THE CHROMITE BEARING ULTRABASICS OF KONDAPALLE AND
GANGINENI (A.P.) AND THE PETROGENETIC RELATIONS BETWEEN
ASSOCIATED “CHARNOCKITE SERIES” OF ROCKS

by R. C. SiNHA and A. P. MALL, Department of Geology, Patna University, Patna-5

All the members of charnockite series along with khondalite suite of rocks
occur in Kondapalle and surrounding areas. The chrome-ore bearing ultra-
basics (stratiform deposits) of Kondapalle and Gangineni occur as intrusives
into basic charnockites. These ultrabasics have been intruded by
acid charnockites. It is believed that the basic charnockites (metamorphosed
basic volcanics) and khondalites (paragneisses) represent the rocks of the
basement, whch have undergone ‘‘amatectic” fusion to give rise to acid char-
nockites. The intermediate charnockites are the hybrids formed by interming-
ling of acid and basic material. Finally, all the rocks belonging to charnoc-
kites, khondalites and ultrabasics (chromiferous) were metamorphosed
together to granulite facies conditions, during or after the emplacement of
acid charnockites, at a temperature when biotite and hornblende were stable
in presence of excess of water. The presence of biotite and hornblende in
charnockites are not due to differences in temperature rather they owe their
origin to changes in water fugacity.

INTRODUCTION

After, the “charnockite series™ of rocks were described by Holland (1900) from
the type area near Madras, similar rocks have been reported from other parts of the
Peninsular shield area. Rocks belonging to this series have also been reported from
hill ranges of Bezwada and Kondapalle. All the members of charnockite series
along with khondalite group.of rocks (Basement complex) are found to occur in
the area. The geology and petrochemistry of these rocks were described in some
detail by Sriramarao (1947). The major structures and the field relationships of the
various rock units from Kondapalle have been described by Leelanandam (1969).
Our own observations generally agree with those of Leelanandam and therefore,
it is not intended to discuss them in detail here. A brief account is included for the
convenience of readers.

Khondalites and their reconstituted and recrystallised facies (leptynites) are
the oldest formations in Kondapalle and surrounding areas. Leelanandam tentatively
suggests that the basic charnockites are intrusives into khondalites, but does not give
any conclusive evidence. Ultrabasic charnockites occur as small veins and bands
or as Schlieren in basic charnockites. The acid and intermediate charnockites
occur associated with the basic charnockites and khondalites. Veins of coarse-
acid charnockites have been noticed in basic charnockites by Leelanandam (1969).
1t is pertinent to note that intermediate charnockites often show a composite character
by alternation of dark and light bands. Pink granite gneisses seem to be local
variants of acid charnockites. A large number of pegmatites and a few dolerite
dykes also occur in the area.
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The mineral chemistry of these rocks has been described in detail by Leela-
nandam (1967, 1970) and also by Mall and Singh (1972). The chromite bearing
ultrabasics (stratiform deposits) occur as intrusive veins and bands of varying
dimensions in basic charnockites near Kondapalle (Mall 1973) and Gangineni
(Mall and Rao 1970). The ultrabasics have been worked for their chrome-ore,
but their petrogenetic significance has not been realised by earlier workers. In
Kondapalle, ultrabasics have been intruded by acid charnockites. At the contact,
the injection of felsic material in the ultrabasics are on such a scale that alternate
bands of dark and light minerals often impart composite migmatitic character to
the rocks. Away from the contact, a large number of thin felsic veins cut the
ultrabasics. The felsic veins generally show mortar texture, an evidence which
supports their forceful injection. The Gangineni ultrabasics have also been intruded
by a small apophyses of acid charnockite, but the contact effects are not as vivid as in
Kondapalle. The field evidence suggests that the ultrabasics are younger than
basic charnockites in which they occur as intrusives and that they are older than
the acid charnockites. It will be seen later that chromite bearing ultrabasics are
chemically different from the ‘“‘ultrabasic charnockites” and bear no genetic relation
with the charnockite series. Thus the acid and basic charnockites are not the result
of a continuous process, rather there is a time gap between the two when chromite-
bearing ultrabasics and their differentiates (dunites and anorthosites.) were intruded.
The following sequence of rocks is proposed for Kondapalle and surrounding areas.
The sequence of rocks from the type area of Madras (Subramaniam 1959) is also
given for comparison.

