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Abstract, On the basis of field relations, petrography and chemistry, three types of granitoids
are recognized at Malanjkhand in and around the copper deposit over an area of about
200 km?. These are ({) a fine grained ‘leucogranite’ of restricted oceurrence in the surrounding
area (Gr-I); (ii) coarse-grained, grey in most parts, gneissose granitoid of regional extension
(Gr-11); and (iii) the pink-feldspar bearing massive type hosting the mineralization with
occasional representatives in the surrounding country {(Gr-111). Gr-1 comes out as a distinct
entity on the basis of cross-cutting relation and mincralogical and chemical composition,
the Rb-Sr whole rock isochron also giving a younger age than the other two groups
irrespective of the regression model used, Gr-11 comes out as the oldest unit hut ils age
relationship with Gr-III cannat be established unequivocally. An uncorrelated crror
regression motlel “establishes the age relationship as Grl < GrIll < Gr-I1, whereas a
two-error regression model establishes lempoeral closeness between Gr-11 and IIL

Keywords, Malanjkhand; copper deposit; granitoids; geochronology; isochrons; initial ratio;
temporal relation,

1. Introduction

Temporal relationship of granitoids and associated base-metal deposits is crucial
for answering several queries on the genesis of such deposits. The age relationship
among different discrete phases, wherever identifiable, is also necessary for unraveling
the records of crustal evolution in the area. Determining the age of granitoids at
Malanjkhand in particular, is warranted in order to record the latest granitic activity
in the area, keeping in mind the fact that, many workers (Tripathy 1974; Sikka 1989)
have described the deposit as a ‘porphyry-type’ which is typically restricted to younger
(late and post-Mesozoic) granitic activity in well-defined tectonomagmatic settings.
The granitoids atound the Malanjkhand copper deposit have so far received least
attention of previous workers, Based on the Rb-Sr analysis of four whole-rock samples
of granite gneiss, Ghosh et al (1986) reported an age of 2362 1: 58 Ma and considered
these granitoids to be synkinematic with the Amgaon Orogeny. No attempt was

" however made to group the different types of granitoids on petrochemical and geo-

chronological basis, The present communication aims at refining the work in terms

et

The term *granitoids’ is being used broadly to include rocks ranging in composition from alkali-granite
1o tonalite,
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of age relationship among different recognizable groups
support fo the grouping on the basis of petrography an

2. Geological setting

An area of roughly 200 km? around
MP (21°55' to 22°05'N and 80°40' to 80°S5'E) was

of granitoids with adequate
d chemical features.

the Malanjkhand cobpef deposit, Balaghat district,

taken up for petrogenetic study
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bearing on the events of crustal evolution in the area and genetic links of the granitoids
with the mineralization. The area is a part of the north-central region of the Indian
shield, The Dongargarh granite (2466 + 22 Ma, Sarkar et af 1990) lies 150 km to the
south, the Sausar and Sakoli metamorphic belts to the SW and SSW respectively and
the Chhatisgarh sediments (youngest Precambrian unit in the region) lie to the SE of
the area (figure | of Ghosh et al 1986), The area is likely to have been alfected by the
Amgaon oregeny (2400 Ma) and subsequent orogenic cycles but the unmetamorphosed
and undeformed Chilpi outliers (Sausar equivalents) in the area (figure 1) indicate that
the area does not register any effect of the latest orogenic cycles {Sausar and Sakoli —
850 to 950 Ma). The area is extensively soil-covered resulting in an overall scarcity of
exposures of the lithounits other than those of the quartz-bodies (lenses) and the
Chilpi outliers. Small exposures of granitoids with rare amphibolite enclaves and
basic dykes are exposed at the localities shown in figure 1. Mineralization is confined
mainly within an arcuate quartz reef (figure 1) occupying a deep seated fracture zone
within a pink-granitoid body where unmineralized late aplite dykes also occur, Basic
dykes constitute the youngest pre-Chilpi rock type in the area.

