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Abstract: The Chotanagpur gneiss-granulite complex (CGGC) —a mobile belt north of the Archacan Singhbhum cratonic

nucleus and conliguous orogenic belt with the Singhbhum Proterozoic basin, is a vast tract of high-grade rocks and

gneisses with enclaves of granulite and metasedimentary rocks, and intrusive granites of Proterozoic age. Pervasive

intrusions of mantle-derived rocks of varied composition ranging from mafic-ultramafic, sodic-ultrapotassic alkaline

rocks, massif anorthosite to younger tholeiitic basalts (Rejmahal) and dolerite at different geological periods ranging from

Late Paleoproterozoic to Early Tertiary, give evidence of an active mantle in the prolonged history of evolution of this i
mobile belt. The present study is limited to metamorphosed mafic-ultramafic rocks at the eastern sector of CGGC.
The mafic-ultramafic suite is represented by amphibolile, basic granulite and homblendite. Compositions of the primary
amphibole in these rocks range from homblends o pargasitic homblends, and plagioclase from An,,to An,,. Positive
correlation of Mg# berween clinopyroxene and homblende, and clinopyroxene and orthopyroxene, indicating that the Fe-
Mg exchange K, is constant between the ferromagnesian minerals, and the rocks to have attained equilibrinm conditions
of metamorphism. Calculated post-peak metamorphic equilibrinvm pressures and temperatures are 3.8-5 4 kb and 643-
781°C, similar to conditions in the surrounding country rocks. _

Chemically, the metabasic rocks studied are associated with the Bengal anorthosite massif at Saltora and have been
grouped into low-Ti and high-Ti tholeiites. The former shows similarity with transitional basalts derived from T-MORE,
while the latter is rich in incompatible elements and shows affinity with basalts derived from E-MORB or from
recycled mantle fed by subducted oceanic crust. The repheline normative ultramafic rock is the most depleted in
incompatible elements and shows similarity in trace clement contents with MORB. All these rocks show variable crustal
contamination. Nevertheless, the bulk chemical compositions of the low-Ti rocks preserve evidence of low-pressure
fractional erystallisation involving olivine, plagioclase and clinropyroxene. The intra-cratonic Mesoproterozoic bi-modal
{tholsiitic-alkaline) magmatism in CGGC is analogous to Phanerozoic magma generation (Rajmahal tholeiites-ultrapatassic
mafic-ultramafic intrusions in the Gondwana basins) in a rift setting {Demodar graben / shield margin fanlts) accompanied
with crustal thinning. The trace element geochemistry of mafic-ultramafic rocks gives evidence of plume- generated
magmalism in the Eastern Indian Shield margin during Mtsoprm:mmtc time, which is correlatable with the global
thermal event in the Precambrian shields.

Keywords: Mafic-ultramafics, Mesoproterozoic, Intracratonic magmatism, Mantle plume, Chotanagpur gneiss-granulite
complex, Eastern India.

INTRODUCTION

The Eastern Indian Shield comprises two distinct crustal
segments viz. Singhbhum Crustal Province (SCP) in the
south and Chotanagpur Crustal Province (CCP) in the north
(Fig. 1). The SCP comprises an Archaean cratonic nucleus
(3.3 Ga, Sharma et al. 1994) and an arcuate belt of volcano-
sedimentary assemblages of Singhbhum Proterozoic basin
in the north separated by Singhbhum shear zone. The
greenschist facies bi-modal basic-ultrabasic (tholeiite-

komatiite) association of Dalma Group, developed as a
mid-basinal ridge system, is an important landmark in the
Singhbhum Proterozoic basin. The CCP is a highland
comprising essentially of high-grade gneisses and migmatites
containing enclaves of metasediments and mafic and
uliramafic rocks, forming the basement of Paleo-Proterozoic
age, punctuated by late intrusives of varied compositions.
Basic magmatism in both the SCP and CCP played a major
role in the crustal evolution of the Eastern Indian Shield.
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Fig.1. Simplified geological map of Bengal anorthosite associated with metamorphosed mafic-ultramafic rocks in the Chhotanagpur
gneissic terrain. Inset (A) Location map of Bengal anorthosite at Saltora (solid circle). EGMB - Eastern Ghats Mobile Belt,
SCP - Singhbhum Crustal Province, CGGC - Chotanagpur Gneiss Granulite Complex , CCP- Chotanagpur Crustal Province,
D- Damodar graben, dashed line - Singhbhum shear zone, stippled area - Gondwana basins, Mahanadi basin (M), Godavari basin
(G), and inclined bar- Proterozoic basins. faser (B) The Chotanagpur gneiss-granulite complex (CGGC).

