CHROMIAN TALC FROM THE TALC DEPOSITS OF
NUGGIHALLI SCHIST BELT, MYSORE STATE, INDIA

by S. VARADARAJAN, Ceniral College, Bangalore
(Communicated by B. R. Seshachar, F.N.I.)

(Recesved December 18, 1961)

Purple coloured, lamellar or massive chromian tale occurs in the tale
deposits of Nuggihalli Schist Belt, Mysore State, India, in and around the
chromite ore bodies. Physical and optical characters of the mineral are
determined. The oxide equivalent values of 8i0y, MgO and H,0 (calculated
for 16) and the equivalent ratio of MgO 4-Fe,04/8i0; and SiO,/H,0 calculated
from the deduced chemical composition of the mineral approximate to that
of pure tale, The mineral contains a maximum of 2-61 per cent of CryOj.
No pure talec with Cr,O; has been reported so far. X-ray examination carried
out by Brindley reveals that the specimens consist of talc and chlorite and
that the values of talc correspond to that of pure synthetic talc. The
differential thermal analysis suggests that the mineral is talc. The study
reveals that chromium enters into the structure of tale.

(GEOLOGY OF THE AREA -

Nuggihalli Schist Belt in Hassan District, Mysore State, India, which
extends for 34 miles (Sampath Iyengar 1907), trending NNW-SSE consists of
Dharwarian formations. Lensoid patches of ultrabasic rocks, varying in size
up to a length of 1:6 km (one mile) and width of 400 m (about 2 furlongs), occur
intruding into the earlier dark hornblende amphibolites. They are mainly
composed of serpentinite, serpentinized dunite and peridotite, pyroxenite and
their hydrothermal derivatives such as actinolite or tremolite, talc and chlorite
schists. Chromite veins of both concordant and discordant types (Radha-
krishna 1958, p. 7) occur in them. Dark hornblende amphibolites in some
places and younger gneisses in other places border these ultramafic lenses.
At the contacts between the hornblende amphibolites and the ultrabasic rocks
and within the former occur bands of titaniferous magnetite.

Due to the hydrothermal effects of the adjacent granitic intrusion, ser-
pentinite is altered into talc and chlorite deposits. Many chromium bearing
minerals such as chromian chlorites, chromian antigorite (Varadarajan 1961),
etc., are formed in and around the chromite ore bodies during the hydrothermal
action. Detailed investigation revealed that the purple coloured portion
occurring in the tale deposits of the area is chromian talc.

YOL. 29, A, No. 1.
2



18 S. VARADARAJAN
Occurrence of the mineral :

Chromian tale occurs where the talc forms the host or the matrix for the
chromite veins. Specimens of chromian tale were collected from an abandoned
chromite mine, towards the eastern margin of the ultrabasic rocks, known as
Sundaramurthy Pit (N 13° 6’ 5” : E 76° 25’ 10") in the Bhaktharahalli Chromite
Block, held by Manikavelu Private Ltd. (Map, Pt. 1). Here the chromite lense
occurs in tale and talc-chlorite schist. Since the lense has been mined to a
depth of nearly 100 feet and since the bottom portion is filled with debris, the
exact nature of the ore body cannot be made out. Anyhow, it appears to run
almost E-W and dip north at high angles. Purple coloured chromian tale
occurs in knots and patches up to a diameter of 6 inches, enclosed within the
ordinary apple green talc, around the chromite deposit (PL I, fig. 1).

The other place where specime'ns of chromian tale were collected (Map,
Pt. 2) is an abandoned pit about a mile SW of Nuggihalli, towards the western
side of the Nuggihalli-Jumbore Road (N 12° 59 50" : E 76° 28’ 30”). Here the
mineral forms small oval patches in the mottled chromite ore (PL. I, fig. 2).
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Enclosed portion : Nuggihalli Schist Belt.
Points 1 and 2: Places of collection of chromian tale.
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Fic. 1. Polished specimen containing chromian tale (¢.t-—dark), tale () and dolomito
(d—colourless). Chromian tale grades off into normel tale.

Fia, 2. Polished specimen containing oval patches of chromian tale (light} in chromite {dark).
(Both about the nateral size).
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Physical properties of the mineral :

Chromian talc possesses all the important properties of talc—it is foliated or
massive in habit, greasy to feel, very soft and sectile. It varies in colour
from light purple to dark purple. Dark purple portions often enclose grains
of chromite or picotite. All gradations are found from deep purple coloured
portions to normal tale (Pl. I, fig. 1). Specific gravity is 2-85.

Characters under microscope :

Sections of chromian tale consists of chromian chlorite, tremolite, pico-
tite, chromite and carbonate (dolomite) in small but varying proportions.
Deep marine blue coloured (under crossed nicols) chromian chlorite—kam-
mererite—occurs in larger proportion than others.

In thin sections chromian tale varies in colour from very pale pink to
colourless; possesses lamellar habit. One set of perfect cleavage parallel to
{001) is present. Exhibits straight extinction in non-basal sections. Many
basal sections are isotropic. Interference colour varies from bluish white to
bluish grey to pinkish brown.

