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Paragenesis of the metasomatic actinolite-bearing 
rocks from the Khetri copper belt, Rajasthan, India 1 
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[Taken as read 12 January 1967] 

Summary. In the south-eastern part of the Khetri copper belt, aetinolite occurs 
in association with alteration assemblages resulting from the Fe-Mg metasomatism 
that accompanied sulphide mineralization, and more commonly with albite-bearing 
rocks formed by albitization of quartzites and schists near granitic rocks. Within 
the latter occur many coarse, massive, and unoriented aggregates of actinolite 
crystals, individuals being commonly more than 10 cm long. Locally fluorite- 
bearing veins occur within granitic and albite-quartz rocks. The actinolite is 
pleochroic from pale pink to green; 7: [001] : 26~ y : 1"642 • 2V~ ~ 80 ~ 
The composition of the analysed actinolite closely compares with those published 
in the literature excepting in (OH), which is low. The mineral assemblages, formed by 
metasomatic replacement of pre-existing rocks, are equivalent to those of albite- 
epidote-amphibolite facies. The metasomatie fluid was apparently rich in Ca, F 
(indicated by fluorite), and oxygen (indicated by magnetite, ilmenite, and hematite). 

S ULPHIDES in the Khetri copper belt, Jhunjhunu  and Sikar dis- 

tricts, Rajasthan, have essentially been localized along shear and 
fault zones in quartzites, schists, and amphibolites (Roy Chowdhury 

and Das Gupta, 1965). Near sulphide bodies, the products of meta- 
somatism and alteration include zones of Fe-Mg amphiboles (viz. 
anthophyllite, cummingtonite, ferrogedrite, and ferrocummingtonite), 
actinolite, chlorite, biotite, sericite, etc. In  the south-eastern part  of the 
Khetri  belt, massive rocks composed of actinolite alone or of actinolite 

and albite occur within or near granitic rocks. Actinolite occurs in the 
mineralized shear zones in close association with the albite-bearing rocks 
where sulphides are rare. The mode of occurrence, the textural features, 

and the time relation between the crystallization of actinolite and albite 
show that  this actinolite is formed by metasomatism during albitiza- 

tion that  accompanied the emplacement of granitic rocks. Excepting 
in the metabasites and metamorphosed marly rocks, actinolite is gener- 
ally absent in the country rocks. 

1 Published with the kind permission of the Director-General, Geological Survey 
of -Tndia. 
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Actinolite is widely recognized as a product of metamorphism (cf. 
Deer et al., 1963), and has also been recorded as a common gangue 
mineral in certain 'skarn' deposits; Macdonald (1941) described meta- 
somatic aetinolite from the Sierra Nevada of California, U.S.A. The 
metasomatically formed actinolite has added interest in that it is re- 
lated to sulphide mineralization. This paper describes the mode of 
occurrence, mineralogy, and paragenesis of the actinolite-bearing rocks 
of the Khetri copper belt. 

Geological setting. The area consists of a thick series of quartzites and 
pelitic schists interlayered with marble, and impure calcareous rocks 
metamorphosed into amphibole quartzites, amphibole gneisses, etc., 
belonging to the Alwar and the Ajabgarh Series of the Pre-Cambrian 
Delhi System of Heron (1923). The distribution of these two series and 
the associated granitic rocks along with the mineralized belts is shown 
in fig. 1. In places the rocks are traversed by the pre- and post-granite 
doleritie rocks, now metamorphosed to epidiorites and amphibolites. 
Together with the earlier basic rocks, the rocks of the two series have 
been complexly folded into doubly plunging anticlines with superposed 
folds whose axes plunge down dip of bedding, and with increasing 
intensity of stress the folds yielded into faults. Regionally the rocks 
are metamorphosed tinder conditions of the amphibolite and albite- 
epidote-amphibolite facies excepting along west central part, where 
rocks of lower facies occur. Synkinematic hornblende- and biotite- 
granite intrusions are followed by extensive post-kinematic albitization 
of the country rocks, especially near intrusives and dislocation zones. 
Here sulphide mineralization is mainly controlled by the fault and shear 
zones (Roy Chowdhury and Das Gupta, 1965, 1965a). Albitization took 
place simultaneously with and outlasted the sulphide mineralization. 

