GENERAL SERIES—BULLETIN No. ?

DEPARTMENT OF MINES & GEOLOGY
MYSORE STATE

MINERAL RESOURCERS
OF MYSORE

A BRIEF ACCOUNT O THE MORE IMPORTANT ECONOMIC
MINERALS, THEITRR OCCURRINCIE AND DISTRIBUTION
WITH NOTES ON THEIR MINING AND METALLUR-
GICAL TREATMENT AND [ISES.

By

W. F.SMEETH, psc. ansd,
Director
AND

P. SAMPAT IYENGAR, a4,

Assistant Grologist

o

BANGALORE
PRINLED AT THE GOVERNMEINT PRESS
1916



W T LT GPB— 100030840

U. A. S. BANGALORE
UNIVERSITY LIBRARY.

28 APRIZ7
42252
ACC. NO

CL. NO.




CONTENTS.

INTRODUCTORY—
Grouping ol Minerals

I METALLIFEROUS VMINKRALS —

Gold -

Value of output, ...
Old workings.—Distyibution. General eharacter. Valno
as indieators.  lxpenditare on prospoeting,  Quartz
onterops valueless
Cieoloaienl  ocewrrence, —VUpper  and  lower  Dhavwars,
Yarietios ol quariz veins,  Possible differences in age.
Macluen's views.,  \ssoclation of awiferons veius

with acid Intrusives,  Clhiunpion geiss. Peninsular

e .

Other occwrrences.—NVeins in tap, Old workings in
potstone.  In ferruginous quartzite. I conglome-
rate and quartzites.  In oacid intrasives.  In sorl
and alluvivnm L.

Miwing and Procpecting work —

Nolar Gold FField:- -Character of veins.  Tife of field.
Statistics of production. Mining.,  Metallurgy, Tail-
ings damps. Grade and value of ore. Working
costs.  New Kempinkote,  Balaghat.,  Alimed's
Block

Rolwr Sehivts Novth of the Kol Tield i~ -Krishnaraj-
pur.  Plantation  Block.,  last Bebatayaswuni,
Shaw's Block.,  Juvamuangalam.  Muanighatta

The Centrul or Chitwldrug Schises i — [Tuleka!. Honne-
maradi.  Kotemaradi and  Gonur.  Bodimaradi,
Javanwhelli,  Anvesidvi, Ramanballi. Ajjanhalli.
Dindivara.  Bellara.  Honnebagi.  Kaliganahalli,
Naganangala.  Hunjankere.  Butsahalh

Patin

2

11

37



PAGE

West Central Schists :—Yelvari (Haranhalli), Kem-
pinkote. Bellibetta. Amble.  Woolagiri .o 41
Tlonnali Gold Field :—Honnali Gold Mining Com-
pany. Honnali Tribute Syndicate. Number 15,
Palavanhalli .. 45
Shimoga-Tarikere  Group :-——Chornadihalli.  Honne-
hatti,  Mysore-Nagar Gold Mining  Company.
Tambadiballi,  Teak Plantation Block. Jalagar-
gundi.  Shiddarballi, Nandi.  Devrokal.  Ajjam-
pur.  Bukkamibudi I Vi
Summary ;— Results and prospects ... 03

Iron —

Iron ares.— Classifiention.  Ores of the DBababudan
ills., Mugnetite. Hematite and  limonite.
Residual oves.  Replacement ores.  Hawd crust.
Twteritoid.  Barthy hwmatites.  Harder lump ove.

Quantity. Costs o 06
Timonite ores in tho Shimoga ])ancb o 67
Ovres in Chitaldrug Schists ... 67
Quartz. Magnotite ores of the Charnockite Seue% .. 07
Titanilerous ores ... .. 68

Dossibilities of nlilizing the ores--
Indigenous smelting industry: —Iron. Steel. Materials.
Costs ... 08
Export of ore :—=Cost aund values VS |
Smelting in modern blast furnaces :— Coke. Charcoal,
Plant.  Cost of production 72
Llectric smelting of ore: -Cost of power. Compari-

son with charconl.  Cost of smelting.. 75
Steel-making - —lectric smelting. %eel direct flom

ore, Steal from pig iron.  Costs o 77
Steel from serap. Small plant.  Value of pro-

duets . ... 80
stinate lor output of 2, 000 LonH por annuim .. 81
Estimate for output of 11,000 tons por annum ..o 81

Stnemary.—-Suggestions for smelting scheme.  Scope
and character ... ... 82



i

PAGE
Manganese—

Manganese  ores. —Distribution, Quantity exported.
Geological ocewrrence.  Grade and composition.  Im-
provement in depth,  Cost of ore. Value of ore ... 94

Utilization of ores.—Spiegel and lerro ... 101

Smelting in India. Costs. Influence ol phosphorus ... 102

Smelting in Mysore. Charcoal smelting, Costs. Churac-
ter of products. DPossible markets ... 104

Eleetrie smelting.  Costs ... 108

Other forro-alloys ... ... 109

Chromium—

Chrome ores.~-Character.  Distribution and oceurrence.
Low grade ores.  High grade ores. Supplies in othor

countries .. 110
Composition of ore L 113
Cost and value ... . 113
Uses.  Manufacture of ferro-chrome.  Costs ... 113
Output of ore ... 116

Other Metalliferous Minerals—

Copper 117
Stlver ... 118
Lead ... 119
Zing ... 119
Antemony ... 120

TI. MINERALS TSED IN VARIOUS INDUSTRIES—

(a) Abrasive Materials—

Corundun.—Character. Distribution and occurrence.

Value. Mining und dressing ... 123
Production ol corundum in Mysore .. 127
(farnet.—Character.  Distribution. Uses. (Gem stones.
Demand for abrasivo purposes. Market values ... 128
Ml stones.~Varieties. Local use ... 130

(b) Refractory Materials——

Mica.—Character. Uses. Oceurrence and distribution,
Output. Values ... 131



v

Pacr
Asbestos.—Commerein]  vavielies.  Character.  Uses.
Oceurrence and distribution.  Value ... .. 134
Maygnesite— Character and mode of oceurrence.  Mas-
sive and erystalline vavietics.  Distribution.  Compo-
sition,  Anulyses ... 136
Raw magnesite. Canstic Magnesia.  Dead burnt muag-
nesin.  Magnesin bricks .. ... 140
Cosb ol mining 143
Cost ol culeining 143
Cost of dead hurning 144
Chromite, —Use [or velractory linings 144
Potstone.— Yarieties,  Uses.  Distribution ..o 144
Fire Cluy.—TUse of Inohinizad materials ... .. 145

(c) Mineral Pigments
Ochres, owides and coloured clays.  Character ol Mysore
ochres. Value of samples.  Ixperimental work ... LI7

(d) Materials used for Agriculture, Chemical

Industries and Food—

Lyrites.—Composition,  Chawracker and distribution in
Mysore.  Comparison of cost with that of imported
pyrites or sulphur .. 149

Suwlphurie acid —Demand in Mysore.  Cost dependent
on demand.  Materials reguived.  Approximate esti-
muates of cost ol manulucture ..o 151

Fpsone Salt-—Production  from Mysore  nagnesite.
Materials vequived.  Cost ol materials.  Market
values,  Use of muagnesite instewd of sodium carbo-

nate Tor making carbonic acid ..o 154
Lime—Need {for agricultural purposes o 10
Spatite. Quantity available insignificant, ... . 135

Calciuonm Cyanamide.~ Commercial  Tform known  as
“nitrolim o lime-nitrogen.”  Tixation of atmos-
phevic nitrogen.  Carbide.  Cynamide.  Ammonia.
Value as fertilizer.  Raw-materinls for manufacture. 156

Power required ... ... 159

Rough estimuate of cost of production ... 159

Possible unsuitability ol Mysore limestone ... 160



Paur

Sall.— Distribution of saline oarth. Collection, local
production snd valus ... 160
Soda- -Alkaline earths, Sodu cake. Value. Collection
of samples.  Timeof collection.  Vaviation in contents
of soda and salt.  Anulyses of alkaline varths ... 161
IT1 MaTERTATS 1Ot CONSTRUCTION, ETC. —

Lime  Nankar. ~Character and made of  occurrence.

Sonme  locnlities, Cost ol Kankar from various
locadities,  Cost of fuel.  Cost of burat Lime e 163
Fomestovne, -Distribution.  Origin, Somposition  and

character. High-eudeivm and magnesian limesfones,
Anulvges.  Use of the Hinestones :— Not used hitherto 169

Cost of quarrving and hurning L 177
Hyvdrated lime.  Lhne for paper pulp . 179
Portland cemwent.  Smindl demand in Mysore. Rough
estimate of cost ... R VAY
Limestoue for flux .., ... 181
Crushed Hmestone and buwnt Hime for agricultural puy-
poses.  Influence of magnesia.  Possible dennd .0 181
Conclusion . ... 183

Clays—Character. Wide distribution,  Good elay com-

paratively rave.  Drick and tile making ... ... 183
Auwolin. Cowmposition. Mode of occurrence.  Distribu-
tion.  Notes on some deposits.  Prospecting and
preparation.  Iinquirtes as  to commercial  value.
Manufactuwre of porcelin ... L 184
Lelspar. —Use.  Occwrrence.  Absence of demand ... 188
18ailed 1oy cand Ornamental Stones — Large variety. Gneiss.
Guranites. Potstones.  Trap. Porphyries and felsites.
Fuchsite quartzite.  Polished samples ... ... 189
IV. Rare MINERALS-—
Monazite ... 101
Samarskete L 192
Colwmbite and Tantaliie .. 192
- Beryl .o 192

Graphate ... 193






TABLES AND STATEMENTS.

Pace
TABTLE 1.—Gold production and royalty 21
. 2.—Totul Gold production in Mysore toend of 1014 ... 23
Diagrum showing thz production of the principal
mines of the Iolur Iield ... 25
. 3.—Grade of ore in the Kolar Mines .. 30
" 4.—Costs on the Kolar Gold IMield in rupees per ton o[
2,000 lbs .31
N an
Iron Oros ... OB
), £.— Analyses from trial pits, I’mhn.budn.n 110n Ores ... 60
. 7.—-Analyses of Iron ores from various loculitios ... 04
Statement ol materials used i indigenous smelt-
ing of iron and steel ... ... 69
Cost of making charcoal iron .. 74
Relative costs of charcoal and electuut\ ... 76
Costs of electric smelting of iron ore 7T
Costs of electric conversion of pig iron to steel ... 7Y
Costs of making steel from scrap in electric fur-
naces . .. 81
. 8.—Localities of the punupml deposxt% 01 I\mefm)ese
Ore . ... 86
" 9.—Quantity of ore exponted hom 1906- 1914 ... 90
»  10.—Grading of Manganese QOres ... 93
,»  11.—Analyses of Mysore Manganese Ores .. 95
w  12.—Cost of Manganesc Ore per ton .99
. 13.—-Estimated costs, per ton, of Ferro-manganese Lmd
Spiegel in Mysore . 105
,  14.—Costs of Electric Ferro-manganese ... ... log
» 1. —Analyses of Mysore Chrome Qres ... ... 114

Estimate of cost of making Ferro-chrome . 115



TABLE

Vil

16.— Production of Chrome Tron Ore in Mysove, during
the vears 1907-1914 .
" Mysore Antimony QOves

18.—Production of Corundum in Mysore durving the

vewrs 1900 o 1914
19.——Output and value ol Mica

90.- -Anulyses of Magnesite from '\l\so)e and other

localities

21, léstimate of cost of caleining Mugnesite in Mysore

2. —-Approximate estimutes of cost of Sulphurie Acid
23. —Rough estimale of cost of Cyanamide
21, —Analvses of Alkaline ldarth

20— Analyses of Kankuar from the Mysore State mld

from Salem {(Madhas Presidency)
26.—Cost of Kankur per ton
27— Cost of hurnt Hine per ton
2

28, Analvses ol Mysore Limestones  chiefly speci-

mens .
29 —Anulyses of \(mel(s of \[\ sore leeat(mes (rom
cortain nreas . .
30, Dstinate of cost of ot lnn(‘ Mrom leexfone

3l -Bstinte of cost of muaking Pordland cement

Paar

116
121

127
133

139
143
153
160
163

166
168
168

174
178
180



INineral Resources of MNysore.

—
Introductory.

TuE following brief account of the more important econo-
mic minerals of Mysore has been compiled at the request of
the Government of Mysore for a brief bulletin giving an
account of the occurrence and distribution of the minerals of
the State, their geological relationship, nining and metallur-
gical treatiment and possibilities of exploitation and use. Tt is
intended that the bulletin shall be translated into Kanarese
so that all classes of the community may have an opportunity
of taking an intercst in the minerals and their development.
It has been a matter of considerable perplexity to decide what
should be included and what onmitted and every effort has been
made to keep the bulletin as brief as possible, without omitting
features of importance, and to avoid unnccessary technicalities.

A special map has been prepared and included in which
the two mnain rock systems, viz., the Dharwar Schists and
the Granitic Gneisses are shown. The distribution of the
varions minervals is indicated by symbols at points where
they have been worked recently or where old workings occur
or where noticeable quantities have been discovered.

For those who wish to have [urther inforination about
the formations a geological map, on a scale of 8 miles to an
inch, has been prepared and will be issued separately showing
the distribution and relationships of the principal rock types
and formations as disclosed by the Geological Survey.

A brief bulletin (Bulletin No. ) giving an outline of the
geological history of the State is in the press and will issue

M.R.M, B
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shortly. This may be referred to in explanation of the map
or in connection with geological features alluded to in the
present publication in connection with the occurrence and
digtribution of mineynls.

With regard to metallurgical treatment it may be noted
that the only metallurgical work in the State is the treatment
of the gold oves of the Kolar Field with the exception, perhaps,
of the now practically extinct local iron-smelting and steel-
making industry. It is not possible, therefore, to give specific
accounts, based on actual practice and results, of the treatment of
other ores and minevals under local conditions. The problem
of utilizing Jocal ores and minerals and developing metailurgi-
cal industries is however a fascinating one and has becn, from
time to thue, the subject of mnch discussion and altention and
it has been thought desirable, for the information of the public,
to give briel nofes of processes, uses, etc., ol such of the
minerals as appear 1o provide near or remote possibilities of
development wnder loeal conditions.  Such notes, which in-
clade in some cases provisional cstimates of costs, must be
accepted with due caution and rescrve. They are based on
experience derived from other conntries in which many of the
conditions are different and although attempts have been made
to allow for local factors so far as they are known or can be
foresecen it must not be forgotten that commercial success
depends on a multitude of adjustments some of which are of
considerable delicacy.

It 1s hoped however that the notes given will be both
interesting and useful and will help towards a clearer under-
standing and discussion of the problems involved.

The minerals dealt with vary greatly in quantity and
commercial value and some are little more than specimens of
scientific interest. I'hey may be divided into groups as fol-
lows :—

L. Metalliferous minerals—Qres of gold, silver, iron,
manganese, chromium, copper, lead and anti-
mony.
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II. Minerals used in various industries :-—

(@) ABRASIVE MATERIALS.-—Corundum, garnet and
mill-stones.

(D) REFRACTORY MATERIALS.—Mica, asbestos, pot-
stone, magnesite, chrome-iron ore and fire
clay.

(¢) MINRRAL PIGMENTS.—Lled and yellow ochres,

(d) MATERIALS USED FOR AGRICULTURE, CIIEMICAL
INDUSTRIES AND FooD.—Including lime, apa-
tite, pyrites, earth-salt and earth-soda.

111, Materials for construction, ete.—Lime-kankar, lime-
stone, brick and tile and pottery clays, kaolin,
felspar, building and ornamental stones.

IV. Rare minerals and minerals of imiled occurrence.—
Including monazite, columbite, samarskite, beryl,
and graphite.

1, Inetatlirerous INinerals.

Gold.

Gold is the ost important mineral product of the
Mysore State and in point of value the produce of the Mysore
(3old Mines stands second amongst the minerals of the Indian
Empire being surpassed only by coal the total value of which
is now rather more than 1} times the value of the gold from
the Kolar Gold Field.

In 1914 the total value of the minervals of India for which
returns are available amounted to about 15 crores of rupees
(£10,000,000) out of which the gold from Mysore contributed
Rs. 8,25,36,710 (£2,169,114) or nearly 22 per cent of the total
value of Indiap wminerals. Since the commencement of
modern mining operations in 1882 to the cnd of 1914 the
total gold production of Mysore has been a little over Rs. 634

M.R.M, B2
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erores (£42,466,790) the whole of which has come from' the
Kolar Gold Field with the exception of Es. 43,170 obtained
from trial crushings from a few ontside mines. In a later
section the yearly production 1s shown in tabular form. &qd a8
diagram is given showing the yearly progress of the principal
mines from the commencement of operations. '
0id workings.—Gold mining is by no means a new indus-
try in Mysore. Hundreds of old workings have been found
and bear witness to a widely extended industry in ancient
times. There is little historical or traditional information
about these workings or the people who made them. Doubt-
iess some ave very ancient, while others are of no great anti-
quity and the ratc of gold production nust have been quite
small. The total amount of gold obtained was no doubt
considerable, but even this was in all probability but a fraction
of the amount since obtained from the Kolar Mines and is
unlikely to have exceeded o few million pounds sterling or a
few crores of rupees.

The distribution of the principal old workings is shown
on the accompanying map in which the symbol for gold
vepresents in most cases an old working or a group of work-
ings. It will be seen that the workings are confined to the
belts and patches of the Dharwar Schists and that they are
absent from the great mass of the later intrusive granites and
gneisses. It would lengthen this bulletin too much to give a
detailed list of these workings, but the more important will be
referred to in connection with their geological occurrence and
with brief accounts of the work done in investigating them.

Many old workings still remain as large open pits or as
irregular adits, tunnels or burrows. Some
have been more or less filled in by natural
collapse or by the washing in of debris, soil, etc., and in many
cases the filling has been so complete that little or no indica-
tions of old workings remain. On the Kolar Field some of
these workings extend to a depth of 300 feet and at Hutti, in
the Nizam’'s Dominions, they are said to reach a depth of some

(eneral character.
—
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640 feet. The majority are however much shallower and
many are mere surface excavations. Dumps” of broken rock
and quartz are generally found close by and sometimes give 4
clue to the presence of the workings when the pits themselves
have been completely filled in and covered with soil and
vegetation. .
Ancient workings for gold are no doubt a valuable indi-
Value of old workings as _ Cation of the presence of gold and of the
indicators. existence, at onc time, of swall or large
patches of valuable gold ore. It is possible that, us the richer
patches were worked-out or abandoned, workings were opened
on cowparatively poor ore which would not even pay under
modern conditions; but on the whole 1t is probable that most
workings were on cowparatively rich ore. The enormous
amount of modern work which has been done on these old
workings has proved conclusively that in the majority of
instances they do not indicate the existence of valuable depo-
sits immediately beneath them. The mines on the Champion
Lode at Kolar, the Hutti Minc in the Nizam's Dominion and
one or two mines on the Anantapur Field arc exceptions which
prove the rule out of a large number of workings below which
the absence of valuable deposits has been practically ascer-
tained. The old workings on the Champion Lode at Kolar
followed each other in close succession for four or five miles
along a well-detined line and weve excavated on a number of
rich shoots in the quartz vein, or succession of veins, which
carry the gold. The shoots are sufficiently large or sufficiently
numerous to permit of new ones being searched for and opened
up before the earlier found ones are exhausted and the fact
that they are mostly distributed along a nearly continuous
vein of quartz or lode matter facilitates and directs the search.
The numerous old workings along a line at surface is an indi-
cation of these favourable conditions. Elsewhere in the Kolar
Gold Field and in other parts of Mysore these conditions do
not exist to anything like the same extent, but hundreds of
old workings exist which are isolated or in irregular groups and




which indicate the foriner existence of small isolated lenses or
choots of rich ore, or rich pockets in low grade zones or super-
ficial accumulations of the weathered, and possibly enriched,
debris of low grade veins or lode matter. The sanguine hopes
which have been entertained about these workings, many of
which are of considerable size and depth, have not been real-
ized notwithstanding the Jarge amount of work and money
expended. The amount of money expended on the prospect-
ing of these old workings in Mysore—outside of the Kolar Gold
Field—is in the ncighbourhood of 30 to 40 lakhs of rupees
and so far not a single paying mine has been discovered.
Numerous quartz veins traverse the schists and many
ouartz outcrops vale. O them outcrop at surface. Some of
less. these outerops are close to old workings
and in the carly days of prospecting were regarded as valuable
indications of gold. Since then a large number of these out-
crops have becn tested and in many places trenches and shafts
have opened them up and have demonstrated their valueless
character.  Occasionally assays of a few dwts, have been
obtained and in two instances in the ncighbourhood of Kudri-
konda small outerops of quartz have been found recentiy from
which assays of sowe ounces per ton were obtained. We may
take 1t as an almost universal rnle that outcropping veins are
valueless,  The systewatic scarch for gold by the ancient
workers as revealed by old workings has resulted in the alinost
complete removal of outerops carrying valuable amounts of
gold and in the wmajority of cases these shoots or pockets have
heen completely cleaned out. Therc is no doubt that other
shoots, lenses and pockets occur at varying depths below
surfacc and give no surface indications of their existence.
Many of these have been opened up in the course of deep
prospecting, but with the cxception of those on the Kolar
Field all have proved to be snall and erratically distributed
rendering the cost of prospecting and mining greater than the
value of the gold recoverable.
These conditions render the work of the prospector
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difficult and very expensive, and the results obtained so far
are most discouraging and disappointing., There are a few
points at which further work is expected to be carried on after
the war and it 1s possible that some zones of low grade lode
matter may be found of sufficient extent and under sufficiently
favourable conditions for cheap treatment to permit of their
being worked, but we cannot shut our eyes to the fact that
the hopes based on the success of the Kolar Mincs and on the
existence of numerous old workings in other parts of the
State huve dwindled very seriously with the progress of survey
work and deep prospecting.

A very brief account of the distribution of the gold in the
various geological formations and of the results of modern
prospecting work at the more hmportant points will now be
given. A brief account of the formations will be found in
Bulletin  No. 6 and they will not be described in any
detail herc.  Further details of the work done will be found
in the Reports of the Chief Inspector of Mines and in the
Records of the Gevlogical Departinent the summarized con-
tents of which will be found at the end of this Balletin.

The older known workings have been described by Bruce
Foote in his ' Auriferous 'I'racts in Mysore” (1887), extracts
from which will be found in Rice's Guzctbecr of Mysore,
Volume I, 1897. At the time that the Kolar Gold Field was
beginning to attract attention leases were taken out over the
majority of these old workings, but the work done fuiled to
yield prowmising results and there was a lull in prospecting
work. Subsequently, as the results ol the work of the Geolo-
gical Survey, many old workings, not hitherto known, were
discovered and for the past ten or twelve years there has been
a considerable renewal of activity the results of which have
been, so far, disappointing on the whole.

GEOLOGICAL OCCURRENCE OF GOLD.

The gold occurs chicfly in quartz veins and lenses in the
Dharwar Schists both in the lower division consisting of dark
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hornblendic schists and amphibolites and in the upper division
consisting of greenstones, chlorite schists, calc-chlorite and
tulcose schists. The former are the most important and in-
clude all the mines of the Kolar Field and the Hutti Mine in
the Nizam’s Dominions which are the principal producers in
India. As the two divisions of the schists are not differenti-
ated in the accompanying map the various old workings and
places where gold has been found or worked are distinguished
by different symbols according to whether they lie in the
lower or the upper division. The auriferous veins of the Kolar
Ficld are mainly of a dark bluish or grey colour, but the colour
varies greatly and is often ncarly white. On this account
dark blue veins arc usually regarded by prospectors as a
favourable indication of gold, but this is by no means a satis-
factory guide. Vcins of very dark quartz occur in both the
hornblendic and chloritic rocks and commonly carry no gold.
On the other hand many small rich lenses and stringers of
white quartz have been found during prospecting work
especially m the chlovitic schists.  In the Dharwar (Gadag)
Field which lies on the northern extension of the Chitaldrug
belt practically all of the old workings are in white quartz
veins in the chlorilic series and the sawe is believed to be the
case on the Anantapur Field. On the other hand the auri-
ferous veins of Kolar and Hutti are of the dark blue variety
and lie in the dark hornblendic rocks.

On the whole it is probably a fair generalization to say
that the auriferous veins of the lower (hornblendic series) are
usually dark, while those of the upper (chloritic) series are
usually white or ncarly so. In addition there are other veins
of durk quartz in both series which are barren and are pro-
bably of a diflerent age to the auriferous ones and there are
numerous and very conspicuous veins of white quartz in both
series and in the gneiss which are also barven and are probably
of later age than the auriferous veins as a whole.

Maclaren (') has noted the above distinction between the

(M Notes on isjomc Auriferous Tructs in Southern India, By T, Maleohn Mac-
laren, B.6c., ¥.0.6., Records, Geological Swrvey of India, Volume XXXIV, Part 2.
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auriferous veins of the chloritic and hornblendic rocks and
suggests that those of the hornblendic sertes are much older
than those of the chloritic series which latter he conceives to
be associated with the great igneous activity represcnted by the
numerous dolerite dykes which traverse the schists and gneis-
ses and therefore of post-archman age. We are unable to
agree with this latter suggestion. It may be true that the
dark veins in the hornblendic rocks are older and more crushed
than the white veins of the chloritic serics, but even this is
by no means certain. The degree of crushing is locally very
variable in both cages and some of the white veins show con-
siderable signs of crushing and movement and appear to be
older than many of the barren veins of quartz and pegmatite
which occur in the schists and gneisses and which are intruded
by the dolerite dykes. The latter show no signs of crushing
or movement whatever. It must be remembered that Maclaren
regarded the schists as laid down on, and later than, the funda-
mental gneiss and was therelore debarred {rom regarding the
latter as a source of the quartz and gold. We take the oppo-
site view as explained in the following section.

ASSOCIATION OF AURIFEROUS VEINS WITH ACID INTRUSIVES.

In Mysore the evidence that the fundamental gneiss—or as
we now prefer to call it the Peninsular gneiss—is younger than
the Dharwar Schists is so strong that it may now be regavded
as established. Further, we have shown thuat there is a limited
gneissic series—the Champion gneiss—whicl is older than the
Peninsular gneiss but still younger than the Dharwar Schists
and we regard this Champion gneiss as responsible for the
auriferous veins—at any rate for those of the Kolar Field. For
this reason the main exposures of the Champion gpeiss and
its associates have been shown on the wap although there may
be considerable doubt about the correlation of several of the
patches shown. Briefly this old gneiss is a complex of various
granites, micro-granites, aplites and pegratites usually highly
crushed and often characterised by blebs of a miky to dark
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blue quartz. It tends to pass into finer forms of felsite and
quartz-porphyry and isolated exposures of these finer forms as
well as some alaskites and finely granular or crushed quartzites
arc provisionally correlated with it.

The auriferous veins of the Kolar Ficld are infrusive into
the schists and produce contact metanorphic effects which are
strikingly similar o those produced by the gneisscs, granites
and pegmatites () and strongly support the view that the
auriferous veins are igneous in origin and to be regarded as
one of the end-products of a granitic intrusion. Tongucs of
niicro-granite which are regarded as belonging to the Cham-
pion gneiss comne into the Mysore Mine in close proximity to
the Champion Lode and the qnartz of the latter has been
observed to penetrate thesc tongues.

On the other hand the great mass of the Peninsulay gneiss
cuts off both the auriferous schists and the Champion gneiss
while the pegmatite veins and cross-courscs which cut the
Champion Lode are probably products of the intrusion of the
Peninsular gneiss.  The aurilerous veins of Kolar appear there-
fore to be subsequent to the Champion gneiss and prior to the
Peninsular gneiss (or some of if) and in seeking & granitic
origin for the gold bearing veins the Champion gneiss appears
to offer a handy and suitable source.

‘Whether we can accept a similar source for the white
veins of the chloritic series—the differences in colour, form and
degree of crushing being dae to the nature of the enclosing
rock—-is debatable, but it may be noted that recent survey work
has becn extending our knowledge of the Champion gneiss and
that intrusions of it ov its associates are now considercd to
exist in the neighbourhood of the Honnali Field and of the
great series of old workings extending from Honnegudda round
the south of the Tarikere gneiss to Nandi and across the valley
to Ajjampur. In connection with this some work done by
Mr. Bosworth Swmith during the past two years on the

(*) The occurrence of Secondary Angite in the Kolar Schists. By W.F, Smeoth,
M.AL, D.SC, e, Mysore Geological Department, Bulletin No. 3.
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Honnali Field is of great interest.  Gold is widely spread in the
soil and nullas of that area and cxamination of a large number
of washings led Mr. Bosworth Smith to the conclusion that it
was not uniforly distributed but tended to come from certain
lines or zones where acid intrusives occurred in the chloritic
schists and greenstones. 'I'hese acid intrusives have been con-
sidered by us as probably belonging to the Chaiupion gneiss
without our being aware of Mr. Bosworth Smith’s conclusions
or he of our views and the evidence from the two points of
view is independent. No results have been obtained yet but the
work will be continued aftcr the war and mnay prove interesting,
not perhaps in the way ol disclosing rich ore in any quantity,
but possibly in the way of discovering some zoncs of low grade
auriferous lode matter which would perwit of cheap working,

There is however awmple opportunity for the occurrence of
later quartz veins of granitic origin in connection with the
intrusions of the various components of the later Peninsular
onciss, o say nothing of pussible later or carlier acid rclabives
of the ultrabasic or other intrusives of the archwan period.

OTHER OCCURRENCLS OF GOLD.

In addition to the usual quartz veins in the schists we
may refer briefly to various cases in which either the lode
material or the enclosing rock presents some special features.

At Bellara in the Tumkur District the old workings and

Sl aurilerous veing occur in a large mass ol
trap (hornblende diabasce) which 1s con-
sidered to be intrusive into the chloritic series.

At Honmavadi in the north of the Chitaldrug District old
workings oceur in a grey chloritic trap which has been grouped
with the Bellara trap under the nume ‘Grey Trap,” though it
is doubtful whether the former does not belong to the green-
stones of the upper division of the Dharwars.

At several places old workings occur in the potstone or
tale schists which are altered amphibo-
lites and peridotites intrusive into both

Veins in Trap,

0ld workings In Potsatone.
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the upper and lower Dharwars. Amongst these may be men-
tioned those at Chornadehalll near Sakrebail, some of the
workings at Jalagargundi and a number of workings on the
Devrukal block near Yedahalli. There is some doubt about
these being gold workings and definitc auriferous veins have
not been found.

The great scries of banded ferruginous quartzites has

been found to carry a httle gold in places
Gold in ferrusinous and o pumber of small old workings

occuy along the ridges of these rocks on
the western edge of the Kolar Schist belt. These old work-
ings have not been shown on the map as they are not impor-
tant.  Traces of gold may be obtained by sampling and
panning but too swmall to be worth attention. Veins of
bluish quartz occur in the rock and sometimes carry a
little gold, but the gold appears to occur also in the banded
quartzile ibself.

Amongst other places which have becn examined the fol-
lowing way be mentioned :—-

Shaw's Block; just north of the Kolar-Betmangalam
road where three runs of ferruginous quartzite belonging to
the western side ol the Kolar schists were closely prospected
with oceasional resalts up to 10 dwts.

Dendivara;, about 12 miles north of Bellura where there
are some old workings on two runs of this rock which gave
from fraces up to a few dwts.

Ajjantally; sone five or six niles east of Dindivara where
a mixed series of lerraginous quartzites and veined chloritic
schists gave vesults up to some 8 dwts. A trial crushing of
200 tons of an average assay value of 3'69 dwts. was made at
Kolar and gave an extraction of 1'46 dwts. per fon by amal
gamation. :

Bodimarad:; sbout 7 miles N.-W. of Marikanave. 'This
Is perhaps hardly a case in point as the old working is in soff
fefruginous ochres between two runs of ferruginous quartzite.
Proslj‘(}\ting work showed sowe small rregular veins of quartz
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which gave some good assays and parts of the ferruginous
country itself gave 3 to 4 dwts. in patches,

Attention has been called to the occurrence of gold in these
ferruginous rocks because there is the possibility that somewhere
a sufficiently large mass of aurtferous lode matter might be
discovered which would pay to work even though the average
value did not exceed some 3 to 5 dwts. per ton. T'he nearest
approach to this is the result obtained at Ajjanhalli which was
not considered good cnough to justilyv [urther expenditure.

As an illustration of what can be done the case of the
Wanderer Mine in Rhodesia wmay be quoted. Rhodesia is
very similar, geologically, to Mysore, and at the Wanderer
there are very large orve-bodies composed partly of these
ferruginous quartzites and schists and partly of varions
talc-chlorite-cale schists associated with conglomeratic material
which 1s probably a crush breceia.

Parts of the ore body were 150 feet wide at sutlace and
very cheap open working was possible.  »ubsequently under-
ground work has been carried on on lode matter 60 to 70 fee$
in width and mining costs are still very low. The metallur-
gical treatment is also exceptionally simple and consists ol
breaking, coarse crushing by volls and direct cvanide treat-
ment ol the product. Assays up fo 10 dwts. wre sometimes
obtained, but the average value of the lode is said to be from
3 to 4 dwts. (Bs. 9 to 12) per tonand the working costs (mnin-
ing, crushing and cyaniding) a little over Rs. 5 (6s. 9d.) per
ton. Allowing for other charges the work can be carried on
at a small profit. In this case we bhave a very large body of
low grade ore which can be mined cheaply and treated very
simply on a large scale, and although we have not yet realized
these conditions in Mysore the fact that similar classes of
material exist leads one to hope that they may yet be found
on a big enough scale to justify work.

In the hornblende schists on the south side of the Baba-
budans north of Chikmagalur there are
long beds or bands of quartzite which

dold in Conglomerate
and Quartzite.
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we regard as probably intrusive veing or sills. The bottom
hed close to the disturbed and faulted junction with the in-
trusive granite and gneiss has bands of pebbles which may
vepresent zones of crush-breccia. The matrix of the pebbles
contains pyrites and is often stained green by copper. Pan-
ning showed some gold and a sample of one of the pebbly
layers gave an assay of 2 dwts. The extensive exposures and
gentle dips as well as the similarity of pebbly portions to such
auriferous material as the banket of the Transvaal suggested
the desirability of further investigation as even a comparatively
low grade material would be worth working under these con-
ditions. TLarge samples were broken from both the pebbly
and quartzite bands over several miles of outcrops and a lavge
number of assays made which unlortunately gave no encour-
aging results.  Dractically all gave traces of gold and many
gave traces of copper also but in no casc did the gold amount
to 1 dwt. per ton.

Old workings occur in quartzite at Nandi south of Tari-
kere and in the highly quartzose chloritic schists at Ajjampur
and appear to have been sunk on pipes, pockets or impregna-
tions carrying gold of which no cxtensions have been found.
Below the deepest old working at Ajjampur veins of dark blue
quartz were found which carried no gold but occasional good
assays were obtained {rom the highly quartzose schists theni-
selves,

At Jalagargundi, at a depth of 200 feet an ore body has
been opened up which might be regarded as a banded quartzite
or quartz-schist carrying caleite, and much pyrites, the band-
ing being marked by brown ferruginous dust. The gold is
mostly frce and the lode 1s adjacent to and penetrated by
white vein quartz which is barren. The prospects of further
work will be referved to later.

There are o few minor old workings in the Champion
gneiss itself on the east side of the Kolar
Field. At Ahmed’s Block near Ooregum
o shaft in the gneiss showed a small quartz vein 6 inches

Gold In acid intrusives.



thick, but pinching to a stringer at a depth of 55 feet, which
gave nearly 4 dwts. per ton.

On the South Amble Block, S.-W. of Nanjangud some of
the patches of schist held veins of alaskite or pegmatite from
which occasional assays up to several dwts. were obtained.

At Rudrikonda one at least of the old workings appears
to have been sunk on or alongside of quartz-porphyry which
probably contained a small pocket or shoot of gold though the
trial shaft sunk many years ago is believed to have given no
results of value.

These cases are quoted in view of the fact that we have
been led to associate many of the felsites, quartz-porphyries
and alaskites with the old Champion gneiss the connection of
which with the auriferous veins of Kolar has been rveferred to
already.

On the other hand we have no evidence that the great
mass of the Peninsular gnelss is auriferous nor have old work-
ings been found i it though sowe oceur in wixed bands of
gneiss and schist.  We cannot however say that some of the
auriferous veins and lenses in the schists may not be end-pro-
ducts of some components of the Peninsular gneiss and it js
probable on the whole that the auriferous veins are not all
of one age.

Gold is widely distributed in the soils on the various

Gold In soll and anu. SChists or devived from them and in the
viwm. alluvial materials along water-conrses
and river valleys which traverse the schists. Washing has
been carried on in the past by native Jalagars or gold-washers
but very few ol these remain and their earnings are very
small and uncertain. They seldom make more than a few
annas a day with an occasional lucky find. A few years ago a
Lambant found a nugget weighing nearly 44 ozs. somewhere
about Kudrikonda or Palavanhalli, but no further finds have
been made althongh a good deal of washing and prospecting
has been done in the neighbourhood. Very occasional results
of a few dwts. have been obtained; but on any considerable

URIVEBSITY F 61U TUL SO | 4 5
BALE ST LAY <25
BANCAI(INC.74.
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scule the results fall within o few grains per cubic yard and
the scarcity of water renders the prospects of work practically
hopeless. )

Some years ago a series of trial pits and washings were
made in the alluvinm in the bend of the Bhadra river
immediately south of the great series of old workings at Honbe-
hatti. There were rumours of good gold having been found
there years hefore and a good deal of gold must have been
weathered out and washed away from the surface deposits
on which the old workings were made. The ftrials were a
complete failure, very occasional small shows of gold being
obtained.

More recently an extended series of tests have been made
by the department on the alluviam in and near the bed of
the T'angabhadra river, where it crosses the auriferous schists
between Shimoga and Honnali.  Previous work had shown
that gold was distributed in the soil and along small water-
courses and the fact of a large supply of water being available
rendered a further investigation desirable.

A couple of washing cradles were made and a large
number of pits and trenches dug both in the gravels of the
river bed and in the alluvium and soil some distance from the
banks. Large samples of from one to six cubic yards each
were washed and all showed gold, but the guantity was small
in every case. An average of all the tests made gives a result
which does not exceed 1 grain per cubic yard and the best
result obtained was only 3} grains per cubic yard. These
results arc too low to hold out any prospect of profitable
working. In the case of the 3] grains test, the results would
be worth following up if the character of the deposit was
favourable, but unfortunately this is not the case as the gold
oceurs in a hard gravel about 1 foot thick fringing the bed of
the river and il it extends laterally beneath the river bank some
10 feet or so of hard clay overburden would have to be remov-
ed to get at it.  Under these circumstances the prospects
of work on a large scale cannot be regarded as encouraging
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though it is difficult to understand why the gold should
not occur in more highly concentrated patches of workable
extent.  Similar results have been obtaincd -elsewhere in
India and it has been suggested that the seasonal alternations
of heavy rainfall and flood with long spells of dry weather are
not favourable to the sorting out and collection of the gold
in alluvial deposits for which the more or less regular and
long-continued action of running water wonld appear to be
essential.

In the foregoing notes we have endcavoured to sum-
marize very briefly the information acquired so far about the
gold of Mysore, the nature of the veins or other lode material
which carry the gold and the various formations with which
they are associated.

