according to the views expressed by Prof. Boyd Dawkms,-"
The four dwarf races of E. antiguus are confined to four isolated
areas centred respectively in the islands of Sicily,
Distribution and origln  Majta Crete and Cyprus. One can therefore
of the dwarl caces of hardly avoid the conclusion that the dwarfing of
i onlguse the type was due to its insulation in these areas
under similar conditions of OVercrowding.and -Staryation. It may be
remarked that additional evidence for this belief is aﬁorfled by the
presence of pygmy species of Hippo.pc.)tamus, H., pentiandi Meyer and
H. minutus Blainv. in Sicily, Sardinia and 'Cyprus. Tl.lese are l?o.th
nearly allied to H. major, the large continental species. In chxly
Pohlig has also described a small race of .red deer, Wh.lch hf: conswl.ers
indistinguishable from Cervus elaphus Linn., except in point of size.
That the conditions of existence were somewhat abnormal is pérhap.s
indicated by the presence of a gigantic fiormouse, M yoxus m'ehte.ns.zs
Leith Adams. Remains of these animals Pohlig ‘fOlfnd in Slcn!y
mingled with typical Pleistocene forms, Bos primigenius _BOJ-,
Bison priscus Boj. and Hyzna spelza Gold. It .seems hkley
t-erefore that the severance of these islands from the mannland3 which
resulted in the differentiation of this peculiar fauna, took place in early
pleistocene times. . . .
The geographical and geological distribution of E/ep{u.zs antzquu's
outlined above, suggests the probability that this
Suggestions om the is a species which originated in Europe and

origin ef the Indian migrated thence to India and the Oriental

variety of E. antiquus, >
regions.

It may be that the causes to which we can ascribe s“‘fh a n.1igrf=l-
tion are to be found in the increasing cold of the g]a.c1al per}od In
Europe, and in the closure of a line of retreat southward into Africa.

' Remains of E. antiguus are found in the Norwich Crag, which is probab.ly
older than the topmost Siwaliks ; according to Leith Adams molars of the species
were obtained from the Red Crag.

:0.). G. S, XXVIL, p. 428, etc.
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It may possibly be worth considerin
theory may not explain the resemblanc
recent faunz of India, to those of ple
of the present day. Bethat as it may
have lived on in India long after i
continent of Europe ; still here too it
to carry down its special characteristi
seen, the present Indian elephant can

g whether a similar migratory
es of the later pleistocene and
istocene Europe, and of Africa
, however, £, antiguus seems to
ts relatives had perished on the
died out, leaving no descendants
€8 to posterity, for, as we have
not claim kinship with it.

Summary, The points to which special attention has

been invited in this paper may be shortly summed
up as follows :~

t. That the God4var; alluvial de
same age as those of the Narbada,

2. That they must be considered as not earlier than lower pleisto-
cene,

posits are of approximately the

3. That their distriby
geological map,

4. That through the researches of Prof. Pohlig and others we

have definite proof that the Narbada elephant is only a variety of
Elephes antiguys,

5. That the dis;
European origin for t

tion is wider than would be inferred from the

ibution of Elephas antiquus strongly suggests a
ke species.
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THE TRIASSIC FAUNA OF THE TROPITES-LIMESTONE OF
Byans. By PRrROF. C. DIENER, PH.D., of the Vienna
University.

N Byans cephalopoda of upper Triassic. age have been collt;ct;:]d
by C. L. Griesbach in a grey limestone m.the upper .valley of the
Kali river near Kalapani. The credit for their co.rrect mtexl-pretat;)on
is due to E. v. Mojsisovics, who was able .to determm.e a smahl nX;n.er
of forms agreeing with, or very nea.rlytallleil to, species of the Alpine
- f the upper carnic stage. '
Subziufl:;zlt:;l:?;t;n of. thipmeagre fa}u.xa of th_e Tropites—lenestoln{e 9f
Kalapani has been given by E. v. Mojsisovics in Denkschn:ﬂenh au;i
Akad. d. Wissenschaften, Wien, 1905, Bd. LX¥II, a;csl in t exg{;
volume of “Himilayan Fossils” (Palzontologia In fca, ser. ﬁ)
Although the fossils were too badly preserved to Perlr;xlt alspe]cl.c
determination, the carnic type of the f.aunula shoyved 1t.se S0 clea.r y in
the association of genera, that he did nf)t hesitate in corre ating it
with the fauna of the Alpine zone of T ropzte:s' subbu{latus. . '
The genus Tropites being the chief _leadmg fossil of this hm;;zo.n,
the name Tropites-limest one has been given and accepted generally in
ian li re. .
Indggulil\t/:::iseof the zone of Tropites sub%ullatu.\‘ were no? found’ in
the sections closely examined by C. L. Griesbach, C. S Mldc}lllemls},)s,
and myself in 18g2. Therefore, it seemed m‘o.st desirable t z;t the
fossiliferous localities in Byans should bc? revisited an.d th?.t arger
collections of fossils should be -made in the Tropxtes-.hme.stotn;.
Geological researches werc made -in Byans by F. H. Sm;lth t.m e;
summer of 1899 and by A. v. Krafft in 1900, and largF co zfzc lons; ]:)
cephalopoda from the Tropites-limestone were.obtamed rom the
following localities : Lilinthi, Tera’ G_édh, Kalapani on the Kali river,
i i on the Kuti Yangti river. .
Nlh?l!hin(ifolﬁszing is a section 'gthrough the lower, middle and paft

V E. v, Mojsisovics, Vorlaeufige Bemerkungen ueber die Cephalopodenfaunen

der Himalaya-Trias. Sitzgsber. kais. Akad. d."Wiss, CL. 1. Abt,, Mai 1892.
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f 2 . .
;r:l‘?t :upper Trias, as observed in Byans by F. H. Smith and A. v.

Noric stage . 3. Black shales . + 1,000 feet
Carnic stage . /2. Massive limestone . 250
Near top, Tropites, etc. "
Ladinic ,, . 70 feet above base, cepha-
lopoda of upper Muschel-
Muschelkatk . kalk ; immediately below,

brachiopoda of the zone
of Spiriferina Stracheyi.

Lower Trias . 1. Chocolate limestone , . 150
”

. According to A. v. Krafft, the fossiliferous horizon with Tropites
is invariably found at the top of the massive grey limestone, which in
its lower portion has yielded cephalopoda (Gymnites Follyanus) and
brachiopoda of the muschelkalk. The Tropites-limestone, occurrin
near the base of the black shales of noric age, does not exceed threi
feet in thickness and is the only upper Triassic horizon of Byans
rich in ammonites, whereas all the other beds are practically unfossili-
ferous.

The beautiful materials collected by Smith and A. v. Krafft ha
been entrusted to me for examination by the Director of the Geolo ivi
Surveyof India. The full description of the fauna of the Tro ites-l'g .
stone will form the first part of Vol. V of “ Himélayan Fossils ”p(Pal ron-
tologia Indica, ser. XV). Although the manuscript has been fi .3;:’”‘
a,“d sent to Calcutta, considerable time must elayse hefore its mbsl' o
tion. The remarkable interest connected with the resylt puf i
exa_mination induces me, however, to give this short i
notice,

- There are, altogether, 168 forms known to me from
limestone of Byans, 155 species belonging to the order of

T.he fauna of this horizon is therelore one of the richest Triassi
hitherto known. Its most characteristic feature const ".3531‘? faunas
whelming predominance of cephalopoda. Pt the over-
) Atmong fx 5§ species of ammonites 10y are

imestone of Byans, g1 are identical i i i

. from the Triassic Hallstatt-limestoneocl)-f I;:;b;;:‘);e‘::":\t;cal wih species
upper Trisssi; Halorites-limestone of the Himélayas pg'u:ranf)mm the
new species the number-o ied t ong the
p f torms very nearly allied to European gDnCS

my
preliminary

the Tropites.-
Ammoniideg,

pecul'ar to the Tropites.-
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is much larger than the number of types which impart to the Indian
Triassic province the character of a zoogeographical region of its
own,

As faunistic elements peculiar to the Tropites-limestone of Byans,
but unknown in the Mediterrancan region, the following may be
considered : Trachypleuraspidites, a sub-genus of Dittmarites, with
remarkable morphological affinities to Trackyceras; the sub-genus
Himavatites, in which characters of Acanthinites, Sagenites and
Trachyceras have been united ; the strange genus Felitnekites with
threc external keels, which are repeatedly interrupted by transitional
constrictions ; the group of Sirenites Vryedenburgi, distinguished
from other congeneric species by its very delicate sculpture, thin,
thread-like ribs and transversely elongated tubercles; the groups of
Drepanites Schucherti and of Clionites gracilis, differing considerably
from all congeneric forms of the Alpine region; the groups of
Tropiceltites arietitoides, imitating liassic Ariefide in its external
characters, and of Distichites ectolcitiformis, a transitional shape
between the two genera Distichites and Ectolertes.

The relations with upper Triassic faunz of the Mediterranean
region are most cleaily indicated by the occurrence of numerous iden-
tical or closely allied forms in the two areas. But the assemblage of
those species in the Tropites-limestone of Byans is very peculiar, and
exhibits rather conflicting characters.

In Griesbach’s small collection ten species of ammonites were
noticed by E. v. Mojsisovics, all of them pointing to a correlation with
the carnic stage of the Hallstatt limestone, especially with the zone of
Tropites subbullatus (tuvalic sub-stage). In the rich materials col-
lected by Smith and A. v, Kralfit the carnic type of the fauna shows
itself in the assemblage of the following genera : Thisbites, Arpadites,
Trachyceras, Protrachyceras, Fovites, Gonionotites, Eutomoceras,
Anatropites, Carnites, Proavcestes, Pararcestes, Lobites. There
are altogether 27 species identical or probably identical with species
of the carnic stage of the Salzkammergut. Among them 16 belong to
the tuvalic, 8 to the julic sub-stage, 3 are common to both sub-stages.
The majority of faunistic elements consequently points to the zone of
Tropites subbullatus. Especially those groups of carnic elements,
which give to the fauna its peculiar type and are conspicuous for their
specific fecundity~'7opites, Margarites, Anatomites— are leading
tossils of the tuvalic sub-stage of the Hallstatt limestone.
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The species of ammonites bearin )
) . g the stamp of a tuval
contained in the following list :— ic age are

Tyopites subbullatus v. Hauer.

" ¢f. fusobullatus Mojs.

» ¢f. discobullatus Mojs.

. cf. Estelle Mojs.

» ¢f. Paracelsi Mojs.
Margarites Georgis Mojs,

R ¢f. auctus Dittm.
Polycyclus Hensel? Oppel,
Sandlingites ¢f. Oribasus Dittm.
Sivenites Pamphagus Dittm.

s Agriodus Dittm.
Anasivenites cf. Menelaus Mojs.
Anatomites ¢f. Edgari Mojs.

’ cf. Thedori Mojs.

R ¢f. crasseplicatus Mojs.

Avrcestes bicornis Hauer,

The following species of the Tropites-limestone of Byans are leadin
fossils of the zone of Trachyceras Aoroides (julic sub-stage) .
Europe :—

in

Arpadites Tassilo Mojs.
Isculites Heimi Mojs.
Anatomites cf. Fischeri Mojs.
Tropites Wodani Mojs.
Carnites cf. floridus Wulf.
Proarcestes Gaytani Klipst
Pararcestes of. Sturi Mojs.
Lobites of. ellipticus Hauer.

Protrachyceras is represented by two, T» .
In Europe these two genera make th};ir a;)p eai;fl{f:;zst:z (l)ne species,
the julic sub-stage, but have been found in the Tro it
California of undoubted tuvalic age by J. Perrin Smith Y
Geol., 11, p. 607, 111, p. 377).

Three species of the Tropites-limestone, Pinacoceras
Eutjomoceras sandlingense Hauw., dargarites cf.
Molf-, are common to the julic and tuvalic sub-stages.

. From t.hls proportion of julic and tuvalic element:s
limestone it is evident, that a greater number of re

analogies speaks in favowr of a correlation with the tuy

ast time in
es beds of
(Amer. Fourn.

f rex Mojs.,

circumspinatus

in the Tropites-
lationships and
alic Sub\stage'
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There is, however, a second faunistic element equally distributed
in the Tropites-limestone of Byans. This element consists of genera
and species of ammonites characteristic of the noric stage of the
Hallstatt limestone. The following species are identical with species
from the noric stage of the Salzkammergut : =

Helictites cf. geniculatus Mojs.

" ¢f. subgeniculatus Mojs.
Phormedites fasciatus Mojs.
Parathisbites ¢f. Hyrtli Mojs.

» ¢f. scaphitiformis Hauer,
Distichites cf. Harpalos Dittm,
Sivenites Evae Mojs.
cf. Argonaute Mojs.

” ¢f. Diane Mojs.
Didymites tactus Mojs.
Pinacocevas parma Mojs.

” Metternichic Hauer, var,
Avcestes dicerus Mojs.

Cladiscites ¢f. neortus Mojs.

»

To this list of noric types must be added 6 species of Distichites
(megacanthi), 3 species of Drepanites and of Didymites, 4 species of
Ectolcites, 2 species of Stenarcestes, 1 species each of Dionites, Acan-
thinites and D aphnites—genera which up to now have only been found
in the noric stage of the Hallstatt limestone. It is especially the genus
Didymites, restricted to the alaunic (middle noric) sub-stage in Europe,
which is very richly represented in the Tropites-limestone at all local-
ities from which collections have been made by Smith and A. v.
Krafft.

The fauna of the Tropites-limestone of Byans has also close
affinities to that of the Halorites limestone of the Central Himalayas
(Bambanag section) of lower noric age. The following species are
common to both horizons : —

Steinmannites Lubbocki Mojs.
Tibetites Ryalli Mojs.
Anatibetites Kelvini Mojs.
Paratibetites Adolphi Mojs.

» Bertrandi Mojs.

" Geikier Mojs.
Parajuvavites Facquini Mojs.
Pinacoceras parma Mojs.
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As elements pointing to a close relation with the fauna of the
Halorites beds must be mentioned moreover—
Pavatibetites sp. aff. Tornquists Mojs.
Halorites sp. aff. procyon Mojs.
Clivnites sp. aff. Hughesss Mojs,
» sp. aff. aberrans Mojs.

Sandlingites sp. aff. Archibald; M
Bambanagites Kraffti nov, sp.

ojs.

The representatives of 77betites (
Anatibetites and Paratibetites)
T'ropétes in number of individuals.

The total number of species of 3
in the Tropites-limestone of B
number of species.

The above analysis shows that the
Tropites-limestone of Byans has relations with doth the carnic and
noric faunz of the Hallstatt limestone, Such ap asqembll “”f
forms has never been met with in iassic horizon of‘ th Eage 0
Alps, where noric and carnic faup © hastern

) . & are invariap) : )
different horizons, Y confined to entirely

ncluding the two syb- renera
are scarcely inferior to the genus

mmonites with noric affinities
Yans 1s 49, or one-third of the entire

¢ephalopod fauna of the

three feet in thickness offers 3 problem
be attempted from differept po
The easiest explanation

» the explanation of whi
. wh
nts of view. o may

be mistaken for a single horizon, al¢

faunz, if a careful €Xamination of the fosg;
field. If each of the two faunz of ¢

A detailed €xamination of {he lis
bas, however, convinceq me that th
occur at separate localitjes but a
limestone at every locality from
Thus we are led to the conclys;

Alpine Trias are known to cha

és of ?ossils from different localities
noric apd carnic faypp do not

rac
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geological age, have in Byans been found mixed together in one single
bed of three feet in thickness. '

It must be especially remarked that A. v. Krafft, when surveying
the Mesozoic territory of Byans, did not overlook the remarkable
mixture of two different elements in the fauna _Of the Tropites-lime-
stone. I quote the following passage from his qlary.:— .

‘“Palzontologically the fauna of the Tropites-limestone is very
remarkable. The genus 77opites being very common and Tropites
subbullatus occurring among other species, the fauna must be nearly
allied in age to that of the subdullatus-beds of the.: Sa]zkammergut.
But with these upper carnic types forms occur which bear a strong
resemblance to species from the limest.one of the Somme'ra.uko.gel
near Hallstatt, considered to be of noric age by ’E,I v. Mojsisovics.
No explanation of this fact can be attem.pted 1) fa-r. ' .

In the face of these facts it is impossible t'o maintain t¥1e su.ggestlon
that the noric and carnic faunz containet.i in the Tropltes-hmest.one
of Byans have been mixed together accidentally in the collections

i localities.

fror?t(:;ﬁirviﬁl-l?nown fact that in the entire Alpine Trias there: 1S no
greater gap in the development of faunze than between the n(.)ru? and
carnic stages. The question arises, wheth.er the strange assocx'atlon of
carnic and noric elements in the Tropites-limestone (?f Byans I:rnght flot
constitute a transitional fauna, bridging over the hiatus wh}ch exists
between the carnic and noric stages of the eastern Alps. If this sugges-
tion could be proved to be correct, the Tropites beds of B).ran.s might
be considered as passage beds from the tuvalic (upper carnic) into the
lacic (lower noric) sub-stage. .

This suggestion is, however, not ConﬁrtTled by any facts. Tlllere is
only an extremely small number of transitional forms. connecting t‘he
two faunz. As such connecting links might be Cf)n51der§d Pla‘cz.tes
polydaciylus var. Oldhami Mojs., a group of thtm.mjztes uniting
characters of D. Dorceus Mojs. of carnic and of D. Lil/i Cjuembel of
noric age, Buchites Emersont nov. sp., a representa.tlve of the
carnic sub-genus Buchites but very nearly allied to the noric sub-genus
Phormedites. But this is a very small nu!flber,‘ whereas the ov.er-
whelming majority of ammonites in the Tropltes-lm?estone are aEllled
to either carnic or noric types, but do not constitute transitional
forms between the two faunz,

. It has been stated that among the carnic elements of the fauna of
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the Tropites-limestone two groups can be distinguished, one with
tuvalic, the other with julic affinities. In the noric elements of the
fauna similar relations with the faunz of the lacic and alaunic sub-
stages are obvious. There is undoubtedly a preponderance of lacic
affinities in them, but the affinity to the alaunic sub-stage is neverthe-
less sufficiently remarkable. This affinity is most clearly marked in
the presence of Didymites and Ectolcites, two genera, which in the
Alpine Trias are restricted exclusively to beds of alaunic age,

A fauna with so strange 2 mixture of julic, tuvalic, lacic and
alaunic types, does certainly not exhibit a transitional character. It
is widely different from the fauna of a passage-bed between the
tuvalic and lacic sub-stages, in which we should expect an overwhelm-
ing preponderance of exclusively tuvalic and lacic species and of
transitional links connecting them. The Tropites-limestone can conse-
quently not be considered as a passage bed, but is a horizon distin-
guished by the mixture of two different faunz.

This mixture of faunz agrees in a remarkable manner with ths
association of Kelloway and Oxford ammonites in the Jurassic oolite
of Balin (Ualicia). As has been proved by Neumayr (Ablandl., k.
k. Geol. Reichsanst., Bd. V, 1871) the oolite of Balin contains in a
very thin bed 66 species of ammonites of Kelloway and Oxford age,
ranging from the zone of Oppelia aspidoides to the zone of Quen-
stedtoceras Lamberti. 1t wouldbe in contradiction with our know-
ledge of the distribution of Jurassic ammonites to suppose, that two
faunze, which in all other parts of the world have been found confined
to geologically different horizons, had lived together at the same period
in the sea, in which the oolite of Balin was deposited. Asin analogous
cases the want of sediment seems to be the chief cause of the mixture
of Kelloway and Oxford types at Balin.