Mode of occurrence. Actinolite is a common constituent of the brick- 
red albite-bearing rocks of the area ; it occurs usually as massive aggre- 
gates and less commonly as discrete, well-developed coarse crystals 
lining cavities, fractures, etc. Locally decussate aggregates of actinolite 
transect the groundmass Of finer grained actinolite. Near Salwari in 
the southern part of the belt, five actinolite-rich patches of various 
sizes and shapes have been mapped on a large scale (fig. 2, unpatterned 
areas represent covered grounds). Albite-bearing rocks or actinolite 
replace garnet--biotite schists (almandine, n 1"83) and quartzites; here 
actinolite occurs mainly with the albite-bearing rocks (Das Gupta, 
1964a). The distribution of aetinolite within the albite-bearing rocks is 
erratic. At places actinolite veins traverse the schists and quartzites 
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with or without albite. Often the actinolite rocks are traversed by 
younger quartz veins (2 mm to 3 m wide) with or without albite. The 
contacts between the albite-quartz rocks and the actinolite-bearing 
rocks are highly irregular ; the latter metasomatically replace the earlier. 

The quartzites that are replaced by actinolite are rich also in albite 
and magnetite; supergene chrysocolla is locally noted. Epidote, which 
is poor or absent in the rocks of the Salwari area, occurs about 7 km 
north of Salwari in the metasomatized quartzites and schists as albite- 
epidote-actinolite-bearing assemblages. In order of paragenetic sequence 
magnetite, ilmenite, hematite, and rutile occur profusely in actinolite- 
quartz rocks at Salwari. Chalcopyrite and pyrite are rare. Locally 
sphene, apatite, fluorite, scapolite, calcite, dolomite, and siderite are 
also present. Cleavelandite veins and masses transect the inclusion-flee 
coarse albite (Anlo) and actinolite that had crystallized earlier. T h e  
crystals of reddish brown cleavelandite, which are riddled with fine 
inclusions of hematite and magnetite, show ill-defined or diffused out- 
line and chess-board twinning. 

Mineralogy of the actinolite. Actinolite, quartz, magnetite, and ilmen- 
ite when they occur together are either automorphic or xenomorphic; 
in places small crystals of albite are developed. Less commonly actinol- 
ite occurs as perfect single crystals ranging in size from 0.1 to 150 mm 
]ong and 0.05 to 35 mm wide. Actinolite crystals commonly occur as 
short stout prismatic crystals, locally becoming slender. Rarely it 
occurs in diamond-shaped tablets owing to well developed {011}. The 
forms recognizable in well developed crystals are {100}, {010}, {001}, 
{1]0}, {130}, {011}, and {101}. 

The mineralogical and chemical data of the analysed actinolite are 
given in table I. The specimen was collected from the southernmost 
outcrop of the actinolitc mass at Salwari (fig. 2). Actinolite occurs in the 
assemblage actinolite-albite-quartz-magnetite-sphene-epidote of which 
actinolite constitutes about 85 %. The pure fraction was separated 
easily because the mineral occurs in coarse crystals free from inclusions 
of other minerals. The crystals were crushed to pass through 100-mesh 
A.S.T.M. sieve and separated on a Frantz Isodynamic Separator. 

Paragenesis. The composition of the actinolite studied does not differ 
much from, and is closely comparable to the ideal formula excepting 
in (OH). H20- }- content determined by standard Penfield method has 
been checked by repeated analyses. Apparently (OH)' has been sub- 
stituted by F' but total (OH,F)' is less than 2, the rest presumably being 
balanced by partial substitution of 0" (eft Berry and Mason, 1959, 



26 S . P .  DAS GUPTA ON 

p. 521). (OH)' deficient amphiboles have been recorded by Groves (1935) 
and others (vide Deer et al., 1963, pp. 251, 316-17) but none of these 
are of high F'  compared to (OH)'. There are unfortunately few data on 
the F'  content of actinolites. Geijer (1960) determined the range from 
0-40 to 1.17, the average being 0.63 ; but if more analyses were available 
it would certainly be much less. In the analysed specimen F'  is lower 
than Geijer's average but it is abnormally high to (OH)' of the mineral. 