In the next section we propose to refer bricfly to the
more important work done at various points, the character of
the work and prospects.

M,1R.M, C
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MINING AND PROSPECTING WORK.

KOLAR GOLD FIKLD.

It is not possible to attempt any svstematic account of
the Kolar Mines within the limits of this pamphlet. A general
account of the wines and thelr working, up to the year 1900,
has been given by Dr. ¥. H. Hatch () ; and a few more recent
notes and figures will be added here,

The main Champien liode runs almost  eontinuously
through the Mysore, Champion Reef, Ooregnm and Nundy-
droog Mines. In places the quartz has hecn 30-40 fect wide
but the average of the parts worked is probably between 3
and 4 fect, while In places the Jode is represented by mere
stringers or veined schists or o mere parting of altered schist
or lode matter. The quartz somcetimes branches and in several
places therc are one or occasionally two parallel veins from
which a good deal of ove has been obtained.  The veins strike
more or less novth and south, but in Mysore there are marked
curvatures.  The dip, or inclination from the horizontal, of
the veins is Lo the west and is least i the Mysore Mine,
where it s about 457, and increases as we go northwards to
over 60°. These figures refer to the upper portions of the
mines, down to a depth of 3,000 fect or so, but in recent vears
the veins have shown a general tendency to get steeper with
increasing depth so that at 4,000 to 5,000 feet on the underlie
we pet dips of 507-55" in Mysore and of well over 70° in
Champion Reef and Ooregmn. There are a few large zig-zags
which are usually called *“folds ™ though it is probable that
they do not vepresent the actual folding of a once plane sheet

(1) The Kolur Gold Field, being u description of Quartz Mining and Gold-
recovery as practiced in Tudia. By F. H. Hatch, PH.D., AN.LCE., F.0.8., Menoirs
of the Geologicnl Survey of India, Vol, XXXTII, Pt. 1.
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or vein of quartz and are more likely due to the filling in of
zig-zag or branching fissures or dislocations.

The most important feature is the occurrence of the
more valuable portions of the veins in patches or shoots with
intervening areas of poor quartz or lode matter, and the suc-
cess of the Kolar Gold Field is due to the fact that these
shoots are of considerable size and value and sufficiently
numerous to permit of new discoveries being wade before the
old ones are exhausted. The steady progress of the mines is
due not to uniformity in the veins, as the distribution of the
gold is very uneven, but to the very cxtensive exploratory
work which is carried on far below the points where ore is
being extracted and which permits of work being planned
several years ahead of the milling requirements.

In addition to these features the existence of slides or
fanlts cutting the veins has received much attention in recent
years, particalarly in Mysore and Champion Reef. The great
blank in the Mysore Mine between the Ribblesdale and
Tennant Sections 1s duc to a great slide slightly oblique to the
lode and complicated by others more oblique and it seems
probable that the great Crocker’s shoot was terminated at its
northern end by these slides and not by the natural dwindling
of the shoot.

The Field has already yielded gold to the value of nearly
£44,000,000 sterling and the nett annual
return to the State fromn royalties and
the sale of electric power and water is in the neighbourhood
of 30 lakhs of rupees while the yearly wages bill is over 80
lakhs. The question of the continuance of such an important
industry is a serious one which is often raised, but anything
in the shape of a very definite pronouncement is out of the
question.

The auriferous veins lie in a narrow belt of hornblende
schists, of about three miles in width, which is cut off on both
sides and below by a later intrusive gneiss. The auriferous
veins are believed to be older than the gneiss and will

M.R.M, cY

Life of the Kolar Field.
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therefore be cut off along with the schists at some dépth below
surface. This depth represents the ultimate limit of the Kolar
Gold Field and we see no reason to apprchend that it will be
less than some 10,000 to 15,000 feet from surface and perhaps
more.  The eut out may of course oceur closer to surlace, but
the above figures are reasonably probable and we need not
hunt trouble. The mines have now got down to a depth of
rather over 5,000 feet on the inclination of the veins ov to a
maximunm verticle depth of some 4,900 feet from suvface.
This has taken over 30 vears and, if we assume a downward
development of 200 feet per annuni, we shall have reached a
vertical depth of about 8,000 feet in twenty years which is well
within the ultimate Himit suggested above. Tt is not impro-
bable that with a low temperature, gradient and cfficient venti-
lation mining can be carrvied down to 8,000 fcet and we need
not speculate about greater depths; but it may be noted that
down to this depth the whole of the ore will not be worked
out in twenty vears and that the total period of work will be
more probably thirty years. We are assuming, however, that
not only do the veins continue, but that the auviferous portions
of them or the “shoots” continue to occur with sufficient
frequency and of sufficient size to keep up the returns. No
one can foresee if this will be so, but, while we see no reason
to apprchend any systematic diminution for many yvears, 1t
would be sound to contemplate reduction of output in the
lnter years.

The problem of the eontinuance of the Kolar Gold Field
is obviously a speculative onc and in mining work the more
unfavourable contingencies arc wont to occur with undue
frequency, but we do not sce any inhervent improbability in
assuming that the Kolar Gold Field will continue for another
twenty to thirty years, at least, with a probable diminution of
output in the later years.

In the following tabular qtatements the yearly output of
gold from the Kolar Field is shown from

Statistics of production, . N
™ " the commencement of operations to the



end of 1914, Smuldl amounts obtained frow triul erushings at
other mines wre also shown.

TasLy 1.—Gold roduction and Royally.

Vr | ol old | vl I | Doy
1‘ £ St ! £ Sty J i | upees
15492 ‘ 44 C | 38 r‘
1863 e | % 139 ’ 595 } 380
1851 o | s | 332 ' EACE 3,540
1485 . 93,949 “ 8§71 } 2,860 l 18,465
1866 “ 63,007 | i 63,027 | 46,7H5
1987 o 502 ‘ 57,028 12,955
1588 [ 128,470 ‘ ( 128,870 95,480
1530 208,861 ! 298,561 2,92,705
1890 o | 109,449 \ il l 409,526 $3,04,620
1494 | 504,520 | 504,124 4,756,150
1192 " 622,150 “ 622,150 1,62,660
1893 ‘\ 784,842 & 84,942 5,52,810
189( ol 795, 156 : 795156 5,490,430
1805 “ 973,610 “ | 973,610 7.93,240
1896 1,228,665 | 379 ’ 1,229,044 9,12,540
1897 ” L8710 9 1,487,250 11,06,790
1808 | 1,575,906 1,575,966 11,70,135
1599 \ 1,678,461 | 1,675,464 12,47,310
1900 \ 1,870,086 | 1,679,086 | 18,99,080
1901 | 1,923,130 | 1,123,130 \ 14,28,780
1992 P 1,964,509 [‘ 1,964,509 ‘ © 14,568,610
1903 b 208,071 J\ 2,284,071 ’ 16,97,055
1904 2,323,105 | 2,420,005 | 17,26,200
1905 2,373,468 I\ 2,373,458 17,566,216
1906 2,167,637 ) 21 2,167,961 16,11,390
1907 9,049,064 ‘ 206 2,040,370 14,96,925
1908 . 2,055,997 “ 66 2,055,053 15,21,660
|
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TABLE 1—concld.

Year Kolar (}nld Othe‘r Mines Total Roynllty
Field £ Stg. £ Stg. £ Stg. Rupees
1909 2,002,459 92 ‘ 2,092,661 15,149,470
1910 2,107,749 2,107,749 17,67,045
1911 2,129,878 2,129,873 18,58,845
1012 2,158,862 2,168,362 18,85,886
1918 2,150,195 2,160,195 18,78,870
1914 \ 2,169,114 ’ | 2,169,114 18,60,480
—
Total ‘w 42,463,912 » 2,878 J 42,466,790 3,26,11,665
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A statement showing the total production from cach niine
is also given and from the * Remarks' column it will be seen
that wost of the less productive mines, which have ceased
independent work, have been incorporated with the present

working Cowpunics.

TaBLy 2—7Total Clold Production of Iines tn Mysore,
to end of 19714,

Lar gold Value
L. { L Ste, \
1

Remurks

Name of Mine

A—Kolur Gold Field—Mines approxiwately in order from north 1o south.

Road Liluck J G 7,705 " I'roduced pold duving 1898-1901,
Tuclided in the Balaglhat Block
I | wince J90.
Ninc Heels 21,457 02,356 'roduced gold duving 188716890
Coand 18941902, Now included
I the DBalaghat  Block  since
| 1010.

Dalaghat 133,983 1,642,331

Mynore. (" Gol- The Company however s in
conda’ and * West, exlstence.
Balaghat® Miues), | |

\
The Gold Ficlds of 9,496 33,628 }('m'svd producing gold in 1904,
|

Coromandel 52.910 195,704 | 'roduced gold during 18495 1907,
[ | Now inclnded in the Lalaghat
[ Block ainee 1910.
Tauk Block v | 117,757 122,870 | Produced gold dnring 1893-1910.
[ Ihe block is ineluded in the
Nundydroog Block.

Oriental Y25 3,526 Produeed wold in the years 1001
| oaud 1904 only.  Now ineluded
| i the Nundydroog and Oore-

I I gunm Blocks sinee 1910,

Nunydrooy o 1,4H,068 5,570,556 | ‘

Ooregui e | 1,011,077 7,006,686 |

Mysorc ... LU N102,502 1 16,182,740 |

Cliampion Reels . 3,041,674 11,292,209

South=Ilust Mysore 414 1,305 | Orvigiuadly part of Simons Block

‘ | known o as Rodger's  Canip,
1 Now pirt of the Mysore Black.

| Produced gold during 1858-1890.

‘ G99 2,468 | Years of gold production were
18689-1891. Now styled * South
Mysore’ andis held by the
‘ Mysore Gold Mining Co. (1910).
Yerrahonda el 102 602 | Uroduced gold in 1804-1896. The
| | | lease is current and is held by

Mysore Recfs

\
1 ‘ the Indian Mines Developucnt
' | | Syndicate.
" SEEas deme

42,463,912 |

Total ‘ 11,261,457
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TABLE 2-—cone
Name of Mine B ““;Lbom ZRSlf‘;lg

ld.
Remarks

B—Mincs outside the Kolar Field.

A]mnhnlh (Sira |
Taluk) |

Mysore Har anhalli
(old Mine [
|

Kempinkote, Hussan
District

|

Woollagiri Block, |
Nanj nugu(] Gold ‘
Ficl

-
Honnali Gold Min- i
ing Co. .

Honnali Lribute
Syndioute

Total

Grand Lotal

|
|
|

18 66

2 77

46 161

208 622

528 1,642

100 ' 807

919 2,878
11,255,376 | 42,466,790

Trinl crushings in 1908. Aban-
doned.

Triul crushings in 18%0. Abun-
doned.

Trisl crushings in 1896, Absn-
doned.

Produced gold during 1906-1909.
Abnndoned.

Produced gold during 1883-1886.
Abandoued.

Produced gold 1806-1897.  Aban-
doned.
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A diagram is furpished which shows at a glance the
progress of the principal producing imines and of the Kolar
Field as a whole. For convenience of space the curve of
total production is drawn on half the scale used for the
individual mines.

For o general account of the methods of mining refer-
ence may be made to Hateh’s Memoir
already cited.  As the wines have got

decper, the incline shatts, which followed the trend of the
veins downwards, have reached the lhnits at which it 15 safe
or convenient to use thew fov hoisting ore for the transport of
wmen and materials.  The deepest of these is Carmnichael’s
Shaft, Champion Reef, which 1s 4,700 feet long. To fucilitate
work in the deeper levels several vertical shafts have been
sunk during the past len years or so to the west of the outcrop
of the lode, of which the principal are the following - —

Edgar's Shaft, Mysore Mine. A circular brick-lined
shatt which intersects the lode at a vertical
depth of 2,600 fecet.

Gifford’s Shaft, Champion Reef. Also circular and
brick-lined. It 1s 3,800 feet dcep and now
practically veady for use. The lode, which has
got steeper lies a little to the east of the bottom.

Bullen's Shatt, Ooregum. A rectangular, timbered
shatt completed in 1910 fo a depth of 3,760
feet. Passed through the lode near the bottom.

Preparations are now being made for continuing work to

a much greater depth to provide for which the following shafts
have been started rccently, all of which will be circular and
brick-lined.

MacTuggart's, at the southern end of the Mysore
Mine.

Edgar's, Mysore Minc, which is now being deepened
to 4,000 {cct.

New vertical, Qoregui.

New vertical, Nundydroog.

Mining.

UAS LIBRARY GKVK
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These shalts will all be about 4,000 fect dcep and take
soule six or seven yeavs to complete.  From near the bottom of
cach, secondary shafts will then be sunk from 4,000 to 7,000
fect or more. The working al these depths will naturally be
very hot and much artificial ventilation will be needed. There
is no reason to think that work cannot be carried on in these
mines to a depth of 7,000 feet or more, and as alreudy pointed
out, we sec no reason to apprehend any sevious failure of the
auriferous shoots.

More detailed notes on the freutment of the ore for
extraction of the gold will be found in
Hateh's Memoir (Op. ¢if) and in the
Reports of the Chiet Tnspector of Mines in Mysore for the
yeurs 1903-04 and 1911-12.

The practice now followed may be summarized very
bricfly as follows :—

Sorting and breaking.—The ore 1s raised to surlace and
screened fo separate the fines from the larger luinps. The
latter arc crushed in rock breakers to the size ol road metal
and any pieces of waste rock picked out and discarded.
About 18 per cent of the totul ore raised is thus rejected.

The ore (fines and coarse) then goes te the stawp mills
where it 1s pounded with water to a fine sand.  The fine sand
and water is forced by the splash of the stanps through wire
screens (900-1200 holes to the square inch) and flows over
sloping tables covered with sheet copper on which wmercury is
spread In a thin layer. The fine particles of gold adhere to
the mercury and form with it an amalgam of gold and wer-
cury. The amalgam 15 scraped from the plates wt regular
tervals und folded up in u piece of wash-leather in which it
1s subjected tn squeezing.  During this squeezing the excess
of mevcury is {orced out through the pores of the leather leav-
ing a hard ball of amalgam inside which contains 40-50 per
cent of gold.  The balls of amalgam are heated in retorts and
this drives off the remaining wercury, leaving a porous mass
of ‘sponge’ pold bchind.  The sponge gold is melted in

Mctallurgical treatment.
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crucibles and poured into moulds thus forming ‘bar’ gold
which is sent to England and rcfined to get rid of impurities.

Cyanide treatment—The greater part of the gold is re-
moved by the amalgamating tables, bnt the fine sands (or tail-
ings as they are called) flowing from the tables still contain
some gold (about 3 dwts. per ton) which has not been caught
by the mercury. The sands are therefore treated with cya-
nide of potassium which dissolves the gold; and the gold, or
most of it, 1s reccovered from the solution.

The treatinent as practiced at present may be roughly
outlined as follows:—

The tailings from the stamp mill are put through a
series of hydraulic separators and classificrs by wcans of
which they are divided into three grades according to fincness,
Vi i—

(1) Impalpably fine slimes;
(2) Finc sand;
(3) Coarse sand.

The coarse sand is put through revolving tube-mills
which grind it fincr after which it gocs back to the separator
where it is divided into slimes and fine sands.  The process of
separation and classification is a continaous one and the final
result is that the tailings are divided into two portions onc of
which is ‘“‘fine saund” and the other ‘“‘slimes” which are
treated in scparate plants.

Fines and treatment.—The fine sand is placed in large
vats cach holding one or two hundred tons. The bottom of
the vat Is formed of canvas filter cloth suitably supported.
When the vat is full of sand, cyanide solution is poured in and
allowed to stand. The gold is gradually dissolved and when
this is complete the solution is drawn off through the filter
bottom and water run in to wash out all the gold solution
from the sand. The sand is rcwoved from the vat and
thrown on the waste dumps.

The gold-bearing solutions are passed through long boxes
in which there are a nuwber of compartments filled with zinc
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shuvings. The zinc canses the gold to precipitate from the
solution in the lorm of a black powder, and zinc goes into
solution in place of it. The b}ack powder mixed with rem-
nants of zinc shavings 1s removed from thne to thue, treated
with acid to dissolve most of the venaining zine and melted
in crucibles with somc fluxes. The molien gold s poured
into moulds forming bars or bricks of cyanide bar-gold which
is also sent to England to be refined.

. Stimes treatment.—The special plants lor treatwent of
slinies have been iostalled withi the last couple ol years.
The sliwes are so fine that the solutions could not be filtered
through them in percolation vats such 'us are used for the
sands. They are therelore mixed with cyanide solution and
agitated, Lo secure cowmplete solution of the gold, and the
mixture of slime and solution (called pulp) is forced or allowed
to flow into large rectangalay wron tanks in which a great
nuber of filter-leaves wre suspended. ldach leaf consists of
a large flat frame covered back and front with a sheet of filter
cloth. A pipe leading [rowm the intevior of the leal, between
the two cloths, is connected to a rescrvoir in which a fairly
bigh vacuumn 1s maintained.  When the tank is full a tap is
opened connecting cach leaf with the vucuum and the sofution
1s. sucked through the filter-cloth while the suspended slime
gradually forms a cake, one or two inches thick, on the out-
sides of the filter-cloths, The operation is then stopped, the
tunk emptied and filled with water to wash the cakes, again
empticd and the cakes detached and sent to the wuste dumps.
The filter is then ready for another charge.

The solutions drawn off through the filter leaves go to
zinc boxes and the gold is recovered just as in the sands treat-
ment.

The old tailings dumps which have been through the
amalguination wnd  cyanide processes
of {formmer years amount to nearly.
10,000,000 tons. The amount of gold which they contain
varies very much, some portions ranning as high as 3 dwts.

0ld Tallings Dumps,
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per ton while a great deal is under 1 dwt. The new cyanide
treatment with its finer grinding and treatment of slimes will
permit of the retrcatment of considerable portions of the old
dumps—probably some three to four million tons—yvielding
an average of from 1 to 2 dwts, per ton and giving a further
return of £1,000,000 and possibly morve.

The waste residues under the new treatment will prob-
ably be reduced to five ov six grawns per ton which means an
inerease in the recovery of gold and of the final output of the
Field.

The following statement shows Lthe assay valne of the ore

sent to the mills, and its value m rupees,
@rade and value of the ot infervals since 1898, Tt will be scen

that there has been a steady decrewse in
the value of the ore mined and by some this would be regurd-
ed as indicating an hpoverishment of the mines with in-
ereasing depth. It would be hard to say definitely whether
or not such impoverishment is o fact owing to the very uneven
distribution of the ore shoots, but it may be vegarded as fairly
certain that the mines will become less rich as greater depths
are attuined. The regular decrease shown in the stalement is
however very largely due to the fact that working costs have
been reduced and that improved methods of extraction have
ingreased the proportion of the gold which can be recovered
with the result thot large bodies of low grade ove, which
would have been left untouched in former years as too poor to
treat, can now be mined and treated at a profit.  The inclu-
sion of these lower grades of ore along with the richer ore
from the shoots lowers the avernge grade and 1s a healthy
sign of progress and development.
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The following statement gives the average working costs
on the Kolar Iield in the varions bran-
ches of work. The reduction in costs
1s marked.  Under the head ol mininyg arve included :—

Working costs,

Rs. a. p.
Development costing about ... 3 0 0 per ton milled.
Stoping (including timbering) 6 0 0 do
Hoisting do 210 0 do

The cvanide treatment now includes (1914)
Treafment of sands costing Iis. 1-2-0 per ton troated.
Do limes do  Rs 1-4-0 do

In the last column of the statement the total costs in
India, meluding administration, are given and now amount Lo
about Ts. 19 per ton ol ore milled.  These however are not
the total charges which have to he borne.

We must include about Rs. 2-4-0 for vovalty, and
Rs. 1-8-0 to 3 for London Office, deprecation, ete.,, making
the total about Rs. 23 or 24 per ton willed.  In order to pay
these charges the ove must contain an average of 8 dwts. of
gold per short ton.  This gives us a rough figure whereby to
jadge whether an ore can be worked profitably or not under
conditions similar to those at Kolar.  As conditions vary this
figure will rise or fall,;” and the case of the Wanderer Mine
(sce p. 13) may be rveferred to as one in which an ore con-
taining some 10 or 11 rupees worth of gold (3% dwts) can be
worked at a slight profit.

TABLYE 4— Costs on the Nalar Gold Flield in Rupees
per Ton of 2,000 lbs.

Mining ‘ Milling | Cyaniding | Total
Y ours \ - i — | including
e . Perton | Perton | Perton Por ton | Adiinisten-
excavated milled | milled treated | tion
- S P ) R, — -
1808 . o wmas | w00 | wRl 901 | 257
1900 L. Gl | | o 174|259
1905 978 1338 ‘ 239 116 ‘ 18:51
1910 902 | 1365 | 186 117 | 1998
1914 876 | 1266 1 175 1:20 | 1956
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With the {oregoing briel account of the work being car-
ried on by the leading mines of the Wolar Iield we shall now
pass on to the work done and Prospects in other areas of the
State, taking up the varions schist patches or groups of workings
seriatilm.  The mformation about some of the eavlier work is
often scanty, hut since 1898 the principal workings have been
inspected and reported upon by the Director and other officers
of the department. Further details than can be given herce
will be found in the Reports of the Chief Inspector of Mines
and for convenience of reference the dates of these reports
will be given where necessary m the text in square brackets.

Before leaving the Kolar Field a few remarks imay be
made about prospects al the north and south ends of the
Field.

New Kempinkole~—This property lies immediately south
of the Mysore Mine from which point the auriferous schists
extend south for a couple of miles before they are cut off by
the Champion gneiss. In the early days of the [Mield much
work was done hcere to a depth of several hundred feet and
small patches of good ore obtained. The counfry 1s much
disturbed and no large shoots were found. During the past
two years work has been started to test the ground at greater
depths Dy driving southwards from the-2,160 and 2,385 foot
levels of the McTaggart's Section of the Mysore Mine. Some
quartz up to 9 dwts. in value has been found, but nothing big
or continunous and it is to be hoped that the work will be
pushed on as far as possible as any success here would lead to
the opening up of a considerable area of schist which is cer-
tainly auriferous.

The Balaghat Mine.—This occupics the whole of the
northern end of the Field and includes the former Balaghat
property as well as those of Road Block, Nine Reefs and
Coromandc] in which a number of shoots have been worked
in past years on two or three lodes which may be regarded as
discontinuous extensions of the Champion Lode Series.
Recent developments in the bottom of the Balaghat Mine
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have been encouraging and may lead to extension of work
southwards below the old Coromandel Mine. The develop-
ments northwards from the Nandidroog Mine in the lower
levels of the former Tank DBlock and Oriental properties
point in the same direction, and thus there arc fair prospects
of a considerable area of ground being opened up hetween
the Oriental workings of Nandidroog and the new finds in the
bottom of Balaghat.

About half & mile west of these lodes are the Oriental and
West Balaghat lodes on which mueli work was done by the
Road Block, Nine Reefs and Gold Fields Companics but which
have now been abandoned.

Almed’s Block.—This lies on the east of the Nandidroog
Mine where there were some doubtful old workings.  Halfl a
dozen shafts were sunk, the deepest being 118 fect.  Of thesc
4 were in the Champion gneiss and € in hornblende schist.
Shafts Nos. 1 and 2 are in the gneiss. In No. 1 ata
depth of 90 feet levels were driven for 80 feet on a vein
which is said to have carrled gold, but samples taken by
Mr. Bocquet did not give move than 6 grains.  In No. 2 theve is
a small quartz vein which is only 1 to 2 mches wide at the
bottom and gave an assay of nearly 4 dwts. ‘The work was
inspected and veported on [1907-08] and the prospects were
not sufficiently favourable to justify further expenditure.

KOLAR SCHISTS NORLH OF THE KOLAR FIELD.

Krishnarajpur.-—Immediately north of Balaghat (Road
Block) some loose quartz on surface showed gold and it was
thought that this might come from an extension of the Balu-
ghat lode. In addition to somc shallow shalts and drives a
shaft was put down over 300 fect and a cross cut started east.
Nothing was met with and work was abandoned in 1899,
Considering that some 4 or 5 lakhs were spent in machinery
and sinking it is a pity that the cross cut was not extended
further for the sake of cxploration at the depth reached.

M.R.M, D
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Pluntation Blocl—Lies to the west of Krishnarajpur
and contains some dumps and filled-in old workings. Pro-
specting work has been taken up from time 6o time without
success. At the present {ime work is going on ut three small
shafts on filled-in old workings and although nothing of
importance has been met with it is probable that at least one
of these points will be further explored.

East Betarayaswami—A large block on the novth of the
two former.  Prospecting work was started over ten years ago
by My. Mervyn Smith who opened a large number of pits and
trenches on a lode formation running through the castern
side of the block which was regarded by him as a possible
extension of the Champion series. "In many places vein
quartz or lode formation on two parallel lines was opened np
but the panning and assay results wore poor.

Some distance to the west some old workings were opencd
up and a couple of shafts sunk to test the old workings. A
level at o depth of 150 feet passed through some of the old
workings and is reported to have given good values for abeut
150 feet south. Further work has been done vecently by the
Isast Betarayaswami, Limited, Syndicate, and the main shaft
sunk to a vertical depth of 454 feet. liong drives at the 300
and 440 foot levels have opened up a well defined vein of quartz,
which, for the most part, assays very low. At the 500 foot
level quartz assaying from 5 to 30 dwts. was passed through
for a length of 20 feet and it is evident that the shoot on
which the old workings were made has dwindled and vanished
in depth.  Further work is i progress froin the 440 foot
level in the hopes of striking a new shoot 1 the quartz.

Shaw's Block (Badamakanhalli).--- North of the last block
and just north of the Kolar-Betamangalam road where the
schist belt 1s narrow.  Extensive prospecting work was carried
out by Messrs. Shaw Wallace & Co. in 1907-08 and the work
inspected and reported upon [1907-08|. Many thousand
feet of trenches were made and 8 shafts sunk up to 71 feet
in depth.  Three lodes of ferruginous quartz schist were
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disclosed and numerous veins of bluish quartz most of which
showed traces of gold but none of them carried payable values.
The ferruginous quartzite carried a little gold in places as also
did the quartz veins which penectrated them. The castern or
“schist’ lode gave the best resulis. It1s3 to 4 feet wide at
surface and gave assays from a trace to 8 dwts, At a depth
of G0 feet it had narrowed to 18 inches and gave from a
trace to 4 dwts. Work was stopped in 1908 as there was
no indication of any body of payable ore.

Jayamangalam. - This lies north of Shaw's Block and
some deep prospeching is reported to have heen donc about
twenty years ago. An incline shaft was sunk to a depth of
80 feet on an outcrop which is stated to have given d dwls.
This result has not been confinmed since and the vesults
obtained on sinking were practically valueless.

A few small old workings have Dbeen found north of
Jayamangalam in the neighbourhood of Holali and Vitpalli,
but washing of the dumps and float quartz gave practically
no gold.

Manighatta.—North of Vitpalli the schists widen again
to a large body and washings in the streams near Manighatta
and Shagatur, frequently pave shows of gold.  The area
was exapmined by Mr. Lavelle and a nwuber of trenches put
in which disclosed many veins ol quartz some of which panned
gold., There is a large old working to the east of Manighatta
village with a smaller working to the cast of it. No other old
workings arc known and the isolated character of the large
pit rendered people shy of spending moncy on if. In 1910
Captain Liethbridge started work on hehulf of the Novth Kolar
Syndicate and several shafts were sunk to a depth of 60 feet
both close to the old working and on somc of the veins
disclosed in trenches to the north of it. The work was reported
on [1911-12] and further work recominended which was
carried out, under option by the Ooregum Gold Mining Comn-
pany in 1911-12, The eatlier part of the work showed that
the old working was 30 feet wide at the north end at a depth

M.R.M, b2
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of 6O feet but there was no shoot or vein continning north-
wards. At the south end a small shoot of rich gquartz was
found but this vanished into valucless stringers a few yards to
the south. The later work done by the Ooregum Company
eonsisted in sinking a vertical shaft, 210 feet deep, to the west
of the old pit, from the bottom of which a cross cut was driven
east under the old working but [ailed to find any quartz of
value.  Another cross cut was put in at the 118 foot level and
intersected a swall vein below the south end of the pit.  This
was driven. on north and sonth for about 145 feet {or the
greater part of which the vein averaged about L5 inches of
quartz with about 6 dwts, of gold and this increased to
18 inches and 153 dwts. in o rise ap to the old working., At
the north end ot the level the quartz went into stringers, but
in a winze below 6 inches ol quartz assaying 14% dwts. of
gold was found.

The general results show that the old working was ol
considerable width and about 150 feet long. It mayv have been
sunk on a large lens of quartz or bunch of veins but the quartz
docs not continue north and south. Some of the quart is
left below the old working and this thins out and decreases in
value at 118 feet. There is no trace of it at 200 feet.

After a carelol examination it was suggested that the vein
may have been faulted to the east between 118 and 200 [eet
from surface though this is very doubtful. The results ob-
tained are not encouraging, but some further work might be
recommended in continuation of the winze at the north
end of the 118 foot level to see what becomes ol the vein and
whether it opens out again along a northerly pitch.

The large avea ol schist in which the Manighatta old
working is sitnated 1s very sinilar in character to the Kolar
Ficld and carries numerous quartz veins which are slightly
auriferous. The marked absence of old workings is an un-
favourable feature and means the absence of specific points for
the start of prospecting work. Trenching has not led to any
discoveries and it is only on account of the similarity of the
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country to that of the Kolar Field that one might be tempted
to suggest a purely speculative elfort, to the extent of 5 lakhs
or 80, to be spent and a widely spread scries of trenches and
small shalts and cross cuts. It is possible that the extensive
capping of laterite and laterite soil may conceal valauble out-
crops which under other circunstunces would have becn
marked by old workings.

THE CENTRAL OR CHITALDRUG SCHISTS.

The various points at which work hus been done in the
Chitaldrag Schists will be taken in order from north to south.
Halehal —East of Davangere.  Mr. Bruce Foote vbserved
numerous dumps between the village and Halckalgudda and
considercd that the swlace soll had been Jargely turned
over. During sarvey work in 1903, Mr. Slter (ound some
old workings on Halekalgudda and some prospecting work
was done between 1907 and 1909, under prospecting license
No. 100 without success. Traces of gold were found down to
a depth of 70 feet, but no auriferous veins were discovered.
The old workings appear to be in or adjacent to quartzite and
have been examined more recently (1915} by Mr. Coleridge
Beadon, who did not consider them worth further attention.
Honnemaradi.—South-east of Jagalur where Bruce Foote
reported the existence of fine reefs and veins of qnartz. In
1905, Mr. Sampat Tyengar discovered an old working which is
reported to be in the grey-trap of Chitaldrug. A prospecting
license wus taken ont by the Madras-Mysore Mining Syndicate
in 1907, but no cncouraging prospects were found.
Kotemaradi and Gonur.—North-east of Chitaldrug. A
number of old workings were noted by DBruce Foote and a
mining lease taken by General Cole in 1890. No records of
any work done arc available, but some of the pits were
examined in 1897, by Mr. Sanbasiva Iyer, who found gold in
the surface materials and in 1906, several of the pits and
burrows were examined and prospected by the department.
Two were found to be irregular tunnels about 25 feet n length
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and two were open pits. None of these showed any defined
vein or lode, but the schist contained many stringers of quartz
which assayed nil. Washings of the carth from the sides and
bottom showed a little gold as also did those from the nullas to
the north of the workings. Subsequently a license was taken
out by the Madras-Mysore Mining Syndicate and a small shaft
sunk and an adit driven for GO feet without obtaining any re-
sults of value. A considerable amount of work was also donc
in the hills east of Chikannanhalli a few miles to the north.

In the central body of the schist between Hiriywr and
Huliyar a large number of old workings, not previously known,
have been found during the course of survey work by
Mr. Sambasiva Iyer and by Messrs. Wethercll and Sampat
Tyengar and the presence of gold ascertained by washing the
dwps and aterials from the pits.  Subscquently the majo-
rity were closely prospeeted by Mr. Randolph Morris and others
and a nmwber of licenses and leases taken out by him and by
the Tndian Mines Development Syndicate. The chief points
worked arc the following :—

Bodimaradi—About scven miles north-west of Mari-
kanave. An old working was found by Mr. Sambasiva Tyer
on the flank of Iplara hill. It is a deep narrow excavation,
bands of limonite with veins of powder quartz lying hctween
in earthy ferruginous quartzite.

An adit has heen driven through the western bed of
quartzitc and south through the limonite passing through and
beyond the old working and at the south end a winze has been
sunk about 100 feet and somec short levels driven. 1t was
expected that the run of stuff which the old workers followed
would be met with in the winze, but nothing satisfactory was
encountercd. A stringer of rich quartz was passed through
but led to nothing. An interesting feature is the fact that the
lmonite itselt showed some 3 or 4 dwts. of gold very consis-
tently over width of about 8 feet for a short depth, but this was
nob found to continue at the Jowest level reached. [1903-04.]
The work was abandoned in 1904.
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To the south of Javangondanhalli, a nwunber of blocks
were taken up and much work done at several points of which
we may wention the following :—

Javanhalli Block —"The workings are in hornblende schist
with somie dark chlorite schist. Several shafts were sunk up
to 200 feet in depth and a number of drives and cross cuts put
n to test the ground beneath the old workings but in no cuasc
was any payable vein or lode found and work was suspended
in 1908. [1907-08.]

Annesedri—The workings ave to the west of Javanhalli
and also lie in hovnblende schist.  No vuluable resulls were
obtained.

Ramanhally and Ajjanhalli—These lie five or six iniles
to the south of the above in the chloritic schists.  Tiittle work
was done at Ramanhalli as the surface prospects were not
COnCOUraging.

At djjanhalli extensive adits and cross culs were made
in the Gavigudda hill 1o which w very cousiderable ore body
was met with at depths of 100 to 300 feet. The maiun adit is
over 600 fect in length in ferruginous quartzite which gave
assays from § to 64 dwts.  In the main cross cut cast for
about 150 feet the mixed chlorite and ferruginous schisks gave
assays of from 4 to 8 dwts., but the values sank to 1 dwt. or
less in the cross cuts to the north and south of this. The
work disclosed a very considerable body of schistose lode mat-
ter which was very carefully sampled and a bulk sample of
200 tons sent to Kolar for treatwent. The average assay
value of the bulk sample was 3'69 dwts. but the mill extrac-
tion was only 1'46 dwts. per ton.

These results were not considered good enough to warrant
further work but they are more encouraging than have been
met elsewhere in this area and wight be deserving of further
attention. [1907-1908.]

Dindivara.~—Some pits which were considercd to be old
workings were found on two runs of ferruginous quartzite
south of Dindivara village about six miles west of the above
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series of workings. Mr. Bosworth Smith took out a license
in 1907, and put in a number of pits and trenches from which
sinall values were obtained and he considers that the gold is
in these ferruginous quartizites as well as in the quartz veins
in them. The gold was very small in quantity and appears to
be less in depth than at surface.

DBellara—Work was carried on for several yewrs by the
Indian Mines Devclopment Syndicate in connection with
some old workings originally found by Mr. Sambasiva Iyer
and subsequently prospected by Mr. R. H. Morris. They are
in a large mass of altered diabase which mtrades the chlorite
schists. T'he principal workings are on a swall hill where
there 1s an outcrop of quartz (Bellara reef) which guve some
good shows of gold on panning. Three shafts were sunk and
levels driven at 130, 230 and 330 fcet. There was a good
vein of quartz but the values were very low and work was
stopped in 1905. At the westcrn foot of the hill what is
known as Tank reef was located after a considerable amount
of prospeeting, and found to be dipping west. Altogether sen
shafts werc sunk over a length of about 2,000 feet. The deep-
est was a little over 400 feet and a nuwnber of levels from this
and other shafts disclosed the existence of a quartz vein varying
from a few inches to two and a hall feet in width which assayed
from a trace to about three ounces with occasional richer
patches. A considerable proportion could be taken out at an
average of O dwts. or so, but the total tonnage is too small
to justify the creetion of a plant. At the deepest point the
quartz was ncarly 4 feet wide but of no value and at other
points the values at depth werc all small. At one time the
results appeared to be quite promising, but the poor results
obtained in depth caused the mine to be abandoned.

In the southern portion of the Chitaldrug schist belt and in
the outlying stringers near it, several old workings and dumps
have been noted. A large number of leases were taken up in
the carly days, but no prowising results werc oblained and
very little work done. 'The following may be mentioned :—
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Honnebagr.—Tast of Chiknayakanhalli. There are &
number of shallow workings ncar the cdge of the schists
which are partly hornblendic. Sowme trial pits on the quartz
veins gave no gold.

Kalinganahalli.—Just south of the Kunigal road. There
ave a number of dumps {rom which gold can be washed and
probably represent the turning over of the surface soil and
debris.

Nagamangala.— On the outlier ol hornblendic and tal-
cosc schists west of the town there are numerous quartz veins
which were favourably noticed by Mr. Bruce Foote. Little
work appears to have been done on the old lcascs which have
since been abandoned. A number of these veins were sampled
by My, Wetherell during survey work but gave mil to traces of
gold with sometimes 1 or 2 dwts. of silver; and lurther work
docs not scem to be advisable.

Hunjankerc-—On a small patch of hornblendic schists
about 7 wiles east of Seringapatam. There arc a lew old
workings here which were tested in 1907 by Mr. J. G. Hooper
under an cxisting lease [1906-07]. Several shafts and trial
pits were sunk and three quartz veins tested one of which
gave occasional assays up to 10 dwts.  The country and lode
watter is vather like that at Woolagivi, but on a swmall scale
and no indications of any body of orc were found.

Butgahalli~~North of Bannor. There are some old
workings here on a small patch of hoinblendic schists.  These
were prospected by the department in 1905-06 and two shafts
sunk and several trenches made.  Sowme small shows of gold
were obtained but nothing sufiiciently encouraging to warrant
further work. An extended scries ol alluvial washings were
wade at the sae time at Hunjankere but gave only minute
traces of gold.

WEST CENTRAL SCILISTS.

A nuwber of old workings have been recorded along a
stretch of country in the Hassan and Mysore Lnstricts from
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Banavar to south of Nanjangud. The positions of these are
shown on the map. They lie in swmall shreds or patches of
hornblendic or talcose schist or schist and gneiss and many of
them appear to be unimportant and have failed to attract
serious attention. On the more important or promising look-
ing a good deal of work has been done of which the following
1s a brief record :——

Yelvari— Near Haranhalli. These were tested by the
Mysore-Haranhalli Gold Mining Company in 1889-1890. A
trial crushing of a bulk sample of the stone appears to have
heen made from which 25 ozs. of gold werce obtained, but the
results werc too poor to justify further work which was sus-
pended 1n 1890 and the Comupany transferred its activity
elsewhere.