Taking all this into consideration we are led to the conclusion
that the Tropites-limestone is not only a homotaxial equivalent of the
Subbullatus-zone of Europe, but also an equivalent of the lacic
Halorites beds of Johar and Painkh4nda, with which it has a consider.
able number of species in common, The intimate connect;
and noric faunz in this thin bed of limestone m;j
the small amount of sediment deposited durin
periods. With this suggestion the remarkable
ness of all Triassic sediments in the Himélayas
would be well in accordance.

onof carnic
ght be explained by
g the tuvalic and lacic
reduction in the thick-
from Spitj to Byans
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In Spiti the ladinic stage amounts to approxi.matel.y 300 feet and
is overlaid by strata of carnic age, I,;;o'o feet in thl.ckness. In the
Bambanag and Shalshal sections the ladinic stage dwmdle§ down .to
such an insignificant extent, that Griesbac.h and myself failed to dis-
cover it in 1892, but the carnic stage is still represented by sh.alfes and
limestones 800 feet in thickness. In Byans musch?lkalk, ladinic and
carnic stages are represented by a lithologically u.mform mass of grey
limestone of 200-250 feet in thickness. Countmg 70 feet for the
muschelkalk, the maximum thickness of tht? carnic stage cannot be
more than 180 feet (800 in Joh4r, 1,300 in Spiti). .

If we suppose that the sedimentatiqn was nearly. exhausted fm thf,
seas of the upper carnic and lacic p<.:nods, the entire res'ult lo .se(lill.
mentation during those periods might ' have been a ].lthO ogically
uniform bed of limestone, three feet in thlck'ness.‘ Then .1t ?vould be
impossible to separate carnic and noric fossils within this limestone.

This is exactly the case we find in the Tropites-limestone of Byars,

which contains in a single bed the faunz of two different Triassic

horizons.
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ON THE OCCURRENCE OF AMBLYGONITE IN KASHMIR.
By F. R. MALLET, laf Superintendent,
Survey of India.

IN 1881, or early in the following year, an important discovery of
sapphires was accidentally made in the Zanskir Range of the
tHimdlayas, and considerable quantities of the mineral, including many
valuable gems, were subsequently obtained.! The yield, however,
some years later, was steadily diminishing, in consequence of which
the Kashmir Darbdr, in 1837, applied to the Government of Indja for a
Geologist to examine the mines, and Mr. T. D. LaTouche was detailed
for the duty in question. It appears from the results of his inve
tions, which are given in Records, Vol. XXIII, p. 50,
or more correctly diggings, are situated at an elevatj
feet, about two miles west-north-west from Sumjdm, a village in the
district of Padar, in N. latitude 33° 25’ 30", E. longitude 76° 28’ 10”3
Although most of the sapphires were obtained from loose débris fallen
from the cliffs above, the original matrix of the gems, in which they
were actually found iz sifu, was a (generally pegmatitic) granite
that traverses the gneiss of the surrounding hills in numerous dykes
though the sapphires were only observed in some particular Ones,
Other accessory minerals observed were black tourmaline euolaSe'
kyanite, and garnet, ! )
“ Besides the corundum,”® LaTouche continues, ‘ several other
minerals, interesting from a scientific point of view though not
commercially valuable, are found in the granite of this régiop,_ For a
determination of the species of most of these I am indebted to Mr
F.R. Mallet, late of the Geological Survey, who kindly examined then;
for me. These are the following:—1, green tourmaline; ,
cookeite; 3, spodumene; 4, prehnite; 5, copper Carbonate,- 6,
beryl; 7, lazulite; 8, rock-crystal; concerning the third of these the
author writes, ‘“a few lilac-coloured crystalline blocks of this mineraf
]
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Geological

Stiga.
that the mines,
on of over 13,000

! Records, Vol. XV (1882), p.
Part 1V, p. 40.
* The village (with the name spelled Sunjim) is marked o ,
gical map of Kashmir, Mem. G. S. 1., Vol. XXII. " Lydekker's geolo-
3 Sapphire.

PART 3.] MALLET : Amblygonite in Kashmair, 229

which also! contains lithia, were found in a valley to the north of the
Sapphire mines, between them and the place whe:re t]'.]e green tourma-
lines were found: none of these were found 7z sifu” The green

tourmaline was discovered about a mile from the ridge in which the

hi T, . .
Sapaslr:eg:icol;ed by LaTouche, I determined some of the above, but

not the remainder, and amongst the latter was the mineral alllubded :}o
as spodumene. When retiring from thef survey, howf(‘{er’ hrou{? t
home 2 few Indian minerals, with the permission of Dr. King, t ef tt en
Director, in the hope of being a}ale to examine t]lu?m at St(-)me uture
time, and amongst them was a piece of the mineral in quez}:z:; et
The physical and chemical c?aracters of. the specimen she " it

a mineral sometimes found in assomatl.on wit spf) u
mene, and resembling it in contain.ing aluminrjt a.nd ]itglafas'lt}h'e.pnn(:l-

1 bé’lsps- but the acidic element 1s 'phosp?onc mste.a of silicic.
. The's,ecimen is cleavable massive, with one falrly' perfect clea.v.
age, and inother only faintly developed. .Fragments SUItz.lble for gonio-
e rement are obtainable with extreme dlf’ﬁ.cult.y. One
el measusel however, was found, with smooth planes yielding good
exce“e.nt moi\d , iving a ’measured cleavage angle of 104° 58’ T'he-
e a6' %he specific gravity 3°05; and the colour pale bluish
oy fls' t, violet. The mineral is unusually transparent for
gmyl o 'i:,n- thus the print of these Records could be easily read
:I?;:u}ég}lon; pa.trallel-faced cleavage fragment nearly h.alf'a cefxtimetre
thick—the thickest obtainable without ﬂaws.. Sol.ld mclusmnsk ~a:ie
rare or absent: some parts are free {rom mc.:l.us:ons of any kind,
ve}?;e in others there are numerous minute cavities, and some larger
:)vn;s which are partially filled with liquid. .A‘ few of t}}e bubblefs :;e
movéable. Analysis showed that the pr.mcxpal co.nsii)tuent.:s of the
ineral are phosphorus pentoxide, alumina, and lithia, with minor
mmetl;?tions of soda, potash, fluorine, and water. It .resemble.s tl-xe
Efr?tljlygonite of other localities b?' its occurrence in grarllllte, and tm a,::
association with other lithiac-lmmelzal.st, represented in the present ¢
ithia-tourmaline and cookelte.

” gll:;znalég\lr?i‘; the only locality v.vhere amblygonite has been f?ux}]ld
within the limits of the Indian Empire, and I' may add that none of the
works on mineralogy I have consulted mention its occurrence in any

is amblygonite,

part of Asia.
1 {e.,in common with the cookeite,
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MISCELLANEOUS NOTES,

—p——m.
The Kangra Earthquake oi 4th April, 1905.

FTER a lapse of only eight years since the great earthquake of 1897,
India has again been visited by another disaster of considerable
magnitude, namely, the Kangra Earthquake of the 4th April, 1905, by which an
unfortunste loss of human life occurred, estimated at 20,000, An investigation
was immediately taken in hand by this Department among others, not only
by sending officers personally to the affected parts, but by the issue of many
thousand question-forms to local officials throughout the various Presidencies
and Native States. The facts and information thus collected are now being

arranged and sifted, and the first result will appear in the next issue of the

“Records” as a preliminary account. Meanwhile, it may be summarily
stated that the quake appears 10 have originated in a geotectonic movement

taking place below an epifocal area some 160 miles long and extending in
a north-west—south-east curve from the neighbourhood of Kangra to that of
Mussoorie. It seems to have been connected with a reversed fault or series
of related faults intimately bound up with the structural history of the Himalaya.
This axial form of centrum must have had a distinct pitch to the south-cast,
whilst it emerged quite near the surface in the Kangra Valley and gave rise at
that locality to a destructive intensity of 10 of the Rossi-Forel scale. On
account of its increasing pitch towards the south-east, the intensity along the
epifocal tract diminished to ¢ in Kulu, and to about 8 near Mussoorie and
Dehra Dun. In other words, the first few isoseismals close up round the
north-west end of the centrum and widen out towards the south-east. The
area of extensive damage to masonry buildings is only about 5,800 square
miles as compared with 150,000 squate miles in the Assam earthquake of
1897 ; whilst & further area of 27,000 square miles, surrounding the former,
represents that of slight, but still frequently destructive damage to masonry
puildings. On the other hand, the isoseismals of still more diminishing
intensity expand out relatively, especially along the Indo-Gangetic alluvium ;
so that finally the total area over which the shock was sensibly felt works out
not far below that of the 1397 quake, its western, southern and eastern limits
being, respectively, Quetta, Surat, False Point, and Lakhimpur.

The unfelt earthquake, besides being recorded by the seismographs of
Calcatta, Bombay, and Kodaikanal in India, was of world-wide effect, and
has furnished long-distance traces to the instruments in Europe and Japan.

{C. 8. MippLEMISS.]
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An unusual form of Selenite from the Pachpadra Salt-Source,

Jodhpur, Rajputana.

i tances obtained during the
i i les of various subs ‘ :
Some IneTesHE Saﬁ:mxfacture of salt from the brine dobtal.ned f.:.om
rded as 1mpurities,
Sefenite or Gypsum.  prewells at Pachpa(%ra', and regac} dos }%)orthem
f ded by Mr. A F. Ashton, Officiating Commiss ,
were forwarde A FE.

v i vey € ination.
dia Salt Revenue, Agra to the Geological Surve fice for examinatl
India , , o

p p i i 'te some-
ne sam I S ure Illa.lndel const { 1

(5] .l i“\ EpSOm Salt and the Ie St ot selent

0

i i with common salt. . . -
tlm?;;‘;:Ssocmtte:dteresting of these specimens 1S locally called an
e most in :

cO]lSlStS entire enlte cr Sta.lS. Ihese were SOHed mnto thlee ortio
1 Of Sel
Ihe ﬁ!‘st (!. 843) cor151StS Of Cr ystals Of unusual }1ab‘t- AS Wlll be seen
m the Companylng ﬁgﬂle Owlrlg to the SllbOIdﬂlate developlne'[lt (bf “le
fIO ac )

i t promi-
d faces [ (111) become the mos
faces m (110} and (o0} the PR nent and this, aided by the presence

of the hemiorthodome ¢ (103), causes
the crystals to assume 3 ﬂattenfad
aspect roughly parallel to the negative
hemi-pyramid (111). '
The face (&) 18 exceedingly
roughly developed and is not always
present. In colour they are usually
creamy, more OF less opaque, a.nd’
often show zoning oOn the faces [, !
& ' parallel to the edges /m and l6. The

ong the edge ' and are ¢ to § inch

//// 7 oy
prdy L0 ket
//,4/ /LA_JJ

33 1
largest crystals measure about % inch 2

| i f small
thl(:l'{l‘.he second portion of these crystals (J.844) consists © many

i 1 and & inch across the “ tails,” and having
swallow-tail twins ranging up to 3 1

( ) t innlng plane. The \J,S\lal v i u velio

are
selenite crystals, 7.¢., tabular parallel to &, but

’ iat egates
" '?"E:‘third portion (J. 845) consists of many more or less radiate aggreg

i i h, some of the crystals
i 1 to 1 inch in length, SO
£ small crystals averaging g i : Y
:how'mg theyabnorma,l habit of . 843, while some are i

(L. L. FErmor.]
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MEDLICOTT AND BLANFORD.

HE joint-authorship of the first Manual of Indian Geology has
served to link together the names of Medlicott and Blanford in

the minds of many scientific men, who were not aware of the close
partnership which existed between these two great men from the time
they joined the Indian Service just fifty years ago. Now both have
passed away in the same year and in the order of seniority observed
throughout their official careers. When the news of Mr. Medlicott’s
death reached India in April last, Dr, Blanford, as the one conspi-
cuously most suitable, was asked to review his friend’s services to
science ; but before the note printed below could be set up in type, or
its receipt even acknowledged, the sad news arrived that its author
too had gone : the last effort of a literary activity, hardly surpassed in
the history of science, was thus spent characteristically on an appre-

ciative memorial to a fellow-worker.
[ T. H. HOoLLAND. ]

H. B. MEDLICOTT, M.A., F.R.S.

ENRY BENEDICT MEDLICOTT was born at Loughrea,
County Galway, Ireland, on August 3rd, 1829. He was the

second of three sons of the Rev. Samuel Medlicott, Rector of Loughrea,
and of Charlotte, daughter of Colonel H. B. Dolphin, C.B. His elder
brother, Joseph G. Medlicott, was also for several years on the staff of
the Geological Survey of India. Henry Medlicott was educated in
France, Guernsey, and Dublin, where he graduated at Trinity College
and took the degree of A.B. in 1850, with diploma and honours in the

School of Civil Engineering. He took the M. A. degree in 1870.
B
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He was thus, {from his early education, an excellent French
scholar, and his acquaintance with the classical works of the great
French geologists may be often traced in his writings.

In 1851 he joined the Geological Survey in Ireland, and in 1853
he was transferred to the English Survey, where, for a time, he
worked with Mr. Aveline in Wiltshire. He was then engaged by
Dr. Oldham for India, and joined the Geological Survey, then occupied
in the R4jmahdl Hills, at or near Bbagalpur, on March 24th, 1851.
His brother, J. G. Medlicott, had joined the Survey a year or two
earlier, Before, however, Henry Medlicott had commenced field work,
ne was appointed, in August 1854, by the Court of Directors of the
East India Company, Professor of Geology in Rurki College, and he
remained in this post till October 1862, when on some additions being
made to the staff of the Geological Survey, he rejoined it as Deputy
Superintendent for Bengal.

During his tenure of the Rurki Professorship, however, he did most
important work in field geology. By an arrangement with Dr.
Oldham he was allowed to occupy the field season in surveying, and
thus he was enabled to examine part of the Nerbudda Valley and
Bundelkband in 1854-55 and in 1856-57, whilst in the other ycars he

was engaged in working out the geology of the Lower Himilayas
between the Ganges and the Ravi (Hardwar to Dalhousie)

. . and of
the Siwélik beds and their associates at the base of the mountains,
In 1857 he served as a volunteer, with the garrison of Rurki, against

4 S

the mutineers of the Bengal army, and on the close of the campaign
was awarded the Indian Mutiny Medal for Special Service. Zu
instance of the service rendered may be added here,

Rurki, during the outburst of the sepoy mutiny, was isolated, like
most of the small garrisons in the Upper Provinces, where the pnat
of the villages were associated with the rebels,
possibly traverse the country in safety. News wa
one day, of a Christian family who were held by the villagers a5
prisoners at a few miles’ distance, and who were in imminent danger
of being killed, It was arranged that Henry Medlicott and one ot%er
European companion should go out with an escort of sowars to
endeavour to rescue these unfortunate people; but on the day before
the attempt, the sowars showed signs of mutiny and were disarmed
Medlicott and his companion, whose name appears now impossible tc;
trace, left in the morning, and by sheer pluck

ives
No European could
s recelved at Rurkj,

» at the risk of their
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lives, succeeded in bringing back the imprisoned people in safety_,
the villagers apparently being so astonished. at two Europeans coming
among them that they surrendered their prisoners. Only the outline
of the story can be recovered: it was told to the present' writer in
1866 by Colonel Baird Smith, who commanded the Rurki garrison
in 1857. ] _

After rejoining the staff of the Geolog'lcal Survey in 1862, Mr.
Medlicott was engaged for many years, first in one p-art of thfe country,
then in another, generally by himself, though occasnor}all)" in .cha?ge
of a party, in enquiring into economical prol?lenxs o.r in 1n\'e§t1gat1}1g
geological questions, and not infrequently in clearing up difficulties
that had proved too serious for his predecessors. In 1862-63 he was
in South Rewah ; in 1863-64 in Behar; in 1864-65 he traversed Assarrf
from the farthest ecastern extremity of the provi.nce to the Khasi
Hills ; in 1865-66 he was in Central India and Ra!putana. In.other
years he examined various tracts from the Jammu hl.lls of Kashmir, the
Satpura ranges of the Central Provinces and C.hhattlsgarh to the Garo
Hills in Assam. Twice he officiated as Supe.rmtendent of the Sur.vey
during Dr. Oldham’s absence on leave, once in 1870 for a shert period,

i - eventeen months.
and(‘)‘; I:;Sil7?si?r1§76, Mr. Medlicott succeed?d Dr. pldham as he.ad
of the Survey, and from that time the: duties of his office kept him
mainly in Calcutta. The title of Superintendent was a.ltered to that
of Director in 1885, but the change was confined to the .tltle.

Dr. Oldham had been in weak health for some time before he
retired, and he naturally left many arrears f(?r his successor to carry
out. Foremost among these was the prepare.ltlon of a general account
of Indian Geology. This had long t'>een requ'lred: a mass of scattered
papers and reports, not a few of which v.vere in manuscrll?t, repre.senFed
about a quarter of a century's progress in the systematic examlnatlpn
of Indian Geology, and b fore those who Fiad helped from the begin-
ning had left India for good, it was essential that they shoTﬂd prepare
a record of the work in which they had taken part, for tl'me 1.nformat10n
of their successors. Moreover, until a generz'xl description of. the
country as a whole was compiled, it was impossible for any one, elthf-:r
in India or in Europe, without an enormous amount of‘labour, to gain
a correct idea of its geological features. . Henry Medlicott at once set
to,work at this general account, and dividing the chapters between Mr.

Blanford and himself, brought it to a conclusion in 1879, and published
E 2
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the ¢ Manual of the Geology of India.” It is i

the great importance of tﬁ?; book, or the a::i:te;:::airty}to pofifnt out
not me.rely to Indian geologists, but to those throughout thas . (1>rded
. This, however, is only one of the subjects to which the . wogd.
mtenc'lent of the Survey devoted his attention. Of th I;few upex"-
st}perlllten(lence on the work of the staff, a fajr exam lee o rocn of his
nished by the Survey publications. From 1877 the pRe ey be f.ur-
as describing recent work, are the best illustrations ofCOS’dS which,
gress, doubled in size, and they certainly did not fall u:’fve‘y P
lmpf)l'tance of the contributions printed, either economic - o .the
Besides these, Mr. Medlicott edited, during his tenyre of °‘;C1€ntlﬁc.
ten volumes of the Memoirs, and numerous parts of the Pa(;wssi‘ ot

Indica, comprising Dr. Feistmantel’s descriptions of Gondws e
na

fossils, most of Mr. Lydekker's accoun plant
’ ts of th : :

vertebrata, and the largest portion of Dr, Wav.ae esri::ﬁhk and other

the Salt Range fossils, and of the descri g great work on

ptions of Tertiary corals anq
Duncan and Mr, Percy Sladen,
n other directions, fori

echinoderms from Western Indja by Dr,
There was the same thorough progress i

in the arrangement of the Muyseum

ab§orbefi him entirely, Living almosta:}:ie lSift;r:;(f?yaoi}’fices,' His work

fining himself to his office, he devoted al| his time to thermlt, and conp-

was a man of retiring disposition originally, not in ty ? Survey, He

of energy or courage, but because the socia,l pursuits :f ,C:St from want
e

did not attract him; he had, in fa n in general
; ct, so . 11n genera
ment. ’ 1 Something of the ascetic tempera.

