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Abstract ('hrome chlorite associated with the chromite deposits of the Nuggihalli schist belt has 
been investigated by detailed mineralogical, chemical, X-ray diffraction, differential thermal and i.r. 
spectral analyses. Following the nomenclature of Lapham (1958) it is inferred that the chromium 
of the chrome chlorite is in the tetrahedral position and therefore the mineral is kotschubeite and 
not kaemmererite as suggested by earlier workers. 

Nomenclature of chrome chlorite 

The term "chrome chlorite" is used for the violet col- 
ored chlorite containing chromium to differentiate it 
from the green Fe-Mg chlorite. Orcel (1927) limits 
the percentage of Cr20 3 to 2.0 for chrome chlorite, 
whereas Hey (1954) suggests the term "chrome chlor- 
ite" for chlorites with less than 4% of Cr20 3. Lapham 
(1958) has given a brief historical account of the 
nomenclature of the chromium chlorites and pro- 
posed a classification for them on the basis of crystal- 
lochemical studies. He concluded that the presence 
of C r 2 0 3  up to 2.0~o will not affect the crystal struc- 
ture of chlorite and for all such chlorites he used the 
prefix "Cr". For chlorites containing more than 2.0% 
of CrzO3, he proposed a nomenclature on the basis 
of the position of chromium in the chlorite structure. 
Chromium substitutes for A1 in the octahedral as well 
as in the tetrahedral position due to positional dia- 
dochy or comorphism (Lapham, 1958). Lapham re- 
stricts the term kaemmererite to the former variety 
and kotschubeite to the latter. Lapham's nomencla- 
ture is followed in the present investigation. 

INTRODUCTION 

The term "Nuggihalli schist belt" is used for a nar- 
row band of ultrabasics, green schists and amphibo- 
lites with workable deposits of chromite, found in the 
vicinity of Nuggihalli (Long. 76 ~ 28' 37"E; Lat. 
13 ~ 31"N). The schist belt extends over a length of 
40 km and has an average width of 1.5 km. In the 
course of detailed geological mapping of the chromite 
deposits and the associated ultramafics, the attention 
of the authors was drawn to the brilliant pink chrome 
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chlorite occurring as veins and lenses. These veins 
contain calcite, serpentine, chromite and chrome 
chlorite. The object of this paper is to record the 
various properties of the chrome chlorite and to 
assign a name (from Lapham's classification) to this 
mineral as there is no unanimity amongst the 
researchers on its nomenclature. Varadarajan (1957) 
considered the flaky and the fibrous varieties as 
kaemmererite and kotschubeite, respectively, on the 
basis of the tetrahedral A1 content and Fe:Fe + Mg 
ratio. Viswanathaiah et al. (1974) concluded that both 
the flaky and fibrous varieties are kaemmererite fol- 
lowing the nomenclature of Lapham (op. cit.) on the 
basis of differential thermal analyses, X-ray powder 
diffraction and chemical composition. As a part of 
the detailed investigation of the chromite deposits and 
the associated minerals of this schist belt, the authors 
studied the flaky variety of chrome chlorite by using 
various analytical techniques like DTA, X-ray powder 
diffraction, chemical and i.r.-absorption studies. 

Thin section study of the chrome chlorite 

The thin section study of the chrome chlorite lenses 
and veins reveals the presence of chromite, chrome 
chlorite, serpentine and calcite. Euhedral grains of 
chromite show numerous inclusions of chrome chlor- 
ite and calcite giving the appearance of a sieve tex- 
ture. Chromite grains are highly fractured and a few 
have been reduced to a fine powder while a few occur 
as skeletal crystals, which indicates the intense cor- 
rosion undergone by the chromite grains. These 
grains of chromite appear to have been cemented 
together by chrome chlorite. 

The chrome chlorite is present as scales and flakes 
and shows effects of deformation. Chrome chlorite is 
colorless and shows marine blue interference colors. 
Most of the grains are uniaxial negative, but a few 
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biaxial negative grains are also discernible with - 2 E  
varying from 15 ~ to 17 ~ . 

Methods  o f  s tudy o f  chrome chlorite (kotschuheite) 

The chrome chlorite is separated from the remain- 
ing minerals by grinding to - 2 0 0  mesh (B.S.S.), using 
heavy liquids, a Frantz's Isodynamic Separator and 
by hand picking. The purified mineral is subjected 
to X-ray powder diffraction using a Shimadzu dif- 
fractometer with CuK~ radiation. Chemical analysis 
of the chrome chlorite was carried out on a spektro- 
morn 202 after the methods of Shapiro and Brannock 
(1956). Chromium content was determined volumetri- 
cally after the method of Mall (1967). The differential 
thermal analysis was carried out on a recording type 
of Shimadzu unit at the heating rate of 12~ 
The i.r. spectrum of the sample was taken on Carl 
Zeiss equipment in a Nujol Mull. 