The easternmost part of CCP tectonically embraces the
intersection of two orogenic belts, viz. ENE-W3W o E-W
trending Satpura orogenic trend of Chotanagpur plateau and
the northeastern extension of Eastern Ghats orogenic trend
(NNE-55W) (Ghose, 1983). These two orogenic trends
coincide with two mega-lineaments manifested by basin
margin fault of Damodar graben (Gondwana basin) and the
Eastern Indian Shield margin fault (Fig. |). This zone of
intersection of two megalineaments, is characterised by
diverse types of magmatism ranging in composition from
mafic-ultramafic, ultrapotassic / sodic alkaline, granitic and
anorthositic rocks belonging 1o Mid-Proterozoic to Early
Tertiary age (Mukherjee and Ghose, 1999). Of these, the

basic magmatism and granite plutons are most widespread
throughout the Chotanagpur gneiss-granulite complex
{CGGC) (Ghose, 1992), designated as ‘mobile belt” (Nagvi
and Rogers, 1987).

Gravity studiés show that a large pdrt of the Chotanagpur
plateau is underlain by high density rocks (Verma et al. 1988;
Mukhopadhyay, 1987) marked by the presence of gabbroids,
ultramafic pockets and swarms of basic sills, largely
controlled by second phase of deformation (ID,). These
mafic-ultramafic intrusives of varied dimensions, mostly
occurring as concordant bodies and now represented by
amphibolites, metagabbros, metanorites, metadolerites and
metaultramafics, are co-folded with gneisses and
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metasediments. Bimodal gabbro/norite-anorthosite
magmatism in the CGGC and the younger Proterozoic sub-
hasins (viz. Bihar mica belt or BMB, Gaya-Rajgir and
Munger) in the north (Mukherjee and Ghose, 1992;
Ghose and Mukherjee, 2000) is contemporaneous with the
mafic-ultramafic magmatism. Field relations indicate that
the basic magmatism was succeeded by the emplacement of
massif anorthosite, granite plutons and pegmatites in
order of sequence both in the CGGC as well as in the northern
sub-basins. While reviewing the basic magmatism in the
Chotanagpur mobile belt, Mahadevan (2002) indicated that
they might be older than 1600 Ma. :

In the absence of any precise radiometric data on the
basic magmatism, the age of early emplacement of the
granite at Rajhara, Daltonganj (1741465 Ma; Ray Barman
and Bishui, 1994) and from BMBE (1590+30 Ma; Pandey
ctal. 1986) may be considered as the minimum age, for the
mantle-derived mafic-ultramafic intrusives in the
Chotanagpur mobile belt (CMB). These granite
emplacement events coincide with the global thermal events
{1.7-1.6 Ga, Peucat et al. 1999; Oliver and Fanning, 1997,
Raoy et al. 2002) in the adjoining Precambrian shields of
Antarctica, Southwest Australia and Eastern India.

The mafic-ultramafic rock association in close proximity
to Bengal anorthosite in CGGC provides an interesting
subject for studying the tectono-magmatic history at the
Eastern Indian Shicld margin. The present study aims to
focus the characteristic petrological and chemical features
of these metamorphosed mafic and ultramafic intrusives in
the high-grade gneiss-migmatite terrain in tracing the
tectonic setting of magma generation, their relationship with
the mantle composition and probable heat source.

GEOLOGICAL SETTING

The CGGC comprises high-grade metasediments,
gneisses, migmatites, khondalite, leptynite, granulite and
meta-igneous rocks, which have been intruded by mafic-
ultramafic rocks, gabbro-anorthosite, granite, rapakivi
granite, syenite, nepheline syenite, lamproiteforangeite,
pegmatite, aplite and dolerite, and tholeiitic basalts
{Rajmahal Traps) at different geological periods (Mukherjec
and Ghose, 1992, 1999; Ghose and Mukherjee, 2000). The
gneisses formi the country rock and contain numerous
enclaves of metasediments, viz. mica schist, sillimanite-
bintite-graphite schist, crystalline limestone and dolomite,
quartzile, leptynite and granulite. These have been intruded
by swarms of basic sills, dykes and plutons now represented
by meta-ultramafics, metagabbros, metanorites and
amphibolites. The country rocks show a dominant phase of
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amphibolite facies metamorphism grading into granulite
facies. Subsequently, emplacement of granite plutons
(dominantly peraluminous) marks a major tectonic event
that possibly was responsible in resetting the earlier events
{Ghose et al.1973). The mafic-ultramafic intrusives preceded
the major granitic activity at 1600 Ma (Pandey et al. 1986)
as evident from the occurrence of the former as enclaves
within the latter:

The Bengal anorthosite massif emplaced into the CGGC
is an E-W trending 40 km long concordant tadpole-shaped
body, with a central width of 8 km, covering an area of sbout
250 km? (Fig. 1). Various types of xenoliths entrained within
this plutonic mass include metabasics, metasediments and
basement gneisses. Among these, the metabasic xenoliths
are the most widespread within the massif. These rocks also
oceur in the surrounding high-grade gneissic country. The
imprints of multi-deformational history are well documentad
in the metasedimentary rocks and gneisses. The inter-
relationship of primary flow structure and regional pervasive
diastrophic structure at the eastern fold closure (near
Nandanpur) suggests syn- to post-kinematic status of
anorthosite emplacement with respect to D,-deformation
(Mukherjee, 1995). Development of garnet, hornblende and
biotite towards the margin of the anorthosite massif suggests
crustal contamination and efficacy of volatiles in late
crystallisation.