After the completion of his
retafned by the Government in his office until 1§
April 27th in that year, having served almost cop

more than 33 years. He was only o 1
than 6 months in 1871, a Rin 6 o

during the whole period of service.

After his retirement he lived
and took but little part in
keenly interested in the pr
long as he remained in good health
cal problems, to which he had al
published two short pamphlets on
and on “ The Evolution of Mind in Map » ;

on a large work which has not been ﬁnishelg 1822,{:‘2(1 vas
. years

nstance,

55th year in 1884, Mr. Medlicott was

§7. He retired o
tinuously for rather

) lesa
or 18 monthg

n Survey.

» Was mainly devoted tq philosoph;-

engaged
since 3
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strain caused by bicycling led to serious symptoms, and although for
a time a partial recovery was made, a relapse early in 1904 reduced
him greatly. The end came quietly on April 6th, 1905, when he was
seated in his study.

Medlicott joined the Geological Society of London in 1856 and
received the Wollaston Medal in 1888, on his retirement from the Indian
Service. He was elected a Fellow of the Royal Society in 1877. He
was a Fellow of the Calcutta University, and from 1879 to 1881 he was
President of the Asiatic Society of Bengal. He was also Honorary
Fellow of several Foreign scientific societies, but he never made use
of his titles, which he regarded as simply “official.” It may be
remarked that he carefully omitted the letters F.R.S. after his name
in all his Survey publications, and even in the “ Manual ”’ he struck out
the initials after his own name, whilst leaving them after his colleague’s.
Throughout his career, in fact, he appears almost unnecessarily to have
disregarded the honours to which he was entitled for brilliant original
work as well as good official service.

His policy as head of the Survey was to assist his colleagues, in
every way, to publish the account of their observations in their own
words. Occasionally the result was that their views drew upon the
authors replies from other officers, who took different views, or from
geologists who had another opinion on the subject. This was especi-
ally the case in paleontological questions, on which he never pretended
to decide difficult points. He published both views. The policy
adopted is perhaps not quite in accordance with official usage, but
there can be no doubt that the result of Medlicott’s principle was to
bring out the facts in a discussion, and not unfrequently in a difficulty
of high scientific and economic importance, as in the various disputes
over the Gondwdna flora. And not only did he obtain the help of the
staff of the Survey in forwarding the progress of Indian Geology, but
he succeeded in securing the valuable assistance of the late General
McMahon and others, who contributed observations on subjects of high
interest in the geological history of the Indian Empire. That he
contributed no lengthy memoirs of his own was simply due to the fact
that he regarded with horror any attempt to gain credit by others’
work. Short notes and an annual report were for many years his sole
contributions to the Survey publications. He was not a fluent writer,
though he could write strongly and earnestly, never so strong as when
he was dealing with attempts at injustice or plausible but misleading
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statements. He was absolutely fearless, and cared but litt]
pet th.eory. he was disputing, if the theory was in his opinj fttle whose
It is difficult to appreciate Henry Medlicott's workiin }0’(11_""0?'%1’11653-
some acquaintance with the knowledge of the geology a n.l lglw1thout
he entered the Service. So great a change has tal\'eny ]val abre when
century that has elapsed since 1854, tiiat it is scarllalce N t}’]e palf
rccoiistruct the conditions under which geological f}’ P0§Sible to
carried out fifty years ago. There were no railroad surveying was
roads. Travelling was difficult and very slow 'I"h(s a?d very few
had Often to make their own maps in the \vil(icr )act carly surveyors
Sowme idea of the geology known in the days befo}rertisfqti]f country.
Survey may

be gained from Dr. H. J. Carter’s S
. H. L. er's Summary of i
b;tween the Ganges, the Indus, and Capg goinh:)ari?ledofb)i'ofi I(Illdia
1854, the year that Mr. Medlicott landed in India. In ih'p mackable
work, to take only one instance out of many V. e and ot
)

wanas, both upper and | : . indhyans and Gond-
s pp ower, with limestones from every formation

in India, from metamorphics to fo .
included in the “ Oolitii Scrics.”ther\}iabe};l?:lcll; :erzlr(iiiairnlifii)tlrappeans" o
shown.by Greenough’s Geological Map of India \b e confusion is
same time, published about the
Nothing bad been done to clear up the nebulou iti
S;ﬁzigs};dbsfozel%#. Henry Medlicott’s first sf:;s:rihi];nlgggndl?n
Cihe Peniiisularear list and most iinportant step in the classiﬁEl t“ "
rated the Vindh anroc s'1 He and his brother, J. G. Medlicott o,
e et th s north oi the Nerbudda valley from the G 21 Sepa-.
however vvlien a: Dame. dehyzin was given by Dr. Oldh(;.n Wénas
Benga!,18 6 ln;()uncmg the discovery (Fournal, Asiats I;’ “.ho'
» 1636, vol. XXV, p. 250, and more clearly Me’moirr ZGC‘eoloa?tyl’
" ogica

Survey, India, vol, 11
) : . 11, p. 304), stated that i
by the Medlicotts before he ’visited thi: Ct:jiftiparatlon had been made
y.

he wrote (vol. II of the Memoirs) Henry Medlicott

mass of Vindhyans, infra-V;

yans, -Vindhyans : 1

throughout Bundelkhand, to a se)z’quen:zdw}l?'uliwar "ocks: that extend
ic

subsequent alteration, the principal change perh
o) a

. b
tution of the term Lower Vindhyans for Sub-K
yar -Kymores,
st imperfect condition, ill

In the first memoir
reduced the whole

This masterly
-arranged and

nning of our ace
' urate
Vindhyan rocks, byt 5 firm founda-

utlt, From his earliest work to his

paper, though published in a mo
not very clearly written, was not only i
k'nowledge of the Vindhyan and infra-
tion on which much since has been b
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Jatest, these wonderful azoic rocks of India were Mr. Medlicott’s especial
favourites, perhaps because all the knowledge of them was derived
from purely physical observations, and not interfered with by organie
remains, which in the younger Gondwdnas have not always proved an
accurate indication of the age of the beds or their relations to each
other. Throughout the annual reports issued during his Directorship,
point after point is brought forward tending to the correlation of these
formations in various parts of India, and showing the relations between
Kurnool and Cuddapabh, Kal4dgi, Gwalior, and many other similar
rocks on the one hand, and the Vindhyan and Bijdwars on the other,
work of his was the arranging of the rocks of the
n the Simla and neighbouring areas, and of the
Siwalik rocks and their associates at the base of the mountains, and of
first sketching the history of the Himilayan range on a definite
geological basis. The first named has been one of the most difficult
questions in Indian Geology, and although the work was commenced
in 1853, it cannot be regarded even now as nearly solved. The
Tertiary Himdlayan beds have, however, been fairly classified since
Mr. Medlicott's memoir was published in 1864. The important
observations made in this memoir are essentially physical. The
demonstration that Himélayan elevation is shown, by the relations of the
lower nummulitics to the older hill rocks, not to have begun before
Tertiary times, and the beautiful illustration proving the permanence
of the great river valleys by their coincidence with the maximum of
conglomerates in the Siwdiliks are amongst the observations that
connect our first clear ideas of Him4layan elevation with Henry
Medlicott’s work.

It has been already noticed that mot unfrequently Medlicott was
occupied in clearing up difficulties that had been too great for his
predecessors in the Survey. An illustration may be taken from
the geology of the Khdsi Hills. A comparison of his observations as
recorded in the VIIth volume of the Memoirs, should be made with
e same area in the Ist volume. In the first
flerences, the bedded Sylhet traps (Mesozoic)
the ancient greenstone rocks of the inner
hills, and the occurrence of fossiliferous Cretaceous rocks was not
recognized ; their fossils, then supposed to have been nummulitic,
having been lost. The alterations that were made in the geology by
‘Medlicott may be seen by comparing the map and section on Pl VIII

The next great
Lower Himdélayas i

the earlier account of th
account, amongst other di
are not distinguished from
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in vol. I, with the map and section at p- 154 in vol, VI{,
observations, it is true, were made in the monsoon, w
the ground was not so well exposed.
Satpura or Nerbudda coal area as corrected ly Henry Medlicott in
vol. X of the Memoiys may be comparcd with the earlier map pub-
lished in vol. 1I. It was quite true that {he principal diserepancy
in this case is casily explained. J. G, Medlicott, whe not merely
geologically examined the country, but who also (o a considerable
extent surveyed the map, had practically completed the western
portion containing the typical Mahade\'as, without Separating {liem
from the underlying  Dimudas, when, in (fe carly part of 1856, Dr.
Oldham, the head of the Survey, went over the ficld, and almost at the
end of the season, discovered that the Mahadeva Was a scparate series,
The attempt to record this distinetiop on the map led to some con-
fusion which was subsequently straighteneg by Medlicott,

Almost his only important geological Paper published outside

the Survey publications was that on “The Alps and the Himalayas
a Geological Comparison,” jssyc )

d in the Quarterly Fournal of the
Geological Society for 1868, vol, XXIV. This paper narrowly escaped
rejection ; it was postponed for 4 time,

but finally published.
this wonderful, for it attacks, and in ng doubtful wa f

of all the great Alpine geologi » Glimbel, Studer Desor
and others, and there is no question that in the main Medli,cott w ,
right. Some of the vieysg expressed by him required, ang have gj .
received, revision; but as an original description of mountain-buildrifg

from uniformitarian views ag opposed to Catastrophic it i worth f
more attention than it hag received, ar

There can be no questi
objections to some of his co
explain abrupt boundaries.
truth that when Mr, R. D,
Siwalik section, to which Hep
example of deposition ag
all, he revisited the sect]
he had misunderstogq

The earlier

hen, of course,
Again, the sketch map of the

on of his uniform
lleagues’ worl; v
It is, however, charact

itarianjgm,

at the ty ical N
ry Medlicott 115 50 long rlzaf N4hap.

y Might be
plest Manner ;

ainst a pre-existing cliff
on and in the gjp,
it (Kecords,

1881, p. 169). Only those who rememb
faults can have any idea of
have been, and there are few Directors
said that an error of sg much importapce
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. instance, the great lines terminating
On the large qu;szli(;z, \;vfh%c:rg,at;?r (l)ri-issa} ;nd glre Centr.al Provinces
the G_ondwafna . a or whether they represent the boundaries .of the f)ld
are simple faults, hich the beds were limited, these boundaries having
river valleys ’coﬂWS]i htly crushed and distorted, but not greatl'y faulted,
})een subsFQuen )v,hicg a complete answer has not yet been given, In
is a question tto 1Wast for instance in the Mohpéani ﬁeld.of the Satpura§,
some cases a eas’brouﬁht forward by Medlicott in f:itvou}' of his
st.rong ex'ld?nc§ 'winal limizz and even in the case of Raniganj, .where
views of his orig Siderablé faulting exists, the abseqce of others of
unquestlonab!y Concks south of the field is a difficulty in supposing that
the. coal-bearing rt(})u'ow alone terminates the Gondwdna area. Between
a simple great upf the Manual of Indian Geology there was a dlffefenc'e
t}fxe tvsfo'authoos‘st(;1 is point, and it cannot be said that the question is
of opinion
finally decided. Il afew of the services of Henry
T.he abovihénz’eoslzgialtos:f‘f:y and to India, and some of the
N{edhcot.t to.h' h he made in science. It cannot do more than suggest
discoveries w lfc labour that he devoted to his work. His memory
the amount. ; striking example of a thoroughly honest and capa?le
Sllo;‘ld;i";i‘g ZZ worthy head of a scientific branch of the Indian
geolog

Government Service. [W. T. BLANFORD.]

W. T. BLANFORD, A.R.S.M., LL.D., C.LE., F.R.S.

1 MAS BLANFORD was bor.n in Londo? on tbe
IL;JtL}f\(I;IIctg‘blig 832, and was e.ducated at Brlgh(tion a}r:: ﬁa}i’ix,—
After a short interval of business life in Ital)‘r and I-‘Lor:l ocl)]n e matricu.
lated in 1852 at the Royal School ?f Mmes,d %HR S, he h;d o
his younger brother, the late Henry F. Blanfor t, ac-he.rs.,iu o the
privilege of training under a group of famous. e o Sy e
Lord Playfair, Sir Andrew Ramsay, Sfr Warlr.lg f\S'y H, s
or y T, H. Huxley under the directorship o ir Henry De
Fog)esl’l andThc.: Bianford brothers successively headed t?}e: list of Calx()-
ldaida(z:se;tt the final examinations, each. in his year ;ectc;mn%r:;:)u ai
of Cornwall and the Council scholarships. Aftyer ur ]el:nted togthe
the Freiberg School of Mines, both brothers \\erf? asppotlembet o
Geological Survey of India and joined at Calcutta in Sep 55.
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Henry Blanford some years later was transferred to organize the
Meteorological Department, whilst his brother remained in the Geo-
logical Survey until his retirement from the service in 1882.

A simple extract from the annual distribution lists will show the
wide experience obtained, and, to those who knew him, the great
influence exercised by W. T. Blanford on Indian Geology:——lﬂ55-=6,
Orissa coaltields; 1856-57, Rajmahdl hills; 1857-58, the Orissa
coastal tracts; 1858-509, Raniganj coalfield, Trichinopoly, Nilgiiis,
Birbhum; 1860, Pegu; 1861, Upper Burma; 1862--635, various parts
of the Bombay Presidency, Sind, and Central Provinces ; 1866,
Goddvari area, Central Provinces; 1867-68, Abyssinia; 1869-70,
Wardha valley, Central Provinces, Sikkim ; 1870-71, Lower Godavari,
Madras Presidency; 1871-72, Sind and Persia ; 1874-75, Suridt and
Sind; 1876, Réjputdna ; 1877—187q, Calcutta ; 1881-82, Baluchistén
and Punjab.

During this period, when much of his time was occu

pied by purely
official routine work and in travelling,

at a time when neither railways
nor roads were develojed in India as they are now, Mr. Blanford
published just 150 scientific papers,
memoirs, all descriptive of original w
observation, but contributions to the phi
and zoology which have made some of t
His services to science were naturally recognised in Europe: in 1874
he was elected a Fellow of the Royal Society ; in 1881, whilst re-
presenting India at the Internationa

1 Geological Congress at Bologna,
he was elected a Vice-President of the Congress, and was decorated
by the King of Italy with the Order of

St. Maurice and St, Lazarus.
He was also Vice-President of the Congress on three subsequent occa-
sions—Berlin 1885, London 1888, and Paris 1000. On his retirement
from the Indian Service in 1882, the Geological Society of London
conferred on him the highest distinction at their disposal, the Wollaston
medal. In 1884, he was selected President of the Geological section of
the British Association at Montreal, and at the same time the McGill
University conferred on him the honorary degree of LL.D, He was
elected President of the Geological Society of London in 1888, served
three times as Vice-President of the Ro -

! . : yal Society, and on other occa-
sions as Vice-President of the Zoological and the Royal Geographical
Societies, "

many of which were large
ork, not merely details of
losophical aspects of geology
hese papers classical works.

Although much of his time was taken up after his retirement with

243
. T. BLANFORD.
PART 4.] w

il or as an office-bearer in the various
hi? du.ties' o a'me?tij;izlfl E: lxl;l:sﬂs?xch an active member,‘ Dr; Blanford
scientific sociehies 0 apers to his enormous record of SClent.lﬁC wor1-<,
added .anoth.er 2?1 P pvolumes of the Fauna of British India, and ‘hxs
thelslekmcludmi.’n;‘oirfzn the distribution of Indian Ve.rtebrates, for which
well known 1 al Society in 1go1I.
be reccived the R.”fﬂﬁ:ig:;x}i: T vilege of his friendship will

Those who en]c;)s’ normous record of published -Work‘ was not greater
agree that Bl'c}nfo}i freely contributed to friends in private correspon-
than that wh'lCh };S duties at home he never failed to respom.i tolz
dence.. Am“_l;: Ity presented by the most junior member of hlsuo
question oF diftes ytli)on of Indian Geology appeared to'be too small or
Department: no'zeced worthy of his earnest] attention, a.nd times
local to ‘be ¢on (:iruring the recollection of the writer, by private cor-
without numberl; s given his successors new line.s for proﬁtable.rel-1
respondence h(cal autng his unique knowledge of literature and w1dt1
search, ?omte ho Si’ nificance of new observations, and has frequept y
of experience, the rigenced juniors from the pitfalls of hasty deductl?rfs1
saved his less 'expe fect data in this country, where the pgracl'ox1ca
dkrlaWﬂ tfw(?f1 t;::pG:ology is as liable as its Sociology to exemplify in the
character . i
new-comer the dazf erZs(:gbalehti:eal ef*:w pgaxges to even en.umerate the

. would_ nOth' h ll.;:lanford influenced the lines of Indian Geology,
many ways In W llc;:ed the working principles of the science gen'erally.
. 'asl rir:lltl)ufea’cure of his career of most interest to In.dla was
bt possﬂ? ) he: h he brought his wonderfully wide range of informa-
tbe R lﬁ known abiblity to sift the value of apparently contra-
tion, and }.ns we to bear on the tangled controversy with Yegard to the
dictory evidence, éo system. Dr. O. Feistmantel, the ofﬁc‘lal Palaeonf:o—
age of the Gondw ftl;e[)]'t who was mainly a palao.botamst, follow§ng
longt of the Depar faithf,ulness the accepted principles of correlation
W}th cons‘ervatW: order of succession, enumerated the plant form.s
with t}}e h}x rogeadiﬁerent stages of the Gondwéna beds, and by compari-
occurring in ¢ 'ih the types known in European sys'tems, placed the
son o themhw limit of the Gondwénas on a level with tl'le European
o (Ta_lc lrz; uppermost beds in Cutch he correlated with the Lower
Tmfs’ vrhdSt tB(laanfcid however, laid stress on the greater value of

0011.te D in the Cl’ltch beds as indicating an age for the uppermost
18?:3; gz;r;\sa;nyoung as the uppermost Jurassic of Europe, whilst as

1 0. Feistmantel, Rec. Geod. Surv. Ind., 1X, 28 and 63, 1870.

Y
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regards the lowest stages he brought in indircct evidence obtained
in Alfstraha, where similar fossil plants having a Mesozoic facies were
associated with, and cven lying helow, undoubtedly Palicozoic marine
beds. e thus showed the accuracy of the opinions previously  ex-
pressed by T, Oldham and H. F. Blanford with regard to the Palieozoic
age of our productive coal measures. !

Following up this subjcct in his Presidential address to the Gec-
logical section of the British Association at Montreal in 1834, he sum-
med up a mass of biological statistics to account for the apparent con-
tradictions in the order of succession of plants and animals in the beds
of intermediate position and age, demonstrating the truth of the pre-
vision made filtcen years before by Huxley, that on isolated land-arcas
animals and plants have their own special rates of evolutionary de-
velopment, and that it is only by the forms living in the ocean, under
more uniformly distributed physical conditions and with greater free-
dom for migration, that approximate contemporaneity can be obtained
in stratigraphical correlation,

.. . 4 T M

Five ycars later, as President of the Geological Society of London,
Dr. Blanford was able to assumc without question the truth of the
Gondwidna proposition, and from it to draw conclusions affectine the

. M b
much debated question of the permanence of oceanic depressions and
continental platcaux.  He then brought together in his inimitable way
a mass of apparently isolated and unrclated data to show that.