X-ray  study 

The purified fraction of the chrome chlorite was 
subjected to X-ray powder diffraction. The d spacings 
together with their intensities are given in Table 1. 
Lapham (1958) has established a relationship between 
the intensities of the interplanar spacings and the 
percentage of chromium oxide after a detailed study 
of the chrome chlorites. Viswanathaiah et al. (1974) 
have given X-ray powder diffraction data for the two 
forms of chrome chlorites of the Nuggihalli schist 
belt. The intensity of (001) for the flaky and fibrous 
varieties reported by Viswanathaiah et al. (1974) are 
25 and 29, respectively. When these are plotted on 
the diagram of Lapham (Fig. 1) against the percentage 
of C r 2 0 3  they indicate that 7.75 and 6.70% of C r 2 0 3  

are present if the intensities of (001) are correctly 
determined. On the contrary, Viswanathaiah et al. 

(19741 have determined only 3.9 and 4.0% of Cr203 
by analysis, an amount  very much less than the quan- 
tity inferred from Fig. 1. The intensity of (215) and 
the difference m the intensities of (003) and (001) 
recorded by Viswanathaiah et al. (1974) are very high 
and when plotted on the appropriate diagrams of 
Lapham (Figs. 2 and 31 they do not fall even within 
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Fig. 1 Variation in chrome oxide content with (001) inten- 
sity lafter Lapham, 1958|. A and B Samples of Vis- 

wanathaiah et al. K Sample under study. 
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Fig. 2. Variation in chromic oxide content with (215) in- 
tensity (after Lapham, 1958). K--sample under study. 
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Fig. 3. Variation in chromic oxide content with (003) in- 
tensity minus (001) intensity (after Lapham, 1958). A and 
B Samples of Viswanathaiah et al. K Sample under 

study. 

reasonable limits on the curves. Similarly the in- 
tensities of (007) and (002) of the samples of Vis- 
wanathaiah et al. (op. cit.I show considerable disper- 
sion when plotted on Figs. 4 and 5. From the plotting 
of the intensities of the various d spacings and CrzO a 
percentages given by Viswanathaiah et al. (1974), the 
authors think that there is some discrepancy between 
the intensity of the d spacings and the percentage of 
C r 2 0 3 .  

When the intensities of the various interplanar 
spacings of the chrome chlorite (kotschubeitel under 
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Fig. 4. Variation of chromic oxide content with i007) spac- 
ing (after Lapham, 19581. A and B Samples of Viswan- 

athaiah et al. K Sample under study. 
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Fig. 5. Variation in chromic oxide content (002) intensity 
(after Lapham, 1958). A and B Samples of Viswanathaiah 

et al. K Sample under study. 

investigation are plotted on the various diagrams of 
Lapham (1958) it is observed that not only the per- 
centage of Cr203 corresponds with the intensities of 
the various d spacings, but also the plottings indicate 
that Cr is in the tetrahedral position and that the 
mineral is kotschubeite, The d spacings and the in- 
tensities of chrome chlorite (kotschubeite) readily cor- 
respond with the d spacings and the intensities of 
kotschubeite reported by Lapham (I958), and are 
given in Table 1 for purposes of comparison. 

Differential thermal analysis of chrome chlorite (kots- 
chubeitel 

The DTA curve of the chrome chlorite is given m 
Fig. 6. The curve has two endothermic peaks, one 
at 720~ and the other at 850~ and one exothermic 
peak at 825~ Lapham (1958] after thermal analysis 
of nine chrome chlorites states that most of the 
samples are characterized by the presence of one 
exothermic peak and two endothermic peaks and in 
most of the samples an additional exothermic peak 
at 350~ is recorded Out of the nine chrome chlor- 

Table 1. X-ray powder diffraction data of chrome chlorite 
q kotschubeitel 

720~ 

Fig. 6. Thermogram of chrome chlorite. 