Presence of a large number of sub-paralle]l E-W trending,
discontinuous bands of metabasics bath within as well as
outside the Bengal anorthosite massif is a remarkable feature.
The metabasic rocks are probably not genetically connected
to the massif anorthosite (Roy and Saha, 1975; Mukherjee,
1993). The ubiguitous presence of these mantle-derived
rocks as a precursor to anorthosite magmatism makes them
an interesting subject of studying crust-mantle interaction
in the relatively juvenile Mesproterozoic crust of CMB.
These metabasics range in thickness from less than a

- centimetrs to several metres, and extend as detached bands

often to a few kilometres in length. The metabasic bands
on regional scale show greater abundance at the western
and southwestern margins of the anorthosite massif.
Branching of a single band of metabasic rock, bifurcation
of thicker ones and interfingering patterns are commen.
Long, linear metabasic lenses (e.g. at northeast of
Ledapalash) defining macro-banded structures within
anorthosite massif show pinch and swell structures. The -
salient features of the metabasic rocks and their relationship
with the anorthosite are as follows:

(1) Trregular patches/pockets of metabasic rocks within the

anorthosites,
(11) Veins and tongues of anorthosite within the metabasics,
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(i) Interfingering relationship between metabasic and
anorthosite, and
{iv) Metabasic rocks occurring both inside and outside the
anorthosite massif have identical minerzlogical
composition. ’
All these features are not only restricted to surface
outcrops but also observed at subsurface levels in drill core
samples (Mukherjee, 1995).

PETROGRAPHY AND MINERAL CHEMISTRY

A large number of metabasic rocks such as amphibaolites
and basic granulite (with or without garnet) showing a wide
variation in texture, structure and mineralogy occur in and
around the massif anorthosite of Bengal (Sen and Manna,
1976; Bhattacharya and Mukherjee, 1987; Sen and
Bhattacharya, 1993; this study). Five of these samples, four
occurring inside the massif NNE of Ledapalash and one
from the country rock west of Shyampur, are described in
detail in this study. In addition, a hornblende-rich ultramafic
rock collected from the country rock ESE of Shyampur and
a sheared metabasic rock retrieved from a borehole depth
of 175.6m NNE of Ledapalash are also studied here in detail
{Table 1). Major element compositions of minerals were
analysed by wavelength dispersive spectrometry on a JEOL
JKA-T733 Superprobe at Massachusetts Institute of
Technology, Cambridge, U.S.A. The accelerating voltage
and beam current used were 15 k¥ and 10 nA respectively.
Typical counting times were 20-40 seconds and 1o standard
deviations of the counts were 0.5-1%. The data were reduced
with the CITZAF program (Armstrong, 1995) using the
atomic number correction of Duncumb and Reed, Heinrich's
tabulation of mass absorption coefficients and the
fluorescence correction of Reed. Modal volume percent of
minerals were determined through analysis of backscattered
electron images collected also with the electron microprobe.

729

Mode of occurrence and petrographic details of the samples
in thin sections are summarised in Table ] and the modal
data are presented in Table 2. Mineral compositions are
presented in Table 3. _

The coarse-grained hornblende-rich ultramafic rock
devoid of plagioclase occurs in the country rock at the
southern margin of the anorthosite massif. It shows a crude
gneissic fabric. It is dominantly composed of subhedral to
euhedral grains of primary hornblende (69% by vol.)
intergrown with clinopyroxene (19% by vol.). Significant
amounts of intergranular scapolite (12% by vol.) occur as
large grains. Apatite, sphene, zircon, ilmenite and Fe-
sulphides occur as accessory minerals.

Megascopically, the metabasic rocks are medium- to
coarse-grained, showing massive or planar and linear
arrangement of brownish green homblende that imparts a
gneissic fabric to the rocks. They show variable textures,
viz. nematoblastic, occasionally granoblastic and micro-
granular. Samples C1, B9, B15 and B20 are composed of
variable proportions (vol %) of green amphibole (17-42%),
plagioclase (31-51%), clinopyroxene (11-19%), ortho-
pyroxene (5-10%) and quartz (2 to 10%) and minor amounts
of ilmenite. Apatite, Fe-sulphides and Cu-Fe sulphides are
present as accessory minerals. Sample B9 also contains
traces of tremolite and calcite. Tremelite often rims
clinopyroxenes. In thin sections, green coloured amphiboles
are usually evhedral or subhedral and more abundant than
the yellowish brown secondary amphibole. The composition
of plagioclase varies from An, to Ang, in the above
mentioned samples. Subrounded grains of hypersthene show
pleochroism from colourless to pale pink.