» M !
only is there clear proof that some lund-areas lying within continental
limits have a}t a comparatively recent date heen submerged over 1,000
fathoms, whilst sca-bottoms now over 1,000 fathoms deep must have been
land in part of the Tertiary era, but there are a mass of facts bo
logical and biological in favour of laud-conncction having former]

. . . te)
existed in certain cases across what are now broad and deep oceans ”y
; . . - . . *

bt h.e.thcr cox.lsuleFed frox:a the standpoint of a philosopher in hjs
recognition of identity amidst apparent diversity in phenomena of in
.depelndent branlcl).es offsiwnce, or regarded merely as a patient worker
in the accumulation of descriptiv 1 :

g : eseriptive d?tall', \Dr. Blanford’s record would

place his name in the front rank of scientific workers,  Aad to thos
. PETRpI 3 ¢ . o T ’ €
who knew him the great range of his knowledge was no more remark-

able than his unfailing generosity of disposition
. . and courtesy of m
either to friend or opponent. Y anner

‘not

th geo.

[T. H. HoLLanp.]

' W. T. Blanford. Rec. Geal. Surv, Ind, IX, 79, 1876.
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As a Naturalist William Thomas Blanford has raised for himself
a monument that will withstand the assaults _of time,.for it ‘was
patiently built of attested material upop a foundation of unique width.
Whether as obscrver or writer, he will always be remembered as one
of the foremcst of those who brought Indian Zoology out of the
region of chaos. o .

No one can be more wise than destiny ; and by the nature of t.]nngs
the greater part of Blanford’s zoological work was of a des?npt.xve
kind ; but the imagination of an interpreter was constant]y behind it.

Of this descriptive work, a very orcat part 9f w?nch refers to
collections made by himself, the earliest to appear in Qrmt (1860) was
that on the Land and Fresh-water Mollusca of'Indla and Eastern
Asia. This was a subject in which, as a Geologist, he na{uraﬂy had
a particular and percnnial interest, and the very last. zoological paper
that he wrote was one, describing some ‘new Indian an.d Burmese
species, published, just before his death, in the Proceedings of the
Zoological Society. '

Of his work in this field one of the most important results was. a
series entitled ¢ Contributions to Indian . Malacol.ogy, " which
appeared at intervals in the Journal of‘ the Asiatic SOC}ety of Bengal
between 1860 and 1880. Though chiefly of taxonomic va}ue, these
papers record numerous facts of anatomy, and are of‘tcn a{nm.ated' by
judicious observations upon such matters as geographical d.lStl‘lbutlon,
the interpretation of specific and varietal characters, the influence of
environment, etc., all revealing the author’s philosophic breadth of
touch. That the final product of these critical investigations would
form one of the volumes of his own “ Fauna of British India” was an
expectation that is, unhappily, unfulﬁlled.. ‘

While still busy in many other directions, Blanford, in 1867, made
his first contribution to Indian Ornithology,' the starting-point of a
comprehensive series of papers, which, .pubhsh.ed from. time to time
during the following 27 years in various scientific ]our{)aIS,‘ took
finished shape in two of the four well-krown volumes on I?xrds in the
« Fauna of Pritish India. ” In thes2 two volumes all the birds except
the Order of Passerines are included ; and their treatment at the hands
of an author who combined the qualifications of the expert, of the
field-naturalist, and of the sportsman, appeals with equal appreciation
to the trained Ornithologist and to that large company of educated
people who take a general interest in living nature,
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His connection, as Naturalist, with the
1868, seems to have led Blanford to pay attention, among other things,
to recent Reptiles and Amphibia ; for between that year and 1881 he
contributed to various scientific serials a number of Papers in which
many new species in these groups are described, chiefly from collec-
tions made during his own travels in north-western India, Baluchistan,
and Persia, as well as in certain parts of the Peninsyla, In respect of
the reptilian fauna of the Indo-Persian desert region, Blanford came
to be regarded as one of the leading authorities ; here, as was
generally the case, his knowledge of the fauna was part of a large
organised knowledge of the country in jts physical aspects and its
geological history, acquired at first hang,

From 1868, too, dates Blanford’s first
Mammals, another group of animals which

points of view. He was in working touch with Mammals for 35 years,
and, as in the case of the Birds, hig old experience was condensed
into a volume in the # Fauna of British India »
which is of the greatest use to the field-naturalist and amateur,
out any detraction from its value as 3 standard scientjfic work,

In 1870 Blanford published his Observations op the Geology and
Zoology of Abyssinia,” and in 1876 his « Zoology and Geology of
Eastern Persia,” the former dealing wit

h land-vertebrates
. and
mollusca, the latter with land-vertebratesg alone. Both books are dis-
tinguished by that comprehensiveness, discernment and balance
which characterize all their author’s 20 ) ’

. . ological work,
observations are digested : his Materials g

Abyssinian Expedition of

published work on recent
he approached from many

have affected its component parts, of ¢nvironment

Blanford’s experience, 8TOWN ripe in brin.s. .
results of 27 years of scientific surE:/ey ofb rl&gi;ninzinto .or}:i o fhe
countries, gave him such 3 unique pos; when neig bouring
was chosen to organize an official work on the « Fauna » In 1883 he
it was felt that official and ional jUdgment wer
accord.

been published, and they i
portions of 1o groups of Ar
already been made to B

¢ of the v
y lnsects.
Ontributioy,

ertebrates apqg
Reference has
to the SEriege

thropods—chijeq
anford’s gwp I
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t instalment of which appeared in
the vo]un(lietc})ln I:/Iv:;n:,n::;nz}sleoir%irds, published in 1895 and 1898.:
o . their clearness and directness of style, in the.u'
theee w')lum'es’ 1;tterss of nomenclature and species-splitting, and in
gxz?re;x:iz;)nfr:)nm all the delusions of faddism, are models of what a
e.
wor'];hOf gerri):sn;ls r::;iiifef:::;u};lox:plete; but to ﬁn‘d 2 successor to
. ,: tse a worthy conclusion—a successor possessing the ripe and]
cal".yd1 k::owledge the fairness of mind, the tact,tanl:i the genera
vans L edi il i h be no easy task.
wisdom of the firtsetri:itlzzr;w::]le u;i ntz:‘xtpmb]ems of zoclogy the m'ost
'TO fhose fl nBlanford’s work are his essays on the geographical
t:fkm‘g p?rts (f) Indian animals. This subject, indeed, was at tl'xe b.ack
dxstnbt.ltlon 0 atic papers, and was separately treated' by hlr.n, ina
of alll.us S}’steﬂ;s early as 1870. But in 1876 hfa.pubhshed, in the
Eregtatwle v‘:g’Macra.zine of Natural History,” a critical and construc-
e in wh;ch the elements of the lndlan ver'tebrate- fauna are
tive Pr’:lpex:3 lf m a physiographical standpoint, their relations to tl?e
segr.egflte f1'013‘ are emphasized, and the argument that certain
Ethiopian ] au‘nts suggest a vanished land-connection between South
common Z;T:indian Peninsula is clearly stated. . .
Africa =0 five years later the material accumulated in thfa compila-
i waentt}{; “"F);una of British India” was used by him for an
tion ol examination of this subject, and in 1901 he crgwqed .hxs
exhaus.tlvlework with an elaborate essay entitled “The Dnst'nbutlon
zoolog!cab ate Animals in India, Ceylon, and Burma,” Whlc}-l was
of Yerte : the ¢ Philosophical Transactions of the Royal Society.”
pub}]s}:}?i lf?ne monograph the entire land and fresh-water yerteprate
faung of the region iz critically an.alysed by gtent;ra, .:.n.dthxsszp:t;it;y
considerations of habitat, into deﬁtr;llte glec;g;:f:l;:m\;:lll St.o each’ o%her:
ombined into subregions, the relati a ’
f;el:Zicghbouring zoological regions{ and to.past.gssi;)gl::ld l;x;:t
connections and former geological climates being minutely
ively discussed. ‘ . . '
ef:fclctflwasycharacteristic of Blanford, in CODneCtIOE th‘};l thlzfs:aijff:i
upon which his profound knowledge of cogl.late hrz:n;. es o natural
science entitled him to speak with authority, that his v e e
ressed with singular moderation. Though h.e was among e frt
::I;ealize that modern zcological regions whichignore past geologica



248 Records of the Geological Survey of India. [Vor. XXX,

f:hanges on the large scale must be artificial, and, converselv, that
instances of what are commonly regarded as anomalies of distril;utior
may possibly afford corroborative evidence of those very changes, h .
allowed his opinions to mature before giving utterance to then% v

. No notice of Blanford as a Zoologist would be com lete; that
failed to emphasize his telling personal influence, and hispabundant
S).fmpathy with all who were in any way interested in the natural
history of this country. It seemed to be natural to applyto Blanford
and natural to Blanford to sacrifice his time in order toyhel others’
No man ever showed a warmer side to the amateur, or was sg entirel ,
fref: from the narrow prejudice of the professional. (’)f liberal intellecty
of just and charitable temper, he was imbued with ’

) the tr ienti
spirit. In the annals of Indian Science — fue scientific

« A7 3 ‘a7
Notus in Jratres animi paterng,
Tllum aget pennd metuente solvi
Fama superstes.”’

[A. W, ALcock.]

LIST OF SCIENTIFIC PAPERS BY W. T. BLANFORD.

1854. “On a section lately exposed in some Excavations at the West India
Docks ™ : Journ. Geol. Soc., x, pp. 433-435-

1856, (With Messrs, H. F. B i e

. ssts. H. F. Blanford and Wm. Theobald, ) “ On the Geological

Structure and Relations of the Talcheer Coalfield in the District of
Cuttack ” : Mem. Geol. Surv. India, i, pp. 33-88.

1859. “ Note on the Laterite of Orissa’’: Mem. Geol. Surv. India, i, pp.28o~2

1860. “ On the Rocks of the Damtda Group, and their Associates in Eastern a?:l.
Central India, as illustrated by the Re-examination of the Réniganj
Field” : Journ. As. Soc. Bengal, xxix, pp. 352-358. :

1860-1. (With Mr. H. F. Blanford) “ Contributions to Indian Malacology .
Journ. As. Soc. Bengal, xxix, pp. 117-127, and xxx, pp. 347-367. )

1861. “ Note on the Geological Structure and Relations of the Réniganj Coalfielq
Bengal ” : Mem. Geol. Surv. India, iii, pp. 1-1953. g

1861, “ Note on a species of Plectopylis, Eenson, occurring in Southern Indiz
Ann. Nat. Hist., vii, pp. 244-246. :

1862. * Contributions to Indian Malacology, No. 3: Descriptions of new O e
culated Land-Shells from Pegu, Arakan, and the Khas;j Hill:)"r:
Journ. As, Soc. Bengal, xxxi, pp. 135-144. ’

1862, “ Account of a Visit to Puppadoung, an Extinct Volcano
Burma”: Journ. As. Soc. Bengal, xxxi, Pp. 2157226
Assoc., pt. ii, pp. 69-70. '

in Upper
Rep. Brit.
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.1863.

1863.

1863.

1864,

1865.

1865.

1865.

1866.

1866.

i
1866,

1867.

1867.

1867.

1867.

1867.
1867.

1868.

“ On Indian Species of Land-Shells belonging to the genera Helix, Linn.,
and Nanina, Gray "’ : Ann. Nat. Hist., xi, pp. 81-86,
“ On the Animals of Raphaulus, Spivaculum, and other Tube-bearing
Cyclostomacea ” : Ann. Nat. Hist., xii, pp. 55-58.
“ Descriptions of Cremnobates Syhadrensis and Lithotis rvupicola, two new
-Generic Forms of Mollusca inhabiting Cliffs in the Western Ghats of
India ” : Ann. Nat. Hist., xii, pp. 184-187. ‘ . _
« Contributions to Indian Malacology, No. 4 : Descriptions of New Land-
Shells from Ava and other parts of Burmah *: Journ. As, Soc. Bengal,
xxxii, pp. 320-327: .
« On the Classification of the Cyclostomacea of Eastern Asia  “ Ann. Mag,
Nat. Hist., xiii, pp. 441~465. : R
« Contributions to Indian Malacology, No. 5 : Descriptions of New Land-
Shells from Arakan, Pegu, and Ava, with-Notes on the Distribution of
Described Species ” : Journ. As. Soc. Bengal, xxxiv, pt. 2, pp. 66-105.
« On the Manner of Occurrence of the Reptilian Remains found i the
Panchet Beds of the Réniganj Coalfield, and on the probable conditions
existing at the time when these rocks were deposited ** {18657 : Pal.

Ind. (Pret. Vert.), i, 1865-85 (pt. 1), PP i-iii.

« On the Stratigraphy and Homotaxis of the Kota-Maledi (Maleri)

Deposits” [1873]: Pal. Ind. (Pret. Vert.), i- 1865-85 (pt. 2), pp. 17
(bis)-23. )

¢« Contributions to Indian Malacology, No. 6 : Descriptions of New Land:
Shells from the Nilgiri and Anamullay Hills and other places in the
Peninsula of India : Journ. As. Soc. Bengal, xxxv, pt. 2. pp. 31-42.

« Contributions to Indian Malacology, No, 7 List of Species of Unio and
Anodonta described as occurring in India, Ceylon, and Burma ™ : Journ,
As. Soc. Bengal, xxxv, pt. 2, pp. 134-155-

“ On Opisthostoma, H. Blanford, with the Description of a New Species
from the Neighbourhood of Bombay, and of the Animal and Oper-
culum (0. Fairbanki)” : Proc. Zool. Soc., pp. 447451

“ Descriptions of some Indian and Burmese Species of Assiminea (4.
cornea, A.subconica, A.marginata, A. votunda, A. rubella) ” : Ann,
Mag. Nat. Hist,, xix, pp. 381-330.

% Stone Implements found in Central India ¥ : Proc. As. Soc. Bengal,
pp. 136~138, 144-145.

« Rediscovery of Franklin’s Certhia spilonota (Salpornis sz’lonotz’z,wGray) ”
Ibis, iii, pp. 461-464. ' ‘

“ On a New Species of Callene from the Pulney Hills in Southern India
{ C. albiventris, Fairbank) ' : Proc. Zool. Soc., pp- 832-834.

¢« Note on the Geology of the Neighbourhood of Lynyan and Runneekote,
north-west of Kotree, in Sind” : Mem. Geol. Surv. India, vi, pp. 1~15.

% On the Geology of a portion of Cutch ”: Mem. Geol. Surv. India, vi,
pp. 17-38.”

« Description of Fairbankia bombayana, a new genus and species of

C
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1808,

1868,
1868.
1868.
1868.
1868.
31868.
1868,
1868.

1864,
186q.

1869.

186g.

186q.

1869,
1869.
1869.

1869.

1869.
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Rissoide from Western India”: Ann. Mag. Nat. Hist., ii, pp.
399-4o1.

* Contributions to Indjan Malacology, No, 8

collected in the Delta of the Irawady in Pegu, with Descriptions of New
Species ¥ ¢ Journ. As. Soc. Bengal, XXXV, pt. 2, pp. 51~j2.
“ Zoological Notes ” ¢ Journ. As. Soc. Ben
* Contributions to Indian Malacology, No.
matine from Darjiling and the Kh
xxxvii, pt. 2, pp. 77-83.
“Natural History Notes made ona V
Bengal, pp. 65-66.
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1878. “ The Pikermi and Siwalik Faunas Pliocene, not Miocene” : Nature, xviii,

p- 50I.
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1879. « Notes on a Collection of Reptiles and Frogs from the Neighbourhood of
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1879, “Notesona Collection of Reptiles made by Major O. B. St. John, R.E,, at
Ajmere in Réjputdna”: Journ. As. Soc. Bengal, xlviii, pt. 2, pp. 11g=127¢

1879. (With Mr. H.B. Medlicott) “ A Manual of the Geology of India” : two
.parts, pp. xviii, Ixxx, 817 ; Calcutta. :

18%0. “On a species of 7 vochalopterum from 'Travancore”: Journ. As. Soc.
Bengal, xlix, pt. 2, pp. 142~144- o

1880. “ Contributions to Indian Malacology, No. 12 : Descriptions of New Land
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- pp- 181~222. . . . s

i880. * Description of an Arwicola from the Punjab Himalayas [4 wynnei, n,
sp.]”: Journ. As. Soc. Bengal, xlix, pt. 2, pp. 244-245.

1880. *“On the Geological Age and Relations of the Siwalik and Pikermi Verte-
) brate and Ivertebrate Faunas ” ¢ Rep. Brit. Assoc., pp. 577-579: -
880, ¢ The Geology of Western Sind ”: Mem. Geol. Surv. India, xvii [Art. 1=

pp. (1)=(210)]. _ _

1881, “Note on a Central Asiatic Field-Mouse (Musarianus)”: Ann. Mag.
Nat. Hist., vii, p. 162. -

(881. “On the Voles (Arwicola) of the Himalayas, Tibet, and Afghanistan” :
Journ. As. Soc. Bengal, L, pt. 2, pp. 88-i17.

1881, “On MyOSjJalaxfuscica.pz'llus, Blyth ”: Journ. As. Soc. Bengal, v, pt. 2,

‘ pp. 118=123.

1881, “A Numerical Estimate of the Species of Animals, chiefly land and freshs
water, -hitherto tecorded from British India and its Dependenciés ”,
Journ. As. Soc. Bengal, L, pt. 2, pp. 263~272. ' .

1881, “’The Great Plain of Notthern India not an Old Sea-Basin” : Rep. Biit.

Assoc., pp. 6382039
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1881, “ On our present knowledge of the Fauna inhabiting British India and its
Dependencies * : Rep. Brit. Assoc., pp. ?7 7-679. . .

1881, ““ On a Collection of Reptiles and Frogs chicfly from Singapore ” : Proc.
Zool. Soc., pp. 215~227. ) ‘

1881, % Not(:s) Onocthf pLiza?'ds collected in Socotra by Professor J. Bayley Bal-
four” : Proc. Zool. Soc., pp. 464-469.

1881.

“On a Collection of Persian Reptiles recently added to the British
Museum ”: Proc. Zool. Soc., pp. 671-682, .
1882, “ Report on the Procecdings and Results of the International G
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Congress of Bologna ” : Rec. Geol. Surv. India, xv, Pp. 04-76
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1882.
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1886. “ Report on the International Geological Congress of Berlin ?. Rec. Geol,
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1886. “On Additional Evidence of the occurrence of Glacia
S Palwozoic Era, and on the Geological Age of the Be
of Mesozoic type in India and Australia »

I Conditions in the
ds containing Plants

: Journ, Geol. Soc., xlii,
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l.~lNTRODUCTION.

