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AssrRAcr

Chloritoid and tremolite-chloritoid amphibolites are
reported fiom a metasedimentary sequence in southeastern
India. From optical and X-ray data, chloritoid is identified
as the monoclinic variety. These chloritoid-bearing rocks
seem to have evolved, under greenschist-facies conditions,
from marly sediments containing intercalated aluminous
and femrginous strata.

Keywords: chloritoid, amphibolite, marly sediments,
greenschist facies, India, Andhra Pradesh.

SOMMAIRE

On d6crit des amphibolites i chloritoide et a tr6molite-
chloritoide d'une s6quence mdtasddimentaire dans le Sud-
Est de I'Inde. D'aprbs les propri6t6s optiques et les don-
n6es de diffraction X, le chloritoide est monoclinique. Les
roches qui le contiennent r6sulteraient de l'6volution, dans
les conditions g€n6ratrices du facies schiste-vert, de s€di-
ments marnerD( intercal6s de strates alumineuses et
femrgineuses.

(Traduit par la R6daction)

Mots-c Ms: chloritoide, amphibolite, s€diments marneur(,
facies schiste-vert, Inde, Andhra Pradesh.

INTRODUCTIoN

During the course of our geological investigation
of the Pamur area in the Prakasam district, Andhra
Pradesh, southern lndia Q9"20' - 79o25'E, 15"5'
- 15o l0'N), four major rock-types were en-
countered: chlorite schist, granitic gneiss, am-
phibolite and quartzite (Fig. 1).The rare association
chloritoid-hornblende was observed in samples from
the amphibolitic map-unit. The object of this note
is to describe some of the unusual assemblages in
which this association was found.

PetnocRApr{v

The metasedimentary amphibolites are compact
dark green rocks with a well-developed schistosity.
They can be classified into four types, depending on
the dominant mineral present in the rock in addi-
tion to hornblende: calcite amphibolite, epidote am-
phibolite, tremolite amphibolite and chloritoid
amphibolite.
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The choritoid amphibolite occurs as lenses in a se-
quence of schistose amphibolite layers. It contains
xenoblastic chloritoid grains that cut across the
schistosity (Fig. 2), and that must therefore be
postkinematic. Quartz, plaguoclase, hornblende, opa-
que minerals (mostly oxides) and epidote also are
present. The chloritoid is green, with the pleochroic
scheme, X green, Y light blue, Z pale yellow; 2V
54-70o, Z:c 2-6"; na - n? 0.005-0.009, nB
L7?n-1.723. The optic axial plane is normal to (010).
A single-crystal X-ray precession photograph gave
the following cell-dimensions:

a 9.44(3), b 5.32(3), c 18r';23) 4,,
cu 90o,  p l0 l '30(5) ' ,7  90o.

The optical and X-ray parameters identify the
mineral as monoclinic chloritoid (Halferdahl 196l).
Some of the grains are twinned, and some exhibit
shadowy strained extinction. The green hornblende
in the assemblage is the common type and has in-
clusions of quartz and opaque phases. Plagioclase
is lath-shaped and shows polysynthetic twinning.
Some of the quartz grains have relict clastic textures.

Chloritoid and hornblende are also observed in
association with fibrous tremolitic-actinolitic am-
phibole, in assemblages that include quaxlz, epidote,
chlorite and opaque phases. Chloritoid develops
from chlorite (Fig. 3) and is similar in optical prop-
erties to that described in chloritoid amphibolite.
Hornblende is green, with light green to light blue
pleochroism, 2V 58-62, Z:c 22-25", n^y - rrd. =
0.025-0.028. Some of the tremolite grains are col-
orless, whereas a few others are lighl green,2V
70-80o, Z:c 18-24", n^y - nor 0.023-0.025.

CHEMISTRY

Two specimens of chloritoid, one from a chloritoid
amphibolite and one from a tremolite-chloritoid am-
phibolite, have been chemically analyzed (Table l).
The chloritoid from the tremolite-chloritoid am-
phibolite was found to pontain a few quartz inclu-
sions, which could not be separated. These inclusions
have probably given a high SiO2 value and cor-
responding low values of other constituents. The
structural formulae agree with the general chloritoid
formula, X2Y(OH)4A\O2(SiO4)2, in which X
represents Fe3+, Fd*, Mg, Mn, Ca, Na and K, and
Irepresents Al, Fe3+ and Ti (Snelling 1957). The
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Ftc. 3. Development of chloritoid CT from chlorite CH.
x45, plane light.

TABLE I. CHEMICAL COI.IPOSITION OF CHLORIMID FROM IHE PAI'IUR AREA

.L
Sl02  wt .g  25 . ' l l
T i02  0 .66
41203 35 .18
Fe203 9,21
Feo 19.63
Itro 0.86
1490 1.96
Cao 0.82
Na20 0.20
KzO 0 .14
HzO 7.08
Total I 00.85

?
23.85
0.98

35,44
8.88

20.07
0,69
1 . 7 2
0.92
0.38
0 . 1 2
7  . 1 4

'100. 
I 9

L Z
si '  2.08 2.00
Al  3.00 3.00

Ftc. l. Geological map of Pamur area, showing the
distribution of amphibolite and other associated rocks.