Sample BS does not contain pyroxenes. Instead it is
richer in homblende (38%), poaorer in plagioclase (20%)
and contains abundant quartz (20%). Accessory minerals
include apatite, ilmenite, Fe-sulphides, zircon and sphene.
Alteration products in the form of chlorite, epidote, zoisite

Table 2. Modal proportion of minerals in the metamorphosed mafic-ultramafic rocks of the eastern sector of CMB (vol.%)

Sample Hbl Plg Cpx Opx Qz Ilm F= Trace

B46 69.0 - 19.0 - . . - Apt, Zre, Ilm, Fs

Cl 335 36.0 12.0 5.4 9.4 0.8 - Fs .
BS 58.3 19.8 - - 20.0 1.6 0.3 Apt, Zre, Sph, Epd, Zoi, Trm
B9 238 41.9 120 7.6 6.5 1.5 0.3 Apt, Trm, Ce

Bl13 41.6 30.6 11.0 5.1 10.4 1.3 0.2 Apt, Mt, Cfs

B20 16.6 50.6 18.9 10.2 2.2 1.3 0.2 Apt

Ci4 358 28.6 - - 4.4 20 - Zre, Aln, Fs, Trm, Cc

Mote: B46 also contains 12.1% Scp; and C14 also coatains 7.8% Bt and 1.3% Apt.

Abbreviztions: Aln - allanite, Apt - apatite, Bt - biotite, Cc - calcite, Cls - Cu-Fe-sulphides, Cpx - clinopyroxene,
Epd - epidote, Fs - Fe-sulphides, Hbl - homblende, Ilm - limenite, Mt - magnetite, Opx - orthopyroxene, Plg - plagioclase,
0z - quanz, Scp - scapolite, 5ph - sphene, Trm - remolite, Zoi - zoisite
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and tremolite are also present. Both twinned and untwinned
plagioclases are present, the former showing lamellar
twinning. Plagioclases are present both as inclusions within
amphibole and as discrete grains. The inclusions are
untwinned and sericitised. Plagicclase composition ranges
between An,, and An,,. Quartz and some feldspar show
effects of crushing and granulation. Rarely extension (pull
apart) cracks have developed which have been later filled
by crystallisation of amphibole. The rock is also pervasively
affected by brittle fractures, which are developed parallel
to the preferred orientation of other mafic minerals. These
features probably suggest that the country rock was subjected
to éxtension first under a ductile and later under a brittle
regime. '

The sheared metabasic rock is fine- to medium-grained,
thinly foliated, and shows development of mortar texture
and micro-shear planes filled with alteration products. Green
homblende (56%), plagioclase (29%), brown biotite (8%)
and quartz (4£.4%) are the major mineral components,
whereas, ilmenite and apatite are present in minor amounts,
Plagioclase and quartz occur around large intergrowths of
hornblende and biotite. Weakly zoned plagioclase also
occurs 25 inclusions within amphibole. Plagioclase
composition ranges between An,, and An,,. Other
accessory minerals include zircon, allanite and Fe-sulphides.
Tremolite associated with quartz and hornblende or
biotite is present in traces, and traces of calcite inclusions
are present in some biotites. The preferred orientation of
brown biotite imparts micro-lineation/planar fabric to the
rock. In thin section, alteration of hornblende to green
biotite along grain boundary shows release of iron along
the cleavage races. Small granular plagioclases are mostly
untwinned, but a few show lamellar or, rarely, pericline
twinning. Iimenite occurs as primary skeletal grains, and
granular magnetite occurs as a secondary product of late
alteration of mafic minerals.

Mineralogical study shows that the primary amphibale
compositions of the mafic-ultramafic suite range from
hornblende to pargasitic hornblende. There is a positive

' correlation between the edenitic content (represented by
[Na+K]) and the tschermakitic content (represented by
0.5[Al-{NasK}], Al; being Al in the tetrahedral site)
(Figs. 2A.B). Ti is also positively correlated with each of.
these compaonents (Figs.2C,D). The hornblendes from the
anorthosites (Sen and Bhattacharya, 1985) and from the
sheared metabasic are the most and the least pargasitic,
respectively. The secondary amphiboles are tremolitic with
low edenite and tschermakite contents (Figs. 2A,B).