AFTER 2 fapse of only eight years since the great earthquake of
1897, India b i imi

Brief outline of the SOMewhat les
shock: ifs great range shacks of (he 4th of April last.
and importance. 1897 Ol'iginated in Assam and N

. the starting-point of the present
the Kédngra district of the N. w. Himalaya,

hour of the morning, whep many people were
violent phases of the

Whilst that of
orthern Bengal,

earthquake was
Beginning at ,p, early

accomplished very gre
in the hilly tracts of
to Dehra Dun,
and slight dama

at damage and caused cons;j
Mandi State anq Kulu;
Mnssoorie, Chakrita

S Jullimdm',
ith r € to the centre.
Widening clogeq Curves, the
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thquake was felt with continually diminishing intensity, until
-ear

iati i incided roughly

imits of its appreciation by the unaided senses coinci roughly

::i(:hllr:;:i Zf an eII)IIi)pse passing th.rough the iil‘lowmrg I;c;]ailsltlcejr.ve

Quetta, Surdt, Ellichpur, False Point, and L(? 1mp1:)r,ted.0n . ions’

if cont,inued passes into the little-known an _unrep : truste% ns
of the hig};er Himalaya and Tibet; but it may be

sent approximately the limit of sensible appreciability in that
‘repre

1 i total area of about 1,625,000 square
i 1so, and to include a ; :
dlf'lectloﬂF;'nall’ outside these points (save for a few doubtt{ul olzlie;vd
“;‘ o from is};’lated places) the record of the now greatly reduc
ations

ime very complete.
vibrations is instrumental alone, but at the same time y p

; . ; f India and the Far Kast—
}\Tot oPIy did the sfexsén;illzil;al Iztj(tllaoirlin(;‘, Calcutta, Batavia, New
ncluding those o ——automa,tically register the earthqu?‘ke, but 50
Zealanfl, and Japaf.ﬂEumpe and America, the records being unmis-
also did thf)se fo a very powerful shock. T}.e. earthq.uake 'must
takably those o ded as a notable one in the sc':lsmologxcal history
therelore be regard just concluded centuries, and, mas'mu.ch a8 30,00
Ef the ;:;eiiegr;t :;le ]estimated to have perished by it, it must also
tman : ern times.
be rank.ed as one ?f the mgitnd;?is;:;igifczlgjns, it was flot until the
Owing to the mtel;;&P of April that the full significance and
Organization of its In- magnitude of the shock became gener:!ly DkHOWP
vestigation. in India, and steps could be taken by this Depart.
ment for the proper scientific investigation of 1t.. Bty th;tth(iaté;ol;((,m;:
hic warnings were issued by the Dm?c or o g
ever, telegrap Il District Engineers, Meteorological Obs?rvers, Ie.k:-
cal Survey m~aRailwa officials, and others, through their respective
graph Masters, -ordyill writing the exact time and oth(‘:r fletalls of
l)epartments', b ~reL re {ollowed by letters sent to the principal news-
the sh\ogk. 't'?i%io‘;vu:teers all over India to ans“.'er' a formulated
papers inviting d to help in other ways by furnishing exact data,
set of‘ questions, arI; also printed, and in due course desp;'it.chcd, tf’ all
Questlox?-forfll:l . h the above channels, as well as to P(?htxcal Oﬁufers
the provt.ncest rfm*lqgative States. For the personal gathering f)f detﬂll(:l‘d
agge:izstlicoiizt(ifoth‘e effects of the carthquake inlthff rrlxogc scrlo:selrye (illz‘
© Y . ficers of the Geological Survey w -
turbed tradsl’qth; fOSHi(x)nv:)l:o%)O(iffcl)Tl(or;:; later by Mr. K A: K: Hall(.)wes)
F u;;il:riw I;un 'M l;ssooric, and the ncighbourhood:lying S.-E, of Sitnla ;
) ) -
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Mr. E. H. Pascoe to Lahore, Jullundur, and other large cities of the
Plains, and myself to the epicentral tracts of Kingra, Mandi, and Kuh‘x,
lying north-west of Simla. Mr. R, D. Oldham (late of the Geologi-
cal Survey, and the compiler of the account of Fh
of 1897) has been asked to collect all informatio
extra-Indian instrumental records. .
The present account—which must only be considered 2
nary one—has been com

Basis of the present possible on my return to he
account. field. 1It, therefore, makes no pretensions to
finality, except as regards the general featu‘res and effects of the shock.
Besides expressing the results of my own field-work, it ig based (1) on
special reports sent in by my colleagues, Messrs. Simpson, Pascoe, and
Hallowes ; and (2) on the results of a necessarily brief examination of
over a thousand earthquake-forms returned filled-in by official obser-
vers all over India, as well as by a considerable number of private in-
dividuals, to whom, collectively at present, the best thanks of the
Department are here expressed for their generous response, which will
be recorded in full detail in the final memoir. In addition to the
above as sources of information, mention may be made of the principal
newspapers of northern India, which spared no pains in reporting the

earthquake in great detail, and whose early telegraphic accounts 1
found an excellent guide for pros

e Assam earthquake
n available from the

s a prelimi-
piled as quickly as
ad-quarters from the

2..—~GENERAL ACCOUNT OF THE SHOCK . ITS SUPERFICIAL

ASPECTS,
All reports gathered from places near the earthquake centre agree
as to the suddenness with
1ts suddenness.

which the great shock
of a crescendo.

earthquakes of the destructive class,

account of its inception and progress fr
violently affected areas, has, however,
fact that many of thoge who would ha
overwhelmed and Jost their lives ; 5¢, On account of the
early hour, many were stjll asleep,

or only just preparing to rige ; and
partly because, out of those who escaped wit}, their lives, so many

ve been be
partly becay

were
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injuri ight, that only a small minority
inca;zacitated by .w};u?i?emr:;l;fsslffilgob’servationz had no.t-they at
remained th?1 mlgCu jed in aiding the wounded and rescuing those
once bee’n u XI‘ }i)csilgnt testimony of the long death-rol{ is, howcfver,
burxet.:l alive, he as to the rapid development of the shock, ana.th'e
sufficiently convmcmfab1y prolonged warnings conveyed by the prelimi.
absence of any rIeas;{)éngra “nd the civil station of I:_)ha'rmSc’lla the pro-
o tremor's].l d Itlo living is exceedingly high, .and .1ndlcates a prop;)lr-
p.ortlon of kille ttainment of the maximum vibrations. In Dharms4la
tonatey sudden . le-storied barracks and bazars were mostly evacuated
cantonment the Smgt}(:e able-bodied, whereas double-storied buildings
just in Flme 3)’ th-traps or scenes of extraordinary escapes. . If one
became eltherdeé;or the severity of the shock to awake and impress
?.llows 3 seconds ituated in an upstairs room, 2 more seconds to pre-
itself on any one Slnd 5 more to traverse rooms and passages and to
pare for ﬂlght, 2to the means of exit, we might, I think from t}(;g
de.scend ° staireas limit the time for escape to, in all, about 10 secon 1s
Chhenee belore us::ment of the earthquake. Many Yvho were fortunat(; ly
a-fter the commen robably accomplished this; but in a crowded doub. e-
51tu%1ted,or alone,£le outlets would become congested,'and confusion
storied ba.rra.cks1 ; whilst (as was certainly the case with households)
cause further de 1y,various members, especially children, must have
the search for the too long, and so the occupants were caught. and
delayed the escai)ﬁe falling d:ébris. Of reliable witnesses whom I inter-
O?eFWhelmed byf those living in upstairs rooms who must have extended
viewed, no onefo ce beyond about 10 seconds were able to get clear
the moments o” gt2 he crash came; and their ultimate escape was due
of the‘house be.fOFCt ethce fortuitous, falling of wood-work, beams, etc.
fo their pl'OtCCtlolr.‘t.b}; along the epicentral tract there is also a consensus
ln- o'ther loca Llesuddenness of the shock, whilst even at Lahorfe and
o D b t'Ot eitics of the alluvial plains it is described as jerky
thz m;)lghbt()lfl(r);?fwcina on preliminary tremors to be reckoned in seconds
and abrupt, g
only. imi tremors of very brief duration is,
That there were E:)‘j/)en\]/lellarc);eaiexom the accgunts of survivors in
. K{mjgra valley and neighbourhood, as well
t more distant points. In some cases in Dharmssla thes.e
2 warnings are stated to have enabled persons to {eave their
E;Z:H?:glzr)j,ust in time. Although 135 perished in the big Gurkha

Preliminary tremors.
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barracks, such tremors are nevertheless implied by the fact that

scarcely any of them were found killed in their beds.
‘from McLeodgan] bazar states that these first effects were of the
¢ nature of tremulous vibrations’ and were likened to the « rustling of

leaves in the wind." .
wind.!" In Dehra Dun s . .
un, also, minor preliminary vibrations

are recorded which enabled those who were awake to reach the door
In Mussoorie, according to an eye-witness, ‘preliminary tremors lasted'
from 15 to 20 seconds; and the same were noticed in Lan(iour b
several people. In Lahore preliminary shocks with intervals appeaz
ts?]o?;:.ve lasted for about 11 seconds before the arrival of the main

Regarding the nature, duration, and direction of the main shock

The maia shock, Z;ins'hOCkS’ there is considerable diversity of

- ion expressed in the narratives of obser
o ' . server
within the. epicentral tract. This is probably due, not so much ts
personal bias, as to actually subsisting difterences in the character

of the shocks, especially so in widely-separated areas differently aligned’

with reference to the actual centre. A common description of the’

macllnDd}fstruc’tI]ve oscillatory movement applicable to the Kdngra valley
:1]“ it armsala, and ba§ed on such scanty information as is available. j¢
l1a :i consisted of a \zlolent horizontal shock from north to south f, ld'
/(\m;e by én equally YlOle[]t counter-shock from the opposite directi , -
A few 'observers noticed a third shock like a “ downward sinkj OI::
1E'h.ere 1]S preponderance. of evidence in favour of the second s,lzlg.l'

eing s ightly the more violent, or at least the more destructi e
tWP, mas.much as it was during it that “ everything collaps g?'Of e
evndfance 1s not clear as to the time intervening between thfte, . the
buf; it seems to have been from one to four ;ecoxlds. Som“o' Phocke,
evidence appears to be distinctly contradictory, but .teflme‘s the
probable, as already stated, that there were actual :iiffere 1 15: hlghly
closely related localities. That these shocks real] we rlcbes. o often
powerful intensity, rather than long-continued and )inod ot and of
generally correct deduction from the havoc wrought to crate. scems a
a.nd solidly-built structures, as wellasfrom the t(z;ti ot Str?ngly
‘The evidence from the former source will be considzzgyl.of SHrvivors.
separfxte heading, Asregards testimony, it seems certa; oy undera
was it a physical impossibility at Dharmsila to km that ot on
whilst standing or walking, but also that people w. )
ground,n A sim_ilar violent effect is related atp PéI::p

€p omne’s feet
“thrown to the
ur, at least in

One account
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double-storied buildings, whilst even as far away as Bajaura in Kuly,
where the shock was considerably less intense, men clung to trees to
steady themselves and some were sent “ sprawling on all fours.”

At Kéngra the mortality was so terrible, especially among Europeans
and officials, that no accounts have come to us
Kangra. through the usual channels—a sad fact which

must be left to speak for itself as to the devastation wrought.

At Dharmséla cantonments Captain Muscroft first felt a tremor, called
out to his companions, and escaped outside where
he was “thrown to the ground as the house crashed
down amidst the roar of the two shocks.”? The Kotwali bazar, Dharm-
séla civil hill, was shaken to pieces in a few seconds, tilted upwards, it
is said, by the first shock, which ran down from the hills above, and then
sent crashing to the ground by a second shock which came from the
opposite direction almost instantaneously.? Mr. Naurojee Khujoorina
(of Messrs, Framjee & Co.) was an eye-witness at McLeodganj bazar,
Dharms4la civil hill, and he says that he rushed out at the first shock.
He looked into the valley and saw native houses falling one after the
other, and as the second shock came his house collapsed into a heap
of ruins.3 In his report to the Geological Survey the same observer des-
cribes three shocks, first a tremulous vibration with a minute’s interval
between it and the second shock. No sound was heard before, but
a “ rattling noise with a shrill high note »” preceded the second shock,
Captain C. Stansfeld, 7th Gurkha Rifles, in his report, describes two
distinct shocks with 3 or 4 seconds’ interval. The houses fell flat and
not to any one direction, and he thinks without any oscillation. The
first shock woke him, then a roar came from the north or north-east. He
ran out of the house and was thrown to the ground south-east or east.

Mr. A. H. Machean, of Clachnacuddin Tea Estate, reports three
shocks, the second longer and more violent than
the first and from the north-east or east. The
third seemed a sudden circular shock in which all the buildings collapsed,
followed by a sudden jerk from north-east and back again,

Mr. F. A. FitzGerald, of the Baijnath Tea Estate, was standing before
a window open towards the south, when, preceded
by a terrific roar, the house began to shake,

Dharmsala.

Palampur.

Baijnath.

1 pPjoneer of 17th April 1905.
3 Civil and Miltary Gasette of 16th April 1g03,
3 Pioneer of 19th April 1905. ’
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He rushed outside with difficulty. The shock appeared to ‘come from

south to north beginning with a tremulous vibration, which increased -

in intensity until he was nearly thrown off hi i i
ally collapsed, trees swayed tZ within a few Sfefeetet).f ti:s houses pa.rtl'
rose from the trees with deafening shrieks and a cat fi‘o(;md, e
away terrified. ' nd dog ran
Summing up the meagre narrative evid i
in the Kingra valley and Dharmsila neigfllt]:)eur{)c:):)dthihmam Sh(.)Ck
characteristics are plainly established :— ' ' the following
(1) The sound was a roar or crash.
(2) There were two or three violent shocks
(3) People were thrown to the ground, '
(4) Buildings fell almost instanta i i
(5) There was very great morta]i?;.o Uely into utter ruin,
In the less violently affected parts of Mandj State and in Kul
uluy

where everythi i
Mandi and Kulu. ything points to a greater d
o . focus, the evidence is sti]] scgant el of the
to the fewer inhabitants and the absence of large toy’
stations. Fortunately, we have been supplied with d\::)
by Colonel R. H. F. Rennick (Indian Army, retired)
’

Osborn, both residents of the Kulu
valley, and present ;
i at
tI}e morning of' the earthquake. Neither of thesli: observerBajz‘)‘uniL o
distinct breaking up of the main movement o e s record a
General Osborn states that the brief preliminary tremor ?ncrrate s‘;]ocl'(ts‘;
eased wi

a regular accelerating motion till i}
. i tr i SH
violence, remained at that for a few 65222@(1 its climax

and died away as it had begun.

owing largely
s and military
ailed accounts
, and General

of greatest
o nds, fmd then diminished
olonel Rennick was awakened by

as approximately north and south b

] ' y but whereas G
duration at 1} minutes, Colonel Rennjck estimateenfaral oshorn puls the
The former also thought the vibrati "o at fully 5 minutes,

lon a fai
whereas the latter observed a verti alrly regUIar to-and-fro motion,

rtical .
made the house and other things dancecl(;:lponent n the shock, which

sid.erable dama.ge was done to buildings th: “ peas on a drum.” Con-
built h9uses being partially wrecked. ’l"he IOUPPer §tor1es of even well-
.Landsllps and earth-fissures were a PrOminZstOff life was also great.
in a country of steeply-carved mountain-slopesnaﬂ;a;:;:;.a.s is n'z}tur al

1pices. These
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will be referred to again later. Captain A. T. Banon’s account of the
effects in the Upper Kulu Valley agrees substantially with the above.
In a second letter, dated 6th May, he gives some further interesting

details of the earthquake effects in the higher valleys north of the
Dhauladhar range.
Summing up, we have for Kulu:—
(1) A dull, rolling noise which became a roar.
(2) The shock was a single, continuous vibration, increasing and
diminishing regularly.
(3) People had to cling to trees for support, or were sent sprawl-
ing.
(4) Buildings show considerable damage, amounting to ruin. in
some €ases.
(5) There was considerable mortality.
In Dehra Dun, Mussoorie, and the neighbourhood the chief vibra-
tions appear to have been horizontal, and to be
Detira Dun-Mussoorle  once more divisible into two or three main shocks,
ares or maxima of oscillation, accompanied by a rocking
motion causing trees to sway, and sufficient to.disturb the balance of
people standing or walking. Estimates of duratlon'vary from 15 seconds.
to 2 minutes. A positive bit of exact information s afforded by Colonel
S. B. Burrard, R.E, F.RS, Superintendent, Trigonometrical Survey,
at Dehra Dun, who considered that the horizontal vibrations had a
frequency of 3 per second, as also by Lieutenant H. W. Kettlewell of
Landour, who estimated them at 4 horizontal vibrations per second.
Some observers at Mussoorie noted 3 distinct shocks with intervals of
2 or 3 seconds. The earthquake sound was a moaning, rushing,
rumbling or rattling noise,. just before and accompanying the shocks.
The direction was north and south or N.E.—S.W. There can be
no doubt from the recorded sensations of observers, as well as from
the evidence of damage to buildings, that the intensity of the earth-
quake was generally less at these places than in the greater part of
Kulu or in the Kéngra valley.
Summing up for the Dehra Dun-Mussoorie area we have:—
(1) Moaning, rushing and rattling sounds.
(2) There were two or three discontinuous shocks.
(3) People standing or walking lost their balance.
(4) Buildings show serious damage, chiefly fissures and cracks,

(5) Loss of life insignificant.
D
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At Lahcre, Amritsar, Jullundur, Sah4ranpur, Rurki, and other cities
Lehore a0d  ofher on the alluvial plains, where the energy of the
cities of the plains. Eﬂrﬂ:lc.{f;\ake had already been so greatly reduced
, by di usion, that the fall of even i
N rupt, and as causi ider
igiz?m\;e&'e tt\;v(.) or three distinct shocks, the ”;ECOC:; S)((i;e}:::);et“?lar;l
heard but)th eing the stronger, Rumbling sounds were gener:Zl]
o sta,ndin jv)i'ﬂarfe not x:ecorded from Lahore, There was no difﬁcult§
and booksgand 1li e}:att wxd'e apart. Trees rustled as in a strong breeze
projected from th§ r articles as well. as cupolas from towers were,
véry complex or elée Stlllpports', The direction of the shocks was either
QOutside the limi ere was more than one distant source of them
imits Just indicated, the progress of the shock .
for the present be followe.] iy shock must

"More distant cffects Th
e

of the shock. very brief outline.

he seoutnd bp.hel.lomena gradually die away ;
eace : the efects ge to uildings and even cracks in wall
ecome limited to shaking of bedstead rattlj Sf

€, mg o

doors and roofs, with the swingi
swinging of 1j i .

suspended from pegs. ging of light articles, especially clothes
i Next come very great areas where t
“:zzusx((::tly, 1w;xs1 a mere vibration ; beyond that, again oth i
as * arceﬁ elt at all, and where the evidence Eorgth , 1 erli v.vhere it

gely made up of observations of the © ShoTi 18 very
Teservoirs. movements of water in

3.—THE ISOSEISMALS,

The accompan}’m'g tw'o maps will show the disposition of the few

Maps. , -!SOSfe15ma1.s, or curves of approximately e;qual

to insert in this Pr;li]r:\?ce intensity, which it is considered prudent

the carthquake form nary account. In the full report, when all
estimated it is 1 s and other sources of information have 1

) 1s hoped that the intervening lines may be ad;ee;in

ed.

