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Abstract: The Sonakhan Group of Bastar craton of the central Indian shield comprises volcano-
sedimentary rocks. The lower part of this belt, referred to as Baghmara Formation, consists of two
distinct units of volcanic associations: (1) the lower unit consisting entirely of mafic volcanic rocks of
basaltic composition and (2) the upper unit comprising volcanic rocks of basalt-andesite-dacite-
rhyolite (BADR) series. The geochemical characteristics of the lower unit basalts include tholeiitic
nature with depletion in highly incompatible elements, Nb-maxima (Nb/Nb* = 0.93-1.48, relative to
Th and La) and near flat rare earth element patterns. These metabasalts are distinguished as plume-
related oceanic plateau basalt. The upper unit volcanic rocks are mafic, intermediate to felsic in
composition with island arc geochemical signatures including enrichment in highly incompatible
elements, large negative high field strength element anomalies, depletion of Nb (Nb/Nb* = 0.10-0.68)
relative to Th and La and light rare earth element enrichment patterns. Field relationships in
combination with geochemical characteristics of the Sonakhan Group reveal the co-existence of
plume generated oceanic plateau basalts and island arc related volcanic rocks. It is proposed that the
geodynamic evolution of Sonakhan greenstone belt initiated with the formation of a plume generated
thickened, hot, buoyant oceanic plateau. This plateau served as a base for subduction of oceanic crust
at its margin producing subduction-related mafic and felsic melts in an island arc setting. Our study
reveals that Sonakhan greenstone belt of Bastar craton evolved by plume-arc interaction.
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Introduction
The Neoarchaean to Paleoproterozoic period is char-

acterized by major crustal formation in the geological
history of the Earth (Puchtel et al., 1999). The juvenile
crusts formed during this period are preserved within
many greenstone belts. Geochemical studies of these
greenstone belts have revealed contrasting and diverse
rock types (Puchtel et al., 1999; Sandeman et al., 2006;
Van Boening and Nabelek, 2008; Polat, 2009 and refer-
ence therein) indicating diversity and complexity in the
crust formation and evolutionary processes. In the last
two decades, the island arc model has been the most pop-
ular mechanism describing the formation of the continen-
tal crust. But during the 1990s, based on strong geochem-
ical database, the plume model was proposed for the ori-
gin and growth of many continental nuclei (Stein and
Goldstein, 1996; Galer and Mezger, 1998). Mantle
plumes generated large amount of basaltic melts rather
rapidly in the oceans, and also on the continents, creating
plateaus. The oceanic plateaus may accrete laterally to
the continents producing new continental fragments (Ab-
bott et al., 1997; Desrochers et al., 1993). Recent geo-
chemical studies of many greenstone belts point to yet
another model, the plume-arc accretion model, for the
formation and evolution of the crust (Dostal and Muller,
2004; Polat et al., 2005; Polat and Hofmann, 2003, Dos-
tal et al., 2004; Manikyamba et al., 2004; Polat, 2009).
This model envisages that many Precambrian greenstone
belts which were formed in an intra-oceanic environment
show spatial and temporal co-existence of hotspot related
and subduction related rocks. Although, apparently con-
tradictory, this mechanism seems to have played an im-
portant role in the generation and evolution of Neoarch-
aean to Paleoproterozoic crust. Large amounts of geo-
chemical data have been growing, especially over the last
decade, in favour of this model.

In this contribution, we present major and trace ele-
ment data, including rare earth elements of the Sonakhan
greenstone belt of Bastar craton, central Indian shield,
with a view to placing constraints on magma type(s) and
source composition of the mafic and felsic volcanic rocks
in the light of modern tectonomagmatic concepts. The

geochemical data, in combination with field evidence,
will be used to develop a comprehensive model for the
Neoarchaean to Paleoproterozoic continental growth of
the Indian shield.

Geological Setting
The Indian plate is a mosaic of five major nuclei viz.

Aravalli-Bundelkhand, Bastar, Western Dharwar, Eastern
Dharwar and Singhbhum along with southern granulite
terrane (Naqvi and Rogers, 1987). Although stabilization
of these nuclei has taken place at different times in the
Archaean, a stable configuration of the Indian plate, con-
sisting of all these cratonic blocks, was by and large com-
plete by 2.5 Ga (Stein et al., 2004). The subsequent Pale-
oproterozoic evolution of the Indian landmass has gener-
ally been considered to be the fast accretion of island-arc
systems and the formation of the accretionary orogens
along the margins of these nuclei.