ites, two do not show the presence of an exothermm 
peak at 350~ 

Lapham (op. cir.) opines that the broad peak at 
350~ indicates weak oxidation. It is interesting to 
note that the chrome chlorite of Byrapur, the chemis- 
try and the X-ray powder diffraction of which closely 
agree with the chrome chlorite (kotschubeite) of Sis- 
kiyou Country, does not show an exothermic peak 
at 350~ suggesting the absence of oxidation during 
heating. In order to confirm this chrome chlorite was 
heated in a muffle furnace up to a temperature of 
350~ and later was analysed chemically. The chemi- 
cal analyses showed hardly any difference in the 
chemistry from the pre-heated sample except for the 
loss of water. The first and second endothermic peaks 
of the chrome chlorite of Byrapur area are at 720 
and 850~ as in the chrome chlorite (kotschubeite) 
of Siskiyou County, (Lapham. 1958: Sabatier, 1950) 
reported that the increase in the substitution of iron 
for magnesium in the octahedral sites decreases the 
decomposition temperature from a maximum of 700 
to below 600~ Comparatively, a higher percentage 
of Mg in the chrome chlorite of Byrapur. as revealed 
by the chemical analysis, points out a lesser amount 
of substitution and hence the resultant endothermic 
peak is al a higher temperature. Lapham (op. cit.) 
has correlated the percentage of Cr20 3 with the tem- 
perature of the first endothermic peak and obtained 

(i) (z) 

..... o . . . . . . . . . . . . .  o . . . . . . . . . . . .  
d (A) Int. d (A) Int. 

14.25 39.5 14.15 37.0 
7.19 96.0 7.ii 95.2 
4.79 92.0 4.741 92.6 
4.58 4.0 4,581 - .0  
3.91 4.0 3.931 2.9 
3 , 5 9  9 3 . 5  3 , 5 6 1  9 3 . 5  
2 . 8 6  2 6 . 5  2.  847 2 4 . 9  
2 .58  ll.O 2 , 5 8 3  5.7 
2 . 5 3  3 . 0  2 . 5 3 8  9 . 3  
2 . 4 2  6 . 0  2 . 4 4 0  7 . 2  
2 . 3 3  3 . 9  2 . 3 7 7  4 . 1  
2 , 2 6  4 . 9  2 . 3 2 2  2 . 0  
2 . 0 4  5 . 5  2 . 2 6 0  3 . 3  
2 . 0 1  3 . 0  2 . 0 3 5  " . 1  
2.00 3.0 2.003 7.9 
1 .87  3 . 5  1 . 8 8 3  3 . 2  
1 . 8 4  5 . 0  1 . 8 2 5  2 . 9  
1.72 4.0 1,803 1,5 
1.62 3.0 1.711 1,3 
1.57 7.0 1.666 1.8 
2.50 9.0 1.569 6.0 
1.49 2.5 1.537 6,1 
1,52 2 .8  1,501 2 . 3  

1 . 4 2 5  2 .8  
1 , 3 9 6  5 .7  

1. Chrome chlorite (kotschubeitel. Byrapur. India. 
2. Kotschubeite. Siskiyou County, California 

740 

7o( 

I-- 

6 6 O  

ol7 

{3 t K 
OA ~x 

25od',~ 7"err, "~ "~ ~1 

% - .  %%~-.. 
c- "~4 

6 2  I I I 
0 2 3 ,~ 5 6 ? @ 

% c%o 

Fig. 7. Variation in chromite oxide content with tempera- 
ture of decomposition of the brucite layer (after Lapham, 
1958}. A and B--Samples ofViswanathaiah et al. K Sam- 

ples under study. 
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Table 2. Chemical analyses of the chrome chlorites 
(kotschubeitesl 

C o n s t i t u e n t s  1 2 3 

S i 0 2  

A1 Z 03 

F e 2 0 3  

Fe0  

Cr 203 

Mn0 

T i 0 2  

Mg0 

Ca0 

Ni0  

t I20 -  

H20§ 

K20 

Na20 

32.68 32.08 

12.85 13.98 

0 . 8 7  T ~ t a /  0 . 4 2  
iron 

0.38 

3 - 6 (  3 . 4 0  

0.34 0 . 0 2  

Traces Traces 

37.39 34.66 

1.18 0.72 

n . d  0 . 0 9  

0.45 0 . 3 2  

1 0 . 9 7  1 2 . 9 3  

n . d  T r a c e s  

n . d  T r a c e s  

3 2 . 5 3  

1 3 . 2 8  

1 . 8 4  

3 . 6 1  

T r a c e s  

3 7 . 0 4  

0.16 

1 0 , 1 8  

To t~ t l :  9 9 . 9 1  9 9 . 9 8  9 9 . 4 7  

Table 3. I.r. spectral bands showing absorption at different 
wavelengths 

2 t o  5 6 t o  9 10 t o  11 12 tO IS  
M i c r o m e t e r s  

1.  2 . 7 3  W 6 . 1 2  W 1 0 . 0 4  S 1 2 . 1 6  W 
2 . 7 9  M 9 . 2 5  W 1 0 . 4 0  S 1 5 . 2 6  W 
2 . 9 0  M 9 , 6 0  M 1 1 . 5 0  W 