Notwithstandi :
) verl hs'tclndmg their present deficiencies, the curves exXDr

le in e&‘estmg nature, which it is the obijec P fiss much of
roughly outline, ‘ ject of this section to

he shock, although felt

In drawi
awing these curves the Rossi-Fore] scale of intensit
. sit
usfdcate of iatensity used, with the exception that isosei Y has been
e must necessarily be different] 1Ismals 1 and 2

int
present day, when great eart ks e at the

hquakes are recorded
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by seismographs all over the world. Prof. Omori’s intensity scale
for destructive earthquakes, on the other hand, though very complete
in the higher grades, allows place for two more isoseismals of still
greater degrees of intensity than the Rossi-Forel No. 10.  These latter
were framed by their author to include surface intensities sufficient
to destroy large iron bridges and railway lines, to shatter and convulse
low cultivated lands, causing trees and vegetables to die, and to
produce fault scarps at the surface—a degree of surface intensity not
reached by the present earthquake. On this account, and because the
lower isoseismals are less complete in Omori's than in the Rossi-Forel
scale, the latter has been found more useful in the present instance.
Only the outermost curve, No. 1, representing the limits of human
sensibility, and the inuermost four isoseismals, Nos. 7, 8, 9, and To,
representing the highest intensities, are here given, that of greatest
intensity, No. 10, appearing to fit the position assigned to it fairly
accurately.

The area of maximum intensity included within isoseismal 1o is
roughly bounded by Dharmsala, Rehlu, Daulat-
pur, Bawarna, and Pélampur ; and it includes
of course the important town of Kéngra, besides some smaller towns
and hamlets. The size of the area is about 200 square miles ; but on
the east-south-east it fades away very gradually into the area of next
intensity. With few exceptions, all or practically all buildings were
found to be destroyed within this area; only the very strong, e.g., the
Dharmsila magazine and treasury, and a few pliable wooden structures
and low huts escaping. Bazars such as those at Kéngra and the Kotwdli
bazar at Dharmsala, built mostly of sun-dried bricks and with slate
or thatch roofs, were literally levelled to the ground. Many of the
smaller scattered bazars of Dharmsila, Bawarna, P4lampur, etc.,
were nearly so levelled, and the same is true for the hamlets dotted
about at intervening points. During my tour through area 1o of the
epicentral tract, nothing immpressed me so much in the valley area as the
contrast between the expanse of ripening wheat fields, the trim tea-
gardens, the well-kept roads, the avenues of trees and occasional wooded
patches—all untouched by the earthquake—and the utter desolation
presented by the mounds and rubbish heaps that alone marked the sites
of former villages and towns. This contrast clearly indicates :—

(2) That the shock was of very great violence at the surface.
(4) That it was not, however, cataclysmic,

Isoseismal No. 10.

D 2
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thus giving a fairly precise upper limit for the surface energy over the
area of greatest destruction.

Besides the usnal roughly-built bazars and villages, the following
were also ruined and mostly wrecked : —

(1) The stronger and massively-built temples of considerable
antiquity, e.g., the Golden Temple and others at Kangra,
besides many small overturned temples and shrines,

(2) The ancient massive fort at Rehly,

(3) Solidly-built court houses, police stations, jails, and barracks.

(4) Tea factories with their heavy machinery,

(5) Mission houses, and the Eng
Palampur.

(6) Many bungalows of various designs and strength,

lish churches at Dharms4la and

Of all these, the roofs, towers, and generally all the walls were
demolished, or with here and there mer

5 € remnants left, The degree of
destruction to such solid masonr

: . sonry buildings was perhaps not so
extreme as at Shillong during the 1897 quake —

was left in position ; but still it represents comple
native but entire rebuilding. There were, however, one or two notable
exceptions in the hilly parts of Dharmsala ; 3 Particularly well-built
bungalow, a few of the Gurkha lines, a portion of 5 bazar—all sheltered
n hollows or bays along the hill-sj i
sometimes without even 3
The damage to hill-g
description to a section
on the rock-structure and
the shock.
The next isoseismal, No, 9 of the scale, e
area of about

here scarcely a stone
te ruin with no alter-

pane of glass being
ides by fissuring ang

mbraces the much larger

iy ‘ 1,600 square miles, surrounding
0. 10 In a rough ellipse, The

. . . reat

this area lies to the east-south-east of the 10 area oty 3 L2t of

tively narrow band continuing round the north-west ;:xlrtth;nl{lai compaz)a.
the west and south this isoseismal can be lo th considus Elrea. n
racy as it cuts Shéhpur, Rénital, and Sujénpur; but furthes able accu-
east by Mandi and Manglaur it is less we]j defined, the dest o south-
within it dying away very gradually in that dire, ! Tuctive effects
case within isoseismal 10,

where it cuts the uninhabj

Ieoseismal No. 9,

cated wi
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Dhauladhér, passing thence to the Beas valley between Sult4npur and
)
Naggar, . .
g’Ighe destructive intensity within this area was found‘ to vary consider-
ably, but as regards the number of houses destroyed it averages about
one—,half The western part of the area is geogrgp}ncally contn}uous
with thf; area within No. 10, and it possesses a similar style of village

architecture. To the east-south-east, however, the Kdngra valley proper

comes to an end, and a few parallel a.nd lofty hill-ranges swee;;)rc;u}x;d
from the north, through which two chxef. passes, the Bub;x1 aIx;dI u 1cl i,
over 8,000 and 6,000 feet respectively, glve entrance. to tbe u \;) v;it (?y
with its imposing and varied mountain scenery, 1t? haza}r.s“ ui lm
many styles, and the quaint timber-bonded houses of the n; l-jpelczlp e.
Throughout this area the only approach to a ?onstant typc(:i(? thu1‘ mdg
able to be used as a rough intensity measufe, 1s to be foun ml e:\)a .
inspection and travellers’ bungalows‘, \.VhICh occu.r at regular sbaiclzs
along the various routes. These'bulldm.gs were in molslt bcgslzs. a ly
rent and broken, but not often entirely rumedﬁ, as errE] a du:1 mgsd 13
area 10. They were, however, comple.tely unlr}hz%blta e, and demande
reconstruction amounting nearly to en.tlre rebuilding. -

From the large portions still standing, the towns of Baijnath, Gun}a,
Mandi, Sultinpur, Bajaura, etc., were seen to compare f'a.\ioura?ly Klth
the devastation wrought within 1§oselsmal 10; but mdn‘rldual‘y t ese
towns show so many and such various stages of d?stljuctlon aLcor;iln;g
to purely local conditions, that their further description mu§t be held
over until the full report is written. Most of th(? sma'l'l ?olldly §tone-
built Hindu temples within this area at Mandi, Baijnath, Ba]aura,
Kulu, etc., successfully withsto<.)d1 t?e]learthquake, as compared with

which have mainly fallen.
thos'le‘hzfxi(l;f: sIt(:aeply mountainous country beginning.east of the Dh.elu-
Mandi road, and extending throughout the rest of this area, has' ‘gn.'en
rise to many landslips, which severe}y damage'd road c‘omfnumcatlon
and caused the Larji lakes. They will be ‘me'ntloned again later. |

The next isoseismal, No. 8, may be split into two detached parts,
The greater of these elliptically surrounds the} 9
area, and in its southern curve cuts Telokendth
(Mangla Devi) near Kotluh, a point l?etyveen Dera Gop:pu.r and
Jaw4lamukhi, Suket, and Rdmpur ; whilst in its n(?rthern curve xlt cuts
less definitely a point between Naggar and M;néll, anothe‘r agltt e eas't
of Manikarn and a third at Gaora near R4mpur. Its area is about 2,150

Isoseismal No. 8.
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square miles, The lesser

detached area of about 1,200 iles i i

»200 square miles including Mussoorie, Landour,
and Dehra Dun, and taje

s an elliptical form wit], |
the greater cllipse.  The evidence
considcrably strong, being b
Hallowes in the Dehra-Muss

ong axis parallel to
for this scparation and parallelism is
ased on the reports of Messrs, Simpson and
oorie arca, combined with local reports from
other outside Places along the same axis, namely, the Chor mountain,
Nihan, Tiri, Srinagar (in Garhw4ly, Rénikhet, and Almora. It jg only
fair, however, to say that one strip of intervening ground between it and
the Rémpur end of the greater arca has not becn examined and no
local reports have been received from it, At the same time any

connection that way seems to me highly improbable, and could it be
proved by surface indications would even then be difficult of explana-
tion,

The damage to buildings within these two ellipses was f

ound to
be still sufficiently pronounced (g be a

a row there, a hill-tower bulge
But there is no doubt that the intensity ha
especially near the boundary lipe, Ther
to be partially habitable, ang obviously Tepairable
reconstruction. The accounts of Messrs, Sim
regard to the area withiy the southery ellipse, indicate about tle

same grade of intensity, and are we illustrated b
ildi : the rec
damage to buildings at Dehrq Dun, Mussoorie, Landmi,r eti rec'I(‘Jlrld .
badly built and unstable structypeg have beep, Seriously S.hatt :f(elg
tered,

OF partially shot away,
ULes, pervade most brick
: Ssitated extensiye

$ become greatly wey

kened,
oad bungalows were

found
without entire
Pson and Hallowes with

repairs
accounts implvin .

SN a simjl, : . .
ve been received, toor slightly inferior
ed, the sy Is0seism

a] iS C()inc
Isoseismal No, 7, afl(_l unlverlsally m

arked

Picentra| regions
Power of carthquake to

arly Ceased, Up Lo isoseismal
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X .

ke were found to be everywhere
NOf 8 ’ ;he;fﬂ:]?,t]ilif tt(:lecoer?iirtiiglcia general attention. Beyond it thg
Sl.lfﬁClent yd to ns presented an ordinary everyday appearance, an
yillages and town: pestiorating things closely, by overhauling individual
it was only On»ll:sw eﬁlrally of small account, falls 'of plaster and
pouses, that (lr?lit ;.r%icles were still to be found subsisting, Neverthe-
of unstablEi' lgll vial plains away from the hil'ls, and espec1ally the
less, the great a 3 cities, undoubtedly did evince a slight amount
larger' o ant damaoie that might at first sight be imputed toba
of.easnly .appareﬂd intenlsity in this direction, As mstances may g
shghtly e damage to the Town Hall, Railway _Station, an
cited the' serious j’i ch’ practical universality of crack.s in bungalows
market 1o LahOl‘e». ted and broken clock-tower at Amritsar, and thfi
in Jullundur, the tévlsrki It seems probable, however, tha:t the natura
earth-f.issures o 1ucali.ties has been really augmented in the above
intensity at these Oature of the alluvial bed. It shoul.d also be re-
instances by theern large towns such as Lahore, with their nun;leflo us
membored thatr::ihigizctura.l subjects, give a greater range for the law
and leCI:lS.e o to furnish us with some few remarkable effects. .
of probal-‘)l 1t1<?5 | surrounding the above area has been drawn pas
T?e lsoselsrga ssouth of Jamu, cutting Sialkote and Lahore, passing
ing slightly o :l X and Ludhiina, and thence curving. round by anu[-
petween JuucllmBililrlior. Its course on the north.east suie of tbe €picen-
ftar?at%zzt air; altcigether problematical. It C;na)’ be tsaiguitlcz1 i:lgiugle t;‘;
ral iles where damage to _
?rea Offagrcii;.tll 332:1(; issq:iz; :llil:hst as a rule, sometimes algilzstteir;tllsrecl)}f'
orm © - i destructive. But in : ]
e a'nlc?l Of-rll)srcz‘xflzlyitmiiceiseix?tlbfllgss represents a de.gree of xlntensxt)f'
the R.os51- Ofil o c,a used general panic, coupled vyith overt roni c;-
e t(l))' cts. In using the above expressions it must be ur&ew
movga:)ézto J:rceiit:ages of damage and not actuals are m??l:l;enseOa
ilti(:: our isospeismals are so large, and the affected areatsgeal' )
very small percentage of destruction aggregates a greaals will not be
y tic description of the lower isoseism
The systema tinued further in this short paper, because
con' mue' . longer depends on personal
The remainiag Isosels-  their delineation no . timation
mals. observation, hut on the. compnratwtf: :jished by
f a large mimber of individually recorded impressions {u
0

the earthquake forms.
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4.—THE ISOSEISMALS IN RELATION TO THE FOCUS.

Taking the isoseismals so far described in one general and compre-
hensive view, some noteworthy peculiaritics may
now be tabulated concerning them, and their
bearing on the nature of the focus pointed out.

We may note :

Nature of the Focus.

(1) The elongated epicentral tract enclosed within the last 3
isoseismals of highest intensity in the Kéngra-Kulu area.

(2) The close approximation of their curves at the west-north-
west end of that tract.

(3) Their widely-separated positions in an opposite direction,
v1z., east-south-east,

(4) The small, isolated ellipse forming the southern part of
isoseismal No. 8 in its course round the Mussoorie area.

With regard to (1) the elongated form of the Kingra-Kulu epicen-
tral tract, it seems certainly to indicate that the original earthquake
impulse proceeded from a centrum of the nature of a line or
following beneath this longitudinally extended tract.

With regard to (2), it should be remarked that in {r
Nurpur to Kingra, and from Haripur or Dera-Gopipur t
cross in each instance through the grades of intensitjes
are marked by trivial cracks in the plaster and corners of
of complete destruction to buildings, and all within th
distance of 8 or g miles. . In other words, the surface inte
extremely rapidly in these directions and indicates g proportionatel
shallow depth for the position of the centrum in the Vicinity, 4

With regard to (3)—which briefly expresses the fact that i
travelling from the Kdngra neighbourhood across the same isoseism ln
but in an east-south-east direction we must cover about ;o mi;ls
of continuous and slightly diminishing intensity—ap exactly o JOS'GES
conclusion is indicated, namely, the increasing depth of the centh e
that direction. rum n

With regard to (4), the conditions im
following an axis parallel to that of the
rather nearer the surface, and of an ac
than that at the Kingra-Kulu centrum,

avelling from
0 Kaingra, we
from such as
walls to those
e short radja]
nsity increases

Ply a smaller Separate centrypy

l’ ;
Kingra-Kyly area, once more
tual focal intensity myc|, less

plane

PART 4.] MIDDLEMISS : Kdngra Earthquake, 19035. o273

For the present we must be content to regard these two axial lines,
lying within planes (probably of faulting), as being the main and subsi-
diary loci either of one universal and contemporaneous shock, or of two,
or even a series, of separate but almost instantaneous shocks, following
one another sympathetically along lines of great tension.

In the earlier days of seismology, when the focus or centrum of an
earthquake shock was conceived of as approxi-
mately a point from which one kind of elastic
vibrations proceeded in a perfectly radial manner, a great deal of atten-
tion was bestowed on overthrown objects and on the direction and
angles made by planes of fissuring in buildings., that is to say, the earth-
quake was treated as more ideal in its simplicity than has subsequently
been shown to be the rule. In the present instance also, a large amount
of data of the above kind has been laboriously accumulated on the
chance that it might all tend to the localisation of a fixed centrum .at a
given depth. Asit has turned out, the above 'data. have generally given
no uniformity of result, either as regards direction or depth. . Very
locally some of them point approximately to t}?e nearest seat of disturb-
ance ; but taken as a whole they can only l.)e interpreted in one o.f two
ways., They must either be considered entirely untrustworthy .owmg to
the secondary effects of different rocks,. ro?k structures, and soils on the
passage of the waves, or their diverse xnd1cat1C).ns mu§tv be taken litera
ally as pointing to innumerable foci having varying positions and depths
One other interpretation, which is a blending of the two previous
ones, is to consider that the facts imply a compl'ication of c.entra, or
points of maximum impulse, distributed along a line of the kind found
probable from a study of the isoseismal chart, This being so, we are
once more driven to make use of the above chart as our chief guide in
searching for further and more quantitative details about the exact posi-
tion and depth of the originating disturbance. The method adopted
by Major C. E. Dutton ! recommends itself here by its reasonableness
and general applicability.

On the assumption of a uniform medium, and that the intensity
varies inversely as the square of the distance from the origin, Dutton
shows that the variation of surface intensity along a horizontal line
drawn from the epicentre is most rapid at a particular point which
depends on the depth of the focus ouly, a point also where the intensity
must be § of the maximum intensity at the epicentre. The relation

Depth of the focus.

1« Earthquakes in the light of the New Seiémology, " Chap. IX (1904).
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betweer.: the two is exhibited by the formula x=
the horizontal distance of the place from the epic
of the focus. If 4 g known, then ¢g=x V3.

A B represents the surface of the ground,

vertical lines are proportional {o the intensitieg
on A B. The resultin

the 3 intensity line.

7 tan 30°, where « is
entre, and 4 the depth
In the diagram, fig. 1,
O the centrum, and the

at the several points

g curve is steepest at the point where it touches

2
4
. ]
i
1
I
A T .
, 0 \3 130 B

N\,

“
o

Fie. 1.

lljo:)v, it sEf:ms that we may apply this formula to th
quake Dby making sections across the epicentral t i :
iong axis. The only difficulty is thlza recogui;?:;ag;l%:;tangles. to its
the cross-section where the intensity declines or varies m portxofl of
With regard to the Kéngra end of the northern epicentra] ZSt AR
is no difficulty, as has already been shown, in makip a raCt’.there
points situated near its W.N.W. end which must be c%r Selec?lo? of
few miles. From those points the distance to the epice tl'eCt. Within a
be less than 7 or more than 12 miles, The centr P entral line cannot

Kdngra and Dharmsdla must lie at some depth gree,atte}i-eizfore’
an ¢

€ present earth-

between
v/3 and
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less than 124/3 miles, 7.¢., between about 12 and 21 miles, Taking
another cross-section over the tract from Naggar through Sultdnpur,
Mandi, and Suket, the horizontal measurements, though less exact,
cannot be less than 12 or greater than 24 miles, and therefore the
depth must lie between 124/3 and 24 v/3, or between 21 and 40 miles.
The centrum thus deduced for this part of the earthquake-area can, there-
fore, be represented by a line or axis running from a Point. about mid-
way between Kéngra aud Dharmséla in an E.S.E. direction towards
Bajaura, a distance horizontally of 50 miles and at a depth of from>12<
24 to >21< 40 miles, the average being fron.1 18 to about 30 miles,
with a dip or pitch of 134 degrees with the horizontal.

It will no doubt be thought by many that the above depths are possi-
bly exaggerated, and in any case ther.e is no dqubt about tl.leir vagueness.
Whilst freely admitting the possibility {)f serious refraction caused by
change of rock-formation through which the.shock‘ must have been
propagated, there are two general facts which point to at least a
considerable depth for the part of the centrum below the Kulu area.
One is the extremely large area over which the §hock has undoubtedly
been felt, and the other the only moderate violence at the surface,
In other words, a shock of intensity 8 at the surface a.t Kulu, if of shallow
origin, would not have been so powerful at tha.t origin as to have been
felt in such remote parts as the Bombay Presidency and Assam, nor
would one of intensity 10 at Kéngra unless it also were proportionately
deep-seated.

With regard to the smaller subsidiary focus for the isolated Dehra.
Mussoorie area, the fact that the latter is delineated by only one isoseis-
mal, which has only been crossed by my colleagues at one point on its
southern limb, and at a time when its isolation from the Kéngra-Kuly
epicentral tract was not suspected, renders impossible the application of
Dutton’s method of estimating the depth, inasmuch as there are no
data for approximately determining the points of most rapid decline of
intensity. On geveral grounds one would expect the depth of the
centrum to be considerably less than at the Kulu end of the northern
area,

8.—INTENSITY : ACCELERATION OF WAVE PARTICLE.

The foregoing isoseismal lines and their enclosed areas, it will be
observed, have been mapped mainly according to the general effects
produced by the earthquake on buildings: That no specific meastire-
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ments have been made of the acceleration, am

plitude, or period of
the w

ave particle is a necessary misfortune in an area destitute of
suitable seismographs. The common practice of drawing a certain
amount of limiting values for these measurements from overthrown or
projected natural bodies has also in this area had little scope, partly
because of the general absence of suitable objects, and partly because
of the extreme complexity of such cases as have occurred. The same
causes which have tended to obscure the conclusions to be drawn from

the direction of objects overthrown have also confused those deducible
from the amount of that overthrow.

mention only the following selected cas

because they appear to be less open t
plexity than any others.