The Bastar craton of the central Indian shield is boun-
ded by the Eastern Ghats, the Mahanadi and the Godavari
rifts and the Son-Narmada lineament. It consists predom-
inantly of gneisses and granitoids with supracrustal rocks
viz. Dongargarh, Sakoli, Sukma, Bengpal and Bailadila
Iron ore formations. These rocks are overlain by the un-
deformed Proterozoic basins, referred to as Purana basins
(Crookshank, 1963; Naqvi and Rogers, 1987; Ramak-
rishnan, 1990; Prasad, 1990). In addition to these rocks,
the craton contains greenstone belts, which occur as
small isolated outcrops near Bastar, Jeypore, Bijapur, So-
nepur and Sonakhan (Fig. 1). Bastar craton is the least
studied terrain among the cratons of the Indian plate, and
so also its greenstone belts. Details of the geological and
geochemical studies of these greenstone belts are warran-
ted to unravel the geological evolution of the Indian Pre-
cambrian shield. Although the petrological and the tec-
tonic account of the Neoarchaean mafic rocks of the
southern Bastar greenstone belt have been carried out by
Srivastava et al. (2004), Srivastava and Singh (1999) and
Srivastava and Verma (1998), no geochemical data are
available for the Sonakhan greenstone which lies at the
northeastern part of the Bastar craton.
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Figure 1. Geological map of the Bastar craton

Geological map of the Bastar craton, central Indian shield (Ramakrishnan, 1990), showing locations of the Sonakhan and
other greenstone belts. Inset: Map showing the location of the study area.

No radiometric age data are available for the Sona-
khan greenstone belt. However, the Sonakhan greenstone
belt has been considered equivalent to Neoarchaean to
Paleoproterozoic greenstone belts of the southern Bastar
craton (Das et al., 1990; Srivastava et al., 2009, 2004),
based on similarities in geological and lithological make-
up. This inference is further corroborated by the strati-
graphic position as the greenstone belt underlies the Mes-
oproterozoic Chhattisgarh Supergroup (Das et al., 2009;
Parthanabis-Deb et al., 2007). The Sonakhan granite-
greenstone complex is a relatively small oblong belt with

NNW-trending structural grain (Fig. 2). The lithostrati-
graphic succession of the Sonakhan belt was first worked
out by Das et al. (1990). Later Saha et al. (2000) refined
the lithostratigraphic succession of the greenstone which
is given in Table 1. The Sonakhan Group comprises of
(a) the lower Baghmara Formation consisting of domi-
nantly metabasalt and subordinate felsic volcanics and
(b) the upper Arjuni Formation consisting of greywacke
and conglomerate.

Journal of the Virtual Explorer, 2009
Volume 32

Paper 7
http://virtualexplorer.com.au/

Tectonomagmatic evolution of the Bastar craton of Indian shield through plume-arc interaction: evidence from geochemistry of the
mafic and felsic volcanic rocks of Sonakhan greenstone belt

Page 4



Table 1. Stratigraphic succession of the Sonakhan Greenstone belt (Saha et al., 2000)

 Unit Description Intrusives

 Arjuni Formation Thick succession of imma-
ture sandstone, polymict
conglomerate, brown shale/
mudstone

Granophyre bodies and dio-
ritic dykes

SONAKHAN Unconformity   

GROUP Baghmara Formation Pillowed metabasalt, mas-
sive basalt with minor ban-
ded iron formation, grey-
wacke, black shale and
chert

Dykes or sills of felsic por-
phy or diorite
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Figure 2. Geological map of the Sonakhan belt

Geological map of the Sonakhan belt (Das et al., 1990) showing important sample locations.
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The suite of rocks belonging to the Baghmara Forma-
tion is dominated by massive through pillowed (Fig. 3),
vesicular to amygdular basalt and constitute the lower
unit of this formation, whereas the upper unit basalts are
devoid of pillows. Minor rhyolite/felsic volcanics are as-
sociated with upper unit basalts. The Baya granitoids are
intrusive into the Baghmara Formation (Fig. 4).