Madras area

Kondapalle area

(Subramaniam 1959)

(Sinha and Mall)

Dolerite

Charnockite suite of alaskite, charnockites,
quartz-syenites, enderbites , their variants
and reconstituted facies.

Syntectonic lenses of norite with pyroxenitic
schlieren.

Hybrid rocks formsd by reaction of charnockite
magma with pyroxene granulites of base-
mznt.

Pyroxene granulites and variants of the base-
ment.

Schistose garnetiferous sillimanite gneisses
and their recrystallised facies (leptynites).

Dolerite
Acid charnockites, enderbites and granite
gneisses and their variants.

Hybrid rocks formed by reaction of char-
nockite magma with pyroxene granulites
of basement (Intermediate charnockites).

Chromiferous ultrabasics, dunites and
anorthosites.

Two pyroxene granulites, hornblende granu-
lites (Basic charnockites) and pyroxenites.
amphibolites and their variants (Ultra-
basic charnockites).

Khondalite suite of rocks.

In this paper the term, witrabasic has been used for chromite bearing ultrabasws
of Kondapalle and Gangineni unless it is stated otherwise. .
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Mineral-chemical differences between chromiferous ultrabasics and ‘‘charnockite
series”—The primary nineral constituents of the chromiferous ulfrabasics are
orthopyroxenes and chromites, the former being common both in the ultrabasics
and the charnockites. Therefore, it will be pertinent to analyse and compare the
chemistry of these for any relationship existing between them.

Analyses of twelve orthopyroxenes from ultrabasics are available in literature
of which nine are from ultrabasics of Gangineni (Mall and Rao 1970) and three are
from ultrabasics of Kondapalle (Mall 1973). Analyses of twenty nine orthopyroxenes
belonging to various members of *‘charnockite series” are taken for comparison of
which eighteen are from the charnockites of Kondapalle (Leelanandam 1967) and
eleven are from the charnockites of Madras (Howie 1955).

Bhattacharya (1971) found that plots of weight per cent (MgO-FeO--Fe,0,)
versus weight per cent Al,O; form demarcation between igneous and metamorphic
orthopyroxenes. Analyses of the above orthopyroxenes are plotted on the said
diagram (Fig. 1). It may be seen that there are subtle chemical differences in the
orthopyroxenes and they fall in two distinct groups i.e., the orthopyroxene analyses
from chromiferous ultrabasics fall in the igneous field, and those from charnockites
fall in the metamorphic field. Therefore, it is believed that the ultrabasics of
Kondapalle and Gangineni do not bear any genetic relation with the associated
charnockites. Besides, the evidences given below also supports the above context :
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Fic. 1. Plots of weight per cent Al,O, versus weight per cent (FegOy+FeO+MgO) of
orthopyroxenes from ultrabasics (Kondapalle—O, Gangineni—@®),and charnockites (Kondapalle-x,
Madras,—[]). The broken boundary line which separates igneous and metamorphic fields is
after Bhattacharya (1971).
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(i) Ultrabasics at places show rhythmic minerals banding, typical of plutonic
igneous rocks. The same is not observed in the associated charnockites.

(if) Cell parameters of the three orthopyroxenes from Gangineni ultrabasics
are similar to igneous orthopyroxenes and do not show any iesemblance to ortho-
pyroxenes from charnockites.

No. of sample En-content a(l) b(A) c(R)
4/16 93.0 18.239 8.840 5.189
4/4 91.4 18.252 8.828 5.177
4/6 85.4 18.293 8.837 5.190

(iii) The alumina content of orthopyroxenes from ultrabasics have values
similar to those of igneous orthopyroxenes (Mall and Rao 1970) but not to those
of the orthopyroxenes from charnockites.