3. Granitoid types

The area is a vast granitic country with scattered scanty exposures (figure 1), The
majority of exposures surrounding the mineralized zone are composed of granitoids
which are grey, coarse-grained with variable degrees of gneissosity and sometimes with
conspicuous quartz bands. This type contains amphibolite enclaves. The proportion
of felsic/mafic minerals is more or less uniform. The granitoids of the mineralized
zone are comparable to their barren counterparts elsewhere in grain-size, color index,
mineralogy and presence of amphibolite enclaves; but their pink color (presence of
pink K-feldspar) and complete lack of gneissosity are very characteristic and justify
aseparate grouping. This variety also cccurs in the region surrounding the Malanjkhand
copper deposit in isolated exposures. QOccurrence of this variety at about 7 to §km
south of the mineralized zone has been noted. A third variety of granitoid distinctly
finer (relative to the other two) massive and leucocratic, has been encountered in the
area. This has not been reported by earlier workers (Tripathy 1974; Nath et al 1973;
Narang et al 1974). Exposures of this group in one or two quarries ESE of the
mineralized area were studied. Its occurrence as distinct bands amongst the grey
granitoid country has also been found. But they are not mappable in the scale of the
map 'given’in figure 1. Based on the field features, a subdivision of the granitoids of
the area is made and results of routine investigation are described under three groups:
Gr-1 the Leucogranite (the term is bemg freely used in a descriptive sense, refer
Schalteggar 1990); Gr-1I ~ the grey gneissose granitoids and G-I — the pink- feldspar
bearing granitoids. As shown later, this three fold grouping is further strengthened
by textural, mineralogical and chemical signatures of each type.

3.1 Comparative features

The salient petrographic and chemical features are collated in table 1, Total absence
of hornblende and sphene, negligible biotite and zircon and fine-grained massive-
nature are considered characteristic features distinguishing the Gr-I from the other
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two groups. Chemically also Gr-I comes out as a distinct entity by virtue of its highest
average Si0,, K,0 and Na,O (wt%) contents. The PzOs(wt“/q) f}nd Cr contents
are remarkably low and the Zr content is lower than in the granitoids of (.ir-l! and
III, The P, 05 wt%, of Gr-1 is much below the value of about 0-12 wt%, which is the
experimentally determined solubility of P, O (Watson and Capobianco 19§l) in i
granitic liquid corresponding to the observed SiO, content in Gr-I. This indicales a
difference in source between Gr-[ and Gr-II and III granitoids. As seen from table
1, Gr-IT and III are similar in their mineralogy and bulk chemistry and therefore
may be genetically related. The discrimination is mainly spatial; also, Gr-IIl is
characterized by pink K-feldspar and green biotite/chlorite (as against ubiquitous
brown biotite/chlorite in Gr-II), The brown to green color transition of biotite has
been ascribed by Hine et al (1978) o decreasing AI/(K -+ Na + Ca/2) value whereas
Ague and Brimhali (1988) hold the Ti content as the causc for the brown color.
Considering the facts that close AST (Aluminum Saturation Index) values are observed
in both the groups and sphene occurs as an alteration product of biotite in both, the
difference in color of biotite/chlorite could be due to other factors, The greater extent
of alteration and the nonuniform distribution of alteration products (mainly
K-feldspar) in Gr-III is envisaged as due to the gréater extent of fluid interaction
therein, this being the site of mineralization, As summarized in table 1, these granitoids,
especially Gr-Il and IIT, display various types of alteration features such as breakdown
of hornblende (to clots of biotite + epidote + chlorite and also simple chloritization),
chloritization of biotite and saussuritization of plagiociase. Replacement of these
pre-existing alteration assemblages, especially saussuritized plagioclase, by fresh
microcline - feeble in Gr-II and pronounced in Gr-IIT - and replacement of all the
pre-existing altered phases by quartz megacrysts, containing residual iso-oriented
inclusions, strongly indicate that microclinization and silicification followed 1he
alteration of the ferromagnesians and piagioclase. This is explainable as & closc-system
redistribution — early alterations being simple hydrolysis reactions with accompanying
enrichment of the fluid with respect to K, 0 and silica, which are later precipitated at
lower temperature (Giggenbach 1984). Low temperature range (~ 100 to 225°C) of
homogenization of primary inclusions in quartz in the granitoids (Panigrahi 1992)
favors the contention of such a close system redistribution, more than a ‘metasomatic’
addition of species like K,0 and SiO,. Hence, following the discussion on the
chemistry of these granitoids is worthwhile, .