Optical characters :

The optical characters of the mineral were determined on both 5 axes
and 4 axes universal stages. The mineral is biaxial though many grains are
uniaxial. It is optically negative; 2V varies up to 38°; x nearly normal
to (001). The sign of elongation is positive and the optic plane is 100,
Pleoclaroism very feeble: a = colourless, ¥ = z = light yellowish pink.

Refractive indices as determined by the method of Ferguson and Peacock
(1943) using the Leitz accessory with temperature control device is—

N, = 1-56434+0-002 N, =N, = 1-689£0-002

and birefringence (¥, —N,) = 0-046,

2V of the mineral is higher than of the normal varieties of tale (0°-30°).
Refractive indices and birefringence of the mineral are higher compared
with the values (¢ = 1-540 and y = 1-575 and B = 0-035) given by Yoder
(1952, p. 600) for pure synthetic tales, though similar values are given for
natural tales by other authorities (Winchell and Winchell 1951, p. 364 ;
Berkelhamer 1943, p. 228).

CrEMICAL COMPOSITION

Preparation of material for analysis :

As the mineral goes into powder by crushing it in pestle and mortar it was
sawed and grains between —80 and 100 mesh were selected for separation.
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All the free chromite, picotite and magnetite grains were separated by bromo-
form separation; but the other impurities could not be separated by this
method. Hence, taking advantage of the presence of chromium in the mineral,
the ‘material was subjected to electromagnetic separation in a Frantz Iso-
dynamic Separator. At 0-5 amp. all the grains containing inclusions of
magnetite, chromite or picotite got separated as magnetic fraction; at 1-3
amp. all the free grains of tremolite and carbonate got separated as non-
magnetic fraction. The magnetic fraction obtained at 1-3 amp. consisted
of almost pure material. Some chromian chlorite, tremolite and carbonate
(dolomite) intergrown with chromian talc could not, however, be separated.

The weight percentages of the various oxides present in the sample
are presented in Table I, column 1.

Chemically talc approximates the ideal composition 3MgO 4Si0, H,O or
Mg;S8i,0,0(0OH), for which the weight proportions are MgO : 31-90 per cent,
SiO; : 63-35 per cent and H,0O : 475 per cent. The purer tales come nearer
this composition. Pask and Warner (1954, p. 124) who have discussed at
length the common impurities present in natural tales and their sources
indicate the presence of oxides such as Al, Fe'**, Ca, K, Na, etc.,
introduced either by mineral impurities or present in the structure of tale
itself as solid solutions. They also point out that it is conceivable that other
types of oxides could bring in constituents resulting in impurities not dis-
cussed by them (p. 121). Among the common impurities tremolite introduces
Ca and chlorite introduces Al into the composition of tale. The sample
obtained for chemical analysis, however, contained 10 per cent of chromian

TABLE 1
* Sample Kammere- T 1 Dolomit Dei‘;ﬁed £
Oxides analysed rite remolito olomite composition o
(wt. per cent) (10 per cent) (4 per cent) (1 per cent)  chromian tale
’ (wt. per cent)
8i0, .. 55-76 32:21 59-15 — 59-02
A0y .. 1-68 11-00 — — 0-68
Cr,0 .. 2-58 3-64 —_— — 2-61
Fe, 03 . 0-30 0-03 — — 0-32
FeO .. * 0-89 1-80 —_— —_— 0-84
CaO . 115 2-82 13-81 30-00 —_
MgO .. 31-23 34.34 24-82 22-00 31-20
H,0t .. 5-24 1270 292 — 457
H,0™ .. 019 0-87 — — 012
NiO .. 0-28 — —_ — 0-33
CO, . 0-48 — — 48-00 —
Total .. 99-78 99.58 100-00 100-00 99-69

* Anslysed by the author. . : R . :
19571. A;l:l yais of kammererite from the adjacent avea, i.e. Byrapur Chromite Mines (Varadarajan
» P. 34).
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chlorite, 4 per cent of tremolite, and 1 per cent of dolomite. The chromian
chlorite is kammererite. In their study of the chemical composition of tale,
Pask and Warner (1954, p. 123) point out that the method of deductive
analysis was considered necessary, instead of usual mineralogical approaches
of either concentrating a monomineralic sample or of searching for a suitable
single crystal. They consider that ‘the method followed permits a more
satisfactory and more realistic study of solid solutions that may occur (in talcs)
and their extent’. Hence, the composition of chromian talc was deduced
(Table I, column 5) from the chemical composition of the sample by taking the
chemical composition of kammererite from the adjacent area (Varadarajan
1957, p. 34) and the ideal compositions of tremolite and dolomite.

Normal varieties of tale described in literature (Du Reitz 1935, p. 172;:
Lennon and Watts 1943, p. 370; Pask and Warner 1954, p. 124; Wells 1940,
p. 112; Dromashko 1953, p. 60) contain no chromium. But the mineral
analysed contains 2-61 per cent Cry0j;.