Chromiferous ultrabasics—(mineral assembleges and phase equilibria)—The
chemistry of the minerals from chromite bearing ultrabasics of Kondapalle and
Gangineni has been discussed in detail by Mall and Rao (1970) and by Mall (1973).
The ultrabasics range in composition from chromitites, enstatitites and bronzitities
to dunites. The samples of dunite were picked from quarry dumps and their location
in the main body could not be ascertained. The primary minerals of dunite include
olivine and chromite. With the influx of granitic material, olivine has partially
changed to orthopyroxene, hornblende and phlogopite. The primary minerals of
chromitites and enstatitites etc., are orthopyroxene and chromite. In ultrabasics
of Kondapalle, besides primary minerals, several new minerals have been introduced
through the contact effect of acid charnockites. The new minerals include quartz,
orthoclase, plagioclase, diopside, phlogopite and minor amounts of garnets (only
in a few samples). These minerals occur as thin veins in the ultrabasics and also as
fillings along the intergranular boundaries of the primary minerals. The relative
proportion of the minerals varies from place to place. The K-phase is an ortho-
clase perthite (exsolution perthite, 2V = 55° — ve) *having a composition Or,.q
AD 5.6 and An ;.,, (from chemical analysis). The sample was analysed by X-ray
which gave cell parameters a = 8.566 (A), b = 12.975 A), ¢ = 7.189 A), B=115°
59’. 1t plots near orthoclase “Benson” and gives a composition Org; by the method
of Wright (1968). The differences in Or content in the two methods are due to
exsolution lamellae present in the orthoclase which are not accounted in X-ray
measurements. It is important to note that the K-phase in charnockites of
Kondapalle is always orthoclase and not microcline as in Madras. The same has
been observed by Leelanandam (1967) also. Five samples of orthoclase from
charnockites of Kondapalle were analysed by Leelanandam (1967) which range in
composition from Or,g.g to Ory., Chemical analysis of the plagioclase from the
above sample gave, Ang;. It shows a low structural state (by X-ray methods), which
indicates a slow cooling. The plagioclases from basic charnockites have also given
low structural state. The plagioclases from acid and intermediate charnockites of
Madras range in composition from Ang,.g (Howie 1955).
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In Gangineni the contact effects of acid charnockites on ultrabasics are very
limited and rocks have only primary minerals, orthopyroxene and chromite. Nine
pairs of these minerals were analysed and studied by Mall and Rao (1967). The
regular distribution of Fe and Mg between coexisting pairs indicates equilibrium
condition. In Kondapalle, besides the primary minerals orthopyroxene and chro-
mite, two new ferromagnesian mineral phases (diposide and phlogopite) have also
been introduced through the activity of acid charnockites. Coexisting ferromag-
nesian minerals from four samples have been analysed (Mall 1973). The mineral
phases have been plotted on a compatibility tetrahedron Ca-Mg-Fe*? + Mn-R*?
(Fet® 4 AL*® 4 Cr*?) (Fig. 2). The regular distribution of Fet? and Mg between
coexisting mineral phases (Table 1), obedience of the mineral assemblage to Gibbs
phase rule, and compatibility of the phases indicate a close approach to chemical
equilibrium during the formation of these minerals. It indicates that all the ferro-
magnesian minerals finally equilibrated together in a single event to the same P, T
conditions, though they crystallised at different periods. Leelanandam (1970,
p. 502), while describing various coexisting ferromagnesian minerals from
Kondapalle charnockites, concludes that “the Kondapalle charnockites have attained
equilibrium during one period of crystallisation and chemical cummunication.”