Although there are some intra-sample variations, the
Mg# (atomic Mg/[Mg+Fe]) of clinopyroxenes show a

JQUR.GEOL.SOC INDIA, VOL.6G, DEC, 2005

positive correlation with the Mg#’s of homblendes and
orthopyroxenes (Figs.3A.B) indicating that the Fe-Mg
exchange K, is constant between coexisting ferromagnesian
minerals. Except the sheared metabasic sample C14, Mg#
of hormblendes of other samples are also positively correlated
with the An-content of plagioclase of the corresponding
samples (Fig.3C). The Mg#’s of the pyroxenes and
homblendes, and the An-content of plagioclase of sample
B20 are distinctly higher than those of the other metabasic
samples. The ultramafic sample B46 shows the highest
Mg#’s of hornblendes and clinopyroxenes (Fig. 3A). In
general, the positive correlations of the coexisting phases
(Fig.3) indicate that the rocks experienced similar conditions
of metamorphism approaching equilibrium.

The scapolites of the ultramafic sample B46 are similar
in composition to the scapolites in anorthosites and granulites
(Sen and Bhattacharya, 1985), but contain less Ca than
the scapolites in cale-gneisses (Sen and Bhattacharya,
1993). The ilmenites of the metabasics show a uniform
composition, but the ilmenites of the sheared metabasic
sample C14 contain higher Mn than those of the other
metabasics. :

GEOCHEMISTRY

Seven representative samples of the metamorphosed
mafic-ultramafic rocks were chemically analysed both for
major and trace elements by XRF on pressed powder
pellets at the University of Leicester, UK. Powdering of
the samples was carried out by passing through a tungsten-
carbide crusher and subsequent grinding in an agate mortar.
Several natural standards viz. MRLG-1, JP-1, W-1 and
BOB—1 were also analysed simultaneously to check the
precision and accuracy of analytical data. The chemical
and normative compositions of the metamorphosed
mafic-ultramafic rocks are given in Table 4 and the trace
elements in Table 5.

Chemically, the metabasic rocks are essentially tholeiitic
in composition varying from quartz normative to olivine
normative tholeiites (Table 4). On the basis of abundance
of Ti0, and incompatible elements, these rocks have been
classified into two distinct groups - viz. (i) Low-Ti (Ti0,
< 2 wi%) metabasics, moderately-rich in incompatible
elements, and (ii) High-Ti (TiO, > 2 wi%) metabasics,
enriched in incompatible clements; the latter being rich in
K O and P,O_as well. A strong negative correlation between
MgO and total iron (Fig. 4} and V (Fig. 5B), and a positive
correlation of Ni (Fig.53A) of the metabasic rocks,
demonstrate fractional crystallisation with separation of
olivine, high-Ca clinpyroxene and plagioelase from the
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Fig-2. Variation of Na+K (edenitc component) with {A) 0.5[AL-{Na+K }] (tschermakite component), and (B) AL (Al in tetrahedral sitc);
and varianion of Ti with (C) ﬂ.SIAl,:.~{Na-rKI], and (D) Na+K in the amphiboles of the ultramafic and metabasic rocks in and
around the Bengal anorthosite massif, Al values are in 2tomic formula onite. Symbols vsed for each rock from which amphiboles
were analysed are shown. Composition of amphiboles from the massif anorthosite { SB85) near Szltora (Sen and Bhattacharya,
19€5), and those from the amphibolite country rock (DB99) near Tulin-Jhalida area, southwest of the present study area (Das and

Bhattacharyya, 1999) are also presented for comparison.

parent magma. Similarly, a progressive increase in Rb with
KO (Fig. 5C), Rb and Y with Zr (Figs. 6A.B), Nband L=
with TiO, (Fig. 6C.D), and a wide range in (L2/Nd),, ratios
of the metabasics (1.08 and 2.08) also support this
conclusion. The AFM plot of the metabasics shows a
typical tholeiitic trend with progressive enrichment of iron
(Fig. 7). Enrichment of incompatible elements in the high-
Ti metabasic sample Cl4 by a magnitude of 3 1o 5 times
grezter than the low-Ti type (Table 5). favour chemical
affrmity with the oceanic island basalt (OIB) both in terms

of abundance (Table 5) and trend (cf. Sun and McDonough,
1989). Variation of incompatible elements in the high-Ti
metabasic shows strong positive anomalies of Ba, K, P and
Ti. and negative anomalies of Th, Sr and Zr in the high-Ti
metabasic rock (Fig- B). Negative anomalies of lithophile
elements, viz. Th and Zr, in particular, suggest a source other
than crustal contamination. In contrast, the low-Ti metabasics
are characterised by relatively flat incompatible clement
patierns except for a negative Sr-anomaly (Fig. B), sugpsstive
of plagioclase controlled-fractional crystallisanon. Lower

JOUR_GEOL-SOC_INDIA, VOL.56, DEC. 2005
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Table 4. Major oxide composition (wt%) of metamaorphosed mafic-
ultramafic rocks in the eastern sector of CMB