Ftc. 2. Development of chloritoid across the schistosity
(schistosity in NE direction); inclusions of quartz in
chloritoid. x45, plane light.

analytical results are recalculated to give 2 Si per unit
cell, and the resultant formula is very close to the
general formula. The calculated molar ratios
MgO/(MgO + FeO) and MgO/(MgO + FeO +
2FEQ) are 15.1, 12.8 and 13.3, 11.3, respectively,
which are within the values given by Chinner (1967)
for chloritoid.

Two samples of chloritoid-bearing amphibolite
and three of chloritoid-free amphibolite have been

S t r u c t u r a l  f o m u l a ,  o n  t h e  b a s i s  o f  l 4 ( 0  +  0 H ) .

l: IF:31:ffi:ill:31:ill:[] sffl :F:il:llin:il:3:Iil3li:ra,lil)*'
* nunber of cations on the basls of l4(0 + 0H). l. Chlorltoid frcm
chlorl to i d amphi bol I te. 2. Chl orltoi d fm chl qri told-trerc] I te
anphibollte. Analyst: D. Sesha Reddy.

TABLE ?. CHEI4ICAL AND I'IODAL COI'IPOSITION OF SCHISTOSE AI.IPHIBOLITES
FROM THE PMUR AREA

AI
TJ
Fe3+
Fe2t
Mg
I'tr

Na
K
OH

0.44
0.04

t . $

0.24
0.06
0.07
0.03
0.01
1 0 ?

0.50
0.06
0.56
I  .40
0.22
0 . 0 5
0.08
0.06
0 . 0 1
4.00

Si02 wt.Z
I  t u z

Al 203
Fe203
Fe0
It0
Mso
Ca0
Na20
Kzo
Pz0s
Hz0
Total

48.56
I  . 1 4

15.04
4 .  l 8
8 .95
0.22
9.48
8.22
1 1 t

0.38
0 .  l 3

56.02
0.94

l J . o /

4.08

0.24

7.53
1 . 0 4
0.42
0 . 1 2

53.95 57.14 57,84
I  .00  0 .  94  I  .30

12.22  11 .  t3  8 .87
3.43  3 .64  4 .01
4.80  4 .73  4 .92
0.43  0 .03  0 ,42'10 .02  

9 .45  8 .37
9 . 4 3  8 . 7 6  1 0 . 1 6
1 . 8 3  1 . 6 3  1 , 2 4
0.45  0 .41  0 .20
0.?0  0 .  16  0 .25
2 . 1 5  2 . 0 2  2 . 2 5

100.18  100.24 99.91  100.04
Quartz 11.2
P l agiocl ase
Homblende 25.1
TremlJte 44.8
Ch lor ' l to id  14 .3
Ep ido te  2 . ' l
Ch lo r i te  1 .3
opaque phase 1 .2

32.5

55.9

0 . 1

2 . 5

22.4
8 . 5

:
r . s

27.7  26 .1
6 . 5  3 . 2

63.5  27 .0

|  , "- ,
2-.3' :

1,  2 :  ch lo r i to ld -bear lng  amphibo l i te .  3 ,  4 ,  5 :  ch lo r i to id_
free amphibolite. Analyst: D. Sesha Reddy.

analyzed. Their chemical and modal compositions
are given in Table 2. When plotted on Hoschek's
(1967) triangular diagrams (Fig. 4), a clear separa-
tion of chloritoid-bearing from chloritoid-free rocks
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FeO MsO(KNd20

is observed, with the former lying closer to the
AlrO, apex than the latter. However, note that
some of these rocks lie outside Hoschek's chloritoid
field, a fact that may indicate that Hoschek's line
of separation does not apply to amphibolites, bur
only to assemblages derived from metapelites.

PrtnocsNEsrs

Chloritoid-bearing assemblages in aluminous
metapelites are relatively cornmon (e.g., Milne 1949,
Williamson 1953, Hoschek 1967). They have also
been found in metamorphosed, hydrothermally
altered felsic volcanic rocks (e.g., Spitz & Darling
1973, Franklin et al. 1975). However, chloritoid-
amphibole assemblages appear to be rare. Descrip-
tions of such assemblages could only be found in
Thompson (1972) and Fox (1974), and in both cases,
the rocks are richer in AlrO, and KrO and poorer
in FeO + Fe2O3, CaO, MgO and NarO than those
at Pamur.

As described earlier, chloritoid-bearing am-
phibolites occur as lenses in the schistose am-
phibolites. The protoliths of the schistose am-
phibolites are considered to be marls. Aluminous and
ferruginous sediments admixed with marls as inter-
calations provided the suitable composition for the
formation of chloritoid amphibolites. The mineral
assemblages of these amphibolites are in the
greerxchist facies.

Iron oxides and chlorite might have reacted to give
rise to chloritoid thus: 5 hematite + chlorite : 5
magnetite + 2 chloritoid + 2 quartz + 4H2O, as
observed by Miyashiro (1973), The experimental
studies reveal that chloritoid would be stable over
the entire pressure range [P, : P(HzO)] from near
zero to the highest value (above 20 kbar) and up to
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500-700'C depending on P(O). With the participa-
tion of the full range of phases and components
available, the formation temperature of the
chloritoid is likely to be lower than that obtained in
experiments. In a reaction that involves the prior ex-
istence of dolomite in addition to the mineral
assemblages observed, chloritoid formation is like-
ly to have been influenced not only by T, P and
/(Or), but also by X(CO).
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