In the variety under study even after deducting the impurities due to
minerals kammererite, tremolite and dolomite, 0-68 per cent Al;O3, 0-32 per
cent Fe;03, 0-84 per cent FeO, 0-33 per cent NiO and 2:-61 per cent Cry0; are
present. Yoder (1952, p. 601) has concluded that small quantities of Al,Og
can be present in the molecule of tale, possibly to the extent of 3-75 per cent.
This is confirmed' by the X-ray studies of pure synthetic talc and talcs pre-
pared in the presence of Al by Stemple and Brindley (1960, p. 40). They have
also given the Al-Si ratio in the order of 1:25 to 1:15, the latter correspond-
ing to about 3-7 per cent Al;0;. Since it is not clear to what extent Cr has
replaced Al in the mineral under study, it is not possible to fix the Al-Si ratio.
With regard to the presence of Ni, Rankama and Sahama (1949, p. 686) point
out that during serpentinization of the ultrabasic rock nickel enters into
serpentine and tale, the latter of which may contain up to 0-5 per cent NiO.

Bowen and Tuttle (1949) produced synthetic talcs corresponding to the
accepted formula. They definitely fixed the equivalent oxide ratio of SiO, to
MgO at 4:3. Pask and Warner (1954, p. 124) have given the oxide equivalent
in ideal tale (calculated for 16) for SiO,, MgO and H,0 as 8, 6 and 2 and the
equivalent ratio for MgO 4 Fe,04/8i0; and S8iOy/H;0 as 0-75 and 4-00 respec-
tively.

Table II gives the theoretical composition of tale and allied minerals and
the deduced composition of chromian tale. Table III gives the .oxide equi-
valents (calculated for 16) for the compositions of the minerals given in Table
II and their corresponding equivalent ratios.

- It is clear from Table IIT that the oxide equivalent and the equivalent
ratios of the mineral under study approximate to that of theoretical talc.
Pask and Warner (1954, p. 123) after giving the chemical composition of
s number of natural tales and their oxide equivalent ratios point out, ‘It is
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Tanir I
Mineral 8i0; Al,03 CryO3 Fe,O03 FeO CaO0 MgO H,0 NiO (O,
Talc .. 633 — — —_ — — 3190 475 — —
Anthophyllite .. 6154 — — — — — 3115 231 — —
Tremolite .. 59156 — — — — 1381 24-82 222 — —
Sepiolite .. 6462 — — — — — 2892 646 - —
Chromian talc .. 5802 068 261 0632 084 — 3120 4-37 033 —
TaBrLE 11T
Mineral 810, €CaO MgO H,0 MgO-+Fe,04/8i0, 8i0,/H,0
Tale .. 800 — 6-00 2-00 0-75 4-00
Anthophyllite .. 800 — 1:00  1-00 0-875 800
Tremolite .. 800 200 500 1-00 0-625 8:00
Sepiolite .. 800 — 533 2:67 0667 3-00
Chromian tale .. 779 — 6-18 2.01 0-795 3-87

apparent that for most analyses a match with theoretical composition of tale is
poor. The lack of agreement can be due either to the presence of impure
minerals or to the solid solutions occurring within talc itself. The actual condi-
tions, however, cannot be deduced from the chemical composition alone’. ~

X-RAY ANALYSIS

The mineral sample was subjected to X-ray examination by Dr. Brindley,
Department of Ceramic Technology, Pennsylvania State University, according
to which it consists of talc and chlorite, possibly kammererite. The talc
gives a basal spacing of 18-70 A for d (001) or 9-35 A for the layer thickness.
The entire powder diagram agrees closely with that published by Stemple
and Brindley (1960, p. 34). The chlorite gives a basal spacing of about 14-26
A for d (001).

DrrrERENTIAL THERMAL ANALYSIS

In the instrument in which D.T.A. was carried out curves up to a
temperature of only 850° C eould be recorded. Within that temperature range
the mineral gave a minor endothermic peak at 672°C. Analyses conducted
by Pask and Warner (1954, p. 126) gave a minor peak between 585° Cand 775° C
and a predominant endothermic peak between 950° C and 957° C for talcs,
caused by the breakdown of the talc molecule and the evolution of chemically
combined water. On the other hand chlorite gave a predominant endothermic
peak at 680°C and another at 850°C and an exothermic peak at 880°C.
The results obtained for the mineral eliminates chlorite and suggests that it
is tale.
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CONCLUSION

Purple coloured chromian tale occurs in and around the chromite veins
in the talc deposits of Nuggihalli Schist Belt, Hassan District, Mysore State,
India. X-ray examination and differential thermal analysis confirms that
the mineral is tale. Physical properties, higher 2V, perhaps higher refractive
index and birefringence and the presence of 2-61 per cent Cr,O; indicate that
chromium does enter the structure of tale. To what extent the presence of
chromium affects the structure of tale and what corresponding effect it has.
upon the optical characters can only be determined by more detailed investi-
gation.
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