The distribution coefficient calculated for three pairs of coexisting orthopy roxenes
from ultrabasics of Kondapalle gave values 0.63, 0.62 and 0.50 with an average of
0.58. The K, value (0.58) is quite consistent with the distribution coefficient cal-
culated for many pyroxene pairs (K, = 0.54) from charnockites of Kondapalle
(Leelanandam 1967) and Madras (Howie 1955). which indicates similar conditions
(granulite facies) of equilibration for the pyroxenes of Kondapalle ultrabasics. From
the above facts it is evident that the minerals in Kondapalle ultrabasics (and also in
Gangineni) were equilibrated together with the associated charnockites under
granulite-facies conditions during or after the emplacement of acid charnockites.

The composition of 4 clinopyroxenes from ultrabasics of Kondapalle are
plotted on Ca-Mg-3 Fe triangular diagram (Fig. 3) together with clinopyroxenes
from charnockites of Kondapalle (Leelanandam 1967), and Madras (Howie 1955).
Tie-lines are drawn for coexisting orthopyroxenes. The crystallisation trends of
pyroxenes from Skaergaard Intrusion are also given for comparison. The clino-
pyroxenes from charnockites and also from ultrabasics are more calcic than the
clinopyroxenes from tholeiitic igneous rocks—a feature which is common in regio-
nally metamorphosed clinopyroxenes. Besides this difference, the compositional
trend of clinopyroxenes from charnockites are remarkably parallel to those of
Skaergaard clinopyroxenes. It isimportant to note that the clinopyroxenes from
Kondapalle ultrabasics fall close to the compositional trend drawn for clinopyroxenes
of charnockites. This is in agreement with our petrographic observations that the
clinopyroxenes in ultrabasics were formed later by the contact effect of acid char-
nockites.

PETROGENESIS

After Holland (1900) proposed that the rocks belonging to charnockite series
constitute a petrographic province, much field evidence from different parts- of
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FiG. 2. A compatibility tetrahedron Ca-Mg-R7*(Fe™*-+ Al" *+ Cr?*)—Fe** 4+ Mn showing the
composition of coexisting ferromagnesian minerals from uitrabasics of Kondapalle. The length of
horizontal bars show compositional variations in respective mineral phases.

TABLE 1

Atomic Ratios of Mg between Coexisting Ferromagnesian Minerals from Ultrabasics of

Kondapalle

opx di h-+ chr
Ref. No. xP X x X

Mg Mg Mg Mg
7/785% 0.924 0.951 - 0.419
7/768 0.902 0.938 0.965 0.377
7/778 0.844 0.915 0.927 0.236
7/790* - 0.918 0.881 -

*Sample No. 7/790 also contains orthopyroxene and chromite, but they are not analysed.
4+Sample No. 7/785 has no phlogopite.

Total iron value for phlogopite is used in calculation.

Xpmg = Mg/(Mg+Fet?)

opx orthopyroxene ph = phlogopite
di = diopside chr = chromite

I
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FiG. 3. Triangular compositional plot of coexisting pyroxene pairs from Kondapalle ultra-
basics (X) and from charnockites (Kondapalle-@®, Madras-0). The crystallisation trend of
the pyroxenes from Skaergaard rocks ([]) are also given, Tie-lines for coexisting pairs are drawn.

Peninsular India has proved it otherwise. Recently, Crawford (1969) has determined
Rb-Sr ages for various charnockitic rocks of Peninsular India, which have given
quite different ages for different areas e.g., Nilgiri Hills 2,625%125 m.y., Madras
2,580=%125 m.y., and Vishakhapatnam 1,650 m.y. The various ideas and hypotheses
given by different workers have been very nicely compiled and discussed by
Subramaniam (1967) and it is not intended to discuss them in detail here. It will
be sufficient to mention here that most of them believed that the basic charnockites
and Khondalites formed the basement complex into which acid charnockites have
been emplaced. However, the evidence put forward in support of this contention
was non-conclusive and could not prevail in view of the findings of Howie (1955)
who after a detailed geochemical study of Madras charnockites concluded that
“these rocks were originally a series of calc-alkali plutonic rocks which have subse-
quently undergone high-grade regional metamorphism’™. Earlier, in this paper it has
been noticed that in Kondapalle the acid charnockites and the basic charnockites
do not represent one single event. Subramaniam (1967) in a general discussion
and also on the basis of exhaustive field studies of the type area has provided many
lines of convincing evidence particularly mineral chemical contrasts which suggest
that charnockites of the Madras are also not co-magmatic.