Figure 2 does not help in making a sharp chemical discrimination of G-I except
restricting it to the ‘granite proper’ field (GR) (figure 2a, after Barker and Arth 1976).
In figure 2b,c, and d a more or less similar ‘cale-alkaline’ trend is observed for all
the groups (with greater scatter in Gr-I11 — shifting of points to Or/K corner) indicating
a similar line of evolution of these granitoids, Figure 3 is the Harker's varialion
diagram where all the groups are plotted together, Gr-I oceupies extreme posilions
wherever a usual covariation is observed e.g, Si0, ~vs- CaO(-ve), MgO(-ve) Fe™(.ve)
thus giving the impression of Gr-1 being the extreme fraction in the crystallization
sequence. Gr-II and I are inseparable. on such plots but together follow the trend
{with greater scatter in Gr-III) further suggesting their cogenectic (coeval ?) nature,
Use of parameters suggested by Hine et al (1978) for I- and S-type discrimination
(figure 3 - SiO,-vs-Na, O and figure 4d K, O-vs-Na, O} does not serve the purpose.
Besides, petrography does not reveal the presence of fragment of any protolith,
Moreover, the mineralogy as such, does not give first hand information on the

Y
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An

{a)

Adb

Na20+K20 B MgO Na Ca

Figure 2, Triangular normative and chemical plots of the three groups of granitoids. The
field and trends are as defined by Barker and Acth (1976). Symbols: *+" for Gr-1, ‘@’ for
Gr-II and *@" for Gr-IIT. The symbols are followed in figures 3 and 4. Numbers of samples
analyzed for major elements are: Gr-I — 6, Gr-II — 14 and Gr-111 - 42,

prevalent f,, (oxygen fugacity) of crystaliization; thus, ruling out direct/indirect
discrimination of these granitoids to I-/S-types. However, the parameters suggested
by Aguc and Brimhall (1988) are found to be useful in the present context. Even
though we do not intend to stick to their nomenclature [1-WC (weakly contaminated),
[-MC (moderately contaminated), I-SC (strongly contaminated) and I-SCR (strongly
contaminated and reduced)], the parameters help in further distinguishing Gr-1, which
mostly occupies the 1-SC field in the ASI-vs-SiO,, FM index-vs-SiO, and Mn index-
-vs-Si0," (figure 4a, b and ¢) plots. No regular spatial variation of the different groups
has been observed at Malanjkhand — unlike the situation obtained in the Peninsular
Range Batholith {PRB) (Ague and Brimhall 1988) for which the terms have been
coined, Also, there is no signature of a magmatic arc regime at Malanjkhand, Stii],
the involvement of a more acidic upper crustal material in the origin of the leucogranite
(GR-I) is indicated from such plots., This is corroborated by the total absence of
amphibole (refer I-SC type of PRB) and other chemical features pointed out earlier,
The Gr-IT and III being dominantly granodioritic to tonalitic (see figure 2a) roughly
occupy the [-WC field (not shown in the figure).

VFM index and Mn index are being used for the ordinates of figure 4 b and ¢ for convenience here, not
used by Apue and Brimball (1988), - : '
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Figure 3, Variation diagrams for all the groups of granitoids together. The I and § fype
boundary is as shown by Ague and Brimhall {1988).