The old European cemetery at Kdngra Bhdwan lies in the middle
of a flat plain, and at the time of my visit exposed a number of
rectangular masonry pillars, overturned or broken with more regularity
of direction than I have seen elsewhere (see fig. 2.) They comprise :—

For the present, I propose to
es as evidence in this connection,
0 objections on the score of com-

LI%:’:# »-.-‘.‘:...ﬂ 4

E-" /" 4
: J ! L )
@ ® ©

Fic. 2.

(A) Two small, rectangular upright tombs, 3 ft. high, by 1 ft.
square- [Fallen as a whole towards N.E.
{B) A pair of gate-pillars, of dressed stone and lime-mortar out-
side, with rubble within, 5 ft. high by 2.4, ft. square,
Fallen as a whole, one towards E.25°N. and one to-
wards W.2¢°S. (7.e., nearly in opposite directiong .
(C) A pair of pillar-like tombs, constructed like the
pillars, 54 ft. high by 3% ft. square.
whole, but shattered above the base into
Using West's simplified formula for determining the
the wave particle, a formula which has stood the test o
mental proof, we have :—

gate-~
Not upset as a
fragments,

acceleration of
f much experi-

f=gZ
y
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where & = half diameter of the base and y = the height of the centre

of gravity. L
gTheny in the three cases above, we have as follows :
’For A) f= > 114 ft. per sec. per sec,
For (B} f = about 13 . ’
For ((,) f= < 9 3] 3

i i bodies were upset towards the direc-
Since in the case of (A) both
tion of shock, and in the case of (B) one towards and onet: z:v;;)l(l »fr(‘):;
that direction, whilst in the case of (C) they were not ucfl)se o ,near
may deduce ’a rate certainly between 11} and 19, and pr y

13 ft. per sec. per sec. for the acceleration of the wave particle at

Kéngra. . _
i f. Omori,! the formula:
But, according to Pro 7 T,
' 39*

i turn--
here 24 is the double amplitude or range of motion .of thef ?;Zrezith
iv: edge, will yield a limiting value for the amPlltud'e o he carth
vigratic;’ns, in the case of short periods where the p.l“al‘ is 0\]7t ,
towards the direction of impulse. Using it we obtain the result,
a = 9% inches,
an amplitude which is large, but not excessive in the case of soft ground
an _
near the epicentre of a great earthquake.
Using this value for @ in the general formula :—
—4ma 2
S="" p | h
i i 1 v the maximum velocity of the
e ¢ is the period of the wave anc :
4‘::1':1 particlepwe can obtain values of £ and . We thus have al
)

ri—
togethe Acceleration f = 13 ft. per sec. per sec.
Amplitude a = 9} inches.
Velocity v = 2} ft. per second.
Period ¢t = 14 seconds.

On the other hand, by using Prof. Omori’s se.cond formula fo.r the
case of a pillar overturned in the forwar'd dlzrechon when the fpe}rllod <?f
motion is comparatively long, and applymg it tf) the second of t et }.)alr
of gate-pillars overturned away from the direction of shock, we get : —

_ 8gy (1—cos ®)
V= 3 cos* ¢

Seismological Fourn. of Fapan. Vol. X VI, p. 120, (1893).
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where ¢ is the angle between a vertical side and the diagonal of the
pillar. That is:—
v =38y ft. per second,

a value which s sufficiently near the one previously obtained by the
other method to be corroborative of it.

6.—TIME OF THE EARTHQUAKE : RATE OF PROPAGATION,

The remarks made by Mr. R. D. Oldham in his memoir on the

Assam earthquake of 1897' as to the varying
“o‘::w“'“"“bs‘"'" standards of time in India, and the varying
) accuracy with which they are kept for ordinary

purposes apply equally today. Without an exhaustive statistical treat-

ment of all the returns sent in, the only way to arrive at an approxi-

mately correct result is to take a selected few of them, which primd
JSacie seem the most reliable. Fortunately, with seismographs of the
Milne type installed at Bombay, Kodaikanal, and Calcutta, there is the
less need to weigh a large body of doubtful evidence. These selected
few mark a great advance on the records available in 1897.

From the Kéngra-Kulu epicentral area it may at once be said that

we have no accurate details, and indeed very few
Beginning of shock .11 EFrom the Dehra-Mussoorie area the auto.-
fixed at 6h. 9m. 0s. a.m. . .
matic records of the Survey of India instrumentsg
have furnished times, which, however, are still 5 matt
regards details.® From Simla the time of arriva] of th
as 6h. gm. 30s, A.M. (Madras time). From towns
of Siatkote, Lahore, Amritsar, and Jullundur there
of testimony derived from well-regulated clocks givi
the time of arrival of the first big shock, Fro
Saharunpur the time is 6h. 11m. os.
may reasonably conclude that at the ch;
about 6h. gm. os. within a second or
Skipping the intervening areas fo

er of enquiry as
e shock is given
about the nearness
Is a genera] body
ng 6h. 1om. o, ag
m Rawalpindi and
the above times we

I tract the time was
two of error,

r the present in this
: account, there
et o e ware gj n?l;raulabcleI from the Government Obser\;atol‘y,
o g o tage waves 2y (Colaba), a nympe, of detailed automati-
204 Cateutin. Eally-recorded times {provisional and subject to
1 uture correction iy detail), from which T naturally
Mem. G. S. 1, Vol, XX J¥, Chap. 1v,

Later informatjon received points tg o 4

corded. The subject wil be discussed in e o Pancy with the times here re-

rthcom'mg full report,
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select those furnished by the seismogi’ffph, it being 'the instrument
best qualified for the purpose. Neglecting the prehmm:%ry tremors,
and confining our attention to the large movements V;f)hlch are most
easily distinguishable in the seismograms, we find t:ey egan abou2h4
minutes after the preliminary tremors, the latter being gtxvexl ;(1:51 b_
13m. 14s. Thus the time of arrival.of the large rr;ovemer;xi a oGa a
was about 6h. 17m. os. At Kodaikanal and Calcutta( 1pur£1 ov.,
ernment Observatories the seismograpbs lrecorded the same phase at
h. 17m. os. respectively.
. ;Ior:' 43;;2&2 thai these large movements as registered on the
’ seismogram films represent the first arrival of
Rate of transit of large the Jarge waves which travelled along the'. surface
raves. of the earth (a generally accepted conclusion) and
that they began at 6h. gm. os. at t.he epicentre, we. can tabulate the
following distances, periods of transit and rates, thus:—

Distance in miles Seconds during [i):d[:‘clzg r:;e
Prace from centre traasit. X dp
' of large epicentre, second.
8o 1*
Bombay (Colaba) . . . 950 4 o8
68 1'95
Kodaikanal . . . . 1,497 7 9
8o 1'08
Calcutta (Alipur) . . . 950 4 o)

It so happens that Colaba and Alipur are exactly the same d-istance
A from the central point of the larger epicentral
Agrees With average . 0, ;5 point fixed by a personal survey of the de-
for 1097 carthauake vastated region ; and the agreement in the time
and consequent rate is extremely satisfactory, anq it may be further
noted to agree to the second place of decimals with the mean valu'e
arrived at by Mr, R. D. Oldham for the 1897 earthquake, .The Kodai-
kanal time and deduced rate come sufficiently near to be in every way
corroborative. M, neglecting the time at the epicentre, we take the
difference of the Kodaikanal time and that of either Alipur or Colaba,
and also the difference of their distances from the known epicentre, we
get 547 miles in 288 seconds, or a rate of 1°9o miles per sec., a rate
which, if applied through the whole distance, would give a time of
6h. 8m. 4os. for the beginning of the shock,  «
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Besides the above time of 6h, 17m. os. recorded at Calcutta, we
have further corroborative times afforded by Mud
cﬂfcl:&:? stopped it point and Saugor Island, which agree in giving
6h. 17m. os. Other time evidence in Calcutta
that may be mentioned here has been derived from the stoppage of
clocks. At St. Xavier's College the electric clock stopped at 6h,
2om. o0s. ; at Alipur Observatory the astronomical clock stopped at 6h.
1gm. o0s., but it is important to remember that so far from the centre as
Calcutta, where the shock was necessarily very weak, it is probable
that these clocks did not stop all at once, and therefore that they con-
siderably overstate the time,
Prof. Omori in his note on the present earthqu

ake seismogram
as registered at Tokyo!

and other places in Japan,

Rate of ftramsit de-  jodyces a rate of 3'3 kilometers per second for
duced by Omori {from the £ Y . . .
Japan selsmographs. € surface transmission— this rate being obtained

by considering the times of arrival of the 3rd phase
of the principal portion of the wave along the minor and major arcs
respectively of the great circle joining Tokyo and Kéngra; together
with the time of re-arrival of the former after making one

complete
circuit of the Earth.

The length of time for that complete circuit was
3h. 15m. 4s. "The value 3.3 kilometers or 2'05 miles per second differs
from the value 198 by only ‘07 of a mile and may be considered

as further corroborative evidence regarding the rate of transmission of
the shock.

7.—FORE.SHOCKS AND AFTER.SHOCKS,

The usual large number of attendant after-

th . A
Ongole earthquake of d.e gr(‘aat S}.II?Cbk of the 4th April, but their
20d April, 1scussion will be reserved for the present, As

tofore-shocks, there is no evidence that any were
felt in the disturbed arca. It may be mentioned, however—althoy h
the occurrence is probably only a coincidence—that on the 2nd A riiga
considerable earthquake shock was felt at Ongole, Markapur (KuIr)nool
district) and Madras, and that after-shocks of jt continued up to and sub-
sequent to the 4th April. On geolegical grounds t

: Lo Un . here is ng reason for
regarding the connection in time as anything but accidenta] and it is
3

shocks have succeeded

! Appendix to Pub. Earthquake Invest, i |
Tokyo, 1905). q st. Com. in Foreign Languages’ No. 23
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only mentioned here because of the importance of anything that might
possibly bear on the matter.

8. GEOLOGICAL CONDITIONS IN RELATION TO THE
EARTHQUAKE.

: heory that great earthquakes are
On the now generzgil); :g:?:::s tset u}})’ : thegearth’s crust by goo.
(1) As causes, tectonic movements, and to. t.heir .sudden relief
(2) As effects, by slipping along a fault, it is of importance 1:0
consider the eeological structure of the area. Alt.hough one can l}?rflg
| der r"f tl{e particular local structura.I accident th?.lt constitute
hope to ldenlt\-l | he matter is of such gravity to rr}ankmd that any
the earthaua o 1s should be recorded. The above 1s one aspect of
hopeful f,uggefstlol10(»lr on the earthquake: Anether aspect is the super-
thf.f bearing o gdeor b(g}i”fects of the earthquake consequent on the nature
ficial ;'md s?c.on oaf {he rocks at the surface. Taking th'ese two aspects
and drsp%:fltli)‘}l order, and premising that the subject 18 Yf%ry comple)f,
;’}f) thiqs:ei:ii)nlqlwhi&’fo]low are made with a full recognition of their
e sugg S .
hypothetical nature, . that could be conveniently
Neither the accompazzll‘f}irm:‘f;“:r g:(z,at area, do anything like
Inbaying °‘fl ;l;e"ia:i:: ;usstice to the top(;graphy of the main and sub-
;[,),eh:(:;f;: alley sidiary epicentral tracts,.whxch re.ally are of a.v.ery
-od and characteristic relief according to their geological Con}p051t10n.
varie '* - 5f Mr. Medlicott’s map!, or cven the general geological maps
HO‘;'e‘ngc‘m srr;allcr scales be consulted for an outlinf.: V'ieW of the
O_f 1nz there will be noticed a striking structural pcc1‘1har1t.y at these
tg\f’(c)) (;;)}i,:‘)ts df the Himalayan area, pamel)f, ;t_hc great'm;)aylhng ho'f lt]he
younger Tertiary fermation of the Sub-Himalaya towards the ngher
b : ins. The line of the “ main boundary ” fault
central regions of the mountai 1 Himalayan rocks of that
separating these Tertiaries from the very o . . rg’s o e tards
region may be observed to take a huge sweep ‘f]“a] e ina NS
from the R4vi River to Drang, and then to ret(tilrnha r?OSt o tne S-imI .
sweep by Mandi, Suket, and Sabathu, and round the olod'rection unt.;
mountain spurs. The Tertiaries then pursuc a normathl ,b ; v !
the Dehra Dun area is reached, when there occ11Jrs ano ;;, }21 l;nu]cs(;
smaller, inbaying of them towards the centra arvez_at. : o:;le: s"ec‘h
along the Himalayan mountain-foot, as we know 1t; is ¢
1 Mem. G. S. 1., Vol. 111, 1864. : .
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exceptional irregularity, unevenness one might say, in the disposition
of these bordering bands of Tertiary strata (see fig. 3).
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Now, the special function of all the folding and fold-faulting of the
col,td::::ablzg implies a  Sub-Himalayan tract that has gone on in Tertiary,
Condid special post-Tertiary and possibly still more recent times
ountgin-ost g o has ufxfdoubtedly been to straighten out this
curve of (o o 2 v:ll:y amiorm curve—the great southwardly convex
any marked o2 ! .1mala.yan chain. Therefore, areas which show
ol b %: a;x'tles Stl“' l'eft, such as those just pointed out, may
Eleoic v, g (™ e vl

15 i .
cdge o :}ll?'slsb ?E?ngshened by the fact that already on the plainward
Pace, as s o :(1151 ztiyartl) band considerable straightening has taken
Hoshiarpur anq south © by the long, straight strike-ridges behind
the mrene in -west of t¥1e Dehra Dun, respectively ; whereas
: ¢ angle of the inbayings show wavering irregularity
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of strike following the contours of the older Himalayan mass, succeeded
by gently dipping areas forming longitudinal valleys, or, as at Dehra,
the so-called “ Dun.”
Another source of such strain, and consequent tendency to move-
Change of foad by MeNts, is undoubtedly provided by the steep
denudation and sedimen- slope from the Kdngra valley at about 3,500 feet
tatlon. to the Dhauladhar ridge at about 16,000 feet, a
horizontal distance of only 6 miles. With such a gradient the local
interchange of load by denudation of the latter, coupled with deposi»
tion on the former, is inevitable ; and that it has gone on for long ages
is evident by the great debris fans and terraces of sand, clay, and
enormous granite boulders that strew the valley-floor and also extend
up the lower hill-spurs near Dharms4la. In a much less important
degree the Dehra Dun presents some similar features.
From what we know of the isostasy of the earth’s crust, especially
It probably implies a 2long the Himalaya, 'such a continuously .main-
further state of straln tained change of loading cannot go on without
requiring re-adjustment. re-adjustment.  Such re-adjustment generally
implies only folding and faulting with occasional insignificant earthquake
shocks ; but at the same time it carries with it the chance of a sudden
change of strain enough tocause a great earthquake. As a matter of
fact earthquakes in this area are said to be common, but generally
non-destructive, whilst underground sounds of the nature of “Barisal
guns” have long been known.!
If the above structural peculiarities in the Kéngra valley and
General instability of Dehra Dunr respectively, may be considered to
Himalayan  Mountain- have any influence in producing special lines of
foot. strain, then the major epicentre located at the
former and the subsidiary epicentre at the latter place, carry out the
same idea by possessing magnitudes proportional in size and intensity
to the assumed causes. Should the particular local causes just out-
lined, however, be dismissed as fanciful, there can still be no doubt
that the general tendency to instability of the Himalayan mountain-foot
as a whole, consequent on rapid change of profile accompanied by

! Mentioned in a letter by Mr. C. Michie Smith, Government Astronomer,
Madras. Mrs. W. S, Meyer, at “ Townsend,”” Simla, about twelve days before the
earthquake, also reports having heard rumbling sounds, not to be confounded
with thunder, which the Meteorological Reporter to the Government of India
reports as absent during the day on which the sounds were heard.

E 2
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change of load, is an adequate cause in itself and one which is
-universally recognised by seismologists in all similar cases.
As to effects, that the earthquake, as felt disastrously and sensibly
Geological conditions At the surface, was in many cases a very much
Influencing surface-effects  modified product, depending largely on the nature
of the earthquake. of the stratified upper crust and on the surface-
deposits, is abundantly clear for general and particular reasons. The
subject is too vast, however, and also too full of unsolvable problems to
do more than refer to it here very briefly. The following points are
noteworthy - —

(1) All the surface valley deposits of alluvium, sand, gravel, and
boulders appear to have heen proportionately more hetero=
geneously shaken than solid rock.

(2) Of rock, the soft Tertiary sandstones have been thrown into
more destructive vibrations than the older
pacted strata.

(3) Narrow ridges with free ends {spurs) have been very much

more shaken than broad arcas and the flat hollows
between the spurs.

and more com-

(4) In the case of the more distant vibrations and tremors, the
great alluvial tracts, and the flat-lying Vindhyans and
Deccan trap with cotton-soil, have rendered such weak

vibrations apparent, whilst the ancient and steeply-dipping

Aravalis have resisted the shocks in & very noticeable

way.-  As a consequence, there occurs an isolated area
round about Udaipur, Dungarpur, Partabgarh, etc,, from
which no accounts of any shock have reached us. It jo
interesting to note that this area was simil

results in the 1897 earthquake, dithough
recorded both east and west of it.

arly barren of
the shock was

9.-—~SPECIAL SURFACE-EFFECTS OF THE EARTHQU AKE

() Earth-fissures : Rock ang Land-slides,

In a short paper without ilustrations it i difficul
Though serious all gre ' "PTCSSION Of the gize 149 importance of the
of superflcial origin. sccondary surface effe

: cts, relatively to the mag-
nitudes (of rountajy and valley) concerned. The

t to convey a true
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danger of over- or under-stating is equally great. But it may att oll{lce
be laid down that of all the ruptures of the hill-sides th;‘;.t. hz‘lve ﬁden
place with their accompaniments of rock-s.howers and sog-ggl? s 1' (?s:
none can be definitely regarded as having been caus;lt] )d{lnd:hs
movements of the solid rock from Dbelow u'pwar‘di. .t’ti;c;uzs duz
origin of the earthquake must be accepted \\'1thou§ 1'(:ts1’;1dC p as due
to iust such a movement having taken place sud(‘len'}t a tl(lat tlhe below
the present surface, yet it nevertheless appears Lertdlflrl . (frouﬁd
of such movement nowhere emerged at the actual sur| d'ce' 0Or ; uicuﬂs
producing changes of contour and drainage, or orlto:.flnfdt;%b aal‘d thé
such as was a feature of the Assam earth.qu(:lke o \ ]37 a“, e
Japanese earthquake of 1891. The great maJ‘ont’\‘r,r 'pr?l ieyse_co,ndary
place in a direction with gravity and .not aga.{nst 1’t .ra f léoae unstablé
and the expression simply of the shakmg or v1bratmg,ao o Dmountain_
material (whether in the form of soil, Fock, flrazmsseS rountaln-
spur) followed by the descent of the disrupte
le\e};"vo causes have contributed to bring int.o special OnoTlc'(,‘ tt};e
rock and soil-cap slides in Kulu. One s lxe
Chief wuls(esan:l";‘::; extremely fissile and Sh(.larf,‘d Cond}tIOIl of ine
lc];::?sl:zt:’e;?c quartz-schists and epidlor,l’tesj, which t(')g"ct er
ith a considerable amount of much “ mashed hmt.estone make up
the pri inal rocks of the Kulu valley. The other is the extremely
" prlnul[:lto which many of the slopes and precipices ol the Beas
S'teep a?ig'ts tributaries have been reduced by the continuotfs s.tca.dy
r“;)esrioa;l o; the river-bed. The Beas is much more gorge-like in its
i | arji, t ajori f large rivers
indings, especially near Larji, than the majority o ge river
;i;lilarTy ’situ'}xted iny the Himalaya. It is n.o wonder,‘ kthcn,t ethiswl;;z
the earthquake came, such greatly Spllr‘lt(?‘r?d roc 1 r‘na,fx; o and
such impending slopes—Ifar above th‘e limiting a.ng.es 0 U_’nytic
afforded ideal conditions [or the production of landslips on a gigan
~ 1 .
5“"?\ brief reference to actual examples must suffice here. In -,the
immediate vicinity of Kéngra ar'ld Dharmsila,
where the hill-slopes are comparatively gcntle.[qr
2 mountainous district, though they steepen rapidly
above Dharms4la, the appearance of fissures along n‘nany gf }tlhe Slo&ej :
such as the Sessions House ridge at th<'3 fo.rmer place, and 't e.dcanw ;
ment spur at Dharmséla, is a fair indication among other evidence o

Kéngra valley and
fieighbourhood.