Oxide Ultra- Low-Ti metabasic High-
mafic _ Ti

(meta) meta-

basic

B44 C1 BS B9 BI5S B20 Cl4

S0, 43.95 48.37 47.31 46.76 4750 46.46 45.30
TiO, 1.09 145 1.84 162 159 124 299
ALO, 11..09 11.64 11.23 1290 12.45 13.75 11.54
Fe,0, 306 329 391 225 344 1.33 3.25
Fel) £.99 11.14 11.60 11.43 10.65 10.57 J1.75
MnD 0.20 020 022 021 0.21 020 0.18
M0 10.10 567 493 578 568 691 7.79
Ca0 14.86 10.01 9.16 10.80 10.32 11.78 7.89
Nz, 0 1.85 1.81. 2.02 2.24 208 207 1.52
KO 0.28 0.53° 0.70 034 035 0.21 234
PO, 0.10 0.21 0.24 024 022 019 077
Total 95.57 94.32 93.16 9457 94.49 9476 95.32
Fe(t* 11.74 14.10 15,12 13.45 13.75 11.BE1 14.67
Mg'*= 60.52 41.75 36.76 43.37 4242 51.05 435.62

Caval0, 1.34 086 082 084 083 026 0.68
KOM20 015 029 035 015 016 0.10 1.54

CIPW MNormative compositlion

qz 0 546 48] 0 315 0 0
or 166 3.13 414 2.1 207 1.24 1383
ab 6.39 15311709 1895 17.60 17.51 1286
" am 21.14 2207 19.51 24.14 23.60 27.61 17.76
ne 3.02 0 ] 0 0 0 0
di 42,12 20,03 20.32 2318 21.66 2445 13.39
hy 0 19.88 17.57 1852 17.89 12.01 19.76
ol 12.52 0 o 0.87 0 7.13 5795
mt 4.44 477 567 326 499 2 471
ch 0.25 I L] ] 0 0 0
ilm 2.07 275 349 308 302 235 3568
apt 0.24 1.26 0.57 057 0.52 045 1.82

Analyst N.G. Marsh, Leicester.

*Tonal Fe calculated as FeO; **Mg' = 100 x Mg/(Mg+total Fe)
Abbreviations: gz - quartz, or - orthoclase, ab - albite, an - anorthite,
e - nepheline, di - diopside, hy - hypersthene, ol - olivine, mt - magnetite,
ch - chromite, ilm - ilmenite, apt - apatite

-Ce/Nb and Zr/Nb, and higher Zr/Y, Ba/Sr, Nb/Y and Ti'Y

ratios of the high-Ti metabasic compared to the low-Ti
metabasic distinguish the two groups of metdbasics
(Table 5), and relate them to have been generated possibly

from different source regions.

The uliramafic rock (B46) is characterised by high MeO,
Ni and Cr, and low 5i0,, TiQ,, P,0,, K,0 and incompatible
elements, viz., Rb, Ba, Zr, Nb and L REE, when compared
with the metabasic rocks. Absence of normative hypersthene
and presence of normative diopside and olivine as well as
low silica content suggests this to be possibly wherlitic in
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Fig4. Variation of total FeQ with MgQ in the metabasics and
ultramafic rocks of the eastern sector of the Chotanagpur
mobile belt (CME). Solid square: low-Ti metabasic, open
square: high-Ti metabasic, and triangle: ultramafic rock.

composition. It is a nepheline normative rock and appears
to have been derived from a depleted mantle source,
The variation of incompatible elements of ultramafic
rock is noted with positive anomalies of Th, Sr and Ti,
and negative anomalies of Nb and Nd (Fig. 8), indicating
minor contamination by the gneissic basement. The
E/Rb ratio (365) of the ultramafic rock is comparable
to the metabasics. However, Ti/Y, Zr/Nb and Ce/Nb ratios
of the ultramafic rock are greater than the metabasics
(Table 5).

The discriminant diagram of Cr versus Y supports that
the metabasics are formed in a ‘within plate’ (WPB)
environment, and show a strong progressive enrichment of
Cr with the decrease of Y (Fig. 9). The Zr/Nb and Nb/La
ratios of the metabasics are also similar to the ratios for
continental tholeiites of Condie (1989) (Table 5). The
ultramafic rock plots within the field of island arc basalt
(TAB) (Fig. 9) and its Zo/Nb and Nb/La ratios are similar to
continental rift alkali basalts (Table 5). The variations in
immaobile elements like Ti-Zr-Y of the low-Ti metabasics
(Fig. 10) show affinity with the ocean floor basalt (OFB),
but plot within the field of continental flood basalts
demarcated for Deccan basaits. In contrast, the high-Ti
metabasic plots within the field of oceanic island basalt and
continental basalt (OB and CB). Similarly, the FeQ -MgO-
Al O, discriminant diagram indicates that the high-Ti
metabasic znd ultramafic rock plot within the field of basalts
formed in oceanic island, whereas the low-Ti metahasics
are transitional between the oceanic island and continental
basalts (Fig.11).