4. Rb-Sr Isotopic systematics

Gr-T and IT are fairly homogeneous and do not present any sampling problem. Larger
samples were taken from Gr-1I1 to minimize the inhomogeneity. Representative
powdered fractions were used for isotopic analyses, the choice of samples being guided
by the range (maximum) in Rb/Sr vatues. Rb-Sr analytical procedures are as given
in Subba Rao et al (1989), The precision in the measurement of the Rb/Sr ratio is
better than + 19 and that for 87Sr/8%8r is given as 20 of the mean of each measurement.
Mean of several analyses of SRM-987 Sr standard is 0-71028 x5

Table 2 ‘summarizes the results of analyses and the calculated parameters
for the three groups. The St-isotope evolution diagram of the three groups of
granitoids are presented in figure Sa, b and ¢. Gr-I and I are represented by a fairly
colinear array of poinis giving 6 and 8 point isochrons respectively, Considerable
scatter is observed in the case of Gr-III, The results of statistical treatment of data
are also given in the table, It can be seen that the errors in’ X (®*'Rb/%Sr) and
Y(®7Sr/%58r) are rather poorly correlated and in all cases the value of ¥ is less than
unity. Brooks et al (1972) prefer an uncorrelated error treatment of data in such a
situation to the ‘two-error’ treatment of York (1969). The two error regression
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Figure 4, (a) ASI-vs-Si0O,, (b)) FM index (MgO/(MgO+FeO))-vs-Si01, () Mn index
[MnQ/(MnO + TiO, + FeO + Mg0)]-vs-Si0, plots (Ague and Brimhall [988) and (d)
Na,0-vs-K,O plot (after Hine et af 1978) for all the groups of granitoids. :

treatment of York suffers from some flaws as recently pointed out by Vistelius and
Faas (1991). According to them, the ‘weights’ (inverse of variance) that York’s model
give to X and Y do not guarantee consistency of the slope and intercept. Besides,
further uncertainties in calculation of slope would arise from the use of r; (correlation
of X and Y errors) which, in order te be dependable, should be calculated from a
large number of replicate analyses. However, the ages obtained by both two-error
regression and uncorrelated error regression methods are given in the table along
with the results obtained by using the program of Vistelius and Faas (1991). Gr-I and
IT give very clearcut ages: Gr-I - 2199 £ 178 Ma, Gr-II — 2405 £ 63 Ma by two-error
regression and Gr-I — 2106 & 124 and Gr-1I — 2467 + 38 Ma by uncorrelated regression
method. The MSWD values for the uncorrelated error method was calculated by the
equation of Wendt and Carl (1991) [MSWD = f ! X(AY,/o?) where Y=Y, — aX,— b
and g, = a’c3 + ¢} ] and was found to be always less than one, Higher values of the
Mean Square of Weighted Deviates (MSWD)~14 in case of Gr-I1I was observed from
treatment with York's model (or as high as 56 by Williamson’s (1968} method).
Considering the small number of samples, the MSWD values in this case are still
less than the theoretical expectation (Brooks et a! 1972) and hence it can be assumed
that the data points define isochrons in all the three groups, In Gr-ITI inclusion of
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Figure 5(a—e). Isochren diagram of the three groups of granitoids (a — Gr-1, b ~ Gr-11 and
¢~ Gr-IIT). d - *'Sr/*%8r -vs- 8i0, plot for the three groups of granitoids. Symbols: '+ - Gr-I,
‘O’~Gr-1l and ‘@ —Gr-1II, e~ Plots of the three groups of granitoids on ‘Initjal
Ratio’-vs-time diagtam (after Faure and Powell 1972), *B* - Basalt Field, QS ~ Continental
Evolution tine. *Q" - primordial and ‘R’ - present-day *St/*4Sr value of the mantle. Fields
‘A" and 'C" are for granitoids of direct mantle derivation and of exclusively upper-crustal
derivation respectively. '