2. 2.71 W 6,10 W i0.i0 S 12.18 W 
2 . 7 7  M 9 . 1 7  W 1 0 . 4 8  M 1 5 . 2 9  W 
2 . 9 0  M 9 , 6 2  S 1 1 . 5 0  W 

W = Weak M = Medium S = Strong 

1. Kotschubeite, Siskiyou County, California (Tudden- 
ham and Lyon 1959). 

2. Chrome chlorite (kotschubeite), Byrapur, India. 

position of this chrome chlorite of the Nuggihalli 
schist belt on comparison readily agrees with the 
chemical composition of the kotschubeites reported 
by Lapham (1958) and Lyakhovich (1961) and are 
given in Table 2. The structural formula of the 
mineral is calculated on the basis of 18 oxygen atoms. 

1. Chrome chlorite (kotschubeite), Byrapur, India; Ana- 
lyst: K. T. Damodaran. 

2. Kotschubeite, Siskiyou County, California; Analyst: 
W. H. Herdsman. 

3. Kotschubeite, East Siberia; Analyst: V. V. Lyakho- 
vich. 

Calculated structural formula from chrome chlorite 
(kotschubeite). 

Ca0.~2 (Sis 15 Alo.58 Cr0.27)4. 
(Alo.8 8 +3 +2 Feo.oo 5 Feo.o3 Mn 0,03 Mg5.4)6.34 O18 H7.o. 

two curves, each one of them representing Cr in tetra- 
hedral and in octahedral positions. The temperature 
of the first endothermic peak and the Cr203 content 
of the chromium chlorite under study when plotted 
on Fig. 7 fall on the curve which represents chromium 
in tetrahedra! position and thereby suggest that the 
mineral is kotschubeite. From the first set of endo- 
thermic peaks obtained by Viswanathaiah et al. (1974) 
it stands to reason that an increase in 0.1% of Cr203 
has increased the decomposition temperature by 9~ 
But it should be noted that the temperature of the 
first set of endothermic peaks of both the minerals 
(A) (710~ and (B) (702~ (Viswanathaiah et al. 
(1974) when plotted on Fig. 7 indicate the presence 
of only 2.9 and 3.1% of Cr203, whereas 3.9 and 4.0% 
of Cr2Os are determined by chemical analyses (Vis- 
wanathaiah et al., 1974). According to the conclusions 
drawn by Viswanathaiah et al. (1974) the temperature 
of the first set of the endothermic peaks logically 
should fall between 90 and 81~ Such a lowering 
of the temperature of the first set of endothermic 
peaks has not been recorded by Viswanathaiah et al. 
(1974) and therefore it appears that there is a con- 
siderable disagreement between the temperatures of 
the endothermic peaks and the percentage of CrzO3. 

Chemistry of the chrome chlorite (kotschubeite) 

A glance at the chemical analysis of the chrome 
chlorite (kotschubeite) given in Table 2, shows that 
the mineral contains 3.6~ Cr20 3. The chemical corn- 

l.r. spectroscopic study of chrome chlorite (kotschu- 
beite) 

Tuddenham and Lyon (1959), after a detailed study 
of the "relation of i.r. spectra and chemical analyses 
of some chlorites and related minerals", arrived at 
some important conclusions. According to these 
authors "an unknown chlorite mineral sample can be 
classified from an i.r. study alone". Phillips (1954) pro- 
posed the name kotschubeite for the chrome chlorite 
from Siskiyou County, CA, on the basis of optical, 
X-ray powder diffraction and Lapham (op. cit.) also 
named the chrome chlorite of Siskiyou County as 
kotschubeite on the basis of crystallochemical studies. 
Tuddenham and Lyon (1959) analysed 21 different 
chlorites including kotschubeite. The absorption 
bands obtained by Tuddenham and Lyon (op. cit.) 
at various wavelengths are given in Table 3, together 
with the absorption bands for the chrome chlorite 
(kotschubeite) of Byrapur. The bands of the i.r. spec- 
trum of the chrome chlorite under study, on compari- 
son, correspond with those of kotschubeite given by 
Tuddenham and Lyon (1959). Chemical, X-ray 
powder diffraction and DTA studies establish that the 
chrome chlorite is kotschubeite. It is interesting to 
note that the i.r. spectroscopic study also indicates 
that the chrome chlorite of Nuggihalli schist belt is 
kotschubeite and not kaemmererite as suggested by 
earlier researchers. 
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