500
[A] i

400 -

Ni (ppm)
(451
=1

(]
s

0 . :
0 1 2 3

K,0 (wi%)

Fig.5. MgO vs V{B) and Ni (A): and K.O vs Bb (C) of metabasic
and ultramafic rocks of CMB. Key as in Fig 4.

DISCUSSION

The chemical data of the low-Ti metabasics demonstrate
that the parent magma from which these were derived
underwent fractionation with separation of olivine, high-Ca
clinopyroxene and plagioclase, as indicated by a progressive

JOUR.GEOL.SOC.INDLA, VOL.66, DEC. 2003
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earichment of Fe and V, and a reciprocal decrease of Mg and
Ni. The fractional crystallisation relation among the low-Ti
metabasics can be modelled (Fig. 4) by considering the

Na0+K,0

Fig.7. AFM diagram of the mafic-nltramafic rocks of CMB. Key
& in FRg 4. The boundary between tholeiitic and cale-
alkaline rocks is from [rvine and Baragar (1971).
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highest-Mg sample (B20) as the parent and fractionating
olivine, high-Ca clinopyroxene and plagioclase ina 7:19:24
proportion at 1 bar and 2% increments, while keeping the
major element crystal-melt distribution cocfficients (Kpin
agreement with experimental values (cf. Roeder and Emslie,
1970; Grove et al. 1992). Using a bulk crystal-melt K_ for
trace elements, calculated from the above-mentioned
proportion of crystallising phases, it could be shown that
the other low-Ti rocks may be derived by fractional
crystallization of B20. The agreement between the measured
and calculated concentrations of high field-strength (HFS)
elements Zr, Y, Ti, Nb and La (Figs. 6B.C, D), and large-ion
hthophile (LIL) elements K and Ba are excellent, whereas
Rb (Fig. 6A) and Th are within permissible range. It is
interesting to nole that the trends for the LIL elements have
been preserved despite obvious metamorphism in these
rocks.

Two geothermometers based on mineral chemistry can
be applied 10 these rocks 10 cstimate the temperature of
mciamorphism: the two-pyroxene thermometer of Lindsley
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Fig.8. Primitive mantle-normalised (McDonough and Sun, 1995)
incompatible element variation of the metabasic and
ultramafic rocks from the eastern sector of CMB.

(1983), and the hornblende-plagioclase equilibrium
thermometer of Holland and Blundy (1994). At a pressure
of 5 kb, the two-pyroxene thermometer yields a temperature
of 643 =15°C, whereas, the hornblende-plagioclase
thermometer (edenite-tremolite formulation in the presence
of quartz) yields a higher temperature of 781+ 22°C.
Increases in Ti and octahedral Al in hornblende usually
correspond to an increase in pressure. In the absence of
garnet in these rocks, the Al content of hornblende is one of
the very few pressure sensors in these rocks. Using the
barometric formulation of Anderson and Smith (1995), the
homblende composition of these rocks yield pressures

10000 5
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Fig.9. Crvs Y discriminant diagram of metabasic and ultramafic
rocks of CMB. The fields of basaltic rocks are after Pearce
(1980). MORE - Mid-oceanic ridge basalt {ficld marked
by solid line), TAT- Island arc tholeiite (field marked by
dashed line), and WPB - within plate basalt {ficld marked
by dotted linz). Key as in Fig. 4.
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between 3.8 and 5.4 kb with an average of 4.7 kb at
temperatures calculated with the hornblende-plagioclase
thermometer. These pressures and temperatures possibly
represent the post-peak metamorphic equilibrium conditions
and correspond to hjgh-grade amphibolite to granulite facies
conditions. The temperatures are comparable, whereas, the
pressures are slightly lower but overlap with the uncertainties
of the estimates (680 + 20° C.6+ 11068 =+04kb)of Sen
and Bhattacharya (1985, 1993) for the country rocks around
Saltora.

The low-Ti metabasics show chemical affinity
transitional between the ocean floor basalts (OFB) and
analogues of continental flood basalts (CFB) viz. Deccan
basalts (Fig. 10). These metabasics show a close chemical
similarity with transitional basalts derived from T-MORE
(cf. Schilling et al. 1983; and Table 5).

Ti00

Zr Yx3

Fig.10. Ti-Zr- Y discriminant diagram of metabasic and ultramafic
rocks of CMB, The fields of basaltic rocks are after Pearce
and Cann (1973). OIB - oceanic island basalt, CB -
coftinental basalt, LKT - low K-tholeiite, OFB - ocean
floor basalt, and CAB - calc-alkaline basalt. The field
shown by dashed line indicates compositon of Deccan
basalts from Mahableshwar (Majafi et al. 1981). Keyasin
Fig. 4.