sample No. GR26 (with the highest,X and Y uppermost extreme in the isochron
diagram) in the calculation is rather problematic because it drastically reduces the
slope; whereas, exclusion of any other datum point does not have any effect, The age
Obtained for Gr-1IT by uncorrelated error method is 2243 + 217 Ma through a 9 point
isochron. The value remains the same if the samples from the surrounding region
{samples No GR17, GRS, GR6 and GR64) are excluded, whereas, the ages obtained
from a 9 point and a5 point (Gr-IV - 41, 54, 38, 44 and 55) isichron are different
{1425+ 321 Ma and 2280 + 168 Ma respectively) in the two-error regression model.
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A 6 point isochron (mineralized area only including sample No GR26) gives
2126 + 129 Ma by two-error regression method. This is even younger than Gr-I age
obtained by the same method, This age of Gr-III against 2405 + 63 Ma for Gr-Il is
not plausible since a temporal and genetic affinity of these two groups is strongly
indicated by field relations, comparable mineralogy, overall chemistry and REE
fractionation index (Cen/Yby) (see table 1). Gr-lII has undergone a greater degree
of alteration during the mineralization resulting in greater extent of inhomogeneity
and greater scatter of points about the isochron. A larger number of samples could
possibly have given a symmnietrical scatter of points near GR26 as is observed in the
lower ranges of X and Y. Therefore, the age obtainable with sample number GR26
excluded is preferred. Such a posteriori rejection of points has been criticized by Lutz
and Srogi (1986) who devised a method of selection of points on ‘zero age shift” basis
from the absolute Rb and Sr concentration. The method could not be satisfactorily
applied to any of the groups in this case. Age shifts estimated by the procedure
outlined by them are negligible even in comparison to the errors in regression and
hence are ignored.

The ages obtained by using the method outlined by Vistelius and Faas (1991} are
21636, 24584 and 21944 Ma for Gr-1, IT and I respectively, The 95% conlidence
interval obtained are less than the ages calculated from the slope of the isochrons
(1719-4 - 1786-9; 2201 — 22423 and 15048 - 1618-8 Ma for the three- groups
respectively). Vistelius and Faas (1991) obtained ‘left sided’ confidence interval for
n={(5, 8 and 11) but believed that “it was too early to conclude anything on the
correlation of type of confidence interval and ‘n'” -

To sum up, the age relationship can be deduced as follows; Gr-I is the youngest
representing the latest granitic activity with a gap of about 200 m.y. with respect to
Gr-I1, the oldest group. Even though Gr-T occupies extreme positions in the variation
diagrams (figure 3), this group is unlikely to represent the latest fraction in the crysta-
llization sequence as a melt of crustal source is unlikely to have such a long residence
time (Schaltegger 1990), Considering the interval variation of Rb/Sr ratio in Gr-I
{0439 to 0-7616) it is also unlikely to have undergone reequilibration which would
otherwise cause an isochron rotation. Gr II1 comes out to be temporally close or
similar to Gr-1 (Gr-1T — 2405 + 63; Gr-III — 2425 + 321 Ma) as a result of two-error
regression treatment. This is in accordance with their similarity in overall mineralogy
and chemistry. The result obtained by the uncorrelated regression method and the
latest regression model {point estimator technique) of Vistelius and Faas {1991),
changes the picture a little bit by giving an intermediate age for Gr-IIL. Tt can only
be suspected that this age is a result of isotope reequilibration and rotation of the
isochron as suggested by Schaltegger (1990). If group II and TIT are the result of the
same phase of granitic activity, a narrower spread ol 0'13-0-3 in Rby/Sr ratio in Gr-111
(asagainst a spread of 0-12 — 0-58 in Gr-11) might have been due to later reequilibration
and this deduced intermediate age is significant, This feature is not observed in the
two-error regression treatment, -