Kempinkote —(Hassan). They lie on an isolated patch
of hornblendic and talc-chlorite schists to the south of the
Nuggihalli schist belt where there is a very large old working
(over GOO ft. in length) with a sinaller working to the north of
it.  The property was taken up by the Kempinkote trold
Field, Ld., with a capital of £170,000 and a great deal of
work was done from 1893 to 1896. The ground beneath the
old workings was tested by two shafts to a depth of 500 fect,
several thousand feet of drives and cross-cut being put in. No
very definite vein of quartz or fissure lode was found, but a
wide zone of auriferous schists with numerous veins, bunches
and lenses of quartz was disclosed which is stated to have been
70 feet wide 1n places and sometimes up to 150 feet in width
with intervening schist bands. Much of the quartz, especially
in the large veins, was very poor, but the banded schist forina-
tion sometimes gave an average of 8 to 10 dwts. for consider-
able distances and widths, The occurrence of rich pockets
assaylng up to 10 ozs. was a noticeable feature and helped
to raise the average of some of the drives, but they were too
few and far between to produce any considerable or reliable
influence. A great deal of the lode formation went under
1 or 2 dwts. in value and the formation appeared to be
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narrowing in depth. Taken as a wholc the formation is of low
grade and if taken out in bulk the average would probably not
exceed some 2 dwts. per ton. We believe that this represents
the opinion of Mr. R. H. P. Bullen who wus in charge of the
work and that there is some prospect that the grade might be
improved somewhat by sclection or sorting. There is some
reason to hope that the property will be taken up again and
given u further trial in view of the immprovements in treatment
and extraction which have taken place in recent years. If
sufficient material could be obtained to give an output of 100
to 150 thousand tons a vear of an average value of 5 dwts. or
so and with a simple process of extraction the prospects of
working at a profit would not be beyond hope.

Bellibetta—There are a number of workings in outliers
of the schists to the west of Krishnarajpet. Of these the most
unportant are on the Bellibetta hill and scveral miniog leases
were taken out in 1886.  Little work appears to have been done,
but in 1901-02 an option was acquired by the New Kempin-
kote Company and some shafts sunk to test the reefs which
the old workings are supposed to have followed. 'The quartz
wag practically valueless. Washings from the dumps and
assayvs of float quartz gave small shows of gold which in no
casc exceeded 1 dwt. per ton.

In the Mysore District there are several old workings in
the neighbourhood of Hunsur and Nanjangud. Of these the
most important arc those at Woolagiri (Volgere) and Amble
and a large amount ol moncy has been spent from time to time
in testing them and the schists in which they lie and they have
been closely exawmined and reported upon by the departinent.

Amble.—On this block the old workings were tested about
1895 by a small Syndicate and some good specimens obtained.
Tn 1899 to 1901 work was taken up by the New Kempinkote
Company and at North Amble shafts and levels to a depth of
178 feet disclosed a quartz vein about 5 feet in width which
was auriferous, but the values werce low and seldom ran above
4 or 5 dwts. At South Amble sinking was continued to a
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depth of 200 feet, but with the exception of a small vein below
the old working which assayed a few dwts. nothing was found.
A large vein of pegmatite was encountered which gave assays
as high as 15 grains per ton. A great many trenches and pits
werc made all over the strip of schist and inany of the quartz
veins and alaskites were found to contam small amounts of
gold but nothing of any value for mining.  [1901. ]

Woolagiri—A large old working lies to the north of
Amble workings in a separate patch of hornblendic schist.
Early work is said to have yiclded some rich smples from a
shaft 96 feet deep from which a cross-cut was made beneath
the old working. In 1906 work was taken up by the Nanjan-
gud Gold Field and levels, etc., driven at 96 and 126 ft. dis-
closing a complex lode of quartz and altered schist over 20 ft.
wide. The mine was sampled and reported upon departient-
ally the result of which was to show that the lode averaged
about 4 dwts. of gold per ton about 1/5th of which isin pyrites.
[1901 and 1906-7.] This is too low to pay and it was
suggested that much of the lode material (white quartz, granite,
cte.) could be picked out raising the remainder to trom 7 to
10 dwts. and that if a sufficiently large body cculd be proved
it might be possible to make 1t pay. A vertical shatt to a
depth of 200 ft. was recommended and exploration at that level
to see if the lode continued or improved. This work was
carried ouat, but 1t was found that the lode hud narrowed con-
siderably in depth and that notwithstanding some bunches of
good ore the average value was low.

A five-head stamp mill was put up and various trial
crushings made from 1906 to 1909. The trials on the general
samples of ore sent to the mill averaged 3'26 dwts. of bar gold
per ton and on picked ore 507 dwts. The tailings probably
averaged about 1'5 dwts. per ton.

The mine was finally reported upon by Mr. Bosworth
Smith () in 1913 on behalf of the HKustern Development

(') Mysore Geological Departmeut, Records, Vol, XIIT p. 167.
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Corporation and as his report was nnfavourable work has
been abandoned.

IIONNAT.T GOLD TIETD.

This first attracted attention in 1880. A large number
ol leases were taken out in the neighbonrhood of Kudrikonda
and Palavanhalli and were acquired by the Honnali Gold Min-
ing Company with a capital of 4 lakhs of which about 2 lakhs
was available for working,  Owing to the prevalence of gold
in the soil, some rich float quartz and some very high valnes
were obtained during prospecting work. Very sanguine re-
ports were drawn up and a good deal of money was spent on
a 10-head battery, percussion tables, reverberatory lurnace,
arastras, ctc., before the value of the ore hodies were proved.
The final result was w shortage of money which might have
been more usefully spent in further exploration. The principal
work was done at Kudrikonda where there were some old
workings most of which were proved to be crratic and not
very deep. - At the main shalt a reef called Turnbull's rect
was opened up to a depth of 165 feet and found to be a lenti-
cular shoot pitching north with quartz up to 5 feet in width
which pinched into stringers towards the bottomn.  Iour other
shafts were sunk on the lode to the north of the main work-
ings but gave poor results. The main shoot appears to have
contained very rich patches, up to 35 ozs. to the ton, but the
average result was quite low. Altogether 2,580 tons of quartz
were obtained and yielded 528 ozs. ol gold, or an average of
about 4 dwts. per ton. This average 15 too low to pay and the
quantity of ore to be obtained is apparently small. A yeport of
the Honnali Company published in 1885 sums up the results of
working by saying that each ounce of gold had cost the Con-
pany Rs. 139-10-5, while its sale value was only Rs. 45-9-9.

TFunds being exhausted the mine was closed, but shortly
afterwards The Honnali Tribute Syndicate started further
work most of which was carried out by Mr. James Young who
has kindly furnished the following particulgrs :—
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The North Air Shaft, which lies 160 feet north of main
shaft and had previously reached a depth of 90 feet, was
continued to 260 fcet and several short drives and cross-cuts
put in. At 150 feet the reef improved to 4 feet in width and
showed gold estimated at from 18 dwts. to 34 ozs. per ton.
At 164 feet 1t passed out of the shaft. At the 200 feet cross-
cut only stringers were found, but in a drive north some small
quartz 1s rcported to have been several ounces in value.
About 130 tons of quartz obtained during these operations
were put through the mill and yielded 100 ozs. of gold. Not-
withstanding some high values the work done failed to reveal
any valuable body of ore and the mine was finally closed down
although Mr. Young was still very sanguine about finding
something move substantial with further work.

There can be no doubt about the existence of small rich
lenses and patches in this field and that others would be met
with if the workings were considerably extended. Unfortu-
nately a few rich pateches do not make a mine and the cost of
finding them and extracting the gold is likely to exceed the
value of the gold won as shown by the milling vesults of the
Honnali Company.

On the other hand these jsolated patches may easily
account for the prevalence of gold distributed through the soil
of the aren as many of them must have been exposed and
broken down, with resultant separation of the gold, during the
long denudation of hundreds and probably thousands of feet of
the schists in which they occur.

The number 15 Honnali Gold Mining Company.—Opened
a minc about 1 mile north-west of the Honnali Mine, to a
maximum depth of 315 fecet. The veins and stringers were
poor. The best result appears to have been a vein 18 inches
wide worth 4 to 5 dwts. which was found in the north level
from An Shaft.

Palavanhalli Gold Mining Company.—The Company did
some work at a point {our miles south-east of the Honnali Mine,
where there is a shallow old working. A main shaft was
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gunk to 100 feet on & cross-cut east driven but no ove of value
was encountered.

After a long period of inactivity some further attention
has been paid to this field during recent vears. Numerous
washings and ftrial pannings have been made by the depart-
ment without locating any promising material.

Under prospecting licenses held by the Fastern Develop-
ment Corporation a considerable amount of prospecting has
been carried out under Mr. Bosworth Smith which has been
referred to already (p. 11) and which will be continued.

On several other blocks in the neighbourhood of Palavan-
halli a good deal of work was done a couple of years ago on
behalf of some of the Kolar Companies, but the results were
poor or nil and the licenses have been given up.

SHIMOGA-TARIKERY GROUTD.

A reforence to the map will show that a very large
number ol old workings have been found in the schists around
the Shimoga and Tarikere masses of granite and gneiss.  In
these schists some runs of fine granite, quartz porphyry,
quartzite and crush hreceia or conglomerate have been found
and are regarded as probable vepresentatives of the Champion
gneiss,

At Honnchatti, Nandi, Ajjampur and Bukkambundi the
old workings have been known for a long time past, but o
very much larger number were discovered subsequently-—
chiefly by Mr. H. K. Slater—during the course of dvvey
work.

The following is a hrief account of the mining and pro-
specting work ai the principal points starting fromn the west
side of the group.

Chornadihalli.~—These workings lic about eight miles
south of Shimoga. Mr. Slater found a large nmmber of pits over
a considerable area both in the chloritic schists and in the pot-
stones. The aren was prospected and reported upon [1906-07]
by Mr. Balaji Rao who obtained indications of gold from some
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of the pits and adjacent nallas. No auriferous quartz was
found and it is possible that many of the pits were not for
gold. The prospects are not promising and no serious work
was attemipted although a prospecting license was taken out
and held for scveral years.

Hounehatti —South of Benkipur and close to the Bhadra
river a very large number of old workings occur on the
Honnegudda hill and on the flats to the south of it. These
have attracted a great deal of aftention since 1887 when a
lease was taken out by the Mysore-Nagar Gold Mining Com-
pany. In more recent vears the ground has been extensively
prospected under Mr. Bosworth Smith and Capt. Tethbridge
and the resulis may be summarized as follows :——

In the saddle on the Temple Hill are large old workings
which were tested by an adit driven into the hill for 294 feet
and from which a rise was put up into the old workings.
A lode formation was found consisting largely of massive
quartz with pyrites and on this some levels were driven and
n winze sunk to 74 feet below the adit level. The sumples
showed that the lode or vein averaged sbout 24 dwts. per ton,
the highest assay being 8 dwis.  The pyrites carvies gold
to the extent of about 12 dwts. per ton. This material was
obviously unworkable and attention was directed to the low
ground between the hill and the river.

In this ground there are a very large number of cld
workings spread over a large area, the principal ones being
grouj®d along three parallel lincs. One or two of these are
more than 50 feet deep, but the majority are much shallower.
The Mysore-Nagar Company sunk two shafts and put in some
pits and trenches but the results were poor.

The No. 1 shaft was 100 feet deep and in a cross-cut
west at 80 feet a vein eight inches wide assaying 2% dwts.
was found. Nothing of value was found and as water was
heavy work was stopped.

The White Cedar shaft was sunk for 95 feet and at 83
feet a drive was put in just below the old working. Stringers
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and veins of quartz were found which occasionally showed
gold, but the average results were very low.

Mr. Bosworth Smith reported on the property in 1903
and found that the mineralized lode from the bottom of White
Cedar shaft gave about 3% dwts. and from the drive at 83
feet some 73 dwts. He also found that picked samples rich
in sulphurets (iron and copper pyrites and blende) gave 14 to
17 dwts. and that the concentrates [rom these gave about 2
ozs. per ton.  He formed the opinion that although there may
have been a good deal of {ree gold in the hroken-down and
weathered materials near the surface, on which a large num-
ber of the shallow old workings were 1ade, at greater
depths the greater part of the gold was in the pyrites and
that the ore would be refractory and require concentration.
He thought that considerable bands of mincralized lode mat-
ter (quartz and schist) might be found which would pay to
extract.

Subsequent work has not disclosed any consideralle
lenses or bands of payable material althongh several thousand
feet of trenches were put in and a large number of pits sunk
on veins which showed from a trace to 20 dwts. to the ton,
but which invarviably pinched out or became poov in depth.
The results have been very disappointing but it may be noted
that Mr. Bosworth Smith's main recornmendation was not
carried out. This was to sink a shaft to 300 fect a little west
of the White Cedar shaft and ascertain whether any suffici-
ently large lenses or bands of heavily mineralized lode
matter were to be found below water level.  The expense of
the necessary plant and the poor results already obtained
no doubt accounted for this, but it 1s possible that some one
will still have the courage to carry it out.

Tambadihalli.—Avound Tambadihalli and Shinganmane
many old workings have been found in the Jungles—mostly
nearly filled in and covered with soil and leaves. Work was
carried on for several years by the Shimoga Gold Fields, details
of which will be found in the Mines Reports for 190G-07 and

M.R.M. o
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1907-08. At seven different places shafts were opened up to
a depth of 100 feet or so and drives put in. In three or four
places rich stringers and lenses of quartz were found running
several ounces to the ton; but in no case did any of them
continue for any considerable distance or make into a work-
able body of ore.

Teak Plantation Block.—Some work was done in 1908-09
on the old working here which was unbottomed. It was found
that the pit had been sunk on a small rich shoot of quartz
which had a length of about 40 feet and carvied several onnces
of gold and no pyrites. At 20 to 30 feet below water level
the shoot had shortened to 20 feet and was evidently pinching
rapidly and as the water was very heavy, work was stopped.
It 1s o point which will doubtless be attacked again if the
neighbouring workings at Jalagargundi are reopened and staff
and machinery are available.

Jalagargundi—This is the most important point in this
group. There is one very large pit and a number of smaller
ones scaftered about in c¢hloritic and talcose schists and pot-
stones. A large amount of work has heen done [1907-08;
1908-09|. No 1 shaft was sunk to a depth of 230 feet close
to the large pit and some gnartz abont two fect wide, said to
be worth 15 dwts., was found at ahout 160 feet. At 190 feet
the quartz was wider, bhut carried only from o trace to 4 dwts.
At No. 2 shaft, a lode was cut at 170 feet said to e worth 15
dwts. and 10 or 12 feet wide. At 200 feet 1t is abont 11 feet
wide and swd to be of fair though variable value. In a drive
to the west the lode became poor, hnt for 105 leet to the east
it was estimated to be worth over 1 oz. In 1913 the lode
along the cast drive was stoped out for 150 feet for a height
of 5 feet of which a general smnple gave just over 10 dwts.
By picking out the white barren quartz the balance (69 per
cent) gave an average of nearly 14 dwts. [[913-14].

The lode 15 o sort of finely grannlar and banded quartz
schist with some calcite and chlovite and fine parallel lines
of oxide of iron dust.  Alongside and penetrating it is a large
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blow or vein of white glassy quartz which is barren. The gold
is mostly frce and the lode is richly studded with small crys-
tals of pyrites which carvy little if any gold. Work is stopped
at present, but it is expected that {resh funds will be forth-
coning to continue operations.

Shiddarhalli—The old workings are on the crest of
some low hills and at the bottom of the principal working the
lode which was mixed quartz and schist gave some 4 dwts.
per ton. An adit was drviven from the novth face of the hill
and cut the lode formation at 201 feet about 100 feet below
surface.  The lode was driven on for 120 feet cast of which
the first 50 feet was on an average 5 feet wide and abont 93
dwts. in value and from there to the end ahout 6} dwis. and
gelting narrower and finally splitting up. The west drive
disclosed a bady of ove 5 feet wide giving assavs of {rom 6
dwts. to 1 oz, with an average of 123 dwts. At 45 feet a
cross lode carrying graphite was met with, beyond which the
main lode narrowed from one [oot to stringers in a distance of
15 feet.  Several other drives were put in showing low
values and levels were driven at 75 feet below the adit level
which showed very crnmpled and disturbed country and prac-
tieally no Inde formation of any value. Work was suspended
m 1913 as vesults did not justify further expenditure, the
small run of ore below the old workings having disappeared in
depth ns well as east and west and the conntry heing too
disturbed to hold out much hope of picking up any continua-
tion of it.

Nandi (Hoshalli).—-A [ew workings ocenr between Shid-
darhalli and Nandi Hill, south of Tarikere, hut nothing has
been found by the prospecting work done at several points.
The old workings at Nandi and Chattanhalli were prospected
departmentally by My, Primvose in 1897 (Records Volume 11,
pages 57-61) who found little except small shows of gold in
some of the nullas,  Since then the ground has been held
under & mining lease and two of the workings on Nandi Hill
cleared out to depths of 120 and 210 feet. The assays did

MURM. 12
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not exceed a few dwts., and the prospects have not been con-
sidered sufficiently good to warrant much expenditure and
comparatively little work has been done. Tecently [1912-13]
one of the workings on the west side of the Tarikere road was
tested by a vertical shaft to a depth of 198 feet and some
fuartz veins of little value found.

To the west of the long series of workings described
above some others have been found at IToshalli and Devrukal
(Aramballi) not far from Yedahalli. Those at Hoshalli ave in
dark hornblendic rocks and amphibolite and the pits and
trenches disclosed litile of interest with the exception of a
vertical vein about 4 inches wide giving assays up to 10 dwts.
but showing no tendency to widen out.

At Devrulkal the workings are in potstone and talcose
schists.  The dumps gave hardly any traces of gold and a
long adit driven below the largest pit failed to find any lode
of value. It is by no means certain that these workings were
for gold, but no other mineral has been observed with the
exception of a little chromite.

Ajjemprur.—DPassing to the north side of the Tarikere
gneiss we come to sone old workings on the hills to the west
of Ajjampur.  These were described hy Mr. Sambasiva Iyer
in 1897 (Records, Volame I, page 92) and the subsequent
work inspected and reported upon by Dr. Smeeth [1901].
The workings arc in a scries of chloritic and felspathic quart-
zites or quartzosc schists which are now thought to be
associated with the Champion gneise.  There ave two large
pits named Hondonna and Hallidonna and a good deal of
work was done by the Kadur-Mysore Gold Mining Company.
Hondonnea lies a little north of the templé on the top of the
hill. T4 is a large pit choked with debris and an adit was
driven which entered it at 150 fect below surface. Iattle
information was available as to what had been found but
apparently nothing good. At Haklidonna, which is on the
slopes of the hill at a lower level, the old working is in the
form of an irregular, steeply-inclined shaft or burrow which
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has been proved to a depth of 300 fect. Adits were driven in
and levels and drives opened up round the old working, to a
depth of 300 feet, which fuiled to veveal any valuable body of
ore. The shapc of the working points to a pipe ov parrow
shoot of orc having been taken out. A large number of sun-
ples gave very poor results, the highest being 22 dwts., and
there appears to be nothing to encourage [urther expenditure.

Bukkambudi~—A few miles novth of Ajjampur on the
hill overlooking the tank. Therc arc considerable excavations
with inclined and branching tunnels or burrows in a series ol
talc-chlorite schists veined with quartz and calcite. The
workings originally attracted the attention of Mr. Mervyn
Swith who applied fov a wining lease but did uwot take it up
or do any prospecting. He reported the presence of zine and
lead sulphides with some silver. The workings have been
cxawined departmentutly during the course of survey work
and there seems to be lithle to justily expenditure on then.
The irvegular shape and branches appear to indicate that
sowe branching shoots or impregnations were followed and
taken out. The lead and zinc sulphides wre in irregular bands
or streaks in the rock and samples broken from the faces give
less than onc per cent of concentrates containing galena,
blende and pyrites in a fine stute of division.  Swall veins of
quartz as well as the mincralized rock give small traces of gold
and it is probable that the old workers removed some siall
shoots or richly nupregnated and oxidised patches ol ore carry-
ing frec gold.  So far as can be seen thie quantity of mincral-
ized rock 1s small and the percentage ol wixed concentrates
msignificant.

BUMMARY,

An endeavour has been made to summarize as brefly as
possible the presenl state of our knowledge about the occur-
rence of gold in Mysore and the prospects of further develop-
ments of mining work. It will be evident that the hopeful
predictions of Bruce Foote and of many of the carlier pro-
spectors have been seriously discounted by the large amount of
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mining work which has been done at very considerable cost.
These predictions were based on the successful results which
were then being obtained beneath the old workings at Kolar,
on the fact that many other old workings were known in
other parts of the State but not tested, and on the fallacy—
then so prevalent and not yet quite dead—that even though a
wine or lode was compuratively poor at surface the odds were
in favour of its increasing m richness at greater depths.

The work which has since been done by the Geological
Survey and by various wining and prospecting partics has
shown that the Kolar Gold Field possesses unique fcatures in
the number and size of the rich shoots situated on onc or
more well defined veins (which might properly be described
as fissure veins) which are not repeated in other parts of the
State where old workings oceur.  This would not prevent the
opening up of individual mines if the shoots on which the old
workings were sunk were found to continue in depth, and
some may yet be found to do so. In the vast majority of
cascs however we have definitelv shown that this s not the
case and that many of the old workings are on what way be
regarded as the mere stumps of shoots remaining after denu-
dation of the upper parts. Many others, cspecially in the
chloritic series, have been cxcavated on small rich lenses of
limited extent and not connected with other lenses by well-
defined veins which could be followed in the hopes of tinding
other lenses within reagonable distances.  Other workings
again are on veined or impregnated zones ol schist the upper
weathered portions of which—in which there way have been
secondary concentration—were sufficiently rich in frec gold
while the unaltered portions below are too poor to pay.

The Kolar Gold Field is likely to continue a successful
career for several decades and the area of ground mined may
possibly be extended on the south and necar the north of the
Field. It is hoped that some further work will be done at
Manighatta in view ol the fact that a small shoot has been
found, that this large body of schists is so similar in character
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and disposition to the Kolar Field and that gold 1s prevalent
in the soil and nullas of the area.

In other parts of the Province work will no doubt be
resmned later at Jalagargundi and on the Honnali Field; and
the prospects of opening up somwe large low grade bodies of
schist or lode, susceptible of cheap wining and extraction, ut
such points as Honnehatti, Ajjanhalli and Kempinkote
(Hassan) may yet atbract the attention of cupitalists who ave
prepared to spend considerable sums on speculative ventures.



Iron.

Iron OREs.

Tron ores arc widely distributed in the State but very
varigble in character ; and in comparatively few places are they
found in sufficient abundance and purity to be worth attention
for work on a cowwercial scale ander modern conditions.

The following classification seews to be in accordance with
the numecrous observations so far recorded by the survey :—

(1) Banded ferruginous quartz rock which occurs as o
colunon integral component of the Dharwayr Schists.

(2) Desilicified portions of (1) with, in somec cases,
addition of 1ron from solution or by metasomatic replacement
of quartz and silicates. These form rich henatite and limo-
nite ores.

(3) Zones or laycers of massive ore probably the result
of thc metasowatic replaccinent of silicates (igneous and
metamorphic schists) by oxides ol iron. Thesc are cither
limonites or hematites and are sometimes associated with (L)
and sometincs not. In somc places they ave assoclated with
manganese orcs.

(4) Magnctite and beematite lenses which appear to be
ol magmatic origin associated with ultra-basic rocks intrusive
into the Dharwar Schists. They arc usually highly titani-
terous.

(5) Quartz magnetite ores which appcar to be of mag-
matic origin and genetically related to the Charnockite scrics
and therefore subscquent to the Dharwar Schists and to the
fundamental gneiss. There are some runs of solid magne-
tite-haematite ore in the same neighbourhood which may belong
to this series, but as connccting evidence 1s wanting we have
not definitely classed themm.



57

A note on thesc various types and their mode of occur-
rence will be found in Records Volume X1V, page 31, and the
present notes will be confined to the more hmportant loca-
lities which have been investigated and the quantities and
character of the ores available. A nuwber of analyses arce
given in Tables 5, U and 7 and will be referred to where
necessary by thelir serial nmnbers.

ORES OF THE BABABUDAN HILLS.

The Bababudan IHills lie o few miles north of Chikma-
galur in the Kadur District.  They forin a ring or horse-shoe-
shaped chain of hills enclosing the Jagar valley with an
opening at the west side where the Somavahini yviver flows
onb. The crest of the ring is foriued nearly entively of banded
quartz iron oves (ferruginous-quaritzites) dipping inwards
at angles ol about 45°.  The iron ore in these rocks 1s largely
haematite with some wmagnetite.  In places, chicfly along the
castern crest for sonie miles north of Attigundi, the rock con-
tains muoch more magnelite than hewatite and bands ol the
former, up to 2 or 3 inches thick, alternate with finely granu-
lar quartz.

These more magnetic portions of the series yield from 35
to 50 per cent ol magnetic coneentrate,
but the results which could be obtained in
comuercial concentrators and the grade of the concentrates
have not been determined yet. Liarge quantities of such
concentrates could be obtained but they would be two or three
times as cxpensive as the hamatite ores which will be described
below and the expense would be justified only if the product
was very high in iron and very low in impurities—especially
in phosphorus and sulphur.  This is a point to be dctermined
by further investigation.

On the eastern side of the chain the ores lic at surface in

gentle undulations with some stecper
Rmatite and folds and crumples. The lower layers
are thick beds of the banded ferruginous

Muagnetite Ores.
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quartzite which are overlaid by a series of banded iron ores
and ochres with nuierous layers, bands or lenses of hoema-
tite and liwonite.  Many of these harder bands, which may
be several {eet thick, outerop in scarps or in long lines of dis-
jointed blocks over an wrea of 30 square miles or so from
Kemmangundi on the novth to Attigundi on the south and
between Kalhattigr and Virupakshikan, cast and west. The
varioas ore fields or patehes of ore wre scpurated by intrasive
diabases or diorites, which arc often altered into ferruginous
clays, or by patches of soil and jungle or lervuginous quart-
zites where the overlying sevies has been denuded away. A
creat many million tons of ore exist in this arca but in widely
separated patches, and transport from one point to another
would be diflicult owing to the roughness of the country and
the nuuierous ravines und nullas.  Fovr practical purposes it
would be necessary to scleet some particular ove field where
sallicient ore could be obtained to von the proposed swclting
plant for wany years.

It s interesting to note that in some places the ferru-
ginous-quartzites appear to pass upwards
into Tandnated and porous hematite by
the removal ol the quarts in solubion, This s well seen ulong
the track about | wile north-west of the bungalow on A 5590
and ab points round the north-west slopes of the Givi. A pit
ab the former point was sunk in this ove at o little higher
level than the point ut which the underlying banded quart-
zites arc exposcd in w nulla close by, An average sample ol
the pit is shown in analysis No. 14 and shows good ore with
practically no silica. There is u large quantity of this matertal
but it is friable and would probably produce too much fues
for blast furnace work. 'The only point which raises some
Joubt as to its origin is the amount of alumina present (newrly
10 per cent). It is not known how wmuch alumina the banded
quartzites contain and the large awount of this constituent
rather suggests that there may have been intercalated bands
of trap in the original rock.

Residual Ores.
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The more valuable bands of harder hematite and limo-
nite occur in a bhanded series overlying
the ferruginous quartzites and from the
evidence obtained in a nmuber of prospecting pits the servies
was probably originally composed of bands of mica-chlorite
schists and chloritic and hornblendic trap. Their original
character can only be surmised as they ave now completely
converted into handed iron ores and ochres with varying
bands, ete., ol harder heematites and limonites.  The hardened
bands give bold onterops between whicl: mmeh of the surface
presents an indurated crust, 2 to 5 feet thick, heneath which
the more finely bhanded orve and ochre is comparatively soft.
The oviginal vocks appear to have been conpletely altered by
removal of the silica, lime and magnesin, very little of which
remuin, and the concentration of the iron.  "The harder hands
of heematite and limonite ave probably those in which there
has been considerable deposition of iron fron solution over

Replacement Ores.

and above the general concentration effected by metasomatic
replacement, and in some cases the hardened homatite has
been obscrved to penctrate the banded ores and ochres
branching veins transverse to the banding.

The harder exust, much of which is fairly good ore though
he Crut often somewhat high m phosphorus, gives
a deceptive impression of the amount of
smelting ore avaitable; for, on being broken through, it passes
into soft banded ores and ochres of which probably 50 per
cent would have to be rejected as too fine and soft, Such
rejectable material is represented by the waste dumps from
the pits at Kemmangundi (analyses 29, 30 and 31) which pro-
bably average from 50 to 55 per cent of iron and about 0712
per cent phosphorns.  Samples of the crust 4 to 8 feet thick
are represented by analyses 14, 17 and 18 containing fromn 51
to G1 per cent of iron with about 0'1 per cent phosphorns and
a good deal of combined water. Nos. 17 and 18 are mostly
vesicular limonite and No. 14 chiefly haematite. ‘
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In low lying places especially where the crust has been
denuded or much altered by water we get
a highly vesicular or lateritoid () laver
developed on top of the banded ores and cven passing down-
wards between the harder bands, which are sometimes brolken
up into fragments by gradual subsidence and collapse.  One
snch place is at the road cutting av the western end of the
Kemmangundi field where a face of 10 feet of finelv banded ore
and ochre giave analysis 5 and the lateritoid layer over it, into
which it appears to have altered, gave analysis 6. These arve
reprodnced below for comparison showing the increase in
ahunina and the marked increase in phosphorns:—

Lateritold.

Si0, AlLDy Fe Mn S r Ti0),
No. b ... 363 (56 5611 080 0052 0041
No. 6 .. 28 10-04 48:08 0087 Q244 104

In one of the pits at Kemmangundi vather soft and earthy
or stony looking red to black ore was met
with for a depth of 9 feet. 1t 1s compact,
non-banded and bLreaks with conchoidal fracture into lumps
and small fragments and is snggestive of a completely altered
band ol trap. Of the natcrial excavated 40 per cent was
sorted ont as lump ore 2 to 3 inches and over. This gave
analysis No, 24 with nearly 64 per cent of iron and would
form a valuable ore if it will stand transport.  There is probably
a large body of it. The remaining 60 per cent is inferior and
contains much more silica and phosphorns but can be veadily

Earthy lizmatites.

sorted out.
These are the best and most valuable portions of the
series and in¢lnde the outecrop blocks and

The harder lump Ore. .
¢ harder fump Bre the harder bands below surface. The

analyses given show their character.

(Y * Lateritoid ' is & term suggested by Dr. Fermor to denote highly vesicular
ferruginous muteral having somewhut the aspect of laterite though not sufficiently
similar to typical laterite to perniit of the latter teru heing c-mployul or generally
adwitted. Fide - The Menganese Ores of Indin” by L. Leigh Fermor, Dose,
AR.8 M., Memoirs of the Geological Survey of Indin, Volume XXXVII, p. 880,
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The following remarks refcr to the Kemmangundi area.
Analyses 1 to 4 are from the main scarp over a length of 1,000
feet or so. 7 to 10 are from central outerops and 11 to 13 are
from anew deposit, a mile further north and close to the gorge
leading fhrough the outer escarpment of the BBababudans to the
low country. All of these are outerop samples and run from
61 to G5 per cent iron and about 002 to 0°05 per cent phos-
phorus. No. 19 represents bands of hard hwmatite at a depth
of 13 feet but sufficient work has not been done to show how
numerous thesc bands are or to what extent the heavier out-
crops continue downwards.

In the valley in the middle of the deposit there is alluvial
soll underneath which is a considerable thickness (14 {eet
i places) of pebbles and small boulders represented by
analyses 26 to 28.

The foregoing account shows the very complex character

ol these deposits and without much f(ur-
ther decp prospecting and sorting it 1s
impossible to speak very definitely about quantities and grades.
The following estimates refer only to the Kemmangundi field
and must be regarded as tentative and arve, we believe, conser-
vative.
" The aren of the ferruginous deposits on the Kenunan-
gundi field is wlmost 50 acres und the conditions noted as
occurring bencath the surfuce crust wmay be expected to con-
tinue to depths of 50 feet and probably more.

1f we take an average depth of 25 {feet the total tonnage
would be nearly 4,000,000 allowing 2 tons per cubic yard, and
the average composition ahout the following :—

(@) Tron-57 per cent; Silica-2 per cent; 5-005;
P-008.
About 50 per cent would have 1o be rejected as too fine
and soft for blast furnace work and the remaining 50 per cent
would be rather better throughont than the above average.

This would give some 2,000,000 tons of usable ore out of
which we might expect to get—

M.R.M, F

Quantity of Ore.
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(I 500,000 tons running 61 to 62 per cent iron and
0°05 per cent phosphoras, "

(¢) 1,500,000 tons runhing 56 to 57 per cent iron and
0-09 per cent phosphorus.

From the smaller deposit, about 30 acres in extent, near
the gorge about 1 mile north of the formner, we might expect
at least half these quantities, but as this has not been pro-
spected veb this is merely a gencral assmmption.

However from these two deposits we wmight, expeet three
quarters of a million fons with 0°05 per cent phosphorus and
some two million tons with about 0°09 per cent of phosphorus
ot rather less.

These ave only two deposits out of o Targe nmmber in the
whole arca sitnated at distunces of {from I to 10 1miles [rom
this point over rough hilly country.

Until more is known about the sub-surface distribution
ol the harder and bettcr ore we cannot
be very precize as to costs.  They wmust
be adversely affected by the roughness of the ground and
by the fact that work will not be possible for more than
five or six months in the vear owing to the heavy monsoon

Cost of Ore.

conditions.

I we asswine that excavasion and sorting will cost on an
average Rs. 2-8-0 to 3-0-0 per 100 cubic feet and that from
this we get 1 ton of the better ore (&) this gives Rs. 2-8-0
to 3-0-0 per ton of ore.

If this grade only was required the surluce outerops would
be taken and excavation confined to the heavier bands or zones
m which we might expect some 3 tons per cubie foot. This
would reduce the above charge to from As. 13 to Re. 1. If in
addition, as is quite probable, an equal quantity of ore of class
(¢) was also required the charge would come down still lower.
Adding supervision and rvoyalty we might consider that the
cost will probably be between 1 and 2 rupees per ton according
to the grade dewanded and for subsequent estimate we will
assume the higher figure.
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The ore will have to be taken down the steep Kemman-
gundi gorge, probably by a wire ropeway, and thence by a
light raillway to a smelting works at Benkipur or Shimoga for
which a transport charge of Re. 1 per ton may be added
making the cost Rs. 3 per ton at the works with possibilities
of some reduction.

LIMONITE ORES IN THE SIIMOGA DISTRICT.

some fairly extensive outcrops of liwmonitic ore have been
found in the Shimoga District in the altered ferruginous
schists and ochres which carry the manganese deposits.

Three unalyses of these are given in Table 7 of which
Nos. 32 and 33 are from Shankargudda and contain nearly 01
per cent phosphorus.  No. 34 trom Holmes™ Block near Kumsi
shows that in some cases these ores are fairly low in phosphorus
(002 per cent) and further prospecting may disclose some
valuable hodies of such ore which would be of great value with
charcoal fuel for production of low phosphorus rons.

CHTTAUDRUG SCHISTS.

Jonsiderable bodies of soft limonite ores with some bands
of harder hsamatites occur in parts of the Chitaldg schist
belt especially towards the western side in the neighbourhood
of Karekalgudda, Bodimaradi and Chiknayakanhalli. Many
of them are too soft and friable for [nrnace work, but con-
siderable spreads of surface houlders of the harder hmmatites
occur in places. These ores are far away from the raillway
and {rom fucl or any possible smelting site and have not been
closely examined at present. ‘Their use would be Justified
only if they possessed special qualities not obtainable as casily
elsewhere.

QUARTZ MAGNETITE ORES OF THE CHARNOCKITE SLERIES.

These have been found south of Halagur in the Malvalli
Taluk not far from the Canvery IFalls. A couple ol runs or
dyke-like veins ol these extend for a couple of miles north and

M.R.M. F2
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south and are 10 to 15 feet thick. They are composed
essentially of quartz and magnetite with subordinate amounts
of hypersthene, amphibole, and garnet. They would require
to be crushed and magnetically concentrated.

Tests with a hand magnet gave 4556 per cent of concent-
rate containing 6136 per cent of iron and 0'022 per cent phos-
phorus when crushed through 80 mesh; (Analysis 39).
When crushed through 60 mesh the results were :—

Concentrate=254'95 per cent containing 6637 per cent
iron and 836 per cent insoluble residue.

It is not considered that these ores are of value at
present. What the results of commercial concentration would
be are not known, but the ferruginous silicates present will
render 1t difficult to obtain a very clean product and the cost
of the concentrated ore will be high—probably at least Is. 7
to 8 per ton at the mines.

TITANIFEROUS IRON ORES.

A lJarge number of outcrops have been found in the
neighbourhood of Ubrani to the north of Tarikere and also in
the Nuggihalli schist belt near Tagadur—south of Tiptur.
They were investigated as possible sources of high class
nuagnetites and hematites, hut analyses showed the presence
of much Titaninm which renders them unsuitable for smelting
work though they may possibly be of use in a small way for
production of special titanium steels. Analyses 35 to 39 show
the composition of these ores and of the magnetic concentrate
and residue from those near Tagadur.

TOSSIBILITIES OF UTILIZING THE ORES.

Iron smelting on a small scale hus been carried on in
Indlgenous Smelting most parts of the State in past times as
. Industry. witnessed by the nnmerous slag-heaps
most of which mark the sites of abandoned works. A few
furnaces still exist but are hardly ever used and the industry
may be said to be extinct. The processes of work, which
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have been described frequently, consisted in the smelting of
selected ore with charcoal in small furnaces a few feet in
height. A blast is obtained by means of skin bellows and
the vesult is the accumulation of a more or less melted mass
ol iron and slag—which is called a **bloom "—in the hearth
of the furnace. The bloom is withdrawn, rcheated and ham-
mered to weld it into a solid mass and to remove slag and
cinder. It is cut up into convenient pieces of ** wronght iron”
from which implements are forged. When steel is required
the wrought iron is cut into small pieces of # 1b. weight and
each piece put in a crucible with some charcoal and bits of
wood and leaf of the Thangadi plant which is supposed to
possess special virtue for the process. The crucibles arc
sealed up with cluy and hcated in a charcoal hearth for 5
hoars with the result that the iron absorbs carbon by a sort
of cementation process and is converted into steel.

The steel produced is variable in character but often of
high quality.  The processes are wasteful and cxpensive
comnpared with modern methods.

The operations have been examined and reported upon by
various officers, bub 1t is very difticult to arrive at any
satisfactory estimate of costs.

The following statement gives the average consumption
of materials as reported:—

Wrought
Iron Tron Bloom Tron ore
tons tons “ tons
e T = \, - N
’ J |
1 ton of steel requires 1'1to1'5 2t0 27 | About 115
1 ton of wrought iron 1 1'8 3'6 to 6'48
requires.
1 ton of iron bloom

| 1 2 to 3'6
requires. !
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As regards the charcoal :—
T'o make 1 ton of bloom from ore requircs 3 tons
of charcoal.
1 ton of wrought iron from bloom requires
175 tons of charcoal.
1 ton of steel from wrought iron requires
395 tons of chaycoal.
Therelore to produce 1 ton of wrought iron requires
altogether 8 tons of charcoal,
and 1 ton of stecl requires altogether 12 tons of
charcoal.