In order to determine the possible nature of the formations from which the
basement rocks have evolved, one has to look to the regional geological setting and
also to the initial chemical composition of the formations from which the present
rocks could be derived. The Eastern Ghats region between Bezwada-Kondapalle
and Cuttack, are largely made-up of charnockites and khondalites associated with
crystalline limestones and metamorphosed manganiferous sediments. The latter
two are resticted only to certain parts of Orissa and Andhra but the occurrences of
khondalites and charnockites are recorded throughout the region. Similar
associations are also reported from other parts of the world e.g., from the Ivera
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Zone of Alps (Wenk 1965) and from Mont Tremblant Park, Quebec (Katz 1969).
It is certain that the khondalites are paragneisses derived by high grade meta-
morphism (ultra metamorphism) of aluminous sediments (clays, shales etc.). On
attainment of appropriate temperatures, partial melting of the rocks takes place
and as the melting proceeds more and more of hydrated mineral phases react to
provide water for melting leaving refractory residues like garnet, sillimanite and
graphite etc. Katz (1969) also, favours a similar process for the garent-sillimanite
paragieisses of Mont Tremblant Park, Quebec.

On the basis of chemical similarities, it can be said that the parent material for
basic charnockites may be some calc-alkaline basic igneous rocks. However, the
intimate association of basic charnockites with the paragneisses (khondalites) for
several hundred kms in Eastern Ghats makes us to believe that the parent material
were basic volcanics laid down in a sedimentary sequence.

Giving careful consideration to these, the following mode of evolution of the
rocks of Kondapalle and surrounding areas is proposed :—

(f) Deposition of thick pile of aluminous sediments (with carbonaceous inter-
calations), arkoses and volcanic flows in interstratified sedimentary sequence under
geosynclinal conditions.

(i) During the first stage of Orogeny and metamorphism, original sediments
were converted to their low grade metamorphic equivalents. At this stage most of the
water was lost except that contained in the hydrous mineral phases. It was also a
period of igneous activity represented by ultramafic intrusions of Kondapalle,
Gangineni and surrounding areas.

(i) Subsequently, in the second stage of Orogeny and metamorphism the
rocks were downfolded and progressively buried to greater depths and were subjected
to high temperature metamorphism under plutonic conditions and in relatively dry
environment. With rise in temperature partial melting (anatexis) of the rocks took
place, yielding liquids of granitic composition, which provided parent material for the
acid charnockites. It is pertinent to note that the plots of Q-Or-Ab (normative)
composition of “acid charnockites” mostly fall within the field of andtectic melts
(Fig. 4).

Experimental petrologists know that the production of granitic melt through
anatexis has a firm physico-chemical ground, the only requirements are suitable
composition and availability of water. Melting starts at considerably low tempe-
rature (650°C to 700°C) which is normally believed to be exceeded by these rocks.
In a hydrothermal experiment an acid charnockite from Waltair gave the first melt
at 640°C and 5 Kb H,O pressure (N. C. Ghose, personal commun.). Experi-
ments on the partial fusion of crustal materials, containing water only in hydrated
phases, demonstrate that water-under-saturated-melts, with compositional affinities
to the granite family, are produced at P and T in accordance with the observations
on the metamorphic state of migmatite terraines (Brown and Fyfe 1970).