4.1 Initial ratio -

The initial ratio obtained for the' Gr-I1 and 11T are 0~70145 + 00123 and 070467 +
‘000774 respectively and the difference in the values corresponding to the different
regression methods are inconsequentizl in the sense that a younger age resulifs in a
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higher initial ratio and vice-versa. But significantly the values are in accordance with
those of early-Proterozoic granites (Peterman 1979) and more importantly they lall
exactly on the continental evolution line limiting the ‘Basalt Field’ (Faure and Powell
1972} as is evident from figure Se, where, the continental evolution line is represented
by QS and B is the ‘Basalt Field’, Gr-IIT is represenied by a spread taking the
uncertainties in the values to consideration. This provides the first hand information
about their derivation from lower-crustal basic source of short crustal residence. The
‘amphibolite enclaves’ could very well represent the residue of such source. The overall
mineralogical and chemical signatures obtained from these two groups point towards
2 basic (amphibolitic) parentage. The initial ratio of Gr-I — 0:709896, falls above the
continental evolution line. This is in agreement with its I.SC type character where
mixing of more acidic upper-crustal component is involved. Gr-I also occupies extreme
positions (highest ®7Sr/%5Sr at highest range of SiO,) in figure 5d, thus giving support
to the involvement of upper-crustal component (Faure and Powell 1972). Gr-1I and
111 show random scatter of points on the diagram indicating ‘no control’ of §i0, on
the ratio,
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5. Discussion

Study ol Rb-Sr isotopic systematics of granilic rocks has been attempted in all types
e of settings and associations but dependability of isotopic signatures and in turn the
& age data have hardly been free of ambiguity. Review of published work {Bottino and
H Fullagar 1968; Naylor et al 1970; Roddick and Compston 1977, McCarthy and
‘ Cawthorn 1980; Lutz and Srogi 1986; Gerstenberger 1989; Schaltegger 1991) reveals
that the scatter of points about the isochrons is, in ultimate analysis, due to sample
volume being always less than the volume of reequilibration, Besides, selection of a
fresh and larger volume of samples does not ensure good isochrons in terms of MSWD
values (Schaltegger 1991). The réle of autometasomatism or later fluid activities in
! isotope reequilibration are also visualized differently: for instance, Schaltegger (1991)
g proposed ‘isochron rotation’ in changing the slope as well as intercept whereas
: - Gerstenberger (1989) showed only a lowering of the intercept (initial ratio), These
uncertainties notwithstanding, the genetic implications of the deduced ages are as
follows, Gr-I is being inferred to represent the youngest phase of granitic activity with
considerable involvement of more acidic component than the progenitor of Gr-I1.
Whether the generation of Gr-I could also be triggered by a later phase of meiting
of the same source as that of Gr-II remains unresolved. Also, in view of the marked
difference in P, Oy, very low Zr and Cr contents, the possibility of Gr I being entirely
- -a product of restricted melting of (under water saturated conditions in some thermally
: anomalous zones) of Gr-II cannot also be ruled out. If this had been the case, the
i - isotopic signature, however has remained unaffected in Gr-II, The intermediate age
kN obtained for Gr-II should be tentatively fixed as the age of mineralization. But what
remains to be answered in this regard is whether the shift in age due to isotopic
recquilibration is directly related to the time of reequilibration or the extent to which
the reequilibration has been effective. If the latter is true, the intermediate age of Gr-I11
may not be the age of mineralization, This particular problem must be addressed to
in order to establish the temporal relationship of the granitoids and mineralization
or in other words, the complete record of crustal evolution in the area. The fact that
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the reported age of the Dongargarh Granite (Sarkar et al 1990) closcly agrees with
the deduced age of Gr-II and III granitoids at Malanjkhand raises the interesting
possibility of correlation (or coevality) in a much larger regional scale (figure 1 — Ghosh
et al 1986) than has been visualized.
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