The Radioactivity of Rocks from the Mysore State, South India.

By W, F. S. Smeeth and H. E. Waison.

This investigation was started some years ago on a
nunber of samples of the hornblendic sehists of the Kolar Gold
Field, selected by Mr. B, M. A, Cooke, Superintendent of the
Ooregum Gold Mining Co.  Tho saraples were taken at different
depths from the Kolar mines with a view to ascertaining whether
the radium eontent varied with the depth from surface in rock of
fairly uniform character and composition. These hornblendie
schists and epidiorites arce all ancient lava flows or sills of fairly
uniform composition, notwithstanding petrological distinetions in
texture and structure. An account of the method used and
results obtained was published in the Philosophical Magazine
(6) 28 p. 44, 1914, and the results are repeated in Table T. Nos. 1
to 16, Tt will be seen that the radinm content is very low,
remarknbly vonstant and that there is no variation in depth down
to a vertieal depth of some 8,500 feet from surface.

Two of the samples — Nos, 12 and 15 — gave results con-
siderahly  higher than tlho others, but mieroscopic examination
showed that these ssmples did not vepresent normal types of the
horublendie sohists, or ** country,” of the mines but had under-
gone considerable mineral altcration such as is common in the
immecinte vicinity of the quartz veins or other acid intrusives
sl ther s no doubt that the higher values are due to the -
intrusion of aecid material of higher radium content,

It was next deeided to obtain a number of ropresentative
sstmsples from the various components of the Archaean complex of
Mysore in order to ascertain how far the various formations or
wrontps tmight be distinguishable from one another by their radio-
netivity and what variations existed amongst the members of each
wroatp as o reswlt of magmatio segregation.  The experimental
provedure was the same as hefore, viz., 10 gims. of the finely
puwdered rock were fused with potassinm hydroxide under reduced
pressure, and the resulting gasesled to an clectroscope after removal
of the hyedrogen and deying, Towards the middle of the experimente
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the leaf system in the cleetroscope broke down, and was replaced
by a smaller and more sensitive one which was subscquently
carefully standardized.  With this, a leak of 1 scale division an

hour corresponded to 167 x 107" gm. of radium. Control experi-
" ments showed no discontinuity between the two series of values
obtained. All experimental details have already been given (loc
cif) and will not be repeated. Altogether fifty samples have been
selected from specimens in the Department of Mines and Geology
of Mysora and the radium determined, but each group is itself
so complex and variable that a much larger number would be
required before fair averages or estimates could be obtdined. In
spite of this, certain interesting variations appeur to be indicated
and the results obtained have been grouped in Table I, under
the various formations taken in order of age from the oldest to

_ the youngest.

In Table II a number of estimates of the chief consti-
tuents of these rocks is given, some of which are analyses of the
actual samples on which the radium determinations were made
and the rest are analyses which happen to be available of similar
rocks.

The following: classification is inscrted for convenience
of reference and shows the order of succession and relationship of
the formations in Mysore as at present adopted by the Mysore
Geological Survey * :—

Classification of Mysore Rocks.

1. Recent soils and gravels,

Possibly Tertiary. 2. Laterite. Horizontal sheet capping ar-
chacans.

Pre:Cambrian.

(Animikean) } 3. Basic Dykes. Chicfly various dolerites.

* Outline of the Geological History of Mysore by W, F. Smooth~ Bulletin
No. 6—Department of Mines and Geology, Mysore State
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Great Lparchaean Interval.

10,

11.

12,

Yelsite and porphyry dykes.

Closepet granite and other massifs - of cor-
responding age.

Charnockite, norite and pyrozenite dykes.
Charnockite massifs. (Complex.)

Various hornblendic and pyroxene granu-
lite dylces. ' :

Poninsular gneiss. Granite and gneissic

complex.

Champion gneiss. Granite porphyry, mica-
" ceous gneisses, felsites and quartz por-
phyries ; usually containing opalescent
quartz and frequently associated with
autoclastic conglomerates. »

Toruptive unconformity.

i Tncluding also ;—
Uppﬂr (chloritic) ( Amphibolites, peridotites,

division atc., mostly intrusive?
G N tone ‘Conglomerates {autoclastic.
(Green stones Banded-ferrnginous - quartz-
and chlorite jtes; origin doubtful pos-

gchigts,) sibly igneous.
Quanrtzites and guartz-schists
3 mostly intrusive..