As regards costs it may be noted that the ore is allowed
to be taken {ree, charcoal is cither free or a small seigniorage
of about Iks. 3 per ton is charged and sometinies a ycarly tax
of from Rs. 5 to 12 per furnace was imposcd. These very
variable charges arve omitied in the following estimates which
are based simply on the labour required for collecting the
waterials and conducting the smelting operations: the wages
quoted are very low, viz., Bs. 40 to 50 per year per man, or
considerably below present day rates. Under thesc conditions
the averages of the various estimates which have been ade

LR

12

come out as follows :—
Wrought iron.—Calculated cost Rs. 150 per ton
Selling price  Rs. 260 do
Steel— Calculated cost Rs. 490 per ton
Sclling price Rs. 723 .

Apparently the work should be very profitable but the
selling price 1s based on the reported valuc of small pieces
sold locally and occasionally and cannot be considercd as
representing a fair or fixed market rate. The fact that all
the furnaces have been moribund or closed down for some
years past must, we think, be attributed to the fact that the
uaterial cannot be sold at a profit in cowpetition with im-
ported iron and steel which can now be easly obtained for
less, not only than the selling prices given above but in most
cases for less than the caleulated costs of production. These
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Jatter costs would be, we believe, materially increased if recal-
culated on present day rates ol wages and the chances of
resuscitating the industry on a profitable basis appear to be
definitely removed even allowing the ore and charcoal to be
taken free.

EXTORT OF ORY.

The prospects of exporting the ores from the Babubudans
are nob favowrable al present.  1f we consider the deposits at
Kemnnmngundi and others within o conple of wiles, such as
those along the scurp overlooking Santaver: and those aownd
the south and west flanks of Kalhattigin, we mav expecet to
obtain several million tons of ore running 57 to 60 per cent of
iron, 005 per cent phosphorus and 2 per cent or less ol silica
and the valie of such ove would probably be Rs. 15 to 17 per
ton in BTngland.  The phosphorus is the uost importunt
factor and the value of the ore would mecrecase or decreasce
with this clement.

1f we asswe that this ore can he pub on the railway ab
shimoga at Rs. 2 to 3 per ton and that it can be put on
board ship at o port on the West Coast (B3hatkul for instance)
for another Rs. 2 we may take the cost Lob. Bhatkal at about
Rs. 5 per ton leaving from 10 to L2 rapees for freight to Eng-
land.  This is rather below what {reights have been in the Pilsh
and the orve would probably cost one ov two rupees per ton
wore than it could be sold for. The Knglish prices may
Increase frow time to time and ining costs may be some-
what reduced and therc 1s sowme possibility that both ends
could be made to mect especially in the case of a cowpany
which required the ore for its own use and not [or sale ; but it
is obvious that it will requive favourable circumstances and
carctul management to effect even this.  Some of the other
ores in the Shimoga District may prove to be better placed
and permit of a reduction of the mining and transport charges
to the extent of one or two rupees per ton and 15 is likely that
sone suitable ore may be found along the Western Ghats
along certain tracts on the west ol the Shimoga District which
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have not been examined yet and which would be much nearer
to the port. Neither the port nor the railway exists at pre-
sent and export is a question of the future and the above
figures are given merely to indicate the principal factors so
far as our present information gocs.

SMELTING 1IN MODERN BLAST FURNACES,

The ores of Mysore are sufficienily abundant and of good
enough quality to be suilable for the inanufacture of pig iron
on a considerable scale, but unfortunately the supply of fuel 1s
either too limited or too costly to permit of this being under-
taken except within certain narrow lunits.  The fuel required
is either coke or charcoal and the position with regard to these
will be explained very briefly.

Smelting with coke—As there is no coal in Mysore it
would be necessary to import either coal or coke and we
may take 1t that coke will cost over Rls. 30 per ton and will
be considerably more expensive than charcoal. The pig iron
would probably cost about Rs. 55 per ton or about 2% times
as much as at the Tata Tron Works at Sakchi where coke can
be obtained at some Rs. 7 per ton.  The pig iron so produced
would be similar to that made at Sakchi and it would be
impossible to sell the Mysore iron in competition with either
the Tata iron or imported iron except within a very limited
distance from the works and the very small demand within
guch limited arca, say o few hundred tons o year, 1s too small
to make the work possible at a profit. Good imported iron is
guoted at Rs. 60 to 65 at Indian ports and probably sells at
Rs. 65 to 75. These prices could probubly be reduced and
the Tata pig iron could obviously he sold for considerably less,
even in the south of India. 1t is obvious that Mysore pig
iron costing some Rs. 55 at the works, nearly all of which
would have to be sent to distant markets {for sale, could not
compete against these outside rivals.

It may be worth while however to note that the opening
of a port on the coast west of Shimoga would reduce the cost



73

of coke and that this might reduce the cost of the pig iron to
Rs. 45 or even less.  Even then there would be little chance
for the sale of any considerable quantity and the fact is merely
noted for reference in connection with the preparation of
steel which will be discussed later.

Smelting with charcoal —This stands on u different foot-
ing from smelting with coke. Indian coke is faiely 1mpure
and contains 14 to 15 per cent of ash and the ash contains
about 09 per cent of phosphorus practically all of which gets
into the finished pig ivon.

Charcoal on the other hand is free from both ash and
phosphorus and the pig iron produced is usually of a higher
grade than coke pig and sclls at o higher price. Swedish
charcoal pig costs wbout Rs. 75 L.o.b. Sweden, and would pro-
bably be worth s, 90 to 100 in Indian markets. At present
very little is nsed in Ipdia but therc 15 every reason to expect
that a small output could be disposed of in India, Japan and
Australia and that an industry could be developed in the manu-
facture of special castings for which charcoal pig s required
—such as engine cylinders, chilled cav wheels, rolls, ete. We
nay therefore consider the aimount of charcoal pig which can
be produced and its cost.

The wwmount which can be produced is hmited by the
steady supply of charcoal which can be
obtained from the forests without permianent

depletion. The Conservator of forests has estimated rccently
that an annual supply of 20,000 tons of charcoal could be
maintained from the forests of Kadur and Shimoga. In
order to obtain this about 100,000 tons of suitable wood would
“have to be collected annually from forests spread over a large
area and it would be necessary to provide 150 to 200 miiles of
light railways ov tramways to collect the wood and bring the
charcoal to a smelting work situated, let us say, at Shimoga.
The Conservator cstimates that the charcoal could be delivered
at Rs. 25 per ton. We may accept these figures for a pro-
visional estimate though we urc inclined to regard them as

Charcoal,
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conservative and any increase in the supply or reduction in
cost would tend to lower the cost of the smelted iron.

With 20,000 tons of charcoal we can produce sowme

20,000 tons of pigiron and for this we
Smelting Plant. . . . .

wight use three small furnaces of the Swedish
type or onc large furnace of the Awmerican type. The latter,
if equally suitable in other respects, would Dbe the ore
ccononical.

I'he furnace with its accessories in the shape of hot blast
stoves, blowing cngines, cranes, ladles and buildings would
cost about 9 lakhs of rupees on which interest and depreciation
at 10 per cent would come to Rs. 45 per ton on an output

ol 20,000 tons.
The costs ol manufacture may be apportioned as follows,

approximately :—
Cost of making Charcoal Dron,

Outpul, 20,000 tons per annum.

1'65 tons of ore (Fe—0G0 por cont) at Rs. 3 per ton ... Rs, 495

1 fon charcoal al Rs. 23 per ton cy 25700
5 ewts, limestone at IRs. 5 per ton o 125
Lining and repairs to furnace o, 1750
Interest und depreciation (10 per cent) ... ey 4750
Suporvision, labour and other charges ... .oy, 800

Total cosl, per ton of pig iron ... Rs. 4520

According to these figures we can make charcoal pig iron
at about Rs. 45 per ton and it is probable thut some of the
items can be reduced in practice and that we wmight hope to
get down to Rs. 40 or even o little less.

In the absence of an existing demand and reliable quota-
tions for this class of material it is very difficult to say what
the value of the product would be at the works, but it is prob-
able that it would bhe worth from Rs. 55 to 70 per ton.
At an average of Ris. 60 it wight be regarded as sufficiently
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attractive and there is a fair prospect that pavts of the output
made from specially selected ores and sold for special purposes
would fetch considevably more.

The sale of pig iron 1s however ounly part of the scheme
which contemplates the conversion of about half, or 10,000
tons, into stecl.  The remuining 10,000 tons would partly be
sold as pig and partly made into castings for special purposes
on which work an additional profit might be expected.  As
will be shown later, the steel-making portion may be expected
to be feasible and profitable and without allowing for very
special grades and special prices the work as a whole may be
expected to yield o fair profit on the output of 20,000 tons
with considerable prospects ol increasc from the development
of special lines ol work.

Before passiag on to the question of steel-making we
may very briefly consider the possibilitics of smelting the ores
electvically tostead of depending entively on our limited sup-
plies of charcoul.

LLECIRIC SMELTING OF ORI,

Suggestions that electricity should be used for the smelt-
ing of won ore and other wetallurgical purposes are very
popular in Mysore and a few words as to the comparative
valucs of electricity and chaveoal fuel may not be out of place.

The gencration of electric power from waterfalls in
Mysore is by no means very cheap. The water going over
the falls is very variable and is reduced to comparatively
siall amounts during the dry months. Metallurgical in-
dustry requires, as a rule, a constant supply of power through-
out the year and il a large amount is required it becomes
necessary to provide large storage reservoirs for the cxcess
water which runs to waste during the rains and this means
added expense.

For the supply of power on a large scale the cost of
generating the current is not likely to be less than 0l anna
per unit (Kilo-watt-hour) and where the power has to be
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transmitted to a smelting works at a considerable distance
from the generating station the cost is not likely to be less
than 0'2 anna per unit delivered at the works. Under cer-
tain favourable conditions a company might be able to obtain
supplies from moderate distances (50 to 100 miles) at 015
anna, but it must be remembered that the maximum amount
which hag to be provided for is not used continuously through-
out the year and for the purpose ol muking a comparison we
will take the minimum cost for the power actually consumed
at 02 anna per unit which is at the rate of Rs. 81 (L5-7-0)
per Horse-Power Year.

In any specific case the actual rate quoted or estimated
can be readily substituted for this figure.

In Norway and Sweden the work of recent years has
shown that from 2,000 to 2,500 K. W. Hours are required to pro-
duce 1 ton of pig iron {rom iron ore. With the Mysore ores
containing 60 per cent ol iron it is probable that the figure
would be about 2,500 K.W.H.

In addition about 7 cwts. of charcoal will be required to
reduce the oxides of iron to metallic ron.

About 15 or 16 Ibs. of carbon clectrodes will be required
per ton of iron and these will cost about 3 annas per lb. or
Rs. 3 per ton of iron. Licaving out other charges we can now
comparc the relative costs of charcoal and electric energy :—

To produce 1 ton of pig iron by charcoal Rs.
smelting requires 1 ton of charcoal
costing ... 25

T'o do the same work electrically we require—

2,500 K.W. Hours at 0'2 anna. ... 3125
7 cwts. charcoal at Rs. 25 per ton... 875
16 Ibs. of electrodes at 3 annas

per Ib. 300

Total 4300
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Electricity is obviously much more expensive than char-
coal. In order to make the former equal the latter it would
be necessary to reduce the charge for power by Rs. 18, (48 —25)
in which case 2,500 K.'W. Hours would cost Rs. 13°25 which
is at the rate of 0'085 anna per unit which is, we believe,
considerably below the c¢ost at which it is possible to gencrate
it in Mysore.

At the rate of 02 anna per unit adopted above we niay
estimate the cost of smelting 1 ton of pig ivon electric ally as
follows for an output of 20,000 tons per vear :—

Rs.

1°65 tons of ore at Rs. 3 per ton 495
7 ewts. charcoal ,, 25 875
7 cewts. limestone |, 5 . 175
Fleetrodes 16 Ibs. at 3 annas pm 1h. 300
Electric power 2,500 K.W&W.H. at 0'2 annas 31°25
Repairs and 1clmmn . .. 200
Interest and depmcmtmn 450
Supervision, labour and other charges ... 9-00
Total per ton of iron Rs. 6520

This 1s very much higher than the estimate of Rs, 45 for
iron smelted in charcoal furnaces, and even with clectric
power at O'L anna per unit the cost would still be higher,
riz., Rs. 50 or therenbouts.  ‘I'he plant for this work would
cost about 9 lakhs of rupees and include 3 furnaces of 3,500
horse-power each requiring abouat 7,000 horse-power to run.

Under existing conditions the electric smelting of the
ores appears to be out of the question not only because 1t is
more expensive than chavcoul smelting but because the actual
cost per ton (Rs. 65) appears to be too high to permit of the
iron being sold at a profit.

STEEL-MAKING.

For the manufacture of steel we believe thatit will be
| quite feasible to use electricity even though the latter may
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cost more than 0’2 anna per unit and as a convenient figure
on which to basc estimates we will adopt a rate of 0’3 anna
per unit equivalent to Rs. 123 (£8-4-0) per Horse Power
Year.

Tt is possible to make steel direct from the ore—that 1s
without making pig ivon first and this has
been discussed in Bulletin No. 5.(¢) On
the assnmptions then nade, with power at rather less than
01 anna per unit it was argued that the cost of stecl might
come down to from 83 to 105 shillings per ton according to scale
of ontput. With figures now available and making 10,000
tons per annum from GO per cent ore with power (3,000
KW.H) at 02 anna the cost would be about Rs. 100
(133 shillings) per ton. The divect process is practically not
in use and is not favourably vegnrded by most metallurgists
and we can work cheaper by indirect methods.

We have estimated that it costs Bs. 45 per ton to make
the pig iron in charcoal furnaces.  For the

Steel direct from Ore.

Steel from Pig lron . )
purpose of conversion to steel it would be

perferable to make a white iron vather than ordinary loundry
pig and this coald probably be done somewhat more cheaply,
say, at Rs. 40 per ton, and we shall adopt this figure.

The pig iron contains o little over 8 per cent of carbon
and to make stec] this has to be removed and fhe metal re-
carburized so as to contain from 0706 to 1°5 per cent of carbon
according to the character of the steel required. At the same
time impurities such as phosphorus and sulphur are removed.
In order to save the cost of remelting the pig iron it is advan-
tageous to have the refining furnaces close to the blast [urmaces
so that the molten pig iron may be transferred from the latter
to the former without being allowed to cool or solidify.
The molten pig iron wmight be poured, from a ladle direetly
into the electric furnace and there vefined by adding iron
ore, which would oxidise or burn out the carbon, bnt such

(1) Notes on the Electric Smelting of Iron and Steel by W, T. Smeeth, ».4,
D, 8c., eto., Bulletin No, 5—Mysore Geol. Dept.
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a process takes time and involves much consamption of
electric energy.

A hetter scheme is to pour the molten pig ron into &
mixer or converter and blow air through it, thereby getting
rid of the carbon and cffecting a partial refining, This par-
tially refined metal i1s transferred to the electric furnace with
the addition of fluxes and the refining completed. The metal
can be brought to almost any desived degree of purity. The
consunuption of cnevgy depends on the impurities present and
on the degree of puvity reguired and the fignres given below
are based on the average conditions which may be expected
to obbain in the production of high-class carbon steels.

Withonl, entering into the question of the type of furnace,
we ay take 1t that for an output of 10.000 tons of refined
steel 2 turnaces of 5 tons capacity cach will be required, one
being held in veserve for the greater purt of the time. The
furnaces with thelr accessories will cost abhout Rs. 1,560,000,
and the clectric cmerent can be gencrated at the works from
the waste gases of the charcoal furnace.

The following figures ave based on Enropean practice :—

Rs.
Cost of molten pig iron ab Bs. 40 per ton 40700
Cost of purtinl refining in converter 10700
Oxidation loss 1750
lilectric power fov refining, 200 KWL ot 03
anna per unib 470
Tilectrodes 125
Repairs and tools 200
Fluxes and ferro-additions 3°00
Intorest and depreciation (10%) ... 150
Supervision and lahour 300
Royalty, not included ..
Tota! per ton of steel 66°95

The molten steel will therclore cost about Bs. 67. If
there is much refining to be done the cost for power will go
up, but it is reasonable to assume that we should be able to
make steel suitable for high-class forgings, castings and tools
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at an average of from Rs. 67 to 75 or say for £4-10-0 to £5 per
ton. The cost of converting the molten pig-iron to steel is
therefore Rs. 30 to 35 per ton.

At the works, especially if casting, forging and machi-
ning is carried on, a good deal of scrap will
be produced and this would provide addi-
tional work for the electric {furnaces. In addition, it should
be possible to purchase a certain amount of wrought iron and
steel scrap from railways, workshops, etc. The amount
obtainable is not very large and would depend on the price
that could be paid. We believe that it should be possible
to obtain some 2,000 tons a year at a cost of Rs. 30 per ton
and that the cost of melting and vefining this would be about
Rs. 30 or less. 'This would give an additional ontput for the
furnaces. and every addition wnmeans decrease I standing

Steel from Scrap.

charges.

It may be noted that a small independent plant conld be
run on scrap for a production of abouf
2,000 tong a year using a 23 ton furnace.
The costs would of course be higher than if the work was
combined with the larger ivon and steel plant described above
and there would not be room here for both. It is however
an alternative in case the iron smelting scheme is not taken
up. The cost of the steel would be in the neighbourhood of
Rs. 70 to 75 per ton and the subsequent operations of casting,
forging, ete., would all be more expensive on the smadler scale.

It is a difficult matter to assess the value of the products
from the stecl works. Much depends on
the grade of materials produced and on the
development of markets. The materials would all be of com-
paratively high grades which are not being made in India at
present, such as axle and tyre forgings, high-class steel castings,
tool steel and steels for drills, jurupers, etc. Qrdinary steels
for rails, bars, sheets and rolled sections would be out of the
question in comparison with similar materials made in India
or imported. The warket in India for the bigher class

Smalil Plant.

Yalue of Products.
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products is comparatively limited and we should probably have
to seek outlets in the Straits, China, Japan and Australia.

The following figures are very tentative :—-

Output of 2,000 tons per annum.-—The products of the
gruall scrap plant might be divided into 1,500 tons of forgings,
castings, ete., valued at Rs. 180 per ton and 500 tons of tool
and bar steel valued at Rs. 250 per ton.

With steel ingots costing Rs. 75 and allowing for expense
of manuolacturve the former would cost about Rs. 140 and the
latter about Tis. 170 per ton. We thus get the following
estimate :—

1,500 tons forgings, ofc., valued Cost at Rs. 140=Rs. 2,10,000
ut Rs. 180=Rs, 2,70,000. |

500 tons tool aund bar steel ! Cost at Rs. 170=Rs. 85,000
valued  ut Rs.  950=

Rs. 1,25,000. Balance Rs.  1,00,000
Rs. 3,95,000 ! R«. 3,95,000

This balance would have to cover part of Interest and
depreciation, and management and shonld leave o very fair
profit.

Output of 11,000 tons per annum.—Tor the larger plant
using steel converted from charcoal ron as well as scrap we
might take the cost of the ingot steel at Rs. 70, cost of forgings,
etc., at Rs. 120, cost of tool and bar steel at Rs. 150 and get
the following :—

11,000 tons castings, forgings, | Cost, at Rs. 120=1Rs. 13,20,000
etc., valued al Rs. 1706=
Rs. 19,25,000.

1,000 tons ftools, bar, ete., | Costat Rs. 160=Rs. 1,50,000
vulued  at  Rs. 200=

Rs. 2,00,000. Balance =Rs.  (,55,000
Rs. 21,25,000 | Rs. 21,25,000

M.R.M. G
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The balance would have to cover interest, depreciation and
management not already provided for and expenses of sale
and a large proportion of it should be available for profit. The
sale values depend on the quality of the products and the
market demand for them and the figures adopted will be
found, we believe, to err on the low side. There is little
doubt about our being able to produce high quality and the
only serions difficulty will be the finding of markets for the
products at their proper values. High-class castings and for-
gings should be worth considerably more than Rs. 175 per
ton and such items as tool steel, mining drills, jmupers, etc.,
should be worth Rs. 300 to 400 per ton.  If markets are devel-
oped so that a considerable proportion of the output can
be sold at the higher figares the profits would increase enor-
mously and that is the prospect which we contemplate as
eventually possible.  On the other hand, there will be un-
doubted difficulty in securing these sales at first and wuch of
the output may have to be got vid of at comparatively low
prices in competition with poorer grades of material or to
cover the expense of transport to distant markets and in view
of this the average sale values have been estimated at fairly
low prices. This is however lurgely conjectural and we cannot
go into the matter more fully here; we have given our facts
and assumptions and people with a knowledge of the business
side can alter the items according to their knowledge and
experience.

SUMMARY.

We have endeavoured to show that lavge quantities of
good sinelting ore are obtainable at o reasonable cost from the
Bababadan Hills, There are some indications that betier
class ores, particularly in rvegard to lower contents of phos-
phorus, may be obtainable in parts of the Shimoga District.
These have not been located yet in any considerable quantity,
but the question is one of very great importance as the value
of the orc and the profits to be derived frow the finished
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products would be increased very materinlly if the phosphorns
could be kept low, sav below 0°02 per cent. The resources of
the forests would appear to permit of the smelting of some
20,000 tons of iron per annwn of which half might be sold as
charcoal pig iron or made into special castings and the other
half converted to high grade steel in eleetric furnaces.

To establish an industry of this size some 50 lakhs of
rupecs would be required of which 20 lukhs would be required
for the iron and stecl works and 30 lakhs for the charcoal kilns
and light forest railwavs for collecting tuel and bringing in
charcoal and orve.  The 20 lakhs or so for the light railways
would not be nceded all at once, but counld be called up as ex-
tensions are required for tapping the various forests,

The establishment of such an industry would have far
reaching conseguences and would materally assist in develop-
ment of local manufacturing and industrial work. The fig-
ures we have given encourage the view that the work would
be profitable and if the finished produsts of resllv high grade
can be maintained the profits should be materially increased.
It eannot be too strongly insisted upon that the objects of the
scheme should be to make and sell only high grade materials
and that in view of the comparatively small scale of opera-
tions, the high price ol fuel and the absence of a local market
it would be quite imipossible to compete in the ordinary grades
of commercial iron and steel which are now being made in
India or tmported.

T'he establishment of a new industry in o new place and
under untried conditions always involves wmany doubtful and
difficult problems, and while vecognizing this clearly we are
still of opinion that a successful and profitable industry can be
developed on the lines indicated provided that thoroughly ex-
perienced supervision and business capacity is provided and
that the sympathetic co-operation of Government is sceuved
for the regnlar supply of charcoal and other facilities.

M.R.M. G2



Manganese.

MANGANESE ORES.

The manganese oves appear to be confined to the Chlo-
vitic or Upper Division of the Dharwar
Schists.  None has been found in the
Hornblendic Division. The ores are found 1n the Shimoga,
Kadur, Chitaldrug and Tumkur Districts and their distribu-
tion is shown on the map by square dots. The dots repre-
sent deposits ov groups of deposits where appreciable quantities
ol ore have been found, even though it may not have been
found possible to work them commercially owing to the grade
being too poor. In Table 8 w list 15 given of the principal
deposits or localities where ore has been mined and the quan-
tities exported to the end of 1914,  In several cases no
exports have been made, but ore has been mined and stacked
which is either too poor to export or is awaiting more {avonr-
able market rates.

From the map it will be scen that most of the deposits

are confined to two divisions, viz.—
(1) the Shimoga Division in winch the deposits are
situated in the schists surrounding the large

Distribution.

mass of the Shimoga gneissic granite; and
(2) the Chitaldrug Division in which the deposits lie
near the western edge of the Chitaldrug schist
belt in the Chitaldrog and Tumkur Districts.
In addition, some isolated deposits have been found near
Hoskere and Halekal from which small quantities of ore have
been obtained.
In the Shimoga Division some of the most important
deposits are sitnated along the crest of Shunkargudda ridge
from 1} to 3 miles south of the A3393. For some years
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after their discovery by Mr. Slater the results obtained were
poor. Deeper work during the past two or three years has
shown that the deposits arc fairly large and there are indications
that several hundred thousand tons of marketable ore will be
obtainable. The character of the ores is shown by the analy-
ses in Table 11.

TFurther south along the ridge at Adgadde and Hemmalki
(near Mandagadde) small deposits of ferruginous ores have
been found,

In the large arvea of schists to the west of the Shankar-
gudda ridge low grade ores have been found near Arvanelli,
Karkodlu and Puradkoppa most of which are high in iron and
phosphorus.  This area 1s worth further prospecting, but the
heavy jungle and soil will render the location of deposits a
matter of considerable difficulty and expense.

Pussing northwards o small amount of ore has been
obtained near Choradi and some very ferruginous ores mixed
with limonites at Tuppur, about 5 miles west of Choradi.

To the north of Kumsi the schists swing round east-
wards and the important deposits at Holmes™ pit and Python
lie about 4 miles N.N.E. of Kumsi. Over 200,000 tons of
ore have been cxported from Holmes' pit and there is still a
large quantity to be obtained though the ore bodies appear to
be petering out at a depth of 80 feet from surface.

The Python pits lie about a mile east of Holmes' pit and
are expected to yield a falr quantity of 1st and 2nd grade ore.
It 1s probable that other deposits will be found in this neigh-
bourbood, but soil and jungle render their location difficult.
The deposits at Holmes' pit and Python were searched for and
prospected for several years before the ore bodies were located.
A little to the cast of Python the schists swing north again
and we come to a serics of small deposits lying round the
north of the Saulonga granite in the Shikurpur Tuluk. These
are situated in groups unear the villages of Markande, Tttige-
halli, Hosur and Ballur and some ore has been reported from
the neighbourhood of Kaginelli.

*
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Coming south again we find a deposit at Bikonhalli, 5
miles north of Shimoga, {rom which some 3,000 tons were
obtained of cavernous and somewhat siliceous ore capping a
small hill which is now exhausted.

1t may be noted that the better class ores such as those at
Shankargudda, Choradi, Kumsi and Bikonballi lie on an inner
chain not far from the boundary of the Shimoga gneissic
granite, while the outer chain embracing Karkodlu, Tuppur
and the Shikarpur group contains, as a rule, low grade deposits
high in ironand usually particularly high in phosphorus.

The other deposits of this division lic to the east of the
Shimoga granite in the Channagiri and Tarikere Taluks.
Amongst these may be mentioned a number of small deposits
to the south of Joladhal, of which that at Hoshalli was the
most important but is now abandoned. Here the ore went
down nearly vertically in a banded or impregnated zone some
6 feet or so in width. At a depth of 40 feet the band was
rather split up and not sufficiently wide or solid to justify the
cufting buck of the narrow excavation or the adoption of
underground mining.

The other places inarked on the map are : —

Bhadigund, 7 miles south of Joladhal.

Shiddarhalli and Balekatte, 8 miles north of Tarikere-

Mavinkere, 4 miles east of Masarhalli Railway Sta-
tion.

The varions pits at Shiddarhalli yielded over 10,000 tons
of 2nd grade orve in which the silica was rather high and a
good deal of sorting was required. Much of the ore was
float in lateritic soil and clay some of which was pisolitic.
Beneath the float were some bouldery ore bands dipping about
30° to 40° fo the north which were followed to a depth of about
30 feet but were not sufficiently large to justify the large amount
of excavation necessary to carry down the open workings. The
area contains a good deal of manganese most of which is 2nd
or 3rd gradc ore and 1s contained in talus or float deposits;
1t 1s possible that deeper deposits of good ore exist which
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are covered by the heavy.overburden of soil and talus and the
search for which would be expensive and largely fortuitous.

In the Chitaldrug Division manganese has been found at
many points along the western sides of the Chitaldrug schist
belt, but the ores are mostly poor and highly ferruginous.

A considerable group of deposits occur to the east of
Jajur consisting largely of low grade talus matcrial. On the
ridges a few miles to the south there are indications of verti-
cal bands of psilomelane in the schists, but not sufficiently
strong to warrant cither open work or underground mining.
It is however an area which might well receive some further
attention. Some ore has been excavated at Karckalgudds and
Kenkere, to the north-west of Madadkere, and recent work has
shown that sowe fair quantity of fairly good ore may be
obtainable with careful work and close attention to sorting.
Much of the ore is mixed with limonite.

Other small deposits have been found at Chik Byalkere
and to the cast of Chiknayakanhalli.

A gmall quantity of ore was obtained at Narsihalli,
Karakurchi and Dodguni and recent prospecting work sug-
gests that considerable quantities still await development, some
of which will be of fairly good grade, and work is now being
procecded with by the Peninsular Minerals Company.

The ores of this area are associated with iron ores and
large quantities of low grade ferruginous ores appear to exist
and 1t is possible that deeper prospecting will disclose further
quantities of higher grade ore. Most of the high grade ore at
present developed in said to be pyrolusite.

The following table gives the total quantity of ore export-
ed from the various Districts from 1906
to the cnd of 1914.

Oatput.
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TaBLE 9— Quantity of ore exported from 1906-14.

Export

Tons
Year —_— Royalty

Shimoga | Chitaldrug | Tumkur Kadur Total
Ry,

1906 36,534 11 4,117 10,662 15,748
1907 .- 53,241 20 10,666 4,698 69,725 26,550
1908 47,038 1,212 4,172 2,148 54,670 20,464
1909 16,135 9,607 3,389 29,131 8,784
1910 28,349 1,029 29,373 18,0562
1911 13,081 1,562 14,943 B,604
1912 24,086 702 24,737 10,286
1913 23,742 10 BG6 24,318 9,851
1914 19,377 19,377 4,817
Total ... 261,532 12,780 22,285 10,235 306,841 |1,20,1561

We cannot devote much space to this intricate and often
obscure problem. Those who desive fur-
ther information may be referred to Dr.
Fermor’s valuable Memoir on the “ Manganese Ore Deposits
of India” () and to the sumwmary of his views in the * Quin-
quennial Review of the Mineral Production of India (Y,

In Mysore the deposits appear to be confined to the
chloritic serics of the Dharwar schists and to have resulted
from the alteration of these schists to a comparatively small
depth from surface.  The manganese probably ocenrred origi-
nally in certain ol those schists in minuate quantitics in the
form of manganese, bearing silicates.  The various silicates of
the schists were subscquently broken up by the action of
circulating waters and solutions giving rise to solutions con-
taining manganese, iron, ete., from which the oxides of
manganese and iron were deposited in segregated patches,

deological occurrence.

A(’) Mumoi;;-of the Geo]oxn;igﬂTSurvcy of IAudia,, Vol. XXXV-ivI.i‘
(*) Records of the Geologicsl Survey of Indiu, Vol. XLVI.
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lenses, bands or veins in sufficiently concentrated masses to
form ores. In these segregated patches the original schist
has been removed and replaced by the manganese and irvon
minerals to a variable extent and we get various carthy ores,
wads, etc., hardening up in places by addition of further
mineral matter to rich ores. Tuocal conditions, of which we
have no knowledge, have determined that in places the manga-
nese is deposited by itself forming manganese ore and in other
places the iron segregates to itself forming iron ore, while
between these types there has been a very extensive formation
of mixed ores in which the relative proportions of manganese
and iron vary widely. It is not possible to say how deep the
original snlvent action may have extended, but it 1s probable
that the concentration and {ormation of these ore masses is
confined to comparatively shallow depths probably within
100 to 200 fect from surface and it is doubtfal il any of the
Mysore deposits will exceed 100 feet or so in depth. At Kumsi
ore is now being worked at over 80 {cet below surface and there
are signs that the ore bodies are changing and petering out.

The ores are frequently associated with banded ferrugi-
nous quartzites and it has been suggested that the alteration
of these rocks may have given rise to the ores. 1t 1s true that
these rocks are sometimes veined and impregnated with
manganese and that much altered remnants of them ave found
in the banded ochres and alterced schists in which the manga-
nese ores occur. As one of the mewmbers of the schist series
they may have contributed their quota to the manganiferous
solutions, but the proportion was probably not large compared
with that from the lavrge 1uasses of altered schist with which
they are associated.

The larger deposits in Mysore occur on ridges or compa-
ratively high ground and the presence of the highly resisting
quartzites has in many cascs determined these elevations and
preserved the ores and the soft ochres from denudation and
the relationship of the quartzites to the ores may be protective
rather than genetic.
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A number of the smaller deposits occur on the slopes and
on the lower ground and these appear to be largely of the
nature of detrital or talus deposits derived from the breaking
down of ores once situated at a higher level. . Ores have been
found un situ beneath some of these talus deposits, but they
have not been proved to be extensive and may represent the
remnants or roots of larger lenses or bands the greater portions
of which have been worn away.

Lateritic material is frequently associated with the ores.
In some cases, as at Shankargudda, this
appears to be genuine laterite formed in
situ on the surface of the altered schists. On parts of the
rdge thin ore bands alternate with ochre and altered schist
and the laterite has eaten its way down betwcen the ore bands.
Fragments and lumps of orve remain in the laterite and while
these have been to some extent dissolved it is probable that
some of them have, at some period, formed centres or nuclei
for the segregative deposition of further quantities of manga-
nese. The breaking up and dcnudation of these lateritic
masses (or lateritoid as Fermor calls them) and of exposed
ochres and ore bands have given rise to numerous talus depo-
sits on the slopes or Jower ground in which large lumps and
nodules of ore are irregularly distributed in ferruginous clay
and gravel which is often reconsolidated into lateritic material
of secondary origin. These talus deposits and the soil associ-
ated with them are often very full of gravel consisting of rounded
and concentric pisolites of limonite with variable amounts
of manganese. Some of these are derived from the weather-
ing of pisolitic ore and some correspond to the ordinary lateritic
gravel which is so commonly found as detrital material derived
from typical laterite. In the latter case the pisolites do not
exist in the laterite itself, but are produced by the breaking up
and rounding of small veins or segregations of limonite with
subsequent coats of limonitic ore deposited round them.

At Holmes’ pit, Kumsi, there are large masses of low grade
pisolitic manganese ore, fractured into lumps, between which

Laterite.
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the ore has altered to highly ferruginous material which is
becoming cavernous and lateritic in appearance.

In Table 11 is given a selected list of analyses which have
Grade and Composition been kindly furnished by the licensees of
of Ores. the various blocks. The list is less com-
plete than could be desired, as in many cases shipments have
been made of mixed ores from several blocks and complete
analyses are not available for many of the separate deposits.
When consideved in bulk the oves are considerably lower in
manganese than those from the Central Provinces. The
greater portion consists of psilomelane the lower grades of
which arve {requently pisolitic. There is a fair amount of wad
passing into psilomeclane, some pyrolusite much of which is
cavernous, rather {riable and powdery, and some manganite
and other undetermined varieties.

The grading of the ore is an arbitrary matter and the
following table shows the approximate limits adopted in the
Central Provinces and in Mysore.

Tanrr 10—Grading of Manganese Ores,

|

| Central Provinceﬂ Mysore

— —t— S —

1st grade ..l h0percentMn. | 47-52 percent Mn.
ond ,, 4850, ... 4247 .
aed 58, .. 8842

According to this the Mysore ores are relatively about
one grade lower than those ol the Central Provinees in
manganese contents and many of the lormer would be classed
by Fermor as Ferruginons Mangancse Ore or Manganiferous
Iron Ore.

On the other hand, the low silica and phosphorus in the
Mysore ores and their good smelting qualitics raise their value
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and justify the better class ore being regarded as 1st grade
even though it may average only about 48 per cent Mn.

From Table 11 it will be seen that in addition to much
local variation there are some general variations in the ores
from different localitics. The oves from round about Joladhal
in the Channagiri Talok and Shiddarhalli in the adjoining
Tarikere Taluk are remarkably low in phosphorus often under
0'01 percent. Much of this ore 1s low in manganese and high
in iron and some fairly high in Silica. At Holmes’ pit, Kumsi
Taluk, the phosphorusis low, averaging about 0°04 per cent,
and is still lower in the Python deposits close hy.

At Shankargudda both phosphorus and iron are higher than
at Rumsi and average about 0°07 per cent and 10 to 12 per
cent respectively. The ores at Karckalgudda and Kenkere in
the Hosdurgn Taluk appear to be somewhat of the same class.
At Karkodlu and other small deposits in the Tirthaballi Taluk
and in the small deposits around Ttigehalli, Hosur and Eallur
in the Shikarpur Taluk the phosphiorus is mueh higher than
elsewhere and rans from about 0°1 to 0°25 per cent and the jron
and siliea is also high.
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The workings at Kumsi and Shankargudda have shown
that a notable improvement in grade
occurs at several points at o small depth
below surface below the 3rd prade ores, many of which are
pisolitic. Analyses 96011, 12to 14, 15 and 16, 19 and 20 show
this improvement and we have been informed recently that the
ore in some of the laterite which averaged about 30 per cent
manganese has now been succeeded at a depth of 25 or more
feet by ore running 45 to 46 per cent manganese. Tt is interest-
ing to note also that much of the float ore in lateritic soil and
gravel is of comparatively low grade and that heneath it ores
of better grade have been found. This is particularly the case
when the float is composed of pisolitic ove and it seems to be
the rule that the pisolitic ores when in situ arve restricted to the
more superficial portions of the deposits. The origin and re-

Improvement in Depth,

lationships of these pisolitic ores are still very obscure, but
from the point of view of practical prospecting it is important
to find that low grade float and surface ores are sometimes
underlain by higher grade ores and that surfuce trenches to a
depth of 10 feet or morve may reveal only poor ores and cause
abandonment of work leaving Dbetter ores below undetected
and untouched.

The cost ol winning the ore and taking it to a markes is
o very variable one and depends on the
character of the deposit, distance from a
railway and freight charges. The following figures for the
Central Provinces are given by Fermor. ()

Contractors are paid from Rs. 30 to Rs. 60 per 1,000
cubic feet of stacked clean ore. At 163 cubic {cet to the ton
this comes to eight annas to one rupee per ton of ore. An
additional payment of Rs. 5 to Rs. 6 pexr 1,000 cubic feet of
excavation is wmade to cover the cost of removing waste
material the proportion of which to ore varies very consider-
ably. This charge may amount to from one anna to one

Cost of Ore.

() Momoirs of the Geological Survey of India, Vol XXXVII, Choapter XXIIL.
M.R.M, I
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rupee per ton of ore making the contract charge 9 annas
to Rs. 2 per ton. Dead work, plant, tools and adminis-
tration may vary from 8 annas to Rs. 1-8-0. Transport
to railway by cart costs 2% to 24 annas per ton mile and load-
ing into railway waggons 1 to 1} annas. Various wharf dues
at Bombay vary from 114 annas to Rs. 1-8-0 and at Marmugoa
Rs. 1-3-0.

Ocean freights including insurance have varied from
Rs. 12 to0 15 and charges at destination run from 14 annas to
Rs, 1-11-0.

These charges are assembled in Table 12 to give an
idea of average cost of ove c.i.l, English and Continental
ports.

In Mysore we have comparatively few figures relating
to large consignments of ore. Those despatched by the
Workington Iron and Steel Company go mainly to their own
works in England while much of the orve obtained by other
licensees has been sold at contract prices on the railway or at
Marmugoa.