286 Records of the Geological Survey of India, [Vor. XXXIIL.
the greater intensity of the shock in that area. Special cases such as
the narrowness of the ridge at McLeodganj bazar and at Bryn,” as
also the peculiar lic and rock-composition of the Jail site (all on
Dharmsdla civil hill) have resulted in specially marked destruction,
numberless fissures or, as at the Jail, an actual subsidence of the land in
great blocks,

Above P4lampur, at the head of the Neogal gorge, one very notice=
Neogal able rock-slide in the bare steep crystalline
gof;e'f’m"“' and Neogal xis of the Dhauladhar range continued active
for months after the earthquake. Each subse-
quent after-shock combined with the effects of melting snow dislodged
further loose material, which, in its descent over precipices several
thousand feet sheer into the bed of the gorge, gave rise to a dust-cloud
of great volume that overtopped the great range and was visible for
many miles away. It discoloured the snow-covered ridges far and
near and was so continuous as to alarm the timid by its resemblance to
a volcanic eruption. The nearer hill-spurs above Pélampur were also
much damaged. In particular the {resh soil-cap, left whence snow had
just retreated, showed that these slender ridges must have shaken like
a quivering jelly and split up into fissures every few yards. Nearer
Palampur, again, and at other stream-outlets along the Dhaulzldhﬁr, the
shedding of the scarps of gravel terraces, and the skinning of the steep
slopes carried away with them many miles of water-channels used for
irrigating the lower parts of the Kéngra valley.
A parallel instance to the Neogal Nullah dust-
Fojal Nullat, by the Fojal' Nullah,
of Naggar in Kuly,
same kind, simulating volcanic action, too
day of the earthquake the water joined
torrent. Mr. W. H. Donald, Executive E
that on the 24th May 1894 there was a
landslip, at th'e same place, accompanied by a flood and by a dust-
cloud that continued for four months.
Near Guma and Drang the new cart

cloud is also afforded
about eight miles due west
where phenomena of the
k place, and where on the
the Beas river g5 a black
ngi{leer, Kulu, informs me
previous rock-movement, or

*tr0ad from Pdlampur 1 Mapg;
“ Main-boundary ' fault has been carried along ‘the line o
near Drang: Salt mines. Poundary fault, The hill-si

on both sides of the faylt are
cracks and landslips, but especially just along the j

only are the rocks in that greatly.splintered and

much disfigured by
unction, where not
Powdered condition

' ' iquake, 1995, 287
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i he shearing and crushing that

ted in such places by t ;

Eztzlgoﬁze(iinfor geological ages, but also are ;:nderel;i mlc::re ;?j(t:.;bo:
ily soluble rock-salt.

n of the local outcrops of easily . L o
}c)lz’errex:f\:) road has been destroyed and many of the salt quarries blocke
by rock-showers. ' . rces have. aleo”

i Ichi and Bubu p .
The bridie-ronds :)uv;;retclll(ian Bll:: (s:a:ne way, the latter, which ent::rs
Dulchl and Bubu Passcs. 2 defile near the top, continuing blocked for

many months. | o
i river in Kulu, especially in 1ts hxgher.snow 4 trib
The Farbatirive taries, where precipices of white, muc ;p ine
Parbati River: d, uartz-schists abound, has bee.n pheno-
o ers, which have often carried away
H

menally prolific in rock-showl1 as roads, and filled up the torrent-

with them pine forests as we

. iding debris. . .
beds w;-t‘h itrear:: :;:Ll:l&ge cinﬂuence of the Beas with the Tirthan
At Larji, ne

i d
nd Sainj am akes place n profoun
ini streams t !
Zorgesa t}fe havoc wrought among the steeply
)

P H ; till

) The Larji slips were s

, sight appalling. :

convex spurs 1s attl?r:t: 11‘%0 months after the earthquak:i’nani::teh):

active wh'en I “;'as eob;ble great increase durmg:r the ens inig(;n -

showed signs o aTILris river focus will indeed in my op g
onsoon. . come,

west m ble to communications for years to bave been temporarily

much U'Ouh Tirthan and the Sainj streams have

Both the 11

debris cones, some miles
i]i?vn;elilarljlil? fgzmti‘:g lakes, The lzliatter wa.s1 slt{ill
examined the Barwar lake,
inaccessible when. 1 .w?s ﬂ:ic\::;. b;l: ii about three-fourths mile long
three milcs up the it ,an reason of the rotten and t.n‘uch scarred
n 2t S-Shaped curv?l as 1030 before it attains a condition of rest.
prlfCiplceS abto Vg’ev:o dar?ger :f the dam bursting, as a steady outflow
ere seems to .
’}fad been established with a modere g:adlgl t'che hill-sides gradually
South-cast of the Barwar lake damag et mass exhibits a fov
imini rthern ascent to the Jalori pass ;
dl.mlmshes, :I‘he nod howers, and then there sets in compara ive
minor rock-slides and sho ,e pen valley of the Sutlej near Luri,

ili i in the wid )
;’Itabllllt\%;e;ff;lealil)’ox‘ever’ a prominent rock-slide at the Kempte falls
Near Mus ,

i ay under even
till shows the readiness of very steep slopes to glll\:lzev;i?;nt
ihe moderate shaking which this part of the area

Beeis River at Larjl.

Larjl Lakes.
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(6) Miscellaneous Effects.

A -common accompaniment of carthquakes is the disturh

lines of natural water-springs.  The usual form
which this takes is an increasc in the volume of
water discharged: a result casily scen to be due to the surface-
shaking of the rocks causing a loosening of the joints or other
along which the water escapes.

ance of
Springs.

fissures
- The watcr-supply of Jawalamukhi, which has its source in springs,
but the temple springs, with
their natural inflammable gas, were nol affected.
The boiling springs at Manikarn werc slightly affected by the
carthquake, One was checked altogether, and

Boili springs  at , S N o . Ne
Man(i’k::g. pring left a public bathing-place to run dry, whilst

. was about doubicd ;
Jawalamukhi.springs.

o others within a short range shifted their channels.
The character of the springs and their temperature (high enough to
cook rice and other food-stulfs) remained unchanged,

Near Tipri, in the Parbati valley, a very small spring issuing [rom
arock-cleft flowed muddy for some months alter

the carthquake. Probably the continuance of
after-shocks kept the water from clearing,

The springs at M

Spring, at Tipri.

ackinnon’s Brewery, Mussoorie, increased their
At Mackianow's Brewery,  discharge by from 20 to 30 per cent.: a result

. accurately determined by Mr.
Alter zoth May the incre

of June, when they resum

Mackinnon.
asc showed a gradual {alling off until the end
¢d their normal flow.

The water in ordinary “tanks,” or local reservoirs, was often

visibly affected’ by the earthquake an
Reservoirs: Canals, . 7

mto waves or overflowed their edges,
where the shock was otherwise not felt.

menon round about Calc ombay, and other
places. In the case of {anks divided by partition

: sy the latter com-
monly burst. Qn many canals the water-waye due to the shock was
also distinctly noted.

d thrown
at localitieg
This was a common

pheno-
atta, at Ahmedabad, B

Many cases of so-called carthquake “ghadgys » seem to have
Earthquake “shagows,» OCCurred, Whereby a house, Vi”age or bridge
heltered behing . d ; L5
she and below g v1olently agitated
re spared the shock, which had locally exhausted-
uption of the shcltcring mass. Ag ¢Xamples may

hill or gravel cliff we
itself in visible djgy
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i e i rmséla cantonment ; part of
be mentione.d “,W?Oi;fz;ri:::ulbiiés g.}sls of the Magazine,. ang thosi(i
it b ade oround ; and many rogd-brld_ges int ehep f
north of the ul)l)erhpard mfrous small hamlets immediately nor't }o
central ’tlriélc;.nd (’fiv‘isdelzlu from it by a deep ra\fine or L)ﬁfaz s‘;:/d(;lzrltxlly t 1;;
gillllirmv:irz, probably partly protected ﬂby‘til(J)(;mif ltnhe Wave, partly by
beinlg on firmer rock, and partly by retlec :

. R d shops lymg on the
small villages an ,
main boundary fault. Severdd fs soft tertiary sandstone, one or two

lower north slopes of 2 hill © were- also protected, apparently by

miles cast-south-east of Baijnéth,
being in shadow.
Instances of th

ong narrow idges—are too n nero : ou

long. nars W I tmns desirable for its good position;
wns | v | ¢

ite in 1 and other to ,

site in Dharmséla

i i the standpoint
drai d view, became a most undesirable site frpm he stz Ipoint
Irainage, an ) X _ ‘
of the earthquake.

g -C is dulations O
I rom S ld and Bu[ na ”'le Q dIaWIl Out .dlstant 111.1 f
i‘ il llle fdrth(iuake aﬂ(fcted the bubbles m l(fvel ubCS
t - - A t

i operations, the mov'ement a? 'the

?s:;le%‘ S:l?;zyimli)icating a sur.facet tlllt i :‘){ :b(:;tra?_
5 both above and below the ho.nzon al, & o

seconds of arc (:1, ~ction. . No _ sensible motion was ell at those
e the ¢ t.lli(’oscillat-ions of the bubbles embodied a 't}e loca
places, a?:athiegrszined of this powerful ealrthquake'~ after ‘1 5_ i

e M N e een
:xeé%)yéc'ros‘s. the half of India.

: e jolent movement of
;i ect—the very vio honsdl
e opposite eft s to mention. Every housé:

Movements of bubbies
in level tubes.
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Places between Isoseismals Nos. 9 and 10.
10.—GEOGRAPHICAL INDEX.

Distance in miles

. . s et Lat. N.—Long. E. from nearest point
B Name of town or village. District. of main epicentre,

Places within Isoseismal No, 10,

[
— e —

Jhatingri. . . - Mandi . - 31°57' -76°57" About 3
N. . e Dist 1 ile ’ ;
meottomorvilage, | Diset | Lot Netong . | it o Kohad .. . | King . | ST
of main epicentre. 0.1 O A
- - o Lériji . » . .1 Do. . <1 34477 » 14
Bawirna . . .| Kangra . | 32° 3—76% Mandi . . . .| Mandi . o31%2'—77° o » 10
Chari . . Do. 32°12'~ 7601 Paprola . . . Kangra . .| 32 3—76% » 4
Daulat; . . o i )

p“f . DO. . 320 3’_76019r Ré.nité.l . . . . Do. . . 32 1 76018 » 10
Dharams4la . Do. 3201376024 Shéhpur . . . | Do. . | 32°12'—76°15 Y 8
Kéngra . . . . , All  within a O/ P2
N Pe R e few miles. Sujinpur . . .| Do : -] 31SO=70%33 v 14

agrota . . . , Ogm! —nnO1 o
g Do. 32° 7'—76%6 Sultanpur . . .| Do. . «| 3V 57 —77°10 » 10
Palampur . . Do. . 32° 7/— 76936/ Swar . . Do. . . 32° §—76%5' s IR
Rehlu, e
ehlu . . +| Do. . 32015 —760167
p Places between lsoseismals Nos, 8 and 9.
laces between Isoseismals Nos. 9 and 10.
(1) In Kdngra—Kulu Area.
N £t i str Dist i i
ame of town or village, District. Lat. N.—Long E. fl:o::lc.:ealr??st gl‘:;ﬁ!: ) 5 l);stance in miles
o . of main epicentre, _ Name of town or village. District, Lot N Long. B | e eiremn,
Baijndth , . ‘ - [ N ——
} * -| Kangra . o] 32° 3—-76°42' About 4 e onar o 4
Bajaura . . .l Do. . 31%51'—77°13" Banjar . .| Kéngra . | 31°38'=77724 About 24
* » (o] ’ ’
Barwar (lake) . . .| Mandi . . 11042/___77019, Hamirpur R . .1 Do. . . 31°4I —76°35 » 22
. ” 17 [
Bhuin . . . .| Kangra .| 319%3'— 77913 Jalori (pass) . ] .| Do. . .| 31327727 » 30
* » 9 ) ’
Bubn (pass) . . .| Do. . | 31%sy—g00 4 . Jari . . . .| Do . Y- s 18
» 6 ' r6O99’
Dhelu . . . .| Mandi . o3 o'— 76017 Jawalamukhi . . .| Do. . .| 31%52—76°23 » 16
Drang . . . [ Do . .| 3% 7° v "o . Jiohi .« . « | Do . . 31°36'~77°25' » 36
Dulchi (pass) . . 1 Do. ) ) 31050‘_770 » » 4 Kot . . . .| Do . .| 319317729’ . 33
Guma . . . | po. ) | 31058,_760551 » 5 Manglaur . . .| Do. . . 31040'—77022’ » 21
\ ” 4
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Places between Isoseismals Nos. § and 9,
Name of town or villagee, District. Lat, N.—Long. I Dfirs(fil:ce Int mi!ei
. . neares! 0in
- of main cpicer?trc.
Manikarn . . .| Kingra 32° 2'—77%5’ About

| K ut 24

Nadaun . R . .| Do. 31°47';76°24’ 21
N ) ] ”»
Naggar . N . .| Do. 32° 77701 4 .

7 , » w20
P]il(l:h . . o \ . Do. ‘ . 31039’_—77024' . >23
Suket . . . . | Suket 31%32'— 76058’ o .

» 2
Telokenath . . . | Kdngra | 32°14—g00 g ’
i * 3 I4

(2) In Dehra Dun.-/l/u:soorz'e Avrea.

Name of town or village. District, ) Lat. N.—Long. &, Distancc.in miles

- from epicentre,

Chakrdta . . .|DehraDun | i e —

343 =774 )
Dchra Dun . = . Do. 30°1g’— 780 ;sr ‘
Landour . D;o ] 0. ; {
. . . <30 27’_‘780 7| oy .
Mussoorie D | " !vu‘hm 2few
Mussoorie . ] o. . 30°27'—780 5 J l miles.
-Ré]pur . « .1 Do. 30°24'_78<3 5 ‘J
\
Places between Isoseismals Nos, 7 and § .
Name of town or village, District, Lat, N-*Long " Dfistancc " mileg
“=e | Irom ncarest poy
E 1o Olmain Cpi:cn%?g)t
Amritsar . . Amritsar | . o | T
Bilaspur T e
ilaspur . .| Simla States | L., . »
Chamb R B e
amba o «| Chamba , 0 A ¥
Chawai B
awai . . -1 Kangra ., - S
: *1 31727 —77%0’ L33
'_‘\ ) »
e ———————

PART 4.]

Places hetween lsoseismals Nos. 7 and 8,

MIDDLEMISS : Kdngra Earthquake, r905. "

293

Name of town or village.,

- District.

Chini

Dagshai -, . .
Dalhousie <
Dera Gopipur . .
Gurdaspur .
Hardwar . .
Haripur . . .
Hoshiarpur . .
Jullundur .
Kailka . . .
Kapurthdla .
Kasauli .

Kotgarh . . .

Lahore . . .
Luri . .
Mozuffarnagar .

Nahan . .
Najibatad . .
Nurpur . .
Pathankot .

Pauri . .
Rurki .

§abéthu .

*Sah4ranpur

Bushahr .
Simla
Gurdaspur {
Kangra
Gurdaspur
Sahiranpur
Kangra
Hoshiarpur
Jultundur
Umbdlla .
Kapurthala
Umballa .
Simla States
Lahore .

Simla States

'

Mozuffarnagar .
Sirmur
Bijnor
Kangra
Do. .

Brt, Garhwdl
Saharanpur
Simla States

Saharanpur

Lat, Ne—Long E.-
31%32'—78°19’
30%53"~77° 6
32%22'—76° o'
31%53'—76°16'
32° 3'—75%26'
29%57"— 7814
32° o'—76°13’
31°933'—75%8’
31°19'—75%38"
30%50'—76%9
31°24'—~75°25'
309:3'—77° 1/
31°15'—77%4’
31%34"—74%1'
31°20"—77%9’
29%28'—~77%s’
30°32"~77%21"
29°37'—78%0’
32%18'—75°%57’
32%17'—75%42'
30° 9'—78%¢’
29°53"—77°57
30%58'—~77° 2’
-29%8'—77%35’

Distance in miles
from- nearest point
of main epicentre,

12

'67-

20

53

144

48
70
70
77
65
45
122
42
170
9o
170
26
39
141
144
61

129
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Places between Isoseismals Nos,

Geological Survey, Ingjq, [VoL. XXXII, Pt. 4.

7 and 8,
——
Dist in miles
Name of town or village, District, Lat, N.-Long E, ;:o:‘,iccmlgﬂ point
ol main epicentre,
—_— T e— -
Sia"{ot . . Sialkot . . 32030'5_ 7403 4’ 106
Simla +  +|Simla "] 31° 6'—gs0p s 58
Srinagar . . Brt. Garhwy) . 30°I3'-78°46’ 147
Tarn Taran | « | Amritsar | 31026:‘74054, 96
Tiri . N . . Garh“’é.l . . 30022"780321 128
Umbila , . « | Umbally | | 30°21'-76°52’ Yoz
\

700

TONS

OF

TH(;UEANDS

Holle

800}

501

40t

30

20
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Places bet e h
ween Isoseismal
8 Nos. 7 angd
. 8.
Name of town or y;
vill
illage, District, Lat o
’ At No—Long E, flﬁ;an:mncea:?st T‘;k:
| N 5 n
— - | B of main cpiCCﬂitrc'
- . « | Sialkot 3 s |
a . . i 2 e
N . + | Simia 3196 o ”
hagar. . | ’—-770”1
. - | Brt. Garhw4j 30%13" ”
& n . . i ~ 8° |
iy o | Amritsae | 31%¢6 T v
. 26"~ 40
. . L3 A 7 |
o « | Garhwil . 30° o g
0 . 22" 80 |
| Umballa |, | 30°21" i -
| 30°21"— ;6% 102
M

G. LC, P‘!o-‘No_ 653 D

G, Sum‘.

¥ 1801208 api”
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