Lower (horn-| Lims stones; probably

bl’endic) divi- secondary
Mica schists; metamorphic

giomn. g
PRI 1gneous.

(Epldlmltcs a:nd Intrusive masses of' dioritic
hOl‘.nblendll" . and diahasic chavacter.
schists.)

(Unknown).

We may now very briefly consider the groups of figures

presented in Table sum
will help to bring out guch points of similari

I, and the following summary of the results

ty or distinction as
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exist amongst them although the observations are too few in
numbers to permit of final conclusions being drawn.
TABLE I.
Radioactivity of Rocks from the Mysore State.

(The rock groups arve arranged in order of age frovn the oldest

to the youngest. The radium is given in units of 107! grmnqu
per gramme of rock.)

; ‘
! Regis- Radium
Sltll;‘,ﬂ t%m\. ; Deseription. ‘purw”‘ Remarks.
o i .

. Grovr I. -——I)/zarwar System—- Lamﬁr (Izorulzlendw) Series.

|
Lo Balaghat Mine—depth 10(101 0-21  (The first 15 sam-
2o ” v " 2000 01+ ples are all horn-
3 ] » » » ‘50005 021  blende schists and
4 Vundydrong " » 100 0-17 idiorites from the
5 ! ¥ » 30000 014 Igolar Gold Field.
6 i ‘ 0”!"‘;‘1‘1‘“ ” » 10600 18 The depths are
[ | 5 »" " 2000 017 ‘measured on the
8 3 1 » 2] »” ﬂm()) 021 dip uf the 10(1(‘)
9 | Champion :
i | Reef o 2000 021
10| Lo wowo 8000 01k
1 P, oo 000 0 1F
124 i Mysore . " 1600 O3 Altered wehist,
18 L . 2000 021 |
14 P, . 3000 023
15 L, o 4000 095 Mueh sltered
| sehist; part of the
i

lade formation ;
eontact  alleration
| close to quartz of
! Yode,
16 | 82/377 | Amphibolite—footwall of lode 082 Contact alteration.
teQoreguin,
17 | Z3/510 “
x
1

18 | Ji/535 |

|

Girour 2— Oharwar System— Upper (chloritiv) series
19 “Z3/258 ' Santaveri trap; Bababudan 020 Chloritic trap with
; . Hills, ' some horablende,
. 44/757 | Banded chlorite sehist ; Sacre-  0-27
© bail, Shimoga.
21 | Z4708 Cale—chlorite trap; Tarikere 051 Probably  altired
I | series, hornblendie trap.

Fine hornblende schist, Baba-  0-25
budan Hills, Kadar District,
Hornblende gramalite; Kolar  0°]9

schists, ! j

20



247

Grove 3 Intrusives of Dharwor age—subsequent to the schisls.

22 N2 a3

a5 Wijoy

RV AV

2 Jyng

Huorohlende diahase or diorite;
Bababudan Hills, i
Bellara trap; Tumkur Distric ti
|

|

Grey trap ; Chitaldme  do

Titaniforous iven ore; Ubrani!
Shimoga. |

0-16

005

0-05

Altered  diabasc
intrusive into chlo-
ritic series.

Chloritic trap pro-
hably  related  to
Bellara trap.

Associated with
wltrabasic infrusives

Grove 4—Chainpion (Ineiss Scriev—intrusive into Dharwars.

J1/385

o3
£
2
izq (lﬂ(;l ;

S0 A6
31 | sj102

it Grey miero granite ;
i J1 a6 Fine

mert;‘-—l’vlspzu- porphyry

Kolar }

micaceons  eranite-mo-
trix of crush mng!mnemﬁo’
Kolar (mld Fiehd. [

Fine mica wranite ; Mysore,
mine at depth of 3000 1t

Auriferous  quartz from the
Mysore mine,

\fmmw phyrrhotite  from
Champion Reefs Mine,

0-85
1415

0-07

1

| These are consider-
ied 1o he products
lof the Champion
Zneiss magma.

I'rom  Gifford’s
| whaft

Grovr 5— Peninsular Gneiss Series—later than

32 Jsfens

5% J3[278
Bp 0 Jaf212
35 J3[2T6
36 Jajes

37 Jae

neS[526

39 S/354

'Light erushed granite ; !

Champion Gneiss.