At Kumsi and Shankargudda in the Shimoga District,
where the most extensive workings are situated, the average
contract rate is about Rs. 2-2-0 per 100 cubic feet of exca-
vation exclnding preparation of site, removal of surface soil,
cle. The cost per ton depends on the velative amount ol ore
and waste or mutti. KExcept in the case of talus deposits the
ore bands and lenses are wsually steeply inclined and in order
that o fair proportion of orve may be obtained it is necessary
that the ore bodies should be wide or that several bands
should be sufficiently adjacent to be included in one pit. At
Kumsi the heavier ore bands yield about 3 tons per 100 cubic
feet and the average is about 13 tons of marketable ove, i.e.,
excluding large quantities of low grade ferruginous ore. At
Shankargudda the quantities are rather higher, say 3% and 2
tons, respectively. The average contract rate at Kumsi is
therefore about Rs. 1-6-0 per ton and includes mining, sort-
ing and removal of waste.
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Supervision, tools, plant aud loading costs Re. 1 to
Rs. 1-2-0.

Transport on tramway (27 miles) to Shimoga includ-
ing maintenance, running costs, loading and unloading,
Rs. 2-3-0.

Administration, office, royalty, cte., IRs. 1-6-0.

Rail to Marmugoa and port charges, Rs. 6-8-0.

Sea freight and insurance, Rs. 12-12-0.

The figures for the Central P’rovinces and Mysorc may
be put in the following tabular form :—

TasLe 12—Cost of Manganese Ore per ton.

Central Provinces via Bombay | Shimoga
_ | (Mysore)
vim Mar-

Limits ‘ Average | muogos

Mining work ) [ 6
Supervision, tools, otc. =1 0 40 4 0 2 12 ‘ 1 1
Geuneral adwministration ) ‘ 1 G
Transport to railway Nil to 5 0 1 H ‘ 2 3
Railway freight 7 6 to 815 8 0 6 4
Handling at port 0105 o 1 8 1 4 \}

Agonts' conmission Nil to 0 4 0 2 0 2
Cost {.0.b. ut porg . 9 0l to 1911 i 13 10 12 10
Sea freight and insnrance o Y 0 te 15 0 12 0o 12 12
Destination charges v | O0ld to 20 1 { 1 4

S i ‘ ‘
|

Cost c.i.f. at destination . 21 8 to 36 11 26 14| 26 10

The ore from Kumsi thercfore costs about Rs. 6 per ton
at Shimoga excluding interest on the cost of the tramway
which may raise it to Rs. 7 per ton. Such charges as intevest,
administration and tramming depend largely on quantity and
duc allowance must be made for this. In cases where bullock
carts have to be used the usual rate is four annas per ton mile
and the cost of ore {rom such properties as Shiddarballi and
Hoshalli, situated up to 15 miles from the railway at Tarikere
or Benkipur, used to come to some Rs. 8 or 9 at the railway
M., M2
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station.  We may take it that ove [row the various mangani-
forous areas in Mysore will usnally cost between 12 and 15
rupees per ton f.o.b. Marmugoa and the question whether it
can be sold at a profit or not depends mainly on the market

ratc and on sca freights,
Manganese ores are sold on a basis of so many pence or
annas per uwnit of 1nanganese contained

Value of Ore, . .
the namber of units being

in the ore
equal to the percentage of manganese.

The sale value of a ton of mangancse ore containing 48
per cent of Mn. when the market rate is 10 annas per unit is
48 X 10=480 annas, or Rs. 30. The market rate varies for
1st, 2nd and 3rd grade ores and there are certain restriclions
it the stlica exceeds 10 per cent or the phosphorus 01 per
cent.

The markel rates have varied very considerably during
the past few years.

In 1906-07 the rate for 1st grade ore rose to between
15 and 16 annas per unit and there was n considerable boom
m mining and prospecting for manganesc.

In 1908-09 the rate fell to about 9 annas and work be-
came much restricted as many of the ores conld not be ex-
ported at o profit.

In 1918 it rose to between 11 and 12 annas but these
better prices were discounted by high shipping freights.  There
was o fall again in 1914 and since then war freights have
rendered shipments almost impossible.

As ulready pointed out much of the Mysore ore is 2nd or
3rd grade and the rates for thesc run about one anna per
unit less for each successive grade. 1f lst grade is 9 annas,
2nd grade will he about 8 and 3rd grade about 7 annas per
unit.  Assuming according to Table 12 that the Mysore ore can
be delivered in England or [urope at a cost of Rs. 27 per
ton or 432 annas—

a 48 per cent ore will cost 44 =9 annas per unit and
cannot be sold at a profit unless the market rate exceeds
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9 annas. For lower grade ores the position is still worse and
it is obvious that the majority of the Mysore uvres require
either high rates or low working expenses and {rcights to
make them profitable. In some cases a ratc of 23 to 5 annas
per unit rmay be obtained for the ivon in the ore and if silica
and phosphorus are low 1t may -owetimes be possible to ex-
port ores contuining 40 per cent or less of manganese under
favourable conditions.

UTILIZATION OF MANGANESE ORE.

Manganesc orc is put to a large varicty of uses ol which
the preparation of various alloys of iron and mangancse known
as spiegel-eisen and ferro-manganese is far the wost important
and takes some 80 to 90 per cent of the whole output ol the
world.  Mangancse i1s also added to stecl up Lo a proportion
of 20 to 30 per cent and yields a material combiing gread
tonghness and hardness which is used for special purposes
such as tramway points and crossings, rock-breakers, rolls,
gun shields, ete.  Various bronzes and other alloys are made
with copper, aluminium, zine, ete.

As an oxidiser wanganese is used for the preparation of
chlorine and bleaching powdcr, decolounng glass and ana-
facturc ol permanganates. 16 is used as a colouring materwl
for calico, glass, pottery and paints and for various minor
chemical and manufacturing purposcs.

Alloys ol iron and wanganese containing from 12 to 30

per cent manganese are usually called
Monmegel-elsenand Ferro-  y500cl-cisen and those from 30 per cent

upwards are called ferro-manganese.
The wost usual alloys ave 12 and 20 per cent spiegel and 80
per cent ferro and these are made by smelting munganese ores
with coke in blast furnaces, in much the same way as pig iron
is smelted from iron ore, only that the output of the furnaces
is much less and the consumption of fuel much greater than
in the manufacture of won. Spiegel contains 4 to 5 per cent of
carbon and ferro 6 to 7 per cent of carbon and they are added
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to molten stecl, cither in the furnace or in the ladle, in ovder
to recarburize the steel to the extent required by the manu-
facturer. Spiegel is used chiefly for stecl made by the Bes-
semer process and ferro in open hearth steels.

In addition to the recarburizing action the manganese
purifies the stecl by removal of oxygen and most of the
manganese is converted to oxide and passes into the slag. It
is usual to add sufficient alloy to leave a small excess of
mangancse in the finished steel o impreve the rolling. On
the average a total of about 3 per cent of manganese is re-
quired per ton of steel made and this accounts for the greater
portion of the total production of manganese ore.

‘With the exception of a few thousand tons of ore used in

the ivon and steel furnaces in India as a

desulphuriser, practically the whole of
the Indian outputb is sent to Tlurope where the greater part is
converted to spiegel and ferro. The market value of the
spiegel and ferro is probably front 3 to 5 times the value in
Indin of the ore fromn which it is produced. The latter value
has averaged over Rs. 120 lakhs annually during the past 5
years and the difference between this and the value of the
manutactured article 18 represented as a very serious economic
loss to India which could be reduced by manufacture in India on
a large scale.  Fermor has discussed the problem of manufac-
turing ferro at Sini on the Bengal-Nagpur Ratlway frow the 52
per cent ores of the Centrul Provinces on the following basis :—

Manufacture in India.

Materials required. Rs. a. p.

19 tons orc at Rs. 22-8-0 per ton o442 1200
2'5 tons coke at s, 16 per ton ...40 0 O
1°0 ton limestone .. 5 0 0
Total matevials .. 8712 0

If we add Rs. 12-4-0 {or fixed charges, labour, etc., the cost
of manufacture comes to Rs. 100 per ton which is about equal
to the cost of manufacture in England with imported ore.
To send the ferro to markets in Lingland und Europe would
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probably cost Rs. 30 for rail and sea freights, ducs, ete., and the
cost of packing in barrels would probably be considerable and
the prospects of sclling at o profit in those warkets does not
seem very promusing. In America the price is said to have
averaged Rs. 191-12-0 from 1901-1907 and 1t would scem that
cven after allowing lor packing, transport charges, ete., it
should be possible to deliver Tndian forro at Pitbsbarg for less
than that price, but the same argument would apply to ferro
manufactured in lingland and the shipping expenses would
probably be less from England than from India. Since the
period quoted the average import value into America has been
considerably lower—about Rs. 150 in 1913. Tt is possible that
a material reduction might be made in the cost of ore and coke
especially in the case of a company using its own ore and fuel
and the problem is worth further attention in specific cases.

There 1s very little deniand for ferro in India itsell, pro-
bably not more than a couple of thonsand tons o year, but it
will probably increase somewhat in the near future.  No doubt
this could be supplied from India at a considerably lower figure
than it can be nnported for.  The imported ferro costs sowe
£10 to 11 per ton fo.b. Lnghish ports to which must be
added some s, 40 for transport, dues, Iniport tax, cte., mak-
g the eost in India about Rs. 200 per ton.

The most serious point {or consideration is the high per-
centage of phosphorus in the Tndian ore and coke. The ore
from the Central Provinces contains ubout 0°09 per cent 1” and
Indian coke, such as that used at Sakchi, contains some 14°7
per cent of ash carrying, 0093 per cent P. Coke with lower
phosphoras may be available, hut if we take the above figures
and assume that all the phosphorus goes into the ferro we get
the following figures :—

19 tons ore (0°09 per cent P) =00017 tons P
25 tons coke (0'136 per cent P)=0'0034

i)

Total ... 00051

" or 051 per cent P in the finished ferro.



104

It has been stated that it is not desirable that the P
should exceed 0'22 per cent in an 80 per cent ferro and though
doubtless this amount is often cxceeded the fact of a very
large mcrease as indicated above would diminish the value
of the local ferro or cause a more expensive ferro to be
preterred. '

It has been necessary to consider the above few facts in
connection with our gigantic neighbour
before discussing possibilities in Mysore.
If we had to enter into competition with a product made in
British India on a large scale the position would be hopeless
just as it is hopeless for Mysore to make ordinary pig iron in
cowpetition with Sakchi. Just as in the case of iron and stecl
the only chance for Mysore lies in the production of a high
class product and we have two factors which favour this,
viz :—an ore low in phosphorus (0°05 per cent or cven less)
and charcoal {uel which is practically free from phosphorus—
with the result that we could produce a ferro (77 per cent)
with not more than 0'1 per cent P.

We will asswme that charcoal can be obtained although,
as pointed out alrcady, the supphes are
small and may all be required for iron
smelting. We will also assuwe that ferro and spiegel can be
smelted in a charcoal furnace though we have no definite
information that this has been done.

A good dcal will depend on the cost of ore, but if the
smelting is done by a company like the Workington Company
using its own orc the cost may be taken at Rs. 7 per ton at
Shimoga for higher grade and Rs. 5 for lower grade.

The following upproximate estimates contemplate the pro-
duction of 5,000 to 8,000 tons of 77 per cent or G0 per cent
ferro or 10,000 tons of 30 per cent spiegel.

Ifor 77 per cent ferro we assume ore containg 48 per
cent Mn, and 8 per cent Fe.

For 60 per cent ferro we assume ore containing 35 per
cent Mn. and 17 per cent Fe.

Manufacture in Mysore.

Charcounl Smelting.
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For 30 per cent spiegel we assume ore containing 30 per
cent Mn. and 24 per cent Fe.

TasLe 13—Cost per ton of Ferro and Spm/(l in Mysore.

|

l 77 per cent Ferro 60 per cent Ferro 30 per cent Spiegel

-
Rs. Ls. ! R,
Manganese ore ... | 2 tons at Iis, 14 |2 tonsat Bs. | 10 13 tons at Ws, ‘ 631
_ 7, 5. |
Iron ore | | . 12 cewt. at Rs. ‘ 13
3. [
Charcoal 2A tonq(tt R, ‘ 57 |2 tons at Rs. ’ 50 ‘ 14 tons atRs. 2 37,
97, 25, 1
Limestone .. | Bewt. at R, 1 2 | 8ewt. at Re. 2 8ewt.oat Bs | 2
5. | 5. | b
Labour . ‘ 1 1
Repairs and relin. 5 4 ‘
ing. ‘ ‘
Supplies and sund- [ s ! 17}
ries. i (f
Managentent and 5 4 |
supervision. ‘ ! | 1
Iuterest and depre- 6 |6 |) ‘
ciution. ) | |
e i | S, S S ——
Totai ... J e | } 82 65
J |

The figures for management, interest, ete., are somewhat
problematical and depend on quantity and on combination of
the work with other work, but the varations which wight
arise are not likely to total more than a few rupees per ton.

The production of & 77 per cent ferro might not be advis-
able as we have not a very large supply of the higher grade
ores and to use them locally might very scriously interfere
with the cxport of much larger quantitics of lower grade ores
which the {ormer helyp to bring up to a marketable standard.
On the other hand the ase of ores containing 35 per cent Mun.
or less for thc production of lower grade ferro and spiegel
would be an uninixed blessing as these ores are practically
useless for export and are often a waste product of the mining
work.

Assuming that the smelting work is technicully possible
it remains to enquire whether we can sell these products at
a profit. It is very doubtful if the products could sell in
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Turopean markets unless specially high prices were offered on
account of the low phosphorus (0°L per cent or less). To the
cost price at Shimoga must be added :—

Rs.
Railway charges to Marmugoa o 1
Ireight and insurance o 20
Charges at destination 3
Packing (cost not known) H
35

TFov the 77 per cent and GO per cent ferros this Rs. 35
will have to be added making the c¢.if. costs in England
Rs. 131 and 117, respectively. In the case of the spiegel if
packing is unnccessary we may reduce the freight by Rs. 5
and packing by Rs. 5 making the addition for transport, etc.,
Rs. 25 and the c.i.f. cost of the spiegel Rs. 90, In TEngland
the sale price cf 80 per cent ferro is about £9 or Rs, 135 per
ton and that of 30 to 35 per cent splegel about £5 to 6, ov
Ls. 75 to 90, per ton and it would thercfore seewn thal the
Mysore products could not be put on the market ut less than
the general sclling prices so that no profit would remuain un-
less special prices were obtainable.

There is practically no demand for 60 per cent terro.  We
might sell a couple of thousand tons of 77 per cent in Indin
in substitution of the 80 per cent now iwmported. The latter,
as shown above, costs about Rs. 200 at Sakchi.

Mysore 77 per cent would cost :-—

s,

At Shimoga ... 96 per ton,
Transport to Sakehi . 25
Total o121

and this should leave a good profit cven if costs went up
owing to smaller output.
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It would be more advantageous from manv points of view
if the steel works would nse 60 per cent ferro and we do not
think there is any rcal difficulty in doing so in open hearth
furnaces.

The 60 per cent ferro would cost :—

L.

At Shimoga R
Transport to Sakchi )
Total ... 107

It would be necessary to use 14 tons of 60 per cent, cosb-
ing Rs. 143, to replace 1 ton of 80 per cent, costing Rs. 200,
which still leaves w good margin for profit.

In the case of places like China, Japan and Australia
transport ought not to cost more than the figures given above
for England and we should therelore be able to land the My-
sove products there at abouf makers prices in England with
the packing and transport charges [rom Kngland in our lfavour
in the shape of profit.

These vavious suggestions ave, we think, worth the atten-
ion of practical men, but as the technical and cownnercial
problems invelved are intricate and rather obscure we do not
feel justified in recommending definitc action without further
advice.

It must not be forgotten that the supply of charcoal is
limited and that the whole of the reputed supply has becn
allotted to the Iron smelting scheme already discussed. 1t
would be salcr and sounder to embark on the iron scheme
than on ferro and the latter might come in as an adjunct if
the opening up of the forests shows that sufficient charcoal
can be made available.

In default of suflicient charcoal would 1t pay to use
electricity? Tor several years the use of electricity has been
suggested and considered.
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Specially high grade ferro is made in electric furnaces in
Europe for special purposes and fetches
very high prices. Some of this contains
90 to 95 per cent Mn. and less than 2 per cent, or even 1 per
cent of carbon and sells at prices up to £100 or more per ton.
The demand is, however, very small and is probably insuffi-
cient to keep a single furnace running for one tenth of its

Electric Smelting of
Ferro-manganese.

time.

The question we have to consider is whether we can pro-
duce a good or superior ordinary ferro at a price which will
compete with charcoal sinelting or at a price which will pay.

The following figures are based on such information as
we possess, but the consumption of power and electrodes are
doubtful points.

TasLe 14—Cost of Electric Ferro (ordinary 77 per cent).

Rs. a. p.

2 tons ore at Rs. 7 .. 14 0 0
7 cwts. charcoal wt Rs. 25 ... L. 812 0
7 ewts, limestone at Rs. 5 ... .. 1120
6,500 K.W. Hours at 0°2 as. per unit ... 81 4 0
Electrodes . e .. 600
Repairs and relining 5 0 0
Managentent, labour and sundries e 9 00
Interest and depreciation 7 4 0
Total .. 133 0 0

Thus with electricity as low as 0'2 anna per unit the cost
15 Rs. 37 more than for charcoal smelting.

The quality might be superior and fetch a higher price
than ordinary ferro, but even at the above cost we could place
the product at Sakchi at Rs. 158 per ton as against Rs. 200
now paid. Tt looks as if such a process might have some
chance of success if the power can be obtained at a simmple
meter rate of 0°2 anpa per unit at Shimoga, but we are
doubtful if this can be done.
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It would be possible also to place an cleetrically made
60 per cent ferro at Sakchi for less than the cquivalent now
paid and this, as already pointed out, would be advantageous
to Mysore.

In the cvent of the establishment of an electric steel
refinery it would be possible, with the
addition of suitable furnaces, to conduct
large scale expernments i the production of various ferro
alloys which might lead to commereial production on a small

Other Ferro Alloys.

scale.  Amongst these may be mentioned manganese-steel,
ferro-silicon (I'e, Mn) silicon-spicgel (e, Mn, 81, lerro-chrome
(Fe, Cr), fervo-titanium (Fe, T1) and special titanium stecls.
The quantities which could be disposed of conmercially would
no doubt be small and the standing charges would be too high
to render such work profitable if taken up as u sepavate enter-
prise, but it Is quite within the bonnds of possibility that some
of these products could be made at a prolit as accessorics to
the larger work contemplated for steel refining.
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Chromium.

The various alloys and compounds of chromium used in
the arts are obtuined from the mineval Chromite or Chrome
Lron Ore.

Chromite is a black to brownish non-magnetic mineral
composed of the oxides of chromium and aluninium combined
with oxides of iron and magnesivm [(CryAlL)Oy, (MgFe)O].
The relative proportions ol the various metals present vary
considerably and the mineral is often associated with iron oves
in which the amount of chromium may be only a few per cent.

High class chrome ore contains from 50 to 58 per cent of
(,1203, the ore becowes less readily saleable ag the proportion
of chromium oxide decreases and theve is little demand for
ore containing less than 42 per cent with 5 per cent ov wore
silica.

Chromite has been found during the course of survey

work at many places in the Shimoga,
relstribution and Occur- Hassan and Mysore Districts.  In most

places it occurs as grains in altered
amphibolites, pyroxenites and dunite but too sparingly to be
of commercial value. It occurs more abundantly i the narrow
Nuggihalli schist belt running S.8. 1. from Arsikerc for a
distance of 20 miles. The rocks of the belt are largely horn-
blende and talcose schists with what arc considered to be
intrusive masses of amphibolite partly wltered to potstones or
talc schists.

The chromite occurs in the altered amphibolite in segre-
gated patches associated sometimes with iron ore.

This chrome ore is of comparatively low grade (42 per cent

Cry04) und consists of fine granular chro-
Low rade Ores. mite in a talcose matrix and is of a dall
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greyish black colour, The ore appears to occur in large
quantities, but so far none of it has found a market. It might
be possible to concentrate it up to 48 or 50 per cent Cr;0y4, but
the want of water in the area would be a serious difficulty and
the crude ore might have to be removed to some place where
water is available. An attempt was mude somne years ago by
the Mysore Chromium Company to start s concentration
plant but after considerable expenditure on a water dam,
plant, etc., the project was given up as not feasible. 1f the
comparatively high prices which ruled in 1913-14 are main-
tained after the war a concentrating project may be worth
further consideration, but it must be remembered that the
market for chrome ore is a difficult one and sowe definite
assurance would have to he obtained as to the saleability of the
products.

Further south, in the Mysore District between Mysore
and Nanjangud, a number of patches of
ultrabasic rock have been found which
carry veins, lenses and scgregated patches of chromite. Of

High Grade Ores.

these the most important is a narrow strip of altered dunite
(Olivine rock) or peridotite, which i1s now a brownish coloured
serpentine, ranning north and south for & couple of miles near
shinduvalli a few miles east of Kadkola. The serpentine lies
in gneiss (which is considered to be intrasive) and contains
grains of chromite. For a distance of a mile or so along a
line near the middle of the strip a nuruber of small, nearly verti-
cal, veins of solid chromite have becn found which vary from
an inch to a foot or more 1n thickness. Towards the southern
end one vein widened out to a lens 5 ft. wide and below this
other separate lenses were found to a depth of 40 ft. 1o open
workings. Underground work is now in progress and at a
depth of 86 ft. a lens or vein over 170 ft. in length and up to
9 ft. in width has been opened up as well as two smaller veins
to the west of it. The ore is massive and of good guality and
the lens is broken into slab-like blocks by vertical and horizontal

veins of magnesite which also traverse the serpentine.
*
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In addition to the ore which has been mined from the
Shinduvalli Block a large quantity of pebbles or lumps of
chromite has been picked up on the surface of the ultrabusic
patches.

In considering the sale or use of Mysore ores and particu-

larly in regard to the problem of con-
"f;‘:‘_"’““ In Othee Coun-  confrating the low grade ores we must

bear in mind that large quantities of good
ore are obtainable from other countries with which Mysore
cannot compare as regards cither quantity or quality. In
Baluchistan chromite has been discovered in serpentine asso-
ciated with basic intrusives of cretaceous age. It is reported
that considerable quantities of ore can be obtained much of
which will average 54 to 57 per cent of Cr,03and wmost of
which can be obtained by open work mining at nioderute cost.
Little precise information is, however, available. Up to the
present the output has been small as it has to be carried 50
miles on camels to a railway; but that difficulty can be re-
moved by extenston of the line and in that case we mught
expect a large and regular supply from Baluchistan.

New Caledonia has been for many years the chief source
of high grade ores averaging about 55 per cent CrgO;  The
ore occurs in alluvial or surface deposits close to the sea and
the mining and f.o.b. costs are low. There 1s some reason to
believe that these deposits are approaching exhaustion, but
other less easily worked deposits arc said to exist.

In Rhodesia vast areas of serpentinized rocks carry quan-
tities of chromite most of which 1s of moderate grade, 47 per
cent being usually quoted for shipment. 'T'he quantity of
bigh grade ore is not very large though much larger than
in Mysore and there is said to be o very large amount of
mediwmn to low grade ore. Here again large quantities can be
cheaply mined in open workings though this is offset by the
long railway lead to a port (Beira which is sqme 500 miles
from the Salukwe arca).

In comparison with these fields the high grade oves of
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Mysore are of very limited extent and the -problemy of concen-
trating low grade ores will, we fear, be a doubtful proposition
for many years in the face of the large supplics ol easily
mined high grade ore obtainuble from clsewhere.

The ore from Kadakola area i1s ol good quality and runs

{from about 48 to 53 per cent Cr,0,

Composition of Ore. There 5 also some lower grade ore
comparable to thal Mrom the Nuggihalli belt near Arsikere,
The lutter occurs usnally 1n altered taleose wuphibolite while
the better class ore appears to be confined to the patches of
serpentinised ultrabasie rock associated with magnesite,

Table 15 gives o number of vepresentative analvses of the
orves kindly supphed by licensees.

Most of the ore has been obtained hitherto from surface
Cost and vatue of Ore. 'cnlloctions, shallow piLls and open worls-
ings down to ndepthof 40 ft. The con-
tract rates vary from Rs. 2 to 5 per ton ol stacked ore.
With the adoption of underground work the cost of the ore
will increase and it is nob possible to sav what it will be in
future. Much of the ore has heen sold oo, Jadakola at
prices ranging [rom Rs. 8 to 15 per ton. Tixport has been
very variable and home market values have appreciated con-
siderably during the past few years.  Table 16 shows the
quantitics despatched and sold to the end of 1914 and the
average wmarket rates in England for 50 per cent ore. The
rate is generally subject to a vaviation of 2 shillings to 2s. 6d.
per unit of C'r,0, above or below 50 per cent. The prices are
said to be controlled largely by an international combine and
the market is far from beng an open one.

The greater part of the chrome ore production is uged

for the manufacture of chrome salts {or

yses. dyeing and tanning. A considerable
amount is used for the manufacture of ferro-chrome (alloy of
iron and chrominm) and the ore itsell, cither in lump form or
crushed and pressed into bricks, is used as n vefractory lining
for furnaces.

MR, 1
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There are no manufactures of chrome products in My-
sore and it is difficult to say if there 1s any veasonable pro-
spect of their being established. The absence of ebeap supplies
of alkali and sulphuric acid is a bar to the production of the
salts which may or may not prove insuperable, The produc-
tion of ferro-chrome might hecome possible as an accessory to
clectric steel vefining as already pointed out. 1t is not easy
to obtain any reliable or detailed information as to modern
methods and costs of production.  Chrome ore was, at one
time, smelted with coke in small blast furnaces giving a ferro-
chrome contailning some 40 per cent of chromium and 10 to
12 per cent carbon. With special blast arrangements a 60
per cent ferro-chrome has been produced in the blast [urnace,
At the present time 1t is made entively in electiic lurnaces of
the Hevoult ov Girod type, and from carefullv selected oveit is
not a difficult matter to produce a 60 per cent ferro-chrome
containing 6 o 8 per cent carbon which is worth about £20
to 25 per ton.  IFor special work ferro-chrome containing up
to 75 per cent clronium and 1 to 2 per cont carbon is now pro-
duced and is worth £60 to 70 per ton.  We cannot however
give detatls of the process.  Practically pure chromium without
carbon 1s produced by the thermite process of Goldschmidt by
igniting a mixture of pure Cr,0y and aluminium powder,

Although we cannot give exact details the following
ficures are probably not wide of the mark for the production
of an ordinary 60 per cent [orro-chrome with 6 to 8 per cent
carbon.

IRs.
2 tons ol selected ore delivered at furnace
at Rs. 20 ... 40
Electrie energy 8,000 KAV, Hours at 0'2
anma per unit ... 100
Telectrodes . .10

Charcoual, labour, repairs and fixed charges... 40

Total . -190

—
| &

M.R.M.



116

The output could not be large as the demand for ferro-
chrome is not great, though it will probably increase. It must
be remenibered also that the probable supply of high grade
chrome ore in Mysore is not large and that unless it was found
possible to concentrate the low grade ores and utilize the con-
centrates the fotal duration of the work would be relativelv
short and the amortization charges for the plant would be cor-
vespondingly high.  For these reasons it wonld be necessary to
combine the work with other electro-thermal work in order to
keep supervision and other fixed charges down to o reasonable
limit.  Under such conditions it looks as though ferro-chrome
could be produced at 1 cost of not more than Rs. 200 per ton
and if the price is Rs. 300 or more there should be a margin of
profit after paying for transport, ageney, ete.  The paramount
influence ol the cost of clectric encrgy is shown above and any
material increase in the rate would render the work prohibitive.

Tavni 16— Production of (hrone Trow Ore in Mysore,
dacring the gears 1907-1914,
I Cadenlated \‘n]n; v,

4 Siglish Ports
Quantity Lupligh Ports

Yenr | sold Per ton ‘ Royalty Remurks
| 50 per cent | Total rupees
i Tons | basis ;
‘ |
g s o e w. Nule.
| | | The sale value in
1907 . K2 360 ‘ 42,028 d24 04 0 Turupe as given,
[ is estimnted on the
1804 hT8A 3 0 0 “ 26032, vodd 14 0 prevailing rurket,
' [ I wvalue for chromite
1909 4,633 204 0 LEZUo 183w 60 on the 50 per cent
[ basis at each quar-
1910 ‘ ................. ter of the year,
The value of the
1911 ‘ 30 207 G 29560 T 810 1 0 ore ab the mines
| uversges about Ry,
1912 ‘ PO PR [ O 12 per Lon at pre-
| sedt,
1913 v | L e ¥ (“The are is wll from
I | the  Mykore Dis-
1914 165 218 6 7.2 140 0 ()“‘ triet. with the ex-

i ception of & 10 ton
|- - — | sample from Arsi-
J | kere (Hassanu Dis.

Total .. 117 | | AARQIG 4 AR 12 0| wriet),
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Other Moetalliferous -Minerals.

Mincrals containing copper, silver. lead, zine and anfi-
mony have been found in various places, but the quantities
so far discovered are comnmercially unimportant and may be
referred to very briefly.

Copper-pyrites and capriferous ron-pyrites oceur spiring-

IV quartz veins and  quartzites and in
Copper. . o E
some of the chloritie selnsts and traps,
Ip a few places these mimerads, and possibly others, have heen
broken up by weathering and cireulation of water to shallow
depths and from the solutions so Tormed, copper salls have
been deposited in eracks, fissures or porous deconmposed rock
in the zone of weathering which mav extend to w depth ol 50
to 100 fect from suvface. These sales are the green carbo-
nate malachite, the bluc hvdrous sulphate chalccodhiile, com-
monly known as Blue Vitriol and  somcetines various silicates
of copper appenr to be present. At Ingaladhal, 5 mites soulh-
east of Chitaldrug, there wre some old workings i the side
and top of a snall hill from which  fibrons specimens ol chal-
canthite can still ba obtained in the form of incrustations or
small veins in a decomposed grithy schist which s probably
an alteration of the gray trap ol Chitaldrag.  The mineral
was doubtless move abundant in the patches excavated by the
ancients but at present very little remains and prospecting
work has fatled to disclose anvthing ol the natwe ol a body
of copper ore. It is probable that the wineral which now
oceurs in the walls ol the old tunnels s of comparatively re-
cent formation and is formed by the oxidation and leaching
ol traces of copper sulphides from the wass of the rock.

Malachite has been found 1n tufts ol slender acicular
prisius in a thin vein in quartzite ncar Kaidall, 10 miles south
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of Davangere, Chitaldrug District. A surfacc sample gave
17'5 per cent copper, but some prospecting pits showed that
the ore did not extend wore than a few fect in any direction.

Copper carbonate occurs in the quartzite conglomerates
to the north and nortll-east of Chikwagalur in the Kadux
District, but o lurge number of samples showed that the copper
never anounted to more than a heavy trace.

Traces of copper carbonate have been found at Kolur, 33
wiles east of Muaddur, Bangalore District.  In the Nanjangud
Taluk, 1} miles 8. S. B. of Biligere, pieces of green copper ore
were found in the soil and some pits have been sunk to a depth
of 40 feet under a prospecting license.  The rock is a steeply
dipping decomposed gneiss with an interbunded dolerite dvlke
of o few yurds in width. The latter s considerably decowm-
posed and shows strings aud pabches strongly nupregnated
with carbonate of copper. A piece of the gnciss (O/980) gave
025 per cent copper. A greenish grey sample (O/981) which
may be a bleached portion of the dyke or some other trap
gave Y per cent Cu. and w dark brown ferruginous ore con-
taining green carbonate and red oxide gave 2432 per cent Cu.
with 18 dwts. 15 grs. of silver.  Suflicient work has not been
done yet to enable one to judge whether any body of ore
exists or which particular type ol roek in this complex was
the original howe of the copper salts which now hupregnate
the various materials.

There are traditional rumouvs of silver having been found
i Mysore and names like Bellibetta (Sil-
ver Hill) are supposcd  to record such
occurrences though no trace of silver ore is now to be found.
Some small quantities ol argentilerous galena, containing up
to 130 ozs. of silver to the ton, have been found and are men-
tioned below under lead. It way not be gencrally known
that the ore of the Kolar Gold Field contains silver which is
recovered with the bar gold and afterwards separated during
the final refining process. The bar gold contains from about
53 per cent to 9% per cent of silver, the average being about

Silver.



119

7'85 per cent. An estimate based on the gold returns shows
that up to the end of 1914 the Kolur Field has produced
about 8,84,532 ozs. of fine silver valued at 13 lakhs of rupees.
The annual production based on the figures of 1913 is now
about 44,500 ozs. valued at Rs. 82,000,

A swall quantity of argentiferons galena (lead sulphide)
was discovered by Mr. Sambasiva Iver
about a wile S 150 of the village of

Kurubarmardikere in the Chitaldrug Taluk.  The ore occurs

mn small stringers from § to 1% inches thick in gritty cale-

Lead,

chlorite schists which are probably alterations of the gray
trap.  There are only a few short stringers and some pits failed
to reveal any tendency to incresse In size or number. The
clean ore assayed 13465 ozs. of silver and 7229 per cent of
lead, but the quantity is very Hmited and the expense of
extraction would be too high to permit of profitable working.

In o few places a little galena hus been noticed in quartz

reels, for instance:—just west of the ghat section on the road
to Hiryur close to Chitaldrug town, on the cast slope of
Nisanigudda, ncar Nukikere, Hivtyur Taluk: and to the north-
west of Arothekoppal in the Tirumakudlu-Narsipur Taluk.
It is also found sometimes in the gold quartz of the Kolar
Field and m other places where gold mining has been tried,
but in none of these cases has any noteworthy body of ore been
disclosed.

The mincral Blende (sulphide of zinc) has been found
in the Kolur Mines and 1n some old
workings such as those at Bukkambudi

in the Tarikere Taluk but only in comparatively small quan-
tity. At Bukkambudi the talc-chlorite schists in the neigh-
bourhood of the old working have wmineralized streaks or
bands containing finely divided sulphurets, such as galenu,
blende and iron pyrites, but the proportion of these 1s small
and the mineralized zones of no great extent. In the old
workings a few more highly mineralized bands occur in
which the total concentrates would not average wmore than

Zinc.
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about one per cent of the rock. The low grade and the
complex character of the concentrates preclude any reason-
able prospects of working even if the mineralized zones
were of large cxtent and this does not appcar to be the
case. 1t has been suggested that richer patches existed and
were worked by the ancients for silver, lead and zine, but
it is more than doubtful if thev could have treated such a
complex mixtare which would be a difficult proposition
even under modern conditions,  The rock 1s vemed with
quartz and carvies a little gold and it 1s move probable that
the old workings were cxcavated on some patches or lenses
carrying faivly rich free gold.

The existence of small quantities of Antimony ore, in
Antimony. the Chitaldrag District, has been known

for many years and 1 1888 some san-
ples ol stibmite are said to have heen collected by Mr.
Mervyn Suuth and seut to the Mysore Jxhibition. In 1899
Mr. Sambasiva lver during the course of swrvey found
some speeimens of antimony ochre (cervantite) in the same
locality but only in small quantitics.  DMove thun onc pro-
specting license has been taken out since und a large nunber
of pits sunk in the scarch for both gold and antincny but
without uny satislactory resuwlts.  Lioose Dlocks of a quart-
zose rock containing stibnite and cervantite were {ound,
but wncither the wmount nor the grade of the ove was
sutficient to justify lurther work.

Before the war the price ol antimony ore in LEngland
varied from £6-10-0 to L£10 per ton, but during 1915 the
price rosc very considerably to 10 shillings pev unit or
about £25 per ton for 50 per cent ore and a quotation for
delivery in Bowmbay went as high even us ls. 8 per unit.
These prices were therefore three or four thmes the normal
price and Mr. J. Burr of Bangalore took out a license in the
hopes that under these favourable conditions the available
orc might be wined and sold at a profit.  Prospecting work
has shown that the ore occurs in veins and patches in w
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quartzose rock i the chloritic schists.  Veins of a couple
of inches in thickness have been located with wider bulges
or lenses up to w foot or so in thickness.  The ore is wainly
stibnite  (sulphide  of  antimony) altering  to  cervantite
(oxide of antimony).  Much  picking and dressing s
required to obtain ore ol moderately good grade and so far
the proportion of dressed ore has not exceeded about 1 per
cent of the rock excavated.

The following Table shows the analyses of dressed
satuples of the ore :—

TasLe LT—dnalyses of antimony ores,

No 1 ‘ 9 3 4 5 6

510, .| 41781 ‘ 42°30 5362 4160
Sh.S, 53710 157
8h.0, U R 43760 4806

Sh (total) L 38786 1 (37°70) 4800 (314 ) (3T00) 40700
o 1361 060 .

Fe.0, and ALO. ... | 256 0 L00 1792 AR 5]

Sno, nil 360

Pho s | braee | nidl trace 04

As nil | nil nil nil

Zm .. L nil il

Ca0, '\lgo ote. ... e 360 . 2728

| |

In these analvses ol the dressed ore, which have been
kindly [urnished by the licensee, Nos. 1, 2 and 3 are sul-
phide ores and Nos. 4, 5 and 6 wre oside ores, Nos. 3 and
6 have evidently been dressed rather more carefully, but on
an average the sulphide ore is nob fikely to t-,xuﬁ.e,(l 38 per
cent antinmony and the oxide ore 35 per cent antunony in
dresscd bulk samples. It some ol the dressed ore can be
sold so as to cover cxpenscs, it will he worth while doing
sowe further work on the chance of striking some rvicher
material, but it is evident that even ut the high prices now
ruling the proposition is hardly likely fo pay unless



122

marked Jmprovement takes place. If we take the high
quotation of Ts. 8 per unit at Bombay for 38 per ceut ore
the ore would be worth Rs. 304 per ton and this hag to
cover the cost of bagging and transport amounting to at
about Rs. 34 and leaving Rs. 270 to cover cost of mining,
dressing and sundries. 1f, as is veported, it takes 100 tons
of rock to yield 1 ton ore we have only Rs. 2-12-0 per ton
to cover these charges und it is rather questionable if there
would be any balance for profit. I then the question of
makmg a profit 18 a doubtful one when the ore fetches
Rs. 800 or so at Bombay, the proposition would certainly
not be attractive in normal thues when the ore would fetch
only Ls. 100 or less and this accounts for the fact that it
has been left alone for so many years. The grade of the
orc body would have to hmprove considerably before work
under normal conditions could be scriously entertained,

The high prices now ruling mwy make it possible to
collect the float ore and to do certain amount of excavation,
sorting and dressing and to recover most or all of the
expenditure with the chance that the work so done may
disclose some more valuable orc bodies.



I, IMNinerals used in Various Indusiries.

(a) Abrasive Materials.

The awbrasive wmaterials avatlable in the State wre the
minerals corunduwn and garnet and certain varieties ol rock
used for the preparation of mill-stones, whetstones, ete.

CORUNDUM.

The mineral corandum consists of oxide ol wluminium
(Aly Og). Tt oceurs in hexagonal crystals usually in double-
ended pyramids the faces of which arc often curved and give
the crystals the shape of an clongated barrel.

In eolour it varies lrom ruby red through various shades
ol brown, blne, green and white and usually containg various
nnpurities such as the oxides of rou and chroniuwn and mica,
pinite and other silicates.  Crystuls ov graing wre [requently
surrounded with a micacecous shell or with pinite-like materi-
al or green to bluck spinel.  When pure and clear the red
varieties are known as rubies and the blue as sapphires.
These clear gem varicties are practically unknown in Mysore,

Bmery 1s o dark opaque corundum containing much
oxide of iron. It is obtained chicfly [rom (zrecce and Twrkey
but does not occur in Mysore.