TABLE I .  Chemica l  ana lys i s  (A;  a n a l y s t  R.  N. Sen Sa rma)  a n d  a tomic  r a t io s  to  
24(O,OH,F)  of  ac t ino l i t e  f rom Salwar i ,  K h e t r i  copper  bel t ,  R a j a s t h a n ,  I n d i a  ( the  

s o u t h e r n m o s t  ou tc rop  shown  in fig. 2) 

A B Sp. gr. : 3.18. 
Cleavage:  (110} good;  pa r t i ng  ]1 (001}. SiO2 55.46 Si 7.94 

8.00 Twinning:  {100} and  {001} simple.  A1 0-06 
AleO 3 2.18 A1 0.31 "~ a 1.622• pale pink,  
TiO~ 0.40 Ti  0-043 I fi 1.632• pale  green, 
F%Oa 2.80 Fe  3+ 0"301 5.328 :~ 1.642:1_0.003, green. 
MgO 17.83 Mg 3"805 Absorp t ion  y ~ fi > c~ 
FeO 7.20 Fe ~r 0.862 A few crys ta ls  show fa in t  g rada t iona l  
MnO 0-06 Mn 0"007 zoning. 
Na~O 0"84 :Na 0.232 ] ,v: [001] ~ 26~ 2V~ ~ 80 ~ 
CaO 11-60 Ca 1-78 1 2.072 
K20 0.33 K 0.06 Cell d imensions  (D.R. ])as Gupta)  : 

9 .89~0"01 F 0"51 F 0-23 } 0'85 a _ 
]-I204- 0.65 OIL[ 0"62 b 18.24~0.01 
I-I ~O -- 0.10 c 5.26+-0.01 

- -  • 105~ 0~ ' 
Tota l  99"96 Z : 2. 
O -- F 0.21 

Tremoli te  molecule -- 81.58 ~o and  ferro- 
99.75 t remol i te  molecule  = 18.42 %.  

The close association of fluorite with actinolite is noted in the area 
(cf. Das Gupta, 1960) ; a high F : OH is found in the actinolite where it 
is associated with fluorite. Fluorite occurs as irregular masses replacing, 
or along shear fractures traversing the albite-quartz rocks and granites. 
The distribution of uniformly disseminated fine crystals of fluorite in 
the host rocks suggests that  F '  was apparently in uniform concentration 
in the fluids in its initial stages, but was subsequently fractionated and 
locally concentrated to form fluorite deposits. 

Likewise the high O" content in the actinolite is reflected by the 
hematite inclusions in albite, and the close association of magnetite, 
ilmenite, and hematite especially in the immediate neighbourhood of 
actinolite rock masses. Fluorite crystallized after the iron-titanium 
oxide minerals. These minerals are locally associated with minor 
amounts of pyrite and chalcopyrite. The addition of sulphur can bring 
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an apparent high 0" content in the system under certain conditions set 
forth by Kullerud and Yoder (1963, 1964), but in the absence of signifi- 
cant amounts of sulphides compared to the oxide minerals it is suggested 
that sulphur could not have accomplished such a high state of oxidation 
prevalent throughout the area. 
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The temperature of formation of this deposit is lower than that of the 
amphibolite facies. The anthophyllite-cummingtonite-bearing rocks of 
the Khetri copper belt (Dos Gupta, 1962, 1964) were formed under the 
physical conditions of the cordierite anthophyllite subfacies of Eskola 
(Turner, 1949, pp. 76-88). The ratio of Fe : S in pyrrhotine (satisfying 
the conditions of Arnold, 1962) associated with the anthophyllite- 
cummingtonite-bearing rocks indicates a high temperature (about 
450 ~ C) of crystallization of the pyrrhotine (Dos Gupta, 1964b). An- 
thophyllite-cummingtonite-bearing rocks are genetically associated 
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with sulphides and  crystall ized earlier t h a n  the sulphides, and  therefore 
the former are considered to be of h igh- tempera ture  origin. La te r  

actinolite,  chlorite, etc., are in  regressive sequence with tha t  o f  the  
earlier anthophyl l i te ,  cummingtoni te ,  etc., and  therefore these later  

minerals  are assumed to be of lower tempera ture  of formation.  Under  
amphibolite-facies condit ions a t  high tempera ture  and  high water-  
vapour  pressure, f luorine-bearing amphiboles would be uns table  (Fyfe 

et al., 1958, p. 162). The fluorine-rich, act inol i te-bcaring assemblages 
are lower in facies condit ions characteristic of a lb i t e -ep ido te -amphi -  

holite facies. 
The change from Fe-Mg amphiboles to calcic amphibole  zones has 

been marked  with a fall in t empera ture  and  increase in PH~O and  Po~ 
dur ing  the change from amphibol i te  facies to a lb i te -ep idote-ac t ino l i te  
facies. A t  this stage concent ra t ion  of Ca in the mineral izing fluid was 
apparen t ly  high as is indicated by  the occurrence of actinolite,  fluorite, 

calcite, etc. 
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