Dark
Kolar.
Dark grey granite; Kolar..
Fiue dark grey granite ,
Fine lizht grey granite ,,

porphyritic  granite ; |

East
of Kolar Field. :
Uniform granite mass; Patna)’
Kolar.
Pacmatite cross-course,
ohat mine,

Bala-

Pegmatite eross-course; with
tourmaline ; Ooregum mum

091
0-99
128
(147
0-40
150

1:44

690

These are in order
of Intrusion begin-
ning with the
oldest,

These probably be-

long to the Penin-
‘sular gneiss.
TIn No. 39 the tour-
‘maline itself is not
abnormally figh in
radium.
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Grovp 6— Charnochite Series—later than the Peninsular Gnegs.

40
41
42

43
44

46

46

47
48

49

50

J9/824
T2/822
J2/722

33/831
13/718

cid Charnockite, Chamraj-: 001 !
nagar, Mysore District. . i
Intermediate charnockite, 0°10 | Order of intrusion
Chamrajnagar, Mysore Dt. doubtful.
Basic Charnockite, Heggad~ 012

devankotte, Mysore District. .
Hypersthenite ; Nanjangud ...| 006 |These arc consider-
Quartz—magnetite ore: Heg-| 0:08 jal to he derived

gaddevankotte. from the Charnoc-
kita magma

Grour 7— Closepet Granite—later than Charnockite.

I8/434

78/430
J3/429
72/621

72/648

J1/333

Coarse grey porphyritic gra~) 0227 | Tn order of intra

nite; Closepet, DBangalore sion heginning with
District. ithe oldest.

Grey granite ; Closepet 083 |

Red granite 1 el 214

Dark quartz—felspar por- | 242  These porphyries
phyry, Yelwal, Mysore Dis- are subgequent  to
trict. the Clusepet gra-
Pink felspar—porphyry ; Kir-f 1-37 nite and may be-
angur, Mysore Districet. dlong to the same

magmn

Grove 8—Post Archaean Dykes.

Normal dolerite dyke; Kolar, 046  Typical of a large
Gold Tield- | series of post—
l ‘Archacan dykes
| which may be of
I ¢ Cuddapab age
"' 1 (Animikean)
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Radium gm. per 10

12

GROUP. -_
Limits.
, Hornblendic series 0-14 to 025
I)'h:u-war o »  altered types 034 ,, 0°96
System. ; Chloritic series 0-20 ,, 0-54
(Basic intrusives 0-05 ,, 0-16
Champiou gneiss 065 to 1°45
» 2 auriferous quaitz 128
Peninsular gneiss 040 tc; 1-50
. » pegmadtites 144 ,, 690
Charnockites 004 to 012
“ hypersthenite ... o 0-06
" quartz-magnetite ore 0-08
Glosepet granite 097 to 214
" " porphyries... 137 ,. 2-42
Dolerite dykes (post archaean) 0-30

.

The hornblendic rocks of the Dhacwar system are low
in radium and exhibit no great variation from the mean though
many petrological types are iacluded—such as hornblende schists,
hornblende diabases, amphibolite and hornblende granulite.
‘When however these rocks are altered in contact with intrusions
of the Champion gneiss and of the related quartz veins of the
Kolar Field both of which contain much more radium than the
normal schists—the radioactivity of the altered types i¢ consider-
ahly increased to a point intermediate between the radicactivities

of the two reacting masses.

The rocks of the chloritic series do not appear to differ
much in radium from those of the hornblendic scries. The higher
value in No. 21 may possibly be the result of alteration due to a
neichbouring granitic intrusion. The basic intrusives of Dharwar
age that is to say intrusives into the gencral body of the Dharwar
schists prior to the period of the Peninsular gneiss contain much
less radium than even the schists them elves. This is particular-
ly noticeable in the Bellara trap and the grey trap of Chitaldrug.
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Some years ago the grey trap was considered to bo mothhcatlmn‘
ol the less altered Bellara trap and subsoquent work Sh(‘)\&ft‘d that
the Santaveri trap of the Kadnr District possessed a (‘;()'.\Hl(lt‘l"ﬂbl'(‘-
resemblance to the grey trap of Chitaldrug, so much so, that it
had almost been deeided to class these two [ormations tozether,
and +eparate them from the Bellava trap.  The radinm determi-
nations, however, show that the grey trap and tqum Bellara tg?ﬂ’
have practically the same radioactivity (vide Nos, 2 zmﬂ 24),
which is much below that of any of the schists proper, while the
Santaveri trap (No.19) contains about three times as much
radium and falls within the limits so far asw;rj::ury:(l f or'the
schists. 'I'his appears to confirm the original -clsssilication which,
consequently, has been allowed to stand.  The (Ense.aﬂ’artls an
illustration of the possible use of radium determinations as an
aid to correlation of the highly metamorphosed members of the
Archaean complex amongst which it may often happen that the
chemical and wmineral composition and the field relutionship do
not afford sufficiently definite points of similarity or distinction.
The value ol such determinations will depend on the possibility
of ascertaining fairly definite limits for the radium contents of
the various rock groups or of the various membuers of such
groups.