Corunduw of various grades and colours 15 widely distri-
buted in Mysore and the principal locali-
ties arc shown on the cnclosed map. They
may be grouped as follows :—

In the Sringeri Jaghir small quantities of good ruby
corundun occur.  Oceasional large erystals of brown corund-
um have been found further south in the ghat country.

A number of deposits are found to the west and soath-
west of Arsikere.

Distribution.
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On the eastern side of the State there arc several corun-
dum bearing arcas in the Pavagada Taluk.

A large and important series of deposits occur in the
Maddagit and Goribidnur Taluks and another group round
about Mandya.

Several groups occur in the Hunswe and Heggaddevan-
kote l'aluks of the Mysore District.

The mode of ocemrrence and wincral associations of the
Indian corunduws have been described by
Holland in Part I of the Manual of the
Geology of India. A description of & number of the Mysore
types and localities will be found in a paper by B. Juyaram in
Part 1L of Records, Volume XV, published by this Department.

Most of the corundnmn obtained in Mysore is in the form
of loose grains and crystals picked up in the surface soil.
These have been set frec from the rocks in which they
oceurred originally by the decomposition of the vock iasses
under ordinary westhering influences and, along with some

Occurrence.

ol the other harder and more resistant ininerals, they are
found in the residual mantle ol soil.  Considerable quantities
of this loose corundum have doubtless been removed in past
times.  In wore recent vears the quantities obtained and cx-
ported are shown m Table 18 and in yecent years the produc-
tion has been between 2,000 und 4,000 cwts. a year. 16 is
probable that the supply, al any rate ol the better clusses, is
now less abundant or less easily obtainable than formenrly.

In wany places the wineral has now been found in situ
in both decomposed and havd rock.

A comiparatively small proportion of the output has been
obtained by excavating the soft decomposed rock and pound-
ing it with wooden mallets or tilt hammers. The harder
corunduwn Is then separated by sieving and picking, but the
resulting product usually contains wuch adherent nupurity
which may amount to 30 or 40 per cent.  Up to the present
no atteipt has been wmade to work the hard rock.

The corundum occurs in veins or bands of pegmatite,



syenite or granite which traverse the older gneisses. Inmany
cases 1t appears to be an original constitnent of such veins,
bmt it is noticeable that in the majority ol cases the gneiss
contains included bands and patehes of basic Dharwar rocks,
such as hornblende and mica schist, horablende and pyroxene
granulites, pyvroxemte and amphiboiite and that the corundum-
bearing veins are frequently associated, ov in contact, with snch
patches and often entively enclosed within sone of the larger
ones.  In some cuses there is evidence of segregation or en-
richment near the contacts which is suggestive of mutual
reaction and sometimes the cornndwm is within the basic
rock, but in many other cases the corundum has all the ap-
pearance of a prinmwuy eonstituent of the acid vein,
I s ditfiendt to ascertain the value ol the mineral with
anv degree of acenriey.  Tacenses for col-
vale: lection are granted over large arcas, the
nsual area being a taluk. "T'he Heensee pave the villagers for
amounts collected by them from time to time and a certain
amount ol sorting and selection is done helore the material 1s
despatehed to Madms, The cost of collection has tended to
rise recently owing to o genera rise in wages and the leasencd
abundance of material; on the average the cost of collection
is now probably some L. 60 to 80 per ton. The ruby
varietics are the most valuable and from Re. 300 fo 500 per
ton has sometimes been offored in Madeas for good  prades,
The amount obtainable 1s however small, The better classes
of pink, brown and grev corundunn may be worth from 100
to 250 rupees in Madras and other varietics 90 to 100 rapees.
There is a large quantity of rather dull white to greenish
corundum wlhich is of Tittle o no value and is distinetly softer
than the betber classes, L is probably a mixture of hydrous
and anhydrous oxides and considerable quantities have been
found in corundum-heuring rock« newr Arsikere in the Hassan
District and near Sargur in the Mysore Iistrict,
The pink to amethyvst colowred corundum  which was
extracted [rouy veins of decomposed rock near kamasandra in
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the Bowringpet Taluk is stated to have been worth 250 to
270 rupees at Madras and the product was far from clean
mineral. Down to water level the cost of extraction was
about Rs, 150 to 200 per ton.

Various samples which have been sent to England have
been valued af from £8 to £30 per ton.

In Canada lrge quantities of cornndum-bearing rock ave
mined, erushed and the clean mineral extracted. The annual
production is about 2,000 tons and the average value £22
per ton.  There the veins or bands, many of which consist of
nepheline syenite, are of lavge dimensions and permit of cheap
open quarrving on a Jurge scale.  As the output is consider-
able the mining and dvessing charges are comparatively low
and rock containing only from 5 to 10 per cent of corundum
is treated.  In rvecent years theaverage grade has approached
O per cent.

For the prepavation of clean corundu the rock or

niineral is put through Dbreakers and
freatment. ernshers and graded into various sizes
by 1means ol screens.

The coarser sizes are then treated in Jigs and the finer
materials on various types of shaking tables.

The middlings or mixed materials lvomn the jigs ave
erushed finer and retreated with the recovery of fnvther
corundumn.  In some cases a fAnal treatinent with magnetic
separators is necessary to remove heavy magnetic minerals
which come throngh the process with the corundum.

The wmount ol machinery requived is considetable and the
question of mining and dressing costs is largely one of quantity.

It would no doubt Dbe very desirable to crush and dress
the Mysore corundum locally and 1o export clenn and care-
fully graded products instead of raw unclean mineral, but the
quantities produced at varions centres are probably much too
small to warrant the expense of the plant and supervision.
Even the total output fro the State is small for any modern
treatment plant,
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As most of the cornundum has to pass through Bangalore
on its way to Madras, it might be feasible to put up a single
treatment plant at Bangalore and purchase the whole output
of the State. A better market for the fimshed and graded
product might be obtained and the development of the output
would very likely be encouraged by a regular demand.

This applies to the output ol lonse corundum crystals,
but the plant would afford opportumty for experimental test-
ing of some of the corundum-bearing rocks of the State. TIf
some of these proved promising, lurther prospecting would be
encouraged and some sufficiently large deposit might be found
to warrant the erection of a plant or partial plant at the mine
for the vongh treatment of the rock.

The prospects ave very problematical and various samples
have been obtained and sent to America for trinl and opinion,
1t must be remembered also that artificial abrasives such as
carbornndum, alundum, ete., are vewdy  becoming more
serious  competitors, and it s probable that carborundum
ean be produced for £27 or less o ton and will be preferred to
corundum for most purposes.

TABLE 18—Production of covundum in Mysore and the royalty
realized thercon during the years 1900 to 1914,

- Quantity CAvernge value ST
Venr exported ut the niine Koyalty
Cwis. [ Rs Re.
1900 e 1,602 | 4,806 238
1901 o] 1,490 4,470 261
1902 . m AL 67
1903 | ..
1904 .. |
1905 v | 1,299 | 1H9T 685
1906 2,064 | H256 | 1,088
1907 o 1,080 ‘ RIINE ‘ hhY
1908 | 124 496 ‘ 65
1909 . ET. 1,744 224
1910 2,152 ‘ 1,608 1 1,134
1911 2.505 | 12,525 1,020
1912 o 2,920 11,630 ‘ 1,55
1913 1,150 20,760 2,179

1914 1.604 5,020 ‘ 845

Total ... ; 21,609 93,0509 9,592

T e e e e e e - - - -
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GARNET.

The garncts ave a series of complex silicates containing
bwo or more ol the metals alumimun, iron, caleinm, magne-
stum, wanganese and chromium. Thev ocewr in rounded
crystals and grains and are very variable in colour, the com-
monest colour being pink, ved or brown.

In Mvsore rved to brown garnets occur in a variety of

rocks In many places of which the follow-

Pistribution. ing nay be mentioned,

Tn the Shimoga District they ocenr plentifully in mica
sehists lying in the gneiss between Agumbe and Koppa.

In the Nadnr District near Sampigekan and Durgadhalli
in hornblende schist and gneiss.

[n the Hassan Distriet near Yennchole Ranganbetta
(Hole-Narvsipir) ; near Bheryva (Yedatore) where dull colomred
and flawed crvstals up to 3 inches 1n dinmeter are found; in
the Manjarabad Taluk along the Kemphole and  Adhalla
strealns and at Balekal, Xagneri, Murkangudda and Maran-
halll in some of which places verv large quantities of loose
garnets can be obtaimed which have been weathered out of the
hornblendic sehists and gneiss.  Most of these are small and
sonie are clear and transparent.

Im the Bangalore District pink garnets occur in pegmatite
near Salhunse and  small elear  crvstals and  pebbles at
Mauralwadi in the Kankanhalli Taluk.

I the Kol District there is a good deal of garnet sand
in the streams near the corundun piés near Kamsandra,

In the Hegguddevankote Talnk of the Mysore District
garnets oceur {reelv in Kyanite schist and gneiss and loose
pieces and fragments abont § inch in dinmeter can be washed
from the surface soil.  In addition to the above the mineral
often occurs as a minor constituent in a variety of rocks.

The larger clear varieties are used as gem stones. The.
M usore minerals ave not sufficiently large
for the povpose when clear and of good

colour, or when large they are dull in colour or much flawed

Uses.
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and it has not been [ound possible to find a market [or the
stones.  In severnl of the States of Rajputana a purple
coloured garnet, belonging (o the varicty Ahnandite (iron-
alumina garnet), is worked as a genr stone.  The average
yearly production for India from 1909-1913 is reported to be
298 cwts. valued at L1792, The avernge value in different
localities varies from about Rs. 30 to Rs. 150 per cwt,

There 15 a limited demand {or garnet as an abrasive
material, mostly for use in the leather and wood trades.  The
chiet market is in the United States where the total consuinp-
tion is some 4,000 to 5,000 tons per annw almost the whole
of which comes from the Adirondack region of New York.
The average value of the cleaned and graded mineral is about
Rs. 90 per ton and about Rs. 105 for the best grade of crvstal,
The Adivondack mmeral is said to be of the Almandite
variety and to be somewhat harder than usual.  1ts chief
value depends on the possession of o faivly well defined cleay-
age or parting which canses the mineral to break up into flat
plates with sharp edges which tend to renew themselves by
Iv garnet tends to break with

[racture during usce.  More usun
a rough or conchoidal fracture and to wear round at the
edges and such mincrals have comparatively little valne.  or
the same reason the fine ronnded grains which ocenr abund-
antly in wany streans hiwve httle value.  Several tonsof such
material have beer collected nt IWamsandra which cannot be
disposed ol

Various samples of Mysore garnets have been sent to
Kngland for valuation and in the majority of cases ave report-
ed to be of little or no value,

A large snple collected and washed from the Hegpad-
devankote Taluk was valued at £4 per ton, but as the cost of
y higher than this figurce the heensce

collection wags considerah
abandoned the wouk.
Garncts obtained from the Manjarabad Taluk under a

(1) Records of the Geologieal Survey of India, Vol. XLV, Pape 271,
M.R.M. K
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prospecting license are reported to have been valued at from
Rs. 45 to Rs. 90 per ton in England, but as no further progress
has been made it is probable that the work was not considered
to be remunerative. It is very donbtful if there is any large
demand for garnet for abrasive purposes outside the United
States and 1t is very doubtful if the Mysore mineral would
pay to extract, grade and put on the market in small quantities
at cnrrent prices.

In recent years there has been a small output from Spain
which, it is believed, can e produced at considerably less than
the American figures quoted above.

MILL STONES,

From several places in the Honnali Taluk, notably {rom
Beesokalmatti-—a hill north of Chik Gonigere—and {rom a hill
north-west of Hosukoppa, large blacks of gritty schist are
guarried and made into flat circular mill stones for grinding
food stuffs and somce of the finer grained varieties are used
for whetstones.  liarger blocks of tough caleite-chlorite trap
are made into rollers for mortar mills near Basauvapatna in
the Channagiri 'T'aluk.  The work s carried on by the
woddars of the Shimoga District and there is said to be a
good demund for the stones in the Chitaldrug, Tumkur and
Hassan Districts.  In o Departmental report wade in 1901 18
was estimated that about 1,200 tons of stone, valued at
Rs. 5,400, was used during the vecar in the Honnali Taluk.
In the Hassan District certain varicties of potstone are stated
to be used for mill stones and in Bangnlore mill stones, road
rollers and stones for mortar mills are made from sclected
portions of the granite and gneiss. In all thesc cases the
materials are used to supply certain Jocal demands, but none
of them appear to possess any purticular merits for high class
grinding work and then use 15 chiefly a matter of local
convenience.
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(b) Refractory Materials.

Mica.

The micas wre essentially silicates of alumina and potash
Character and wses. sometimes containing also magnesia, fluo-
rine, lithin or soda.  Thev ave frunsparent
flexible mincrals occtrring as Hakes, sheets or thicker * books ™
and are capable of Deing sphl into indefinitely thin sheets
owing to a very highly perfeet cleavage.  Tun colonr they vary
from: white to red, brown and black.

The principal varicties ave :—

Muscorite—White to reddish brown;
Philogopite - Reddish or © amber 7 mien;
Beotite.~ -Black,

The two former are of commercind importance and re-
present the materials exporveed from Indi The wien found
in Mysore is juuscovite which s usuallv durk colonred in
thick books and hight reddish brown in thin sheets.

Owing to its flexibility, transpareney and infusibility it is

used for lamp climneys, stove doors, ete.  1ts chiel use 1s
howcever as an insulawtor for the manulncture of electrical
machinery for which purpose it 15 necesswry that it should be
free froni melustons, spots and tlaws,

The larger books are split to about the thickness ol card-
board and the vough edges and flaws trimmed off with shears
so as to give clean sound squares or rectangles with sides
from one to two inches long up to several inches m length,
Occasionally pieces over one loot square are oblained.  'The
smaller pieces of irvegular shipe are trinuned bo various round
or oval shapes which are cventually split nto very thin
lamine and cemented together with shellac to form large
sheets known as “micanite.” ‘Chis artificial micanite yields

M.R.M. K 2
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a fairly good insulating material in lien of large cat sheets,
which are scarce and expensive, and has permitted the utiliza-
tion of large quantities of scrap ica from the waste dumps of
mines.

Some of the scrap mica produced by trimming and cut-
ting of shects is now finely ground and finds some sale for
boiler and pipe lag

ging. fire proofing, lubricants, wall paper
and paints.

The micas ocenr in snall flakes in many rocks chiefly
Occurrence. Lbose of a granitic or gneiss.ic character.

The larger books of commercial value are
practically confined to large veins of coarse pegmatite which
traverse or are asssocinted with intrusions of granite and gneiss.
In India the veins usually traverse mica schists or schis-
tose gneisses, while 1 Mysore they arve mostly in granitic
gneiss. India is one of the most important mica producing
countries of the world the chief centres ol production being
Behar and Orissa and Nellore.

In Mysore hooks of micas, up to 7 or 8 inches in diameter,
have been found in several places, but the distribution is very
erratic and much of the material is flawed or spotty and of
rather low quality. The principal localities are the fol-
lowing -—

Hassan District..—The Kabbur Block (I°. 1. 350) ncar
the 30th mile on the Yedatore-Hole-Narsipur road. At Sita-
pur hill, 6 miles 8. W. of Hole-Narsipur.

Mysore District.—At Mundoor, 3 miles north of Saligram
(. L. 346.)

Two furlongs B. of Undivadi, near Nannambadi.

south of the 16th mile on the Kannambadi Road.

Near Vadesamudira—7 niiles N. I8 of I'rench Rocks., (P
L. 436.)

Near Tagadir—7 miles K. of Nanjangud (P. Ls. 408
and 409.)

Sringeri Jahgir—Near Kikri—1t 1s reported that
23,568 lbs. of plates, rounds and splittings were obtained
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from about 180,000 lbs. of undressed mica, but not sold yet.
Work has been abandoned for sometime,

Attempts have been made, from time to time, to work
some of these deposits and repeatedly aban-
doned owing to the irregular distribution
of the mineral and the small quantity ol saleable mica
obtainable. 1t is probable that the amount of suleable mica
recovered does not exceed 10 per cent .ol the total amount
extracted,

Output.

Work 1s now being carried on at Kabbur, Mundoor and
Vadesamudra,

The following Table gives the output to the end of 1914 the
greater part of which has come froms Kabbur. The output
frem the Sringeri Juhgir is not included.

Tasre 19—Owtput and Vulue of Mica.

‘ | Value at
Year Quantity exported ‘ Madras Value per b,
Tha. | R, ‘
| | i ) o
1911 2,025 576 601 monaes,
me 5,062 | 2,308 | T8,
w3 1,000 99 o
1914 | 5,477 2,514 T35 .
| . — o
Totrl ... 13,567 } 6,687 T'6H annas,

Mica varies so much in size and quality that 1t 1s difti-
cult 1o quote values which convey much
inforiation, while in Mysore the output

has bheen so small and wregular and the grades so mixed that

Value.

no very reliable figures are yet available.

The three principal producing countrics are the United
States, Canada and India and the following figures have been
reported. *

In the United States the value of sheet mica has been
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about 9 to 10 annas per Jb. for the past 10 years and scrap
wica Rs. 80-50 per ton.

In Canada the output is almost entively Phlogopite or
“amber” mica. The export valuc for the past few years has
been from 12 to 15 annas per Ib.

Indian wmica from 1908-09 to 1918-14 has been valved
at an average of 10 annas per lb. vising to 11 apnas at the
end of the period.

The Mysore wica sold in lingland has varied from 2
annas to Rs. 24 per b, for the various grades exported.

Consiginents sent to Madras have averaged from about
7 annas to 1 vupee with u gencral average of 7'88 annas per
Ib. It 1s very doubtful 1l profitable work can be carried on
at these prices unless some better deposits are found. IFur-
ther work is contemplated at Vadesamudra and Kabbur and
there is at any rate a possibility that the yield ol salcable
wica way be somewhat inproved,

ASBESTOS.

Two distinet tyvpes of nuneral ave included under the
conmyercial term ** Asbestos.”  The wost haportant is the
minecral chrysotile—a hydrous silicate of magnesin-—which is
considered to be a fibrous form of serpentine. It occurs in
narrow rregular veins in serpentine or other ultrabasic rocks
the fibres of the mineral lving perpendicular to the vein walls.
The veins arc usually from 4 of an inch {0 2 or 3 inches in
width and this determines the length ol fibre obtainable. The
greater part of the world’s supply ol this material comes {rom
Canada. Very little has been found in Mysore and then only
in very thin unworkable veins in scrpentipe. The other
forms of ashestos belong chiefly to the varieties tremolite and
actinolite of the amphibole group and are essentially anhydr-
ous silicates of lime and magnesia.

"T'he value of asbestos depends on the facility with which
the mineral can bc broken dp into fine
fibves and on the length and strength of

Characters and use.
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these fibres. Its usefulness depends very largely on the fuct that

the fibres arc very infusible and consequently it 1s used very

largely as a five proof or five-resisting material.  The longer and

stronger fibres can be woven into fire-proof cloth and the

shorter fibre, dust, ete., whicliis produced during milhing 1s used

for asbestos hoard, paper, tiles and plaster and also as o lagging
“or non-conducting covering for boilers, steam pipes, cte.

So far nonc of the chrysotile variety hus been found in
Decurrence. Mysore m workable quuantities hut small
veins have been noted in serpentine masses
near Hole-Nursipur  and Idegondanhalll in the Hassan Dis-
trict and newr Shingamunane in the Shimoga District.

The amphibole variety of asbestos has been noted in
several places and appears to be un alteration product of vari-
ous amphibolites or other ultrabasic rocks m proximity to
intrusions of granite or gneiss.  The following places may be
mentioned :— .

Chutaldrug District.—N. 15, of Mayikonda village; fibres
stained reddish brown and hard.

Near Budihal, Gangigere i the Tosdurga Taluk,

Kadwr Distriet.—In u coffee estate neawr Mudsost, Mud-
gere Taluk.

Near milestone ) on the Belur, Mudgere road.

Hassan District. —On the Kabbur Block (P. L. 350).

Near the 30th e on the Yedatore IHole-Narsipur
road. Neveral tons have been obtained from here as samples
and a faurly large quantity 1s smd to be obtainable.  The
mineral also occurs near Hole-Nursipur, Sunnakal Hosur and
Idegondunhalli,

Bangalore District.—A small quantity of a white asbestos
has been found at Avalhalli about 2 miles from Bangalore on
the Mysore road.

Mysore Ditrsict.-- -Snall quantities have been found near
Nagamangala and 2 miles 5. W. of Mandya. The occur-
rence of a larger deposit has recently been reported ncar
Konur about 12 miles south-east of Nanjangud.
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The values vary very greatly according to quality. The
Value. different grades of material produced from
the Canadian chrysotile deposifs vary frowm
about Rs. 900 to Rs. 27 per ton with an average value of
Rs. 90 per ton. A large muber of grades are produced from
the same quarry during the process of mining and milling.
I'he average amount ol merchantable fibre produced is about’
6 per cent of the total amount of rock excavated. The out-
put from the United States 1s comparatively small and is of
the amphibole varicty and is valued at from Rs. 30 to 45 per
ton. The Mysore mineral occwrs in bunches and aggregates
of fibrous material and at Kabbur long fibrous sticks of sever-
al feet m Jength can be obtained which can be picked out
practically cleann. The material can be easily fiberized and
reduced to a white fluffy 1nass which should possess sonie
merits s an insulator, stcam pipe covering and where
strength of Abre is not essential,  The greal defect in all the
samuples 1s the brittleness and lack of tenacity of the fibres
and a sample of several tons sent to Liondou failed to find a
satislactory market and was cventually sold at a Little under
Rs. 20 per ton.

The cost of the erude material delivered on the rallways
15 said to be fromn Rs. 35 to 5O per ton,

The waterial obtained so far has all come from close to
surface where the rock is much decowmposed and this may
account for the excessive brittleness ol the asbestos fibre. In
view of the increasing demands for asbestos it would be
worth while to sink some of the pits deeper and ascertain
whether the fibres become stronger while retaining suftficient
facility for easy separation.

MAGNESITI,

Magnesite is the normal carbonate of magnesia (Mg CO,)
and occurs, from a comwercial pomnt of

Character and mode of i 1 1etine ariett .
ecurrence, oae view, in two distinct varietics or t_ypes
having very different modes of origin.
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These types are sometimes distinguished by the terms “massive
magnesite’ and “crvstalline magnesite.”

The massive type only is found in Mysore and important
deposits occur at Salem in the Madras Presidency and in the
island of Tuboea (Greeee).  Liess notable deposits oceur in
many other countries.

This type occurs as o net work ol vemns in ultrabasic
rocks of a serpentinous character derived fron the alteration
ol dunites, peridotites, amyphibolites, cte. The mineral probably
results {rour the breaking up of the mugnesian sthicates by
heated vapours or solutions containing carbonic acid with the
production of magnesite which is deposited as veins in joints
and fissures of the vock. A httle of the silica is deposited with
the magnesite in the form of chalcedony and the rest is re-
moved in solution and may have been deposited elsewhere as
quartz veins,

In Mysore the original ultrabasic vocks appear to bave
been intrusive dykes or masses i the Dhurwir Schists and
to have been mtruded subsequently by portions of the Penin-
sular gneiss {frow which the heated solutions and carbonie
acid were probably derived.

The magnesite 1% a hard white massive waterial with a
rough to conchoidal fracture, something like broken procelain,
Tts value depends on the absence of impurities, particnlarly
lime and ivon, on the ense with which 1t can be separated from
the cnclosing rock and on the proportion of clean mincral
obtainable to the total rock excavated.

The crystalling type of magnesite vceurs only in Austria
and Hungary and appears Lo be of the nature of w crystalline
limestone or dolomite, of sedimentary origin, in which Inne
has been almost completely replaced by magnesia by subse-
quent chemical alteration.

Tor practical purposes the two types of magnesite are
distinguished by the amounts ol iron and alumina they contain
and by their different behaviour during burning. As a com-
mercial material the massive type contains less than 1Y of iron
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oxide while the crystalline type contains some 3 to 6 % of
oxides of iron and alumina. The former burng to a white
material which is usually only lightly burnt or calcined ; the
latter 1s always dead-burnt at a high temperaturc and yields
a brown granular material which is used either as such or in
brick form for furnace linings.

The various points at which magnesite has been found

n Mysore are mdicated on the enclosed
map.

The principal deposits occur in the Mysore District be-
tween Mysore and Nanjangud. Of these the most iinportant
are at Dod Kanya and Dod Katur while other less 1mportant
or poor deposits have been found near Shinduvall, Talur,
Solepur, Mavinhalli, Gurur and Kupya.

In the Hassan District relatively uwnumportant deposits
have been found to the cast and south-cast of Hole-Narsipur
and in the Arkalgud Taluls.

At Dod Kanva there i1s a patch of serpentinized rock,
about three-quarters of a nile long by one quarter wide,

Distribution.

which 15 much traversed by white veins of magnesite many
of which appear on surlace.  The veins vary from mere
threads np to sceveral inches with occasional swellings up to
several feet 1n thickness.  From the prospecting work done
it 1s seen that the veins tend to oceur in two scts, onc more
or less vertical and the other horizontal or slightly inclined.
Scveral of the Jarger masses belong to the latber seb. Tt is
probable that a considerable proportion of the whole mass
would yield about one ton of magnesite for cach 10 tons of rock
excavated ond that the total amount of workable magnesite
would amount to several hundred thousand tons. The other
deposits ave less extensive or would yield lower proportions of
mineral.

A number of analyses have been obtained, chiefly from
the Dod Kanya arca (P. Li. 404) and these
are shown in Table 20 together with
a few representative analyses from other places for comparison.

Composition.
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At surface the Mysore magnesite is sometimes contaminated
with Inne kankar which raises the line contents so high as to
render the material uscless for relractory purposes.  The
kankar is brown in colour and can be removed by dressing. A
few fect below surface it disappears, but care has vo be taken
to clean the magnesite frow scrpentine, amphibolitc and
chalcedonic silica.

When properly dressed the NMyvsore material compares
{avourably with that [rom Salem aud Greece.

USES OF MAGNESITE.

Raw magnesite 1s used in Awmerica for the produetion of
carbonic acid gas (COy. The magnesite
o pagnesite: is heated in iron retorts thereby driving off
the CO, which 1s collected and compressed in eylinders for the
manufacture of werated waters, etc.  The residue in the
retorts s caleined or caustic magnesia and s sold for the
manufacture of refractory bricks, cement, plasters, ete.  This
use of magnesite as a source of CO, 1s said to be decreasing as
the residual magnesia is often insuthciently barnt for the pur-
pouses for which it is required and unless il can be sold the
manufacture of CO, in this way would not pay.

Magnesite is sometimes treated with sulphuric acid for
the production of CO, and Kpsom Salt s prepaved from the
residual solution. A note on this will be found in the section
on the materials used for Agricultural and Chemical In-
dustries.

Caustic agnesin, also called calcined or hightly burnt
magiesia, s obtained by borning magnesite
in kilns in very much the same way as
limestone is burnt to quick-lime.  The burning may be con-
ducted in bottle kilns with an admixture of coal, coke, wood or
charcoal, but this has the disadvantage of introducing im-
puvities from the ash of the fuel. Where purity is essential
it is burnt in kilns with external fire-boxes or fired with gas.
At Salem where high class caustic magnesia is produced the

Caustic Magnesia,
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kilns are vertical, continnous feed, shaft kilns fired with pro-
ducer gas made fromw 13engal coal. Magnesite is said to part
with its CO, at a lower temperature than limestone, bhut much
depends on physical charvacter and on the amount of CO,
which may be permitted to remain in burnt stuff.  I{ the
magnesia must not contain move than 2% of CO, the tem-
perature vequives to be 900" to 10007 €. for the ludian variety.
After caleination the magnesia will absorh water and CO,
from the air and will set into o moderately hard paste if slak-
ed with water.  The coustic magnesia 1s used very largely as
a filling for paper and wood pulp and for the preparation of
Sorel or “Oxychloride ™" cement for the production of which
it 18 mixed with a strong solution of magnesian chloride. The
cement is extremelyv hard and will earry several times as
much sand or stone as lhme or Portland cement and ab the
same time shows nmueh greater resistance to crushing. 1t
said to be suitable for indoor work and to deteriorte on
continucd exposure to the weather.

It s used for the preparation of artificial stone, grind-
stones, nill stones, cte., and is mixed with sawdust, cork,
asbestos, tale, cte., for the production of floor tiles, complete
floors, ete. It 1s believed that most of the magnesia from
Salem 1s sent to LSavope for these purposes and the possibility
ol producing suvch a cement in Mysore for local use is worth
attention. A good deal will depend on securing a suitable
supply of magnesiim  chlonde and the bitterns from the
Madras Salt Works have been suggested as a possible sourcee,

In ovder to dead-Durn magnesite the CO, has to he al-

most completely driven off so that not more
Dead burnt Magnesia, . . , .

than from 4 to 1 9% remans.  In order to
do this the temperaturve 1must be rvaised to from 15000 to
1700° C for which special kilns are requived and a large ex-
penditnre of fuel. At this high temperature the magnesia
shrinks and increases in density and will no longer absorb
water ov CO,. In this form it is very refractory and is used
as a basic lining for steel nrnaces and cleetric furnaces.  'I'he



142

principal supply of dead-burnt magnesia comes from Austro-
Hungary where the deposits of crystalline magnesite contain
much more iron and alumina than the Indian and Greecian
varieties. Owing to its physical character and composition
the former can be dead-burnt at a temperature of 1500° C in
continuous bottle kilns using producer gas or in rotary kilns
using powdered coal. The vesulfing material clinkers ov frits
50 that it is obtuined in a granular form which can be thrown
on to Lhe bed of the larnace without getting blown away and
it then frits together into a solid mass.  Also, if moulded into
bricks and fired it fuses together sufficiently to form hard
strong bricks suttable for furnace work. It 1s still a very re-
{ractory material und for the above reasons there is a large
demand for it for basic linings.

When we come to the massive variety such as occurs in
Greece, Salein or Mysore a different problem is presented.
The termaperature requived is much higher—about 1700° C-
and this will probably necessitate special kilng of o regenerative
type. Attempts to prodnce dead-burnt magnesia at Salcin are
understood to have been nnsuccessful.  Again, the material
does not frit together, but falls into fine powder in which form
it is wnsuitable for furnace lining or manufacture of bricks. It
18 believed, however, that bricks are made from it for electric
furnaces and that they ave more vefractory than those made
from the Austrian magnesile; on the other hand they are
brittle and would not_stand the mechanical strams of open
hearth fnrnaces. The problen of using Mysore magnesite for
this purpose has been nnder investigation in consultation with
the Tata Iron and Steel Works and the most practical solution
appears Lo be to grind cither the magnesite or calcined mag-
nesia, with a small quantity of iron oxide thereby reducing its
infusibility and permitting 1t to {rit to a material which can
be used in a granular form or made into bricks. Kxperi-
mental work huas shown that good bricks can be thus made
and the outstanding questions are those of cost and location of
work,
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From the prospecting work done on the Dod Kanya block
Cost of Mining. it 1s probable that the cost of mining and
sorting the magnesite will lie Dbetween
Rs. 3 and Rs. 5 per ton of magnesite exclusive of supervision.
It is very difficult to give any estimates of cost without a
Cost of Calcining in definite proposition as to quantities and
Mysore. character of the product vequired.  The
following figures may, however, be ol sonme use to those who
have the matter under consideration. The amount of coul
requived is about 20 to 25 9% of the caleined magnesia, say
about Rs. 5 per ton of caleine, 1 wood could be used the
cost would be slightly less.

Tavvre 21 —Estimated cost of caleining magnesite in Mysore.

Outputl 50 tous o) caustic magnesin per month 'Rsoa. .

: .
21 tons of mugnesite at Rs. 4 .. ‘} 9 0 0
Coul 50 0
Labour for burning .06 0 0
Bags and bagging ... ‘ 6 0 0
Supervision . h 0o
Interest and upkeep of kiln 12 0 0
Royalty, rent and sundries ; o 0 0

|

Totul per ton of magnesia .38 0 0

|

This is a very rough estimate and the charges for super-
vision might have to he greatly increased if a high grade
standard product was required.  On the other hand, if the
output was materially incrensed to a few thousand tons a year
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the cost would come down to about half the above figure at
which rate it might be just possible to place somne on European
markets.

Tittle precise information is available at present on this
Cout of dend burming. point. ~Either the magnesite or caleined

magnesin would have to be ground and

mixed with iron ore and then bricquetted and dead-burnt.
Rotary kilns would not be desirable unless the output was
large.  The wurount of coal required would probably be about
15 ewts. costing, say, Rs. 15, and the total cost of making
dead-burnt magnesite in Mysore is likely o lie hbetween Rs. 50
and Rs. 80 per ton. The cost of the Anstrian material -
ported into India belore the war was about Rs. 65 per ton.

Tt is doubtful il the dead-burnt material conld be supplied
to the novth of India {rom Mysore as cheapiv as it can be
imported unless the ontput is large and the demand does not
justify this at present.  On the other hand, it is quite possible
that manuwlactured bricks could be delivered at o lower rate
bhan the imported wrticle owing to higher packing and trans-
porh charges, cte.  This point is still under investigation,

OTHER REFRACTORY MATERIATS,
Chromuite, or Chrome Iron Ore, is in some demand as a
vefractory lining material for furnaces.
Chromite. ’ i . . .

The occurrence and distribntion of the oves
hiwve been described already under Chromium, 1For furnace
lining the ore 18 preferred in large lumps or brick-like blocks
and it is believed that bricks are also made from the crushed
powder.  During the past vear or so a regualar supply ol high
grade Chrome Ore has been sent to the Tate Iron and Steel
Works from Kadakola in Mysore. It is thought that there
may be some use also for the lower grade oves [rom Arsikere
in lump form and attempts are being made to find a market.

Totstone, or soapstone, is a soft tough greenish to grey
rock composed largely of the niineral tale.

Potstone, . o . .
It usually containg varying proportions of
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mica, chlorite, serpentine, amphibole and pyroxene and the
amount of the accessories or impuritics detcrmine the quality
of the stone.

The fine, light coloured and comparatively pure soap-
stone which is used for gas-burners, production of tale powder,
ete., has not been found in Mysore. The coarser textured
greenish material 1s used locally for the manufacture of pots,
pans and other fire-resisting utensils, but the most extensive
use is a8 an ornamental building stone where intricate and
delicate carving s required. Other uses are as clectric switch-
hoards and insulators and in the torm of fine powder for cotton
sizing, paper filling, lubricant, cte., but the suitability of the
Mysore materials for thesc purposes hus not been ascertained
and the greater number of samples would appear to contain
too much gritty material,

Varieties of potstone are widely distribuled chiefly in the
region between Arsikere and Hassan.

In the Shimoga Distriet it 1s found 1 —

Near Saulonga, Kudli and Hoskoppa in the Honnali

Taluk.
Near Kavaledurga in the Ththahalli Taluk and near
Benkipur.

In the Chitaldrug District near Liokadalalu and Audanu
in the Holalkere Taluk.

In the Tumku. District on a ridge close to Kadehalli,
Turuvekere Taluk. Less altered parts of this are a
rather havd rock (amphibolite) which takes a fine black
polish and has been largely used in the Palace at My-
sore and at Tippn Sultan's Towmb, Seringapatam.

In the Mysore District—nenr Chattanhalli, Talar and
Kadakols in the Mysore Taluk—at Manhalli in the
Heggaddevankote Tuluk and at numerous other
places of minor maportance.

No deposits of what can be properly called fire clay are

Fire Clay. known bo exist, bgt some of the; decompo,s:ed
pegmatites, granites und gneisses—which

M.R.M, L
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now consist largely of quartz and kaolin—and some of
the more or less impure masscs of kaolin and lithomarge
would no doubt yield fire bricks of fairly refractory quality.
Bricks of this character have heen made at the City Brick and
Tile Works, Bangalore, from decomposed pegmatite veins in
the gneiss near Golhalli.  This decomposed material contains
about 30% of kaolin the remainder being quartz and sundry
impurities. If cave is taken to select material fairly free from
iron, a good firm fire brick can be obtained by the addition of
a small proportion of more plastic clay. In many parts of the
State, materials of this character can be obtained from which
local demands could be supplied. The material is not
sufficiently valuable to stand long transport, but several small
brick and tile works are in cxistence or projected and in most
cases it should be possible to obtain some kaolinic or litho-
margic material within a reasonable distance of the work.
Local demands are not likely to be large and any export to
surrounding arveas would depend on the quality of brick which
can be produced—a matter which requires further practical
investigation. A number of localities in which various grades
of kaolinic material have been noted will be found in the
section on kaolin.
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(¢) Mineral Pigments,

OCHRES, OXIDES, AND COLOURED CLAYS.

The ochres are composed largely of hydrated oxides of
iron mixed with more or less clayey or gritty material. They
may occur as fine sediments deposited by water or as the
residual products of schists, iron oves or limestones which have
been subjected to long continued weathering and chemical
alteration.

In colour they present various shades of yellow, brown
and red and usually require to be ground finely or crushed and
levigated with water so as to produce an extremely fine textur-
ed material of uniform colour whicli can be used for colour
washes, distempers or oil paints.

Ochres of sorts occur in many places in Mysore more
particularly among the iron ores, mangancse ores and lime-
stones of the Chitaldrug Schists.

Recently some prospecting licenses have been taken out
in the neighbourhood of Chik Kittadhalli and Kenkere and
some large samples have been taken out for experimental
treatment with o view to testing the markets.

The Mysorc ochres though fine in texture, when levigat-
ed, and of good body are generally dull in colour. Small
quantities of fairly good yellow and red have been found, but
they are usually much mixed with other material which would
render clean extraction difficult and expensive.  Large
quantities of the duller colours can doubtless be obtained—
chiefly a rather brownish-green yellow, various shades of brown
or umber and dull brick ved or terra cotta. 1f burnt the
yellow material yields a pleasing reddish-brown oxide. The
materials at present under investigation are disadvantageously
situated owing to distance from a railway and a lack of a

M.R.M. L2
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convenient supply of water for washing in both of which re-
spects nnprovements might be made if the products were
found to be marketable. A further difficulty which has to e
faced is the question of packing. I the material could be sent
away in the raw state, this difficulty would not arise, but if
prepared and in a very fine state it is generally required to be
packed in kegs or casks which would be difficult to procure in
Mysore and expensive, Possibly double bags might be used.

So far it has not been pogsible to ascertain very definitely
the probable market values of the materials and the only way
to get at this will be to prepure fairly large quantitics and
place them on the market.

Samples have been gent to Bombay and were not very
favourably reported on.  In normal times the prices in Bom-
bay would scem to run from Rs. 2 to Rs. 4 per ewt. pacled.
At the present time the prices might be up to Rs. 4 to 6,
but it is doubtful if there would be much demand for dull
colours,

Samples sent to England are said to be worth from £3 to
L5 per ton in normal times, but no very strong demand.  kEven
at the higher price it is not likely that they could be exported
at a profit.

On the other hand there is some local demand in Mysore
both for the dry powder and mixed with oil as paint and the
local prices are likely to be considerably higher than those
quoted above. There is also some demand i Madras at prices
which are stated to vary from Rs. 5 to Rs. 7 per ¢wt. in nor-
mal times and np to Rs. 15 at the present time.