The high-Ti metabasic rock is enriched in incompatible
elements and shows an affinity with OIB. It may have been
derived from E-MORB or a recycled mantle source fed by
subducted oceanic erust. Thus the relative distribution of
incompatible elements in the metabasic rocks reflects a
difference in the source of magma generation in the mantle.
The low-Ti metabasics were possibly derived as a result of
high degree of partial melting (decompression melting) of a
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FeOyw

Fig.11. FeQ -Mg0-Al0, discriminant diagram of metabasic and
ultramafic rocks of CMB. The fields of basaltic rocks are
after Pearce and Cann (1973). Key as in Fig.4.

T-MOREB-type mantle source, noted by their extensive
occurrence throughout the CMB, whereas, the high-Ti
metabasic rock having limited occurrence and reported first
time, was generated by low degree of partial melting of
enriched recycled mantle with high Nb concentration or
perhaps from a plume derived souree.

10

0.01
10
Fig.12. NWY - Zr/Y diseriminant plot for mafic and ultramafic
rocks from the Chotanagpur mobile belt (this study) and
Dalma volcanics (cf. Roy ct al. 2002). Key as in Fig. 4.
MNaote that all mafic rocks of CMB fall within the plume
array of basalts from Iceland (cf. Fitton et al. 1997). Data
for primitive mantle (solid circle) is from MeDaonough
and Sun (1995), and data for OB (plus) and E- and N-

type MORB (crosses) are from Sun and-#MeDonough

(1989). P

The depleted nature of the ultramafic rock with
comparable trace element contents of Rb, Ba, Sr, Y, Th and
Ce to the low-Ti metabasics points it to 2 mantle spurce of
E-MORB composition (Table 5). However, low
concentration of Sc, Nb and Ce is in conformity with that of
N-MORB.

Bimodal, within-plate mafic-ultramafic magmatism
(tholeiitic and alkaline ultramafic type) at the eastern sector
of CMB in Mesoproterozoic time is analogous to plume-
generated (viz. Kerguelen hot spot) Phanerozoic magmatism
that generated the Rajmahal tholeiites and the ultrapotassic
mafic-ultramafic intrusives of Damodar valley coal fields
(Kent et al. 1997) in an extensional tectonic regime
accompanied with crustal thinning. It is suggested that a
similar tectonic environment may have existed during
Mesoproterozoic time in an intra-cratonie rift setling that
induced melting of the lithosphere by heat from a hot spot
close to the eastern Indian craton. Evidently, in a NbWY-Zr/
Y discriminant plot (Fig. 12}, the mafic rocks of CMB fall
within the field of the plume array (Iceland) along with the
adjoining mafic-ultramafic suite of Dalma volcanics of
Singhbhum Proterozoic province (Roy et al. 2002)
that developed in an extensional tectonic regime (Bose,
2000).

The Mesoproterozoic plume was possibly responsible
forrifting and a global thermal event (1.7-1.6 Ga, Peucat et
al. 1997; Oliver and Fanning, 1997) that affected a huge
landmass comprising Antarctica, Southwest Australia and
Eastern India — joined together prior to the breakup of
Gondwanaland. This thermal event has left behind a wide
magmatic impression in the eastern Indian shield margin,
e.g. Eastern Ghats Mobile Belt (1.6 Ga, Mezger and Cosca,
1999), Singhbhum Crustal Province (1.68-1.6 Ga, Sarkar
et al. 1989; Sengupta et al.1994; Roy et al. 2002), and
Chotanagpur Mobile Belt as evidenced by chamockitisation,
migmatisation and granitic activity (1.74-1.6 Ga, Pandey et
al. 1986; Ray Barman et al. 1990; Ray Barman and Bishui,
1994). The event is synchronous with the mantle isochrons
(Brooks et al. 1976; Brooks and Hart, 1978) at which major
mantle fractionation event occurred causing heterogeneities
with respect to its Pb and Sr isotopes in the southern
hemisphere (viz. Dupal anomaly). Thus the plume-related
mafic-ultramafic intrusives both in the Dalma and the CMB
in the eastern continental margin of India manifast as a part
of the global thermal event involving lithospheric thinning,
rifting, scdimentation, large scale mantle derived magmatism
of mafic-ultramafic-anorthosite, granulite facies
metamorphism, migmatisation accompanied with crustal
anatexis, and emplacement of peraluminous granites.
Magmatism in the CMB, however, continued for a protracted
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period until Early Tertiary (Ghose and Mukherjee, 2000),
giving evidence of reactivation of the Central Indian Son-
Narmada geosuture linking with the Damodar va]]e}f since

late Palacoproterozoic time.
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