It is generally agreed that the charnockites were evolved under “dry” conditions.
but it should not be interpreted as total absence of water in these rocks. Water was
present in quantities sufficient to produce large amounts of granitic melt by
“anatexis” By dry conditions it is only meant that water never occurred as a
separate phase (i.e., the melt was always under saturated in water and it was present
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Fic. 4. Normative Q-Ab-Or plots (@) of acid charnockites and enderbites from Madras, Waltair
and Kondapalle etc. (source of data from Howie 1955; Subramaniam 1967; Sriramarao 1947;
and Ghose unpublished). Dashed line encloses the field of experimentally produced anatectic
melts at PH,0=2000 bars (Winkler 1965, Fig. 38). The boundary shifts towards Ab corner at
pressures> 2000 bars. Solid line encloses the field of granite compositions. E, and E, are eutectic
points and M is the temperature minimum (—680°C) on the cotectic curve of the system SiO,-
NaAlSigOg-KalsiyOg =H,0 at PH,0=2000 bars.

butdissolved in the melt under pressure. Asthe melting proceeded, hydrated mineral
phases broke down to provide water for melting leaving the residual racks of the
basement still poorer in water). This is in agreement with the views of Luth (1967)
that the assemblage alkali feldspar-quartz-hypersthene, in charnockite  under
deep-seated conditions is only possible, if they were formed in a relatively dry con-
ditions i.e., no aqueous vapour phase was present. The development of phlogopite
in ultrabasics of Kondapalle at the contact of felsic veins indicates that water
was present in the melt. A large number of pegmatite veins present in the area
also indicate the same. Exsolution perthites which are common K-phase in Konda-
palle charnockites, could not have originated in anyhdrous conditions.

(iv) Often intermediate charnockites of Kondapalle show composite character.
Leelanandam (1969) has also observed such features and he mentions alternation
of dark and light bands in intermediate rocks. The composite migmatitic character
in intermediate charnockites has also been noticed from type area by Holland
(1900) and by Subramaniam (1959), the latter believes that ‘the intermediate division
of Holland represents hybrid types resulting from the intermingling of the “‘char-
nockite” and the older granulites’. A similar mode of origin for Kondapalle inter-
mediate charnockites is also proposed. Panlose (in Pichamuthu 1968, p. 64)
has shown that silicic and intermediate charnockites of South Kerala were the result
of assimilation of the pre-existing rocks of the basement by influx of granite.

(v) There is a varied opinion regarding the mode of occurrence of hornblende
and biotite in charnockites. Murty (1965) has described that the hypersthene in
Visakhapatnam charnockites due to progressive metamorphism of hornblende and
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biotite of original amphibolites, while Subramaniam (1967) believes that hornblende
and biotite in Madras charnockites are on account of retrograde metamorphism of
pyroxenes. The above observations may be true for the respective areas, but in
Kondapalle charnockites, the authors did not find any conclusive textural evidence
to suggest either of these. The minerals normally show sharp contacts. Recently,
Leelanandam (1970) in a detailed chemical study of ferromagnesian minerals from
Kondapalle rocks has provided evidence which demonstrate perfect chemical
equilibrium between coexisting pyroxenes, hornblendes and biotites. The chemistry
of the coexisting ferromagnesian minerals trom the chromiferous ultrabasics of
Kondapalle also suggests the same. Thus the hornblendes and biotites in Kondapalle
rocks are compatible and have not been formed due to retrograde metamorphism.
Therefore, it is suggested that all the Kondapalle rocks were finally metamorphosed
together , under plutonic conditions, during or after the emplacement of acid char-
nockites at a temperature (~650°C), when biotite and hornblende were stable in
presence of “‘excess’ of water. Buddington (in Winkler 1965) believes that *‘the observed
association of pyroxene-granulite and hornblende-granulite is to be attributed not to
a difference in temperature under equal pressure but rather to a difference in the
Sfugacity of H,O. He has described that if a series of geosynclinal sediments with
intruded sheets of gabbro is downfolded to a zone of high temperature and pressure,
then the outer borders of the gabbro sheets may be subjected to recrystallisation
under conditions of temperature, load pressure and water pressure adequate 10
produce the mafic mineral assemblage hornblende + hypersthene — (clinopyroxene)
or the same plus garnet, while the inner portions may give rise 1o mineral assemblage
characteristic of the pyroxene-granulite subfacies.” -
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