The fact that prices are now high makes a favourable
opportunity for the experimental production of large samples
in order to obtain more precise information as to costs and
market requirements and values and work on these lines is
being proceeded with by the present licensces.
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(d) Materials used for Agriculture, Chemical
Industries and Food.

Many minerals arc uscd for the preparation of manures
and fertilizers and for the preparation of various chemicals used
in industrial processes.  Brief notes on afew of these are given
below and the hist ught be largely extended.  The notes are
meant to be suggestive and to show the relative value of vari-
ous factors which determine whether covtain materials can be
used or manufactured commercially at w profit. The estimates
of cost, ete., are of a very general character and must be vavied
to sult specific cases and on many points rough assuwmptions
have had to be made owing to luck of more precise information.

Proposals are constantly heing put forward for the estab-
lishment of siall chemical imdustries based on the fact that
some of the raw materinls exist e Mysore, 1L will he seen
however that the raw materials often form a relatively unim-
portant part ol the total cost of production and muarketing and
this 1s more particularly so in the cuse of small industries.
Where the output is small the charges for supervision, interest,
depreciation, ete., ave relatively lurge.  When the outputb is
large these overlicad charges diminish considerably and small
advantages or reductions in cost of the raw materials begin to
make themselves felt. 1t must not he forgotten also that
many of the materials used in the production of chemicals
and chemical products arc themseclves bye-products of other
industries and that in the absence of any supply of, or demand
for, bye-products work could not he carvied o protitably how-
ever feasible it might be from a technical point of view,

PYRITES.

Iron Pyrites is o ycllow wmincral of the composition Fe S,
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containing 46'6% of iron and 53'4% of sulphur, and is widely
distributed in the rocks of Mysore in grains and crystals.
The quantities present are usually very small, but in some of
the chloritic and talcose schists of Chitaldrug and Shimoga
and in some of the auriferous veins and lodes the proportion
of pyrites present rises to moticeable amounts which may
vary from 5% to 20% of the rock. Nothing in the shape of a
high grade deposit containing 50% or more of pyrites has
been found and, from a commercial point of view, the mine-
ral would not deserve notice here were it not for the sugges-
tions which have been so frequently put forward that Mysore
contains valuable deposits which might be nsed for the local
wanufacture of sulphuric acid.

Amongst the most noticeable deposits which have been
found are some bands or zones of veined schist amongst the
old workings at Honnehatti and the quartzose ove of the
Jalagargundi Mine., These have been described in the sec-
tion on gold (pp. 48 and 50). In the former the zones carrying
pyrites arc small and very patchy and the mincral is mixed
with copper pyrites and blende.  Tn the case of Jalagargundi
there is a wide lode richly studded with variable amounts of
clean iron pyrites and for the sake of illustration a test was
made with a picked sample of the richer portions. The
sample was crushed and concentrated and the pyritic concen-
trate was found to amount to 20% of the rock and to contain
469 of sulphur. These richer portions could not be mined
separately and the average contents of the lode would pro-
bably lie between 5% and 10% of pyrites.

Tor the sake of example we may take the favourable
view that a considerable amount of material containing 10%
of pyrites could be mined at reasonable cost. As the output
would be small, it would be a low cstimate to put the cost of
mining, crushing and concentrating the rock at Rs. 10 per ton
and, as 10 tons of rock would be required for 1 ton of pyrites,
the pyrites would cost Rs. 100 per ton at the mine.

We may now consider how much a sulphuric acid works
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could afford to pay for pyrites. Tt should be possible to de-
liver Spanish Pyrites at a works in Mysore {or some Iis. 50
to 60 per ton and to deliver Sicilian Sulphur at Rs. 100 per
ton or less and Japanese Sulphur at a still lower figure. Of
these materials sulphur would be more economical than pyrites.

1f therefore we can get sulphur at Rs. 100 ov less, the
relative value of the Mysore pyrites (containing 46Y% of sul-
phur) would be Rs 46 per ton or less.  As, according to the
above cxample, it costs Is. 100 at the mine, the proposition
i1s not commercially feasible.  Even if we could find an ore
containing 20% of pyrites, it still would not pay in competi-
tion with nuported sulphur.

The only hope of being able 1o use Mysore pyrites would
be the development of a gold mine in which the pyrites would
be obtained as a bye-product and could be sold cheaply and
this 1s not without the bhounds of possibility, though its advent
1s nob ab present m sight.

SULPIIURIC ACID.

Cheap salphuric acid is an extremely lmportant factor in
many chemical industries and the desirability of manulactur-
ing it in Mysore has often been discussed and advocated.  We
have shown that local supplies of pyrites arc out of the ques-
tion, at any rate at present, in cowparison with imported
sulphur.

The problem of producing sulphuric acid in Mysore more
cheaply than it can be imported depends entirely on the local
demand for it.  The extent of this demand is not very accu-
ratcly known, but Bangalore probably imports 100 to 150 tons
of concentrated acid a vear and there may be a snall addi-
tional import to other places. 1t is probable that the total
demand does not exceed hall a ton per day on the average.

How far it would be technically feasible to erect and
work a plant to produce only half u ton a day 1s doubtful and
the profit to be obtained, if there was a profit, could not
amount to very much.
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We may more usefully consider the case of a small unit
to make 4 to 5 tons a day of concentrated acid. This would
be capable of turning out ahout 1,900 tons of chamber acid,
or 1,200 tons of concentrated acid per year, or pavtly one and
partly the other.

Plant and erection would cost about one lakh, buildings
and bungalows halt a lakh or so and half a lakh for sundries
wnd working capital.  On this we might allow a depreciation
of 157, on the plant, 5% on buildings and 5% interest on the
total.

Supervision, office, laboratory and labour might be put at
Rs. 3,500 per month of which skilled supervision forws the
greater part and would be independent of the quantity pro-
duced within wide lunits.

Materials required per ton of chammber acid would be as
follows :—

Rs. a. p.

44 cwts. sulphur at Rs. 5 o222 8 0

3 cwts, coal at Re. 1 . 3 0 0
Nitric acid and sundries 9 8 0
Total ... 35 0 O

|
For one ton of concentrated acid we require.— }—-—-“—

1'6 tons chamber acid at Rs. 35 o A6 0 O

4 cwts. English coke at Rs. 40 per ton ... 8 0 0
Sundries 4 0 0

Total ...| 68 0 0
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TABLE 22.—Approrimate cstimates of cost of sulphuric acid.

tons per vear

Chawmber acid . 1,900
Rs. a. p.
Materials o - -1 85 0 0
Supervision and labour 22000
Depreciation . e e 9 0 0
Interest 5 0 0
Total per ton .. 71 0 0

Concentrated acid.—

Materials o . ol 68 0 0
Supervision and lubour o] 35 0 0
Depreciation o . .| 15 8 0
Interest 8 8 0
Total per ton ... [ 127 0 0

One anna per Wb, 1s R, 140 per ton and the above rough
estimates appeur to show that chamber acid conld be made
here for & an anna per b, and concentrated acid for a httle
over 4 anna per ib,

Concentrated acid can be imported into Bangulore, packed
in jars, at something between 14 and 2 annas per 1. so that
for sale or use in Mysore the locally made acid should have o
fair margin in its favour.  The figures depend cntirely on the
quantity, viz., about 1,200 tons per year, and as the present
demand probably does not exceed 150 tons there 15 a long way
to go before these lavowable conditions can be realized.

If the plant worked part time so as to produce only 150
to 200 tons a year, the cost would go up to about 2 annas a
Ib. or perhaps more. 1l a less costly plant was feasible and
the staff could be employed on other chemical work for part
time, the cost might come down to something between 1 and 2
annas a Ib. and the profits, il any, would be small.
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Further uses for sulphuric acid may be developed and
if the output rises to several tons per day it can be manufac-
tured locally more cheaply than it can be tmported. The essen-
tial question in each case will be whether the article to be
manufactured can stand a charge ol even # anna per lb. for
sulphuric acid or whether it would not be more cheaply manu-
factured by transporting the other ingredients or materials to
Madras or elsewhere where the acid could be wmade still more
cheaply In lurger quantities. Iach case has to be considered
on its individual merits and the {ollowing may be taken as an
Hlustration.

EISOM SAT/T.

There 1s a certain demand for crude Epsom Salt in India
part of which is satisfied by manufacture in India. Pre-war
prices have been quoted at Rs. 3 to 4 per ewt. in Bombay
and up to Re. 6 or 7 in Madras. At present (1916) prices may
be from Rs. 10 to 13 per cwt.

It has been suggested that the Mysorc magnesite should
be utilized and some excellent sanples of Epsom Salt have heen
prepared in the Chemistry Department of the Indian Institute
of Science, Bangalore.

The comunercial aspect may be rougbly snmmanzed as
follows:—

Epsom Salt (MgS0,, 7 H,0) containg about 163 per cent
of magnesia (Mg0Q) and the Mysore magnesite contains about
45 per cent of magnesia.

Onc cwt. of Epsom Salt requires approxiately :—

42 lbs. of magnesite.
47 1bs. sulphuric acid.
The cost of these materials in Bangalore may be putat:—
42 lbs. magnesite at Rs. 15 per ton=44 annas.
47 1bs. sulphuric acid at 13 to 2 as. per 1b.=Rs. 4-4-0
to Rs. 6.

The raw materials amount therefore to from Rs. 4-8-0

to Bs. 6-4-0 per cwt. of Salt and the latter figure or higher
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would apply at the present time. These figures more or less
correspond to the guoted sale values in normal times andleave
little or nothing Yor costs of manufacture, transport and
profit.

Another useful way to consider the matter is to comparce
the cffcet of taking the magnesite to Bombay or Madras and
doing the work there.  This would add some 4 to 12 annas to
the cost of the mnagnesite, but the sulphuric acid would pro-
bably be reduced to # or { anna per 1b. and the total cost of
raw materials would be 2 or 3 rupees less per cwt. of Salt than
in Mysore and competition seems out of the question.

It has been suggested that makers of aerated waters
might use magnesite instead of sodium carbonate, with sul-
phuric acid, for producing carbonic acid and sell the resulting
Epsom Salt as o bye-product.  They may be prepared to con-
sider this, as the value of the IXpsom Salt would largely pay
for the sulphuric acid while the increased cost of manufacture
would be offset by the saving in cost of magnesite as compared
with sodinm carbonate.

If local demand avd production of sulphuric acid can be
developed so as to bring its cost down to about 4 an anna per
Ib., the position wonld be materially altered.

LIME.

Liwe is said to Le required by many of the Mysore soils
and & note on the prospects of obtaining crushed limestone
or burnt lime for agricultural purposes will be {found in the
Section on Limestone. (pp. 177 and 181.)

The mineral Apatite, which is a phosphate of lime, s
much sought after as u source of superphosphate for agricul-
tural use for which purpose it is collected and trealed with
sulphuric acid which decomposes it into gypsum and caletum
superphosphate. It occurs as an accessory mineral in many
rocks, but no commercially valuable occurrence has been located
in Mysore. About 5 miles cast of Channarayapatna, Hassan
District, a small vein, about 9 inches thick, of the mineval was
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found many years ago, but the quantity was insignificant and
no further supplies have been found.

Liarge quantities of lime arc now being used in America
and Europe for the production of calcium carbide and caleium
cyanainide. The latter, which inits cormmercial form is called
“mitrolim ™ or “lime-nitrogen ”, is used directly as a fertilizer
and might prove of considerable usc in Mysore where the
soil is deficient in lime.  Dr, Coleman, Director of Agriculture,
and Mr. H. V. Krishnayya, Chemist to the Departments of
Geology and Agriculture, have been making enquiries and cx-
periments on this point and the possibility of obtaining the
waterials and making the cyananide in Mysore has been re-
ferred to this Department for opinion.

The {ollowing note has been prepared on the scanty in-
formation available here and further enguiries are being madc.

Carcium CYANAMIDE.

For wany ycars the world has been supplied with enormous
quantities of sodium nitrate from the cclebrated deposits 1n
Chile. This matcrial is valued mainly on accountof its nitrogen
and is used largely as a fertilizer as well us for the production
of nitric actd and mmmonia. 1t 1s recognised that the deposits
are by no mecans incxhaustible wnd that with the increasing
demand for fertilizers for agricultural purposes the supply of
nitrogen from this source cannot be expected to last for many
years. Much attention has therefore heen pald to the artificial
production of compounds containing nitrogen in a form sui-
table for agricultural purposes and of these the principal source,
which is an increasing one, is the utilization of the ammonia
which is produced as a bye-product dwing the distillation of
coal for the production of gas and coke. The amnonia is
converted by the aid of cheap sulphurie acid to ammoniwun
sulphate in which form it is used as a fertilizer.

Tn recent years numcrous, more or less successful, atternpts
Fixatlon of atmosphere have been made tp extralct ni.troge.n fropn

nitrogen. the atmosphere in which 1t exists 1n
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practically unlimited quantities, and to fix it in combination with
other clements in a form suitable for distribution and use as
a fertilizer.  T'wo main types of processes are employed, v/z.:—

(1) The direct combustion of the nitrogen and oxygen
of the atmosphere in the clectric are which results in the
formation of various oxides of mitrogen which are converted
subsequently into nitric acid; and

(2) The combmation of the nitrogen of the air with
metals or carbides of whichone of the mostimportant produets
is Caletum Cyanamide.

Of the first group or avre processes it 1s not necessary to
say anything here. The efficicney ol these processes 1s stated
to be very low and relatively large amounts ol very cheap elec-
tric power ave required.  Under present conditions it would
seem that they can be conducted on a commercial basis only
in places such as Norway where abnormally cheap power can be
obtained in large quantity. The comparatively high rates
obtuinable in Mysore, even under the wost fuvourable condi-
tions, would scem to create an insuperihle har to the adoption
of any such processes here,

In the case of the eyanamide processthe amount of power
required is very much less, per amt of nitrogen combined,
than in the are processes and a lagher rate for power is peris-
sible. 1t may be worth while therelore to diseass hriefly the
general features of this process under conditions which may
he expected to obtain in Mysore.

The process may be outlined as {ollows, bul the reactions

are by no weans as simple as the equa-
carblde. tions given would secin to suggest. A mix-
ture of burnt lime and coke 1s heated In electric furnaces with
the production of Caleium Carbide.
Cad 4+ 3¢ = Cal, + O
(lime) (carbon) (carhide)

The carbide 1s very finely ground—an operation which is

attended with considerable risk of explo-

Cyanamide, . . . .
sion—and 18 brought into contact with
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nitrogen obtained from liquid air. The reaction takes place

in small retorts and the product is Caleium Cyanamide, or

“nitrolim” as 1t is sometimes called. The reaction may be

outlined thus:—

CaCy, + 2N = CaCN, + C
(cyanamide) (graphite)

A number of other reactions take place and the commercial
cyanamide or nitrolim is said to contain 57 to 63 per cent cynna-
mide; 14 per cent graphite; 20 per cent lime and 7 to 8 per cent
silica and oxides of iron and aluminium. The total nitrogen
content is 20 to 22 per cent.

The Cyanawide is ground and treated in various ways
and placed on the market as a fertilizer.

Ammonia can be produced at a small additional ecost, by
subjecting wet Cyanamide to heat and
pressure thus:—

CaCN, 4+ 38H,0 = 2NH; <+ CaCO,

(ammonia)

Cyanamide for fertilizing purposes is quoted in Madras
at about Rs. 180 per ton and we may
now consider, with such general infor-

mation as we have at our disposal, whether there is any

prospect of comercial production in Mysore and the main
controlling factors and points on which further information
is required.

1t is stated that very high grade carbide is required and
this means the use of high grade lime
and coke. As pointed out i another
section, we know of no high grade limestone in Mysore
and it is not known whether the lime which we could
produce—containing about 85 per cent of CaO—could be
economically used or whether the resulting carbide would
nitrify satisfactorily. It would, at any rate, be less economical
than a purer material and the final cost per unit of nitrogen
fixed would rise accordingly. 'The next point is the supply of
carbon. 'We have no coal or coke in Mysore and Indian coke

Ammonia.

Yalue.

Raw Materlals.
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would be expensive and impure. On the other hand we have
charcoal, the purity of which is very high, but it is not known
if it could be used for making carbide. We believe that
charcoal has not been used hitherto, but it is probable that o
suitable process and furnace could be devised.

The most important factor of cost is that of electric
power and 1t is stated that Cyanamide
cannot compete in Europe with other
nitrogen fertilizers if the power costs more than £3 per H. D.
vear. In Mysore power costs about £10 per H. P. vear, but
it is possible that in future some surplus power may be
available at much cheaper rates in the neighbourhond of
the generating stations. We understand that about § of a
H. P. year is required for the production of a ton of carbide
and a total of about & a H. P. year, or 3,267 K. W. hours, [or
a ton of Cyanamide. For the purpose of a rough estimate we
assume that about % ol o ton of lime and 3 a ton of charcoal
will be requived per ton of Cyanamide.

Materials and power would be as {ollows 1~

Power required.

Rs.

3,267 K. W. hours at 0'2 annas per unit ... 41

electrodes . ... 10

z ton of lime at Rs. 21 o 14
3 ton of charcoal at Rs. 25 S 125
Total I

If power was available at 0'l anna per unit this total
would reduce to Rs. 57 and these figures show cleaxly the
supreme importance of the power charges.

A plant to produce 10,000 tons a year would require
5,000 H. P. and though we have httle
information to go on we may assume
some figures for other essential items and [rame the following
tentative estimate,

Cost of Production.
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TasLr 23.—Rough estimate of cost per ton of Cyanamide.

l

Rs.
Power . ... | 205 to 41
Materials ... ... | 865
Labour ... .20
Supcrvision and Management, PR
Interest and depreciation o 15
Repairs, sundries, etc. ... .. 10
Total o (1070 1275

If the value of imported Cyanamide remains at anything
like Rs. 180 a ton it looks as il there might be some chance
for a local production if the cost of power can be kept within
the limits indicated. We must remember however that
owing to Lhe impurities in the limestone the resulting product
will be lower in nitrogen and less valuable than the iiported
article, perhaps 20 to 25 per cent lower, and that we have still
to find out whether it is possible to make a saleable product
at all with the materials at our disposal.  The subject 15 at
any rate worth attention and even if owr lime should prove
quite unsuitable for this purpose the cost of lime 1s such a
small item that it might be possible and even advantageons to
import a high class lime for the purpose.

EARTII SALT AND TARTH SODA.

An impure salt is prepared in many parts ol the State
from the saline alluvium and solls
Salt. which are found along water courses
and in tank beds, chiefly in the gneissic country. These saline
materials occur in many parts of the State and chiefly along
the course of the Vedavati river and its tributaries in the
Chitaldrng and Tumkur Districts and along the Mugur river
in the Gundlupet Taluk of the Mysore District.
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The salt earth is collected chiefly during the dvy months
of the year between January and April and is lixiviated with
water in wooden tubs or vats. The brine is run off into shal-
low pans in which the salt crystallizes out dis the water Js
evaporated by the sun.

The salt finds a local market and is usually fairly impure
containing variable amounts of soda, e, magnesia and  clay
or sand. The production 1s variable and usually small and
probably does not exceed a few hundred tons in a year. The
price varies according to quality from about Rs. 2 to Rs. 10
per ewt., the average heing about Rs. 3 or 4.

In some places there is a saline efflorescence which 1s dis-
tinctly alkaline owing to the presence
of sodimi  carbonate. The principal

localities are i the neighbourhood of Mandyn and in the

Taluks of Hosdurga, Hirivar and Challakere.  The  best

walerial occurs as a thin white effforescence which appears

on low lying gronnd which has been saturated or water-logged
during the rainv season. The surince laver carrving the
cfilorescence is scraped off during the months of January
and February and may contain from 5 to 12 per cent of
sodium carbonate with varying amounts of sodium chloride,
the remainder being sand. This material s known as
dhoby’s earth and 1s usced for washing clothes.  Some vears
ago this earth used to be lixiviated with water and the solution
evaporated in shallow pans made of clay or chunam smoothed
over with cow-dung.  Sueecessive solutions were poured into
the pan and cvaporated until a cake, about 4 an inch thick,

Soda.

“was lorrued.  This was then broken up and sold as soda cake.
For some years past the production of soda cake m Mysore
has been abandoned, but considerable quantities are imported
from the Anantapur District. A sample ol this cake (Fide
Table 24, No. 1) gave about 40 per cent of sodium  carbonate
and 20 per cent of salt and is fairly impure. .
The cake is said to be worth Rs. 2-2-0 to 2-4-0 per cwt.
at Penukonda and Rs. 4-0-0 to 4-8-0 in Bangalore. The
M.R.M. M
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increase In price for Bangalore scems verv high even allowing
for packing and transport and it is difficult to understand why
it should command such a high price when good imported
soda ash can be obtained for about Rs. 5 per ewt.

A number of snmples of the earth have been collected
departmentally from the Mandya arca and these are being
experimented with in the Chemistry Depavtmient of the In-
dian Institute of Science. A number of analyses kindly
turnished by the Institute are given in Table 21 and the
following inforination about them may be of interest.

Numbers 2 and 3 were collected from small areas in the
month of December and represents the {resh incrustation after
the previous rains.  In collecting it some sand 1s necessarily
taken up and samples show from 63 to 12 per cent of sodium
carbonate (Na, CO,) with remurkably little sale (NaCh.  This
result was intercsting and encouraging and further samples
were obtained frour o much wider arew, daring Muarch, most of
which have not been dealt with yet.

Numbers 4 to 7 formn a servies from one place by taking
off successive layers of material, It will be seen that the
bulk of the sodu is 1n the top layer, ome inch thick, and that
there 1s considerable concentration in the topmost erust which
averages about th of an inch in thickness.

It is noteworthy that the relative proportion of salt has
greatly increased in comparison with samples 2 and 3. The
significance ol this has not been deternined, but it is stated
that the top soda-bearing layer had already been removed
once, earlier in the yvear, and that there is a tendeney for the
subscquently formed incrustation ov efflorescence fo contain
relatively move salt. In fact therc are a number ol salt pans
in the area and the carth or sand is used for production of salt
after the top layer has been removed for use as earth-soda.

Sample No. 8 represents about 2 tons of surfuce scrapmgs
collected during March. 1t is possible that had the samples
been collected earlier in the season the proportion of salt
would have been lower,
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There is evidently room for much {urther cnguiry as to the
conditions of occurrence and the composition. In the mean-
time advantage will be taken of the facilities afforded by the
Institute of Science to have a bulk test wade of the product
obtainable from No. 8.

It has not been possible to obtain any reliable information
as to the amount of alkaline earth annually available. In a
few places from 100 to 200 cart loads are said to be removed per
annum and altogether the Mandya area might vield one or
two hundred tons of the earth a vear. If we take an average
recovery of 5 per cent of sodium carbonate the latter would
amount to some 5 to 10 tons. This 1s at present a mere
guess, but it is hoped to get further information. The chief
difficulty to he faced will he the proper collection of material
and the expense of carting small lots from a radins of several
miles and we cannot say at present whether these will prove
prohibitive features.
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Il INakerials Tor Construction, ctc.

LIME KANKAR.

Lime kankar is o concretionary form of carbonate of lime
(CaCO,) and occurs in the form of irregular nodules or nodular
veins on the weathered surface of gneiss or schist and in joints
and fissures to a depth of scveral feet. As a rule, it is not
associated with limestone, but a case has been reported from
Voblapur where the surface of a limestonc bed has been con-
verted into a sort of porous kankar. Ordinarily it appears to
owe 1ts origin to the weathering of gneiss or schistose traps
whereby the lime silicates ave broken up and the lime taken
into solution by carbonuted waters from which the carbonate
of limc separates out at or near surface in nodular concre-
tionary forms.  Asinight be expected the kankar is usually
nnpure and contains included sand and gravel.  When exca-
vated and picked out in large quantities the quality of the
kankur depends very much on the care with which the nodules
are sorted from decomposed rock and soil wnd the grade of the
material 1s very variable and usually much below that of care-
fully sclected saiples.

The material is very widely distributed and may be
found in most taluks where it is collected and burnt in small
pot kilns and used locally for whitewashing, wmortar, ete-
Various analyses are given in T'able 25 and referred to below
by their serial numbers. In some places lavge quantities have
been obtained and exported. Ol these some of the principal
are in the Mandya Taluk. TIrom Sindlagirt (No. 1) 1t is
reported that 50 or 60 waggons used to be railed to Bangalore
every month and also considerable guantitics from the banks
of the Hebhalla. The kankar was mostly of poor quality and
the supply of good material now available is said to be small and
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much of the kankar used in Bangalore is said to be obtained from
the Salein District (Nos. 2 and 8).  Small quantitics of super-
ior kankar are obtained from Mardevanhalli and Malchakanhalli
in the Mandya Taluk (Nos, 4 and ) and ave used for chunan.
Other places where faivly lorge quantities are obtained are
Ionnali, Birur, Hiviyur, Hole-Narsipur and various parts of
the Hunsur and Gundlupet Taluks. A large deposit was
found close to the site of the Marikanave dam from which the
whole of the lime requived for the dum was obtained (No. 6)
and at the present timce large quantities are being obtained
within a radius of 12 miles frow the Kannanibadi dam and
used in its construction (Nos. 7 to 12). The analvses given
in Table 25 show that the material is very variable in com-
position and it is improbable that the hurnt kankar will contain
more than whout 65 per cent of lime (CaQ) on the average und
in many cases mch less. Noo 13 is an analbisis of bunt
kankar from Birur,  The clavey and sandy impurities arce not
wltogether nseless as they serve to tmpart i certain mmount of
hydraulicity to the lime, but they 1nerease the collection and
burning charges per wnit of Time, The ehiel deleet of kankar
is 1ts greal varability and though this may not be of wuach
montent in mortar or swrki-imortar used for ordinary building
puarposes it would be very detvimental for Tugh cluss stractural
work, ferro-concrete or the production of a cement ob any
standard qualily.

The cost of e burnt from kankar depends very largely

on the cost of collecting and sorting the

Cost of burat time. kankar and the cost of tuel. Table 26
gives the cost of kankar al various points.

The cost of casuarinacharcoal nt Hangalore is Rs. 30 perton.

The cost of ordinary charcoal at Kannumbadi is Lis. 30
per tor.

The cost of ordinary charcoal at Marvikanave is Rs. 15-5
per ton.

The cost of ordinary charcoal c¢hips and cowdung ab
Birur 1s about Rs. 20 per ton.



Cost delivered

1

Loading and |

68

TanrLe 26.—Cost of kankar per ton.

Unloading

Liocality of deposit at Ruilway | rail charges | and carting Total
| Station to Bangalore to kilns
| | _
Rs. a. p. Re, 0. p. Rs. a. p. Rs. a. p
Maddur 118 4 112 0 09 4 4 2 8
Mandyn 110 8 2.1 4 0 9 4 4 5 4
Morappur and Sawal- 1 40 09 2 4 0 7
patti (Salew). ’
Marikanave ; 1 46
|
Kannambadi " 2 80
ta
300
Birur 4 00

Tml;le 27 gives the approximate costs of bumt Lime per
ton, but reliable figures arc difficult to obtain.

TasLe 27.—Cost of burnt lime per ton.

Bangalore

Kapnam-

IMnrlkmmvc badi Birur
| Quantity Cost ‘ Cost Cost Cost
i Tonw, cwis Rs. a. p. t Re. a. p. \ Rs, A p s a. p.
Kankar ( 616‘170\5140‘500
J
Fuel 0 510 0 | %120 | 9 4 0 0
Chargos for I ...... Jdo110 7 1650 ? 6 11 0
burning. | |
Upkeep of kiln | . ... ‘ 06 8 | e | |
Total ... | .. { 1315 9 l 6 80 14 8 6 1114 ©

Thcse ﬁgmo‘; are given fm Lhc purpose of dlscuqsmg in

the next section whether it is possible to replace any of this

material by hme barnt from limestone.
special cases where kankar and fuel are avatlable close at hand
as at Marikanave it is not likely to be possible to furnish an

For local use and m
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equally cheap substitute. In other cases it will be largely a
question of the extent of the demand and the suitability of the
product for the purpose required. It must be remembered
that the Jime burnt from kankar 1s very variable and contains
a Jarge proportion of impurity and that for many purposes it
would be advantageous to pay sowewhat more for a uniform
material richer in quick-lme.

LIMESTONE.

A large number of bunds of limestone have been located
the distribution ol which 15 shown on the
wap and the composition of various speci-

mens and samples is given i Tables 28 and 29, 1n referring
to these the serial nuwwber of the analysis will be given 1 brac-
kete.  Starting from the north there are some bands running 18
and W to the north of Honnali of which we have no analyses.

Distribution.

To the north of Kumst there are several bands ol magne-
stwn limestoue which are much gashed and veined with quarte.
A large wuwount could be obtained by sorting and dressing
which would be low in wilica (No. 1), but probably not so low
on the average as the specimen analysed.  Somewhat similar
material occurs on the vorth spar of Shankavgudda (No. 2,
Near Bikonhalli, north of Shimoga, therc are large musscs
of very siliceous magnesian limestone (No.3) and in the
gchists between Channugivt and Tarikere there are many out-
crops of similar muterial (Nos. 4 to 8).  In this arca the Hine-
stones arc oflten interbanded with chlorite schist und amongst
them are comparatively small patches of purer non-magnesian
limestone such as that represented by (No. ).

From here we may pass cast to the western side of the
Chitaldrug schist belt in which a very extensive series of lune-
stone bands oceur from the neighbowhood of the Marikanave
lauke and continue southwards past Halivar, Chiknayvakanhalli
and Dodguni. As will be seen from the analyse- these bands
consist of various caleium and magnestan himestones some of
which are fuirly low In silica.
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Further to the south we get onc or two small patches of
magnesian limestone at Kannambadi (Nos. 16 and 17), a large
band of magnesian limestone to the west of Chettanhalli (No.
18) and another 12 niiles south of Sargur—all in the Mysore
District.

The origin of the limestones 1s doubtful. It bas been
suggested that mauny of themn are not of scdituentary origin nor
aqucous precipitates but duc to intense calcification of trap
and schist (vide Bulletin No. 0).

The analyses given in Table 28 show the composition of
Composition and charac. various specimens collected during the

ter. course of survey work and those in Table
29 show the composition of larger samples taken in certain
areas. Broadly speaking these limestones fall into two class-
es uccording to whether they contain much or little magnesia.
T'he dividing line between these two classes is usually taken
at 5 per cent of MgO in the burnt lime or from 24 to 3 per
cent in the vaw limestone. Those with less than these amonnts
arc classed as *“ high-caleinm " and those with more as * mag-
nesian ”’ limes or limestones. In Mysore by far the larger
part of the limestone is magnesian with about 15 per cent of
MgO and varying between JO per cent and 18 per cent and
these might be classed as Dolomeute with variable amonnts of
sihica and other impurities. For convenience we will refer to
them as dolomite and retain the word limestone for rocks
containing less than about 3 per cent of MgO. From the
analysis 1t will be scen that the two classes are fairly sharply
scparated and that varietics with intermediate amonnts of
MgO huve not been found so far.

Unfortunately the two classes of vock do mot appear to
occur in well defined beds and do not present much difference
in aspeet with the result that chemical analysis is usually
necessary to distinguish them.

In the Voblapur area, where a large number of samples
have been collected, the two varicties occur in somewhat irve-
gular zones or patches of considerable extent and it should be



possible to obtain Jarge quantitics of either varicty at will.
The lwestone of this area is represented by analyses 28 to 28
containing an average of about 50 per cent CuO and 7 percent
insoluble residue.  Of the latter about 5 per cent is 810,

The dolomite 1s represented by analyvses 29 to 32 and the
greater part of it contains less than 2 per cent insoluble rvesi-
due, about 46 per cent of CaO+MgO and 5 per cont Fey,Oy4
ALO; ana should be very suitable as o furnace flux. In the
southern extension of this arca near Dodguni the varieties are
more nuxed and often siliccons and the high-calcium lime-
stones, as represented by analyses 13 and 34, ave 1 compara-
tively small patches the mining of which would be possible
only for moderate quantitics of high class material for special
prrposes.

The material from the Hulivar arew (19 to 22) does not
appear to be so good as that fron Voblapur.  The rock from
the Channagivi-Tarikere schists and from Bikonhalli is most-
ly very siliccous dolomite (3 to 8). It is mostly ine grained
with the quartz and siheates inthmately distributed through
the mass and some of it might possibly be suitable as a natu-
ral cement rock.  This has not been tested and success secius
very doubtful owing to variation in composition and to the
large number ol granules and veinlets of quartz whieh arc
clearly perceptible nnder the microscope.

In manv areas the limestones are much mixed with
shreds of quartz and schist and also veined with quartz and
* the material is practically useless as a source of lime.  Soue
of the dolomitic bands to the novth of Kuwsi are much gash-
ed or veined with quartz, bub the veins are of suflicient size
and definiteness to perwit ol being hand picked if it was found
necessary to usec the dolomite as a flux in that area.

On the whole the materials from the Voblapur area,
which is within about 12 miles of the railway, appear to be
the most promising for the production of cither Iwestone or
dolomite in large quantities.

So far as tested at prescnt, these wateriuls possess thie
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defect of hurning to a brown colour and do not yield a white
lime. This is immaterial for some purposes such as fluxing,
production of surki mortar, cement, etc., but evidently bars
their use for finishing purposcs, chunain, whitewash, ele.
The analyses show that comparatively little ivon is present,
especially in the Ingh-calcium varieties, but it is probable that
an appreciable quantity of manganese is present which has
not been determined.

USE OF THE LIMESTONES.

Up to the present the limestones and dolomites have not
been used. All the e hitherto used has been made from
kankar as already explained and 1t is not difficult to account
for this prefercnce.  Kankar is obtainable almost anywhere
in the small quantities required for local use. Tt can be
picked up on surfuce or dug out from soft waterial to a depth
of o few feet and requires no Dblasting or breaking and is
easily burnt in small pot or trough kilns with local fuel.
Timmestone on the other hand is much less widely distributed ;
it is a hard rock requiring much blasting and breaking and
unless the guarrying and burning is done on a considerable
scale with traincd labour the lime would undoubtedly be more
expensive than that from the Jocal kankar.

It the lhmoestones are to be brought into use it will be
ncecessary to ascertain that they are suitable for various pur-
poses and that a large and steady demand can be secured
peritting of the erection at somc one place ol the necessary
kilus, plant, tram-lines, etc., and the employment of skilled
supervision and labour.  The following notes arc merely sug-
gestive of the possibilities which require technical investiga-
tion. There are grounds for thinking that supplics of kankar
are not as abundant nor as good in quality as they have heen
in the past. Petty local supplics will no doubt be available
for mony years, but the fact that large quantitics are now
imported into Bangalore and the kolar Gold Field from
Salem while the supplies from Mandya have correspondingly
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diminished seems to point to exhaustion of the better class of
local material. Again, it is stated that large quantities of
lime will be required for the sccond stage of the Kannambadi
dam and that the supply from the surrounding aren is likely
to prove insufficient and if this is so the kankar will have to
be obtained [romn greater distances at an increased price.
These facts are noted ns suggesting that the time may not
be far distant when we shall be obliged to draw upon our
limestones for supplies of lime to large centres and large
works and the desivability of investigating the possibilities
of doing so.

The guarrying of hard lmestone in small quantities by
Ouarrying. inefficicnt local fabour would probably
cost Rs. 2 per ton or more. Public
Works Department contract rates for excavation of granite
are usually Rs. 2-8-0 to Rs. 3 per cubie yard solid and in
some cases the rate is slightly under s, 2 for larger seale
work. A cubie yard of solid limestone weighs about 2 tons so
that the latter rate comes to Re. | per ton. Ina properly
organized quarry with good Dbenches and no stripping this
latter figure should be considerably improved upon and it will
probably be ample to allow Re. 1 per ton for limestone
broken and delivered at kilns close to the quarry. Ior 1 ton
of burnt lime 14 tons ol lhmestone will be required, or 2 tons
allowing for loss, defective burnming, ete. This means Rs, 2
for the limestone necessary to wake 1 ton of bhurnt lme.

The most suitable kiln would probably be a continuons
Burning. shalt kilg using wood. fuel i external

grates.  Some coal might be used and
there is the possibility of a deficiency of wood.  Firewood can
be delivered at Voblapur at Rs. 6 per ton, but we will allow
Rs. 7 to give a wider range.  The quantity of wood required
1s not known exactly, but probably 4 a ton would suffice per
ton of burnt lime. The railway is about 12 nules from
Voblapuy and a light feeder line would be required on which
the cost of transport and loading should not exceed Re. 1.

M.R.M, N
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We may roughly estimate the cost of the lime delivered on
the railway as follows :—

TasLE 30—Estimate of cost of buwrnt lime from limestone.

2 tons limestone al kilns
3 ton firewood .

Liabour and upkeep of kiln
Transport and loading on railway

Hw:cwg;‘j
coxor
cococT

\
-
|
el
|

|—

Total per ton of lime (f. 0. r.) ‘ 8

o
<

In some cases bagging may be nceessary and this would
be extra.

Comparing this with the cost of Rs. 14 for kankar lime
at Bangalore or Kannambadi it should be possible to deliver
the limce at those places for Jess than what the kankar Inue
costs and for much less when the relative proportions of lime
(CaQ) are taken into account. That burnt from kankar will
probably average not more than 65% of lime while that from
the limestone will average about 86% including magnesia.
One ton of the latter should therelore be worth 1% tons of the
former if equally suitable In other respects. Lime sells in
Bangalore for about Rs. 18 per ton and 1j tons will cost
Rs. 24 and the difference between this figure and the Rs. 8-8-0
obtained above should leave a fair margin of profit after pay-
ing for supervision, taxes, transport and sale. Whether the
figures given prove to be very accurate or not the project
appears to be worth serious investigation. The fact that the
lime is brown will preclude its use for several purposes, but for
ordinary building purposes, prepavation of surki mortar, ete.,
there should be a considerable denand amounting to severa!
thousand tons a year. For the second stage of the Kannam-
badi dam some 48,000 tons of kankar will be required and it
will probably be more difficult and expensive to supply this
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from kankar obtainable in the neighbourhood than is the case
at present when the lime costs about Rs. 14 per ton as shown
above under the head of *“ Kankar.”

Hydrated lime is lime which has been carefullv slaked
and sieved at the works and does not re-
quive further slaking by the consumer
but merely mixing with water. It has the advantage thut it
can be stored for a considerable thme without much deteviora-
tion and that the crratic and uncertain slaking usually per-
formed at the building site 15 avoided.

Hydrated lime.

The manufacture of paper pulp at Shimoga is under in-
vestigation and if it is undertaken there
will be a steady demand for some 3,000
tons of burnt Jime per annwm.  This would give additional
work and reduce standing charges,

In considering further outlets for the products of the

el

l.Ime for paper pulp.

limestone quarries we mny briefly refer to
the production of coments.  We have not
found a natural-cement rock near Voblapur, Some of the
siliccous limestones from the Tarvikere aren might produce a
natural cement—though we are doubtful aboul it—but that
would be of no use for a works at Voblapnr where the object
should be to concentrate as much quarrying, burning and

Cement,

crushing work as possible in order to secwre a sufficient total
volume of business to bring the standing charges down to
within reasonable limits.  There is nol cnough demand in
Mysore in any onc line to justify the erection of an economi-
cal plant and the cmployment of high class supervision, labour
and machinery and hence the need for endeavouring to con-
centrate several lines of work in onc place.  For this reason
it would probably be impossible to runa commercially success-
ful plant for making natural coment near Tavikere even if the
rock is found to be smitable and as already stated we do not
know at present of any likely rock near Voblapur.