Amongst the various gneisses and granites, which have
been divided into fonr great groups of distinetlv different ages, it
will be noted that the Charnockites stand apari from the others
in virtue of their excessively low radioactivity, which is much
lower oven than that of the Dharwar schists

The Champion gnoiss, Peninsular guciss and Closepet
granito—which latter is also a variable complex—all eontain from
12 to 15 tirnes as much vadium as the Charnockites and 4 to 5
times as much as the Dharwar schists,. The Charnockites bave
been shown by Lolland to form a distinct petrographical province
amongst the gneisses of Southern India and vary, as the result of
magmatic segregation, from highly aeid granites to norites and
hypersthenites—all characterized hy the presence of hypersthens
and certain- physical features—and the radium determinations
fully confirm the distinet individuaity of the purent magma.
The vavietics of Charnockite which have heen exanined show an
increase of radium with increasing basicity but the hypersthonite
and quartz-magnetite ore-—which are considered fo be end pro-
duets of the segregative process -show a relapse towards the
medn value,
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The other gneisses and granites are very complex and
thc_ determinations are not safficiently numerous to permit of very
definite conclusiens. It may be noted that the members of the
Champion gneiss series show least variaiion, those of the Penin-
sular gneiss rather more and these of the Closepet granites the
greatest variation.

The anriferous quartz of the Kolar Tield (No. 29) is in-
teresting as falling into line with the members of the Champion
gneiss series with whieh it has heen correlated on other grounds
and, as already pointed out, the altered schists in contact with, or
I continunation of, the auriferous quartz viens show values inter-
mwediate between those of the normal sehists and of the quartz.

It is interesting also to note that the matrix of the con-
glomerate (No. 27) has the same radioactivity as the clearly
intrusive granite (No. 28) and this helps to confirm thoe view that
the conglomerate is autoclastic and due to crushing of portions of
the Champion gneiss series. '

The peamatite cross-course (No. 89) is remarkable as
vielding the highest result so far obtained. The pegmatite con-
tains a certain amount of tourmaline and it was thought that
this mineral might account for the high value. A small quantity
of the tourmaline was separated and, though a definite determina-
tion was not made, the test was sufficient to show that it was
not abnormally high and that the high result of the rock as-a
whole was not due to this mineral.

A single determiration (No. 50) has heen made of one
ol the very numerous dolerite dykes which are considered to be
of pre-Cambrian age but subsequent to the formation and folding
of the Archaean complex This rock is very similar in com-
position fo the old hornblendic schists which were probably
originally diabasic flows and sills of a very much earlier period.
The result shows that the later rock contains rather more radium
but no further inference can be drawn from a single observation.

Summanry.

1. All of these very ancient rocks, all of which are con-
sidered to be of izneous origin, contain remarkably little radium.

2. Amongst the various groups which have been differenti-
ated on geological grounds, there are some striking differences in
the radium contents of some of them.

3. In the case of a fairly uniform group of rocks the
radinm contents do not appear to vary with the depth from sur-
face.
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4. Ieneous magmas appear to eontain very dilferent auweunts
of radium and the latter, or the minerals which ecavey it, is sulb-
ject to magmatic segregation.  The ammunt of raditnn in the
sogregated portions of a magma sometimes  inersases an'l some.
times decreases with increaso of basicity.

5. Amongst magmas the more hasic appear to e Jower in
radium than the more acid and in the products of genitic mag-
mas the pegmatities appear to carry ore radiom than the
corresponding granites. The Charnoekite wszma, whica was
prohably of intermediate composition, forns striking exeoption,

6. In tho case of rocks of somewhat similar elnraeter and
composition and in which other means of distinetion or dlentifica-
tion are lacking, & marked difference in the radivm contents
may afford a means of correlating them with known wroups or
formations for which the radium limits have heen cufficiently
determined.