As regards Portland Cement no doubt the high caleium
limestones of Voblapur could he used and some experiments

M.R.M. N2
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might be made with the dolomites though, for reasons with
which we are not acquainted, the presence of more than 3 or
4 per cent of MgO is invariably barred in a Portland Cement
specification. In addition to the limestone a suitable clay or
shale is required and the presence of a suitable supply has not
been investigated yet.  As this Bulletin is meant to be sug-
gestive we may briefly consider the possibilities, but we hesi-
tate to say much about such a technical and highly specialized
process as the production of a high class Portland Cement.
The consumption in Mysore is small. We have not got
figures but probably it does not exceed a few hundred tons a
year and there is Jittle chance [ov export. No doubt its use
will increase and we way make o rough estimate for an out-
put of 5,000 & year for the sake of argument.

TanLE 31—Estimate r)f cost of Portland Cement.

| Rs. n. p.
11 tons limestone at Re. 1 .. 1 40
% ton dry clay at Rs. 1-8-0 () ... 0 8 0
Powu for grinding raw materiuls and clmkm 4
using con) at Rs 29 per ton ... o012 000
Powdered coal for rotary kiln ... ’ 8 0 0
TLiabour . .o 2 80
Supplies, repairs, et( .| 4 00
Supervision, laboratory, office, ote. 3 8 0
Depreciation 10% on 23 lakhs .50 0
Interest 5% .. 2 8 0
Cost of bags or barrels “ 5 0 0
Total per ton packed ol 44 4 0

Impmted cement costs abont Rs. 10 per bmre] or, say,
Rs. 60 per ton in Bangalore and even assuming that the
quality of the Mysore cement compared well with that of the
imported article there is little margin for transport, sales and
profit. At present the consumption 18 only a f{raction of 5,000
tons a year and for such sinaller amount the costs per ton
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would go up considerably. On the other hand if the demand
goes up to any thing like the 5,000 tons on which the estimate
has been based therve are various reductions which niight be
suggested. The most important of these is in the power re-
quired for grinding, etc., for which clectricity might he subs-
tituted for coal. Tf electric power could be supplied at 05
anna per unit the cost of power should come down to half or
less, o saving of G or 7 rupees per ton, und if the work is done
in conjunction with bwrning and crushing of limestone for
other purposes the charges for stall, depreciation, ete., could be
partly allotted to this other work making a further reduction
of a few rupees per ton. We might thus expect to reduce
costs to Rs. 34 or 35 per ton as compared with s, 60 for the
imported article and it the cement was good enough to scll at
Rs. 50 to 60, profitable work should Dbe possible.  Cement
making is a delicale and tricky operation, but we have shown
rcasonable grounds for a further mnvestigation by experts.

T connection with the iron smelting scheme previously

referred to there would be o demand for
Himestone for flux. some 5,000 tons of limestone per annui,
For this purpose low silica is most essential and as the pre-
sence ol magnesin is not a serious detriment some of the dolo-
mite from Voblapur could be used, as it is much lower in silica
than the limestone. It should be possible to deliver the rock
at Shimoga for abont Rs. 5 per ton if low freights are obtain-
cd, say $th or 44,th of a pie per maund per mile.

Many of the soils of Mysore are deficient in limc and it is
worth  while considering  whether the
lime neceded to make good this deficiency
can be supplied at a sufficiently low price to prove atbractive.
Dr. Coleman, Director of Agriculture, has furnished us with
information as to what has been done in this direction else-
where and has undertaken to have experiinental tests made
with both limestone and dolomite, both burnt and finely ground,
and for this purpose about 20 tons of rock have been obtained
and suitably prepared. There is still much difference of opinion

Crushed limestone.
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as to the relative values of burnt lime and ground limestone
and also as to the effect of the presence of magnesia, but there
is a considerable amount of experimental evidence tending
to show thut magnesia is not detrimental and may replace an
equivalent quantity of line and further that the raw ground
limestone is as uscful as burnt line though slower in action.
A greater weight of the limestone must be used to furnish the
same quantity of lie-—roughly about twice as much-—and 1t Is
still uncertain whether these proporsions will afford equivalent
results. It docs not appear necessary for the lnestone to be
very finely ground and it is probably sufficient for it to pass
through u 12 or 14 mesh in which case much of the product
will De very much finer.  The finer portion will be acted upon
comparatively quickly by the acids in the soil and the coarser
portions will conie into use i the course of a few years.
Assuming that the crushed limestone proves successful and
that 2 tons arc required per acre every five years we may con-
sider the probable demand. Many of the coflee estates require
lime and some have purchased bwnt lime at a cost of Rs. 30
per ton at Birur. If the lime was cheaper much more would
be used.  Theve are 100,000 acres of coffee and if owners of
one-fourth of the area were prepared to pay for lime at the
rate ol 2 tons of limestone per acre every five vears we should
have a demand for 10,000 tons of crushed limestone per year.
The demand would probably tend to increase, and there might
be a considerable demdnd in the case of other high class crops
also, so that we might expect & demand of 10,000 tons and
upwards for crushed limestone which would be a considerable
addition to the lime businessand help to reduce standing charges
in quarrying, crushing, working of tramway, ete. Il we allow
Re. 1 for guarrying, Rs. 2 for erushing and Rs. 2 for transport
the cost at Birur would be Rs. 5 per ton and its value should
be several rupees more which would cover other charges, profit,
ete. It seems probable that 2 tons of the crushed limestone
would be cheaper than 1 ton of burnt lunc and considerably
cheaper than any form of lime at present obtainable.
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CONCLUSION,

We have shown that large quantities of fairly good lime-
stone and dolowite occur in the neighbourhood of Voblapur in
the Tumkur District not far from the railway:.

Hitherto no limestone has been used in the State and we
have snggested various lines and schemes which if successful
would create a demnand for some 20,000 or wmore tons of lie-
stone per annum and this with the necessary burning, crush-
ing and other treatment suggests the possibility of an industry
on a sufficient scale to pay for the aauployment of the necessavy
supervision and plant on up-to-date lnes and to yield a fuir
margin of profit.  The proposition appears, at any rate, to
warrant expert technical mvestigation.

CLAYS.

Clays may be described as earthy materials whieh becone
plastic when wetted.  They ave Tormed by the alteration or
decomposition of rocks and consist of the residual products of
such decomposition.  They are called residual clays when they
remain ¢ sedieon or i the rocks from which they have becn
formed and transported clavs when formed by the denudation
and removal of these decomposition products by water and
their subsequent deposition in sedimentary or alluvial layers.
In some casecs the deposits may be wind borne.

The base of most clays consists of hydrous silicates of alu-
mina of which the most nuportant is the mineral kaolinite.
The character of the clay depends on the proportion of other
ingredicnts or impurities such as sand, various silicates and
oxide of iron. There are few, it any, noteworthy deposits of
clay in Mysore, but common clays suitable for the manufac-
ture of bricks and sowectimes tiles arc widely distributed in
the flood plains along the river courses and in the numerous
tank beds situated along shallow valleys. These deposits arc
usnally very miixed, layers of plastic clay alternating with la-
yers of sand and loam, and extensive beds of high grade
plastic clay are rave.
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Ordinary bricks can be made almost anywheve and the
class of product obtained is largely n question of the selection
and treatment of the clay and the care taken in moulding and
burning. In most places cheapness is the great consideration
rather than finish or durability and it is doubtful if the majority
of bricks now madc are as good as those made in former years
and certainly not as good as the old hand-made bricks to be
found in old forts and buildings.

Ordinary hand-made Dricks, sun-dried, ave sold for
Rs. 1-8-0 to Rs. 2 per thousand. If burnt, they cost from
Rs. 4-8-0 to Rs. 5 per thousand.

Very good pressed bricks can be made at about Rs. 10
per thousand and the development of this class of work might
be encouraged. ‘The difficulty is Lo persuade people to pay
the extra price for the more durable article when the common
burnt brick is availuble and serves the purpose sutficiently well
for the time. Theve is a demand for higher class bricks in
the larger towns and wire cut bricks are supplied by the Banga-
tore City Brick & Tile Works for about Rs. 18 per thousand.
Clays suitable [or tiles ave found in many places and are used
by local workers for the production of flnt and pot tiles, chat-
ties, ete. In reccentycars therc has been an increasing demand
for tiles of the “Muangulore” pattern which require a good
deal more skill and plant for their manufacture and in which
a large and steady output would appear to be one cf the chief
factors for success. Works for aking this class of tile have
been put up at Bangalore, Mysore, Saklespur, Harrihalli,
Sringeri and Sagar, but with the cxception of the first they
do not appear to have met with much success and are reported
to require remodelling on more modern lines. A new factory
1s stated to be in comrsc of erection at Tirthahalli in which
the kilns and plant will be of an up-to-date type and if com-
mercially successful others may follow.

KAOLIN.

Kaolin or China-clay is a nawe applied to white-burning,
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slightly plastic, clays of a very finely pulverulent texture, which
are generally considered to be largely composed of the mineral
Kaolinite-—a hydrous silicate of alumina.

It 1s most usually derived from the decomposition of the
felspars of gramtes and pegmatites und is found as part of the
decomposed rock 1ass in admixture with quartz, mica and
other silicates which have not been decomposed or removed.
For this reason, it is necessary to wash the decomposed muss
80 a8 to separatc the very fine kaolin from the coarser mineral
grams and the terin kaolin is usually restricted to the fine
white clay so prepaved. More rarely white clavs and litho-
marges are found in beds or masses in a sufficiently fine o
pure state to be dug oul and ased for pottery work and these
are sometinies included in the term kaolin,  The decomposi-
tion of the felspars and the production of kaolin s o wide-
spread result of weathering in which water and carbonic acid
play the most mmportant parts.  Tn order that o deposit of
kaolinized material should be formed, it is necessary not only
that the rock should be very highly decomposed hut that the
soft decomposed material should be protected from denndation,
In Mysore we have cases of highly decomposed pegmatite
veins containing kaolin and protected romr denudation by the
harder enclosing gneiss or granite and thore are many cases
of such veins or of white bands of the granite or gneiss which
are highly decomposed and protected by an overlying layer of
laterite or hard latcrite soil.

The depth to which the kaolinized muterial may be ex-
pected to extend is detcrmined by the depth of extremc
decomposition and will average to somec 30 to 50 feet from
surface. Below this point the rock begins to get harder and
much of the felspar is undecomposed so that the amount of
kaolin obtainable on washing will diminish rapidly and the
resulting product will probably be less fine and soft.

In the great kaolin areas of Cornwall in lingland the
conditions are very different. There, large masses of white
decomposed granite are found in which intense decomposition
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extends downwards for some hundreds of feet with the pro-
duction of cxceptionally fine white kaolin throughout the
mass. These decornposed masses are often of considerable
lateral extent and individual pits have an arca of many acres.
Many authorities consider that kaolinization in Cornwall is
due to the action of deep seated igneous vapours and is not
duac primarily to merc surface weathering so that in mode of
origin as well as in extent and purity the kaolin deposits of
Cornwall are very different from those of Mysore.

Kaolinized granite and gneiss occurs abundantly in scveral
parts of Mysore bencath the laterite caps
and the stiff laterite soils derived from
them or from various more or less lateritic materials. These
miasses are very vaviable in colour and arc usually yellow, pink
or red and it 1s only rarely that bands or veins are found which
are sufficiently white to yicld anything which could be classed
as kaolin. The whiter bands and veins so {ar discovered arc
of smiall lateral extent and from what has alrcady been said
they cannot have any considerable extension in depth.  Some
of these might yield from a few hundred to a few thousand
tons of kaolin, but none of them would appear to be sufficiently
extensive to justify the erection of an up-to-date washing plant
or the provision of any special transport [acilities to a railway,
and in most cascs they are far removed from existing lines.

Samnples of kaolin have been obtained from the following
localities and remarks are added as to their characters.

Mysore District.—On the Melkote hill there are two or
three small deposits of decomposed gneiss from which sticks
of kaolin are prepared for making caste-marks. The material
contains from 104 to 14 per cent of levigated kaolin which is
fairly white, but burns butf colour.

Bangalore District.-—At Golhalli the decomposed gneiss
in a nulla contains some decomposed pegmatite veins frowm
which 25 to 30 per cent of white kaolin can be obtained which
burns white. The quality is said to be good, but the quantity
is not laxge—probably inside of 1,000 tons. Outcropping veins

Distribution,
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are contaminated with iron, but o good vein, o {ew fect thick,
was found at a depth of 15 feet. DMining ol any considerable
quantity would be difficult owing to the tendency for pits and
shafts to close up during the rains.

Near Hindiganal in the Hoskote Taluk kaolin oceurs in
decomposed gneiss bencath the laterite.  Most of it is slightly
yellow or pink and is not favourably reported on.

Kadur Districi—-samples of fairly whife kaolin have
been obtained from a nuwmber of places, but on further exami-
nation the quantities available were found to be too small to
be worth further attention. In the [ollowing three places
somewhat larger quantities ocenr :—

At Asgod m the Koppa Taluk there is a considerable
quantity of decompnsed gneiss beneath a few feet ol soil from
which possibly a couple of thousand tons of kaolin could be
extracted. The colowr is however distinetly yellowish and
this will probably debar 1ts use for most parposes.

At Kokkod in the samue taluk a deposit has been found
which vields abont 22 per cent of white kaolin.  The qguality
scems lairly good and if wanted it is probable that one or two
thousand tons nnght be obtained and possibly more in the
neighbourhood.

At Kikri in the Seingeri Jaghir a pegmatite vein, about
12 feet wide and a furlong or wore in length, yiclded somie
23 per cent of white kaolin which however contains a good
deal of fine mica which is difficult to separate by levigation
in tubs. Drobably one or two thousand tons could be
obtained.

Chitaldrug District—Some occurrences of greyish white
to purple naterials have been noted near Bhimasandra and
Marikanave, which might be clagsed as lithomarge, and
would probably not be valued as kaolin on account of bad
colour.

It will be seen that in no case has anything of the
nature of a large deposit been found which would justify the
erection of a modern plant or one in which working expenses
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would be low. Scveral tons of material have been excavated
departmentally and levigated in tubs and a number of bags
of prepared kaolin have been sent to Bombay to ascertain
values.

A large amount of English kaolin is used in Bowmbay for
cotton sizing and is valued at some Iis. 50 per ton in normnal
times. Liocal supplies of kaolin are now being sold in Bombay
at this figure, or over, owing to war freights, but it is reported
that they found a market with difficulty before the war.

Under these circumstances, it is doubtful if supplies could
be sent from Mysorc to Bombay at a profit in view of thewr
distance frow a railway and the long railway lead to Bombay.
Enquiries are being made on these points.

Some time ago it was suggested that a porcelain factory
should e started in the State and doubtless our small deposits
of kaolin would prove useful for somne classes of porcelain or
pottery ware. It must be remembered however that for the
manufacture of such wares many other ingredients are re-
quired besides kaolin and Mr. Fern of the School of Arts
Bombay, has reported that it would not be possible to manu-
facture white earthenware or soft paste porcelain owing to
the absence of plastic ov ball clays which burn white. He
states that hard paste porcelain might be made but that highly
skilled labour is vequired. A valuable account of the occur-
rence, mining and preparation of Kaolin will be found in “ A
handbook to the collection of kaolin, China clay and China
stone 1n the Museum of Practical Geology, Jermyn Bt
London, 5. W.” by J. Allen Howe, B.S¢.., F.G.s.

TFELSPAR.

Felspar is used in the pottery industry for the manufac-
ture of certain varictics of porcelain and for the preparation of
glazes. So far there has been no demand for it in Mysore
but, if required, it could be obtained in many places from the
coarser grained pegmatitcs in which the crystals are suffici-
ently large to permit of being hand picked frow the associated
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quartz. Both white and pink felspars occur, most of which
are soda felspars, but some potash felspars orthoclase and
microcline) have also been noted. Little attention has been
paid to the wineral owing to the absence of any demand for it.

A number of samples have been collected from time to
time and some from the mica pits near Vadesamudra have been
reported to be suitable for glazes and other potfery purposes.

BUILDING AND ORNAMUENTAL STONES.

Many parts of the State are well sapplied with building
stones which can be obtained from the surface exposures of
granite and gneiss many of which ave remarkably fresh.

The gueiss, some of which 15 highly streaked or handed
and some of which is a fine uniform grey granite, is usually
quarried by fire-sphtting, whereby snceessive lavers of o few
inches in thickness are separated from the mass below by the
action of a fire built on the surface and slowly moved across it.

The Jooscned layers arc spht into slabs 2 feet wide and
10 to 15 feet long by wedging.  'The slabs mav run up to 6
or 8 inches in thickness and thicker blocks are obtained by the
blasting and wedging of thicker lnyers separated by natural
joint planes.

A number of red granites or grey granites with reddish
felspars occur in several places and ure used locally.  Arongst
these mnay be wentioned the granites ol the Closepet range,
the Arsikere and Banavar massifs and that of Chamundi.

The potstoncs of the Hassan and Mysore Districts have
been largely used in old tewples especially where intricate
carving 1s required.

The Turuvekere trap, a dark and rather soft amphibolite
passing in places into potstone, has been used in several cases
for ornamental work and takes a fine black polish.

A varicd series of porphyry and felsite dykes oceur in the
Seringapatam, Mandya and Mysore taluks of which a number
have been used as ornamental stones in the new Palace at
Mysore.
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A green quartzite or gneiss containing the chromium
mica fuchsite occurs in several places and has been used some-
times for inlaid work.  The Dbest variety comes from Belvadi
in the Kadur District.

The more ornamental stones are, however, rarvely used
owing to their greater cost and difficulty of extraction in com-
parison with the commoner forms of grey granite and gneiss.
Suggestions have been put forward from time to time for the
gquarrying and dressing of some of these with a view to export,
but no practical scheme of a profitable aspect has yet been put
forward.

A description of many of the porphyry and felsite dykes
will be found in the Appendix to Vol. VIL of the Records of
the Department and a large variety of polished samples of the
principal building stones of the State can be seen in the
museum of the Department of Mines and Geology, Bangalore,
and information obtained as to their location, mode of occur-
rence, etc,
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IV. Rare IRinerals.

A few minerals containing some of the raver clements
have been found in Mysore and though they are too scarce to
be of economic nuportance they may be referred to briefly, in
view of the fact that they ave often the subject of attention
and enquiry.

Monazite occurs sparingly in crystals or graing in certain

gneisses and pegmatites.  The mineral
Monazlte. 18 vellow to red in colour and is essenti-
ally a phosphate containing cerinm and thorimm and other
rare metals.  1bs value depends chiefly on the amount of
thorimin present, the oxide of which is nsed in the preparation
of incandescent gas mantles.

In the sands derived from these rocks it may become
more abundant and wherc these sands are subjected to the
sorting action of waves on the sca-shore the degree of concen-
tration may become considerable and valnable deposits may be
formed, such as those discovered in recent years on the Jra-
vancore coast,

In Mysore, there hus been httle concentration and no
deposits of any value have been found.

A few handfuls of monazite crystals have heen abtained
from decomposed pegmatite near the 5Hth mile on the
Bangalore-Kankanhalli road.  The qguantity available s
small and the amount of thoria in the mmeral is only
some 23% which compares very unfavourably with the
monazite from Travancore, which is reported fo contain from
6 to 10%.

On the west side of Kolar schists—near the Bowringpet
Road-—Mr. Louis Stromever found a number of pieces of a
quartzose gneiss containing specks of a reddish mineral which
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on heing tested proved to be monazite or some allied mineral.

No notable quantity of either the rock or mineral has however

been located.

Some licenses have been taken ouf in the Kadur and
Hassan Districts and a large number of washings made of the
stream sands some of which were stated to contain thorium,
No analyses have been furnished, but a large number of the
concentrates from the sands, which werc examined, failed to
show any appreciable quantity of monazite.

A large number ol river washings have been made from
time to time by officers of the Department—chiefly in the
neighbourhood of the charnockites of the Mysore District—
and occasionally a few grains of monazite have been detected,
but nothing of any particular vulue.

A number of small pieces and plates of what appears to

be Samarskite were found associated with

Samarsklte. the monazite in the decomposed pegina~

tite near Bangalore.

Crystals and lmnps of columbite are sometimes found in
the pegmmatites of Mysore especially in
the mica pits. The mineral is nearly
black with sub-metallic lustre and is conmposed of niobate and
tantalate of iron and mangancse.

Several hundred pounds were collected by licensees from
pits near Yelwal and Tagadur in the Mysore District aund
reported as tantalite. “The distinction between tantalite and
columbite depends on the proportion of tantalic acid present
and a sample from Tagadur was found to contain only 1'14%.
It therefore belongs to the variety colmubite and is of no
value.

‘rystals of pale-green beryl have been found in a quartz
vemn ncar the Kempambudi Tank, Ban-
galore, and some crystals of a yellowish

colour in a cutting on the road leading to Melkote in a peg-

matite. 1In both cases the mineral is mnuch fissured and poor
in colour and has no value as a gem stone.

Columbite.

Beryl.



193

Graphite, one of the crystallised forms of carbon, though
not a rave mineral, may be included here
as 1t occurs only in very limited quanti-
ties. It has been found in several places but nowhere in
sufficient abundance to be of commercial value. Tt ocenrs
occasionally in gneiss and particularly in some of the gneisses
of the Mysore District. Near Bangalore it has been found as
micaceous looking spangles in a white quartzite or fine grained
quartz vein in gnoeiss. A concentration test of this showed
about 3% of gruphite in the rock. Tt occurs associated with
some of the auriferous quartz of the Kolar ¥ield in sowme work-

Graphite.

ings from Trial shatt, Nundydrog, on what is supposed to be
a continnation of the Oviental Liode. In this casc the selvage
edges of the vein and some of the joints or eracks along which
movement has taken place are freely coated with graphite,
To the north of the Kolar Field some fine grained graphite
schist occurs near the old working at Manighatta and some-
what sinular material has been found in the Chitaldeng
schists and amongst the chlmitic and hornblendie schists on
the scarp of the Bababudans near Hoskan.  In the last instanee,
the schists appears to consist ol fine gramed chlorite or talc
with finely divided quartz and iren orve, the whole being pene-
trated by short lenses and veins of white gquartz on the cdges
of which the graphite is somewhat concentrated. As the
schist was quite black and marked paper readily. an attempt
was made to separate the graphitc which is in the form of
very finc dust or particles. By levigation an impalpable
powder was obtained containing practically all the graphbitc
which was present to the extent of 63%. The amount of
graphite in the rock as a whole would be about 3%. The
levigated powder is s0 fine that it would probably be impossi-
ble to further concentrate the graphite from it and the
powder itself does not appear to be of any use or value except
possibly as a dark pigment.
Bangalore,
29th May 1916.






DEPARTMENT OF MINES & GEOLOGY
MYSORE STATE

LLIST OF PUBLICATIONS




RECORDS OF THE MYSORE GEOLOGICAL DEPARTMENT.

0

Vou. I, 1894 70 1897.

Part 1.—General Report from 1st October 1894 Lo 31st December 1895,
Preliminury report on the lron Ores in the neighbourhood of Mal-
valli.  Notes on the Corundum deposits in the south of Mysore.
Notes on prospecting work for minerals in Kadur and Mysore Dis-
tricts. Notes on the Marikanave Gorge.

Deart 2. Annual Report for 1896, An Account of prospecting work in
Mysore, Hassan and Tamkwr Districts.  Suitabilities of " Talpargi
springs for the water-supply of Tumkur.  Report of the Inspector of
Mines in Mysore for 189G, with mortality tables.

Part 3. —Annual Report for 1897, Notes on the Mysore Decorative and
Building stones,  The porphyry dvkes in Seringapatam, T.-Narsipur
and Mandyw Taluks.  Note on Ruby Corundumn from  Sringenri.
Report of Prospecting work in 1897.  Notes on the ITonnegudda
and Hirivur Mining blocks, Shimoga District.  Report on the
Geology of the Kotemaradi block, Chitaldig District.  Notes on the
Ajjunprr Mining Block, Kadur Distriet. Report of the Chief 1n-
spector of Mines in Mysore for 1897,

VoL. 11, 1898 ann 1899,

Part 1.-—General Report for 1898 and 1899,

Pt 2. Reports on old workings near Tharikere and Nandi with map.
Notes on Geological work in the Gundlupet Taluk. The distii-
hution of Taterite in the Kolar Distriet.  Geology of the Chitaldrug
and Tumkuor Districts with map.  Report on prospecting work in
parts of Chitaldrug and Tumkur Districts.  DPreliminary report on
geological work in the Shimoga, Honnali and Shikarpur Taluks, with
map.  Geological notes o the Hassan Distriet.  Notes on a tour
across the State from the Kolar Distriet to the Jog falls.  Reports
on the site for the Marikanave Dam with map.  Reports on the
sumples of water from Marikanave with Analyses.

Vor. IIT, 1900 anxbp 1901,

DPart 1.—General Report for 1900 and 1901, Short review of geological
work in the Kolar, Tumkur, Mysore and Chitsldrug Distriets.

Dart 2.—Report on the geology ol the Country between Nibbanhalli and
Seringapatam with map.  Traverse notes between Nittur and Kuni-
ual.  Petrological notes on altered ultrabasic dykes near Turuvekere.
Limestone concretions in Nanjangud Taluk. Geology of Hosdurga
and Hiriyur Taluks (second notice) with map and section. Notes on
the Country to the west of the Kolar Schist belt. Traverse notes in
the Kolar, Bangulore and Mysore Districts.  Economic Mineral
Products.

2



Vou. IV, 1902-03.
(Out of Prent.)

Part 1.—General report for 1902-03. Miscelluncous Notes. Ajjunpur
and Tarikere areas; Honnalt and Channagiri Taluks.

Lart 2-—Preliminury report on parts of Tuwkur, Bangalore and Kolur
Districts with a map.  Anantapur Schist bell.  Traverse notes from
Dharmavaram to Thriyur.  Petrological deseription of rocks from
Tarwr hill, Sira Taluk.  Geology of Ajjampur and Tarikera with a
map. Note on Gedrite bearing rock from Palwalli, Tavagada Taluk.
Tho Lal-Bugh gneissic quarry, Bangalore.  Preliminary roports on
country between Shikarpur, Davangere and Holulkere in the Shimoga
and Chitaldrug Districts with wap and sections.  Notes on Magne-
site, Mysore District. Asbestos ncar Bangalore.  Occurvence of
manganese ore near  Madadkere, Hosdurpa  Taluk. Iiconomie
mineral produets in Kaduwr and Flassan Disbricts,

Vou. vV, 1903-04,

Lart £ General report for 1003-04.  Iospection notes of the State
Geologist on the Kolwr Schists, the Biligivt Rangan hills, the Bellara
and the Bodimaradi gold mines, and on the Javanhalli wnd Chital-
drug Schist belts. Notes on Sakrebuil, Shankargudda and Kumsi
arcas,  Traverse notes between Wallurkatte and Kodachadri, Shimogn
District.

Durt 2. —Report on the lastern portion of the Chitaldirug schist hell
Iving between Aimangala and Nittur,  The Javaohalli Schist belt,
with o map. A Preliminary goological report on pavts of Shimogn,
and Kadur Districhs ecompising Nodachudri, Agumbe, Lakyalll and
Shankargudda arcas with o map.  Asbestos oceurvences. Mica ad
Hardur and at Chikkanhalli.  Old workings for gold in IHole-Narsi-
pur and Channaraywpatna Taluks.  Dyvites, apatite and othor niineral
oceurrences.

Vor. VI, 1904-05.

DPwrt 1. Genernl report for 190405,

Part 2.—-Geology of parts of Tarvikere, Channagivi and Shimoga Tuluks
with o map.  Gangur and Ubrani iron ores.  Mineral resources of
Mysore and Kadur Districts.  Summary of geological work in My-
sore and Tumkur Districts.  Malvalli tron ores (second notico).
Travorso notes in Nugamungala, Attikuppa and Hunswe Toluks.
Goology of Chitaldrug District with map and sections,

Vor.. VI, 1905-06.

Durt 1.--General veport for 1905-06.

Dart 2—(oology of Shimoga, Tarikere, and Kuadur Taluks with map.
Kaldurga conglomerates ; Falovalli and Nandi old workivgs for fold.
Felsite and Porphyry dvkes round Seringapatum witlh a map and
Appendix.  Geology of Hassan and Tumkur Districts with i omap.
Bommanhalli and Nuggihalli Schists.  Traverse notes in Srinivas-
pur and Kadri Taluks. Report on the Geology of Challukerc and
Sira Taluks with map.

Vor. VIII, 1906-07.

Part 1.—General roport for 1906-07. Short noles of a traverse from

Banavar to Bhund Ghat.  Review of the Geological work i the

3
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ornamental stones in Mysore.

Vor. X1I, 1910-11 axp 1911-12.
Dart 1.—General report for 1910-11. Review of mineral production
during the year.
General report lor 1911-12. Reoview of inineral production. Resume
of survey work done during the year. Notes on Econowic minorals.
1



Poart 2.—Goeology of Tlolalkere, Davangere and Channagivi Taluks with
map and scctions.  Geology of the Kudremukha and Gangamuln
regions, Kadur Distriet, with map and seclions.  Reporl on a por-
tion of the Closepet grunite and associuwted rocks with map.  Geology
of purls of Bungulore wnd Tumkur Districts.  (Geology of Krishuoara-
pete, Yedatore and Nagamangalp Taluks, Mysore District, and of
Channurayapatnn Taluk, TTassan Distviet.  Geological notes in the
vicinity of Kannwmbadi reservolr dwin.  Inspection notes on pros-
peeting blocks in the rovinee.

Voi. X1, 1912413,

Puwrt L.~ -General report for 1912-13.  Obitwary notice of Muv, . K.
Slater.  Inspection notes on mining blocks and on swrvey  waork.
Water-supply and bore hole experiments. Talpargis,  Review ol
mincral production duving the vear.

Dart 2 —DPreliminary geological report on the south-wesl corner ol My -
sore  District with map and sketehes, Talpargis in whe Maddagin
sub-division with plans and sections, Notes on the geology of Nelu-
mangala and Dodbullapwr Taluks.  Conglomeratic quartzites near

Chikmugatwr, Note o the cliv deposit wt Tionalu, Bangalovo
Taluk, with plan and sections.  Report on the Woolgini Lloek (Nan-
jungud Mine) with plan and scetion.  List of Assavs ol Nanjansud

samples,  Report on the Nanjangud gold mine,

The price of the Becords os Two Lupees per Volonee,

RECORDS OF THE DEPARTMENT OF MINES AND GEOLOGY.

VoL, NIV, 1915,

Darl 1.—Annual report for 1901 Review of mineral produciion dwing
the yenr.  Inspection notes.  Short notes on the Santavert frap,
Kaldwrga Conglomerate, opalescent quurtz gneiss, and  quarlzites,
Liconomic enquiries—bron and steel smelting, Charcoal, Ferroman
ganese, Magnesite, Tron ores, Limestones, Aluvial gold and clavs,
Watcr-supply—borchole experiments and  Talpargis.  (Price One
Rupec).

Dart 2.~-Revision of the geological survey in pacts of the Nadur, Shimoga
and Channagiri Tuluks with diagrammatic sections.  The Schistose
rocks ol the Bababudans with speeial reference to the auriferous
series.  Geology of the N. Ji. portion ol the Shimoga Disiricet.
Washings for gold in the Tungabhadva river, with map.  Prospect-
ing Tor gold in parts of the Shimoga District, wilth maps.  Notes on
prospocting for magnesite, copper, mica, kaolin and tile-clave, (Price
Two Rupees).

<



REPORTS OF THE CHIEF INSPECTOR OF MINES IN MYSORE.

Containing Statistical Tablos relating to Capital, Machinery and DPlant,
Work done and number ol Persons omployed, Production and Cosbs
Aceidents and Mortality.

A few notios and reports on items of interost are mentioned in the fol-
lowing list.

’

Yewr 1895, —Total gold production to dabe, Treatiment ol ove.  Clagsifi-
eation ol accidonts.

Yewr 1899 —2Minor eonomic Products, Classifieation of wecidents: -
Air-blasts —Plague on the Kolawr Gold Field.—

Appendiz—Note on the geology of the Kolar Schists and surrounding
rocks.
Map of the Kolar Schist Bolt—Plate 1.
Map of the Kolar Gold Field—DPlate T1.

Year 1900, Tabour, waees and costs.  Cauvery Falls Powor Scheme,

Year 1901 —\Water-supply for the Kolar Ficld.,  Report on the Woolagiri
and Amble Mining Blocks, Mysoro District, with map and scctions.
Report on the Ajjumpur Block, WNadur District, with mup and sec-
tions. Note on the New Town (Robevtsonpet), Kolar Gold Tigld,
by F. Ti. C. Carr, lisq., Deputy Conunissioner.

Year 19022 to June 1903 —Tetanus on the Kolar Gold Fiold with statis-

tics.
Mince Signalling with diagrams.
Air-blasts and quakes - general reporh with sketehes.

Yewr 1903-044, Working cosls in the Kolar Mines.  Note on Milling and
Cyanide DPractice on the Kolar Ficld. Jauvery  Power Supply.
Kol Mines Dower Station,

Yewr 1904-05.— Genern] Progress Notes.  East Betaravaswamy  Block,
Kolar District.  Bellor Block, Tumkur Distriet.

Yewr 1905-06.—General Progress Notes.  Fire ut the Nundydroog Mine.

Year 1206-07. —Note on the Bellura, Javanhalli and other gold bloeks in
the Tumkur und Chitaldrug Districts, on the Ilonnehatti, Tambadi-
halli, Jalagargundi, Nandi, Sukrebail, Devrukal and other gold blocks
in the Kadur and Shimoga Districts. Reports on the Woolagiri Mine
and the Hunjankere Block, Mysore District.  The Anantapur Gold
Ficld. Mangancse Prospecting Blocks. Chrome Oves of the IHassan
and Mysore Distriets,

Year 1907-08.—Reports on Shaws’ Block and Ahmed’s Block, Kolar
District.  TFurther Noles on Prospecting Blocks in various districts.

Year 1908-09.—Five at the Nundydroog Mine.  Air-blast in the New
Circular Shaft, Champion Reel, with skeleh of the Sinking Irama
and Protective Shield,

Yewr 1909-10.—Iiolar Mine Power Station.  Alr-blast, Champion Reef,
Fracture of winding rope.
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Year 1910-11.—Notes on Air-blasts and Quakes.

Taar 1917-12.—Report on the Manighatta Block, Kolar Distriet, with
plang.—

Progress in Ore treatmens on the Kolar Field. Proposed Schomes
for treatment of tailings and slimes.

Report on Seismographs for recording wiv-blasts.

Year 1012-13.—Notes on the Siddarhalli, Nandi, Woolagivi aud other
Gold Mining Blocks.—

Notes on Holmes', Python, Chattanhaili, Sigimuatti, Markande,
Tippur and Shankargudda Manganese Blocks it the Shirioga
District.

Year 1913-14.— Progress Notes, Kolar District.  Siddawrhalli and Jalagar-
sundi Mines, ete., Kandur District.

Prospecting work at Kudrikonda, DPalavanhadll and THonnnli,
Shimogn District, alluvial washings at Saulanga anid on the
Tungabhadra river, Manganese, Chrome. Muagnesite. Tron Ove.
Mien, Copper, Ashestos and Corundum.  Notes on Aw-hlasts,
Meteorology and Scismology on the Kolar Field.

Report on the Tdgnr's Shaft Cage Accident, Mysore Mine.

Year 1914--Progress notes, Kolw District. Notes on the Kumsi and
Shankargudda Mangunese blocks in the Shimoga District, Chyome,
Magnesite, [ron Ore, Micn, Ashestos, Corundum, Copper, Colunihite
and Clay.  Meteorology and Seistuology on the Kol Gold Field.

The price of each Report is two fupees.

REPORTS oF TITE CHIER INSPECTONR OF FEXPLOSIVES 1IN MYsoRE,

Published anmually lrom the vear 1901 onwards,  yiee right annics cach.
The Report for 1901 contains standard plans of Magnzines
and Tighlning Protectoy.



MEMOIRS OF THE MYSORE GEOLOGICAL DEPARTMENT,

Vorurumnr 1.

(ieologieal Notes on Traverses through the Mysorve State, (with a map).
Bv. R. Bruce Foote, T.0i.8., .MU, (Prico Three Rupees).

Vou. IT,
The Dyke Rocks of Mysore, (with plates T to TV). By E. W. Wetherell,
AeSL PGS, (Price Three Rupees).

VorLuvr IIT,
Laterite in Mysore.

Iurl 1,—The Nature of [aterite ; The Bangalove-Rolnr Taterite (with a
map). By FW, Wetherell, ar.0.8, ¥.6.5,, (Price One Rupes).

BULLETINS.

No. .- Mine Signalling, 1004, 22 pp., 2 plates.  Price One Rupee.
By W, T Smieeth, D.Sc., ARSM.

No, 2. —Air-blasts and Quakes on the Wolar Gold Field, 1904, 48 pp.,
2 plates.  Price One Rupee.

By W. I, Smeeth, D.Sc., AR.S.M.

No. 3. =The Ocemrence of Secondary Augito in the Wolar Schists, 1905,
84 ppr, 2 plates.  Price One Rupee.

v W, F. Smeeth, D.Se., ARSI,

No. 4—Rock Densities in the Neighbonrhood of Tidgw's Shaft, Mysore
Mine, Kolar Gold Field, 1908. 16 pp., 3 pls.  Price One Rupee.

By \W. T, Smeeth, D.Sc., ARSM.
No. 50— Notes on the Tilectric Smelting of Tron and Steel, 1909, 134 pp.
& Pl
with aomap. Price Two Rupees.
By W. . Smeeth, 1.Sc., A8 M.

No. .—OQutline of the Geological History of Mysore, 1916, 21 pp. with

4 Geological Map of Southern India. Price Ono Rupee.
By W. F. Smmeeth, D.Sc., A.R.S.M.

No. 7—Mineral Resources of Mysore, 1916. 193 pp. with a Mineral
Map of Mysore. Price Three Rupees.

By W, F. Simeebh, D.Sc., Ars.M,, and P. Sampat lyengar, M.A.

No. 8. —A Synopsis of the Rules wnd Orders velating to *“ The Exploita-
tion of Minerals in Mysore,” 1916, 20 pp. with 56 pages of appen-
dices. Price One Rupeo.

Compiled by M. Varadaiya, B.A., and issued undoer the
authority of the Director.



MISCELLANEOUS PUBLICATIONS.

Notes on the Geology of the Kolur Schists and Suwrrounding Rocks with
2 maps.
By W. F. Smeeth, M.A., D.5c., (1900). Price One Rupee.
Notes on Underground Water Resources in Mysore with Statistical
Tables.
By W. F. Smecth, M.A., Dse, (1911). Price Two Rupees.
(reological Map ol Mysore. Scale B miles to wn inch.
Compiled from the Records of the Department mider the divection
of W. F. Smeeth, N.5c., A1s.M., Director, (1915).  Price Thioe
Rupees.
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