Figure 3. Baghmara Formation showing pillow structure

Field photograph of the lower unit basalts of the
Baghmara Formation showing pillow structure near
Jangla Pahar.

Figure 4. Schematic E-W cross section

Schematic E-W cross section showing relationships
among different litho-units of the Sonakhan Green-
stone belt.

Field occurrence of the volcanic rocks
In the Sonakhan greenstone belt, a thick sequence of

mafic volcanic rocks along with associated felsic variants
constitutes the Baghmara Formation. The basaltic rocks
are well exposed in the western part of the belt near
Baghmara and Jangla Pahar. The lower part of the Bagh-
mara Formation contains pillow basalts, referred to as,
lower unit basalts. Individual pillows range in size from
<10 cm to >40 cm in elongation. The overlying unpil-
lowed massive basalts, referred to as, upper unit basalts,
are well developed around Baya-Deopur-Deogarh hill
road. Felsic rocks of rhyolitic composition and associated
intermediate rocks occur as hillocks towards northwest of
Runjhuni and west of Thelkadabri near Golajhar. They
are generally greenish in colour and can be distinguished
easily in the field. There is no unconformity between the
two basaltic units.

Petrography
The Sonakhan Group of rocks as a whole has suffered

greenschist facies of metamorphism but most of the ba-
saltic rocks of the Baghmara Formation have well-pre-
served original igneous texture. These rocks are fine to
medium grained, and in some cases, they exhibit por-
phyritic texture. In many basaltic samples primary pyrox-
enes have not reverted to chlorite and actinolite and the
rock remains quite black. Since the rocks have overall
preserved original igneous texture and mineralogy in
most of the cases, we have retained the basalt term. The
basaltic rocks mainly contain pyroxene, plagioclase and
opaque minerals. The samples, which show effects of
greenschist metamorphism, consist of chlorite, actinolite,
plagioclase, epidote, sphene and opaque minerals. In
some samples, biotite and hornblende have also been ob-
served. The basaltic rocks exhibit limited alteration to
chlorite, actinolite and epidote. Restricted alterations of
plagioclase to sericite, and biotite and hornblende to
chlorite, have been observed in many cases which may
indicate in situ grain boundary controlled changes repre-
senting isochemical changes (Pollard et al., 1983; Taylor
and Pollard, 1988). Replacement of original pyroxene
crystal by chlorite, and in some cases by amphiboles,
without any change in original igneous texture, may also
suggest isochemical changes (Redman and Kay, 1985).
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Geochemistry

Sampling and Analytical Methods

Eighty one samples encompassing all the lithounits of
the Baghmara Formation and the Arjuni Formation were
collected as a part of a pilot project on tectonomagmatic
evolution of the greenstone belts of the Bastar craton,
central Indian shield. In this paper, we present the high
precision geochemical data of the mafic and the felsic
volcanic rocks of the Baghmara Formation. Samples

were collected from exposures throughout the area based
on accessibility, soil and forest cover. Utmost care was
taken to collect fresh samples from unweathered expo-
sures free from veins and amygdules. Locations of im-
portant sample collection sites are shown in Fig. 2. After
careful petrographic evaluation for alteration, a total of
15 samples were selected for geochemical analysis. The
selected samples include: 07 samples of Lower Unit ba-
salt, 03 samples of Upper Unit Basalt and 05 samples of
Felsic Volcanics (Table 2).
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Approximately 1 kg of each rock sample was crushed
to ~2 mm size chips and about 50 g split of each sample
was pulverized to -200 mesh fine powder in an agate
mill. Major elements were analyzed by SIEMENS SRS
3000 sequential X-Ray Fluorescence (XRF) Spectrome-
ter on fused discs glued with polyvinyl alcohol at the
Wadia Institute of Himalayan Geology, Dehra Dun,
whereas trace elements, including rare earth elements,
were analyzed at the National Geophysical Research In-
stitute, Hyderabad by inductively coupled plasma mass

spectrometer (ICP-MS, Perkin Elmer SCIEXELAN DRC
II). The samples were fused with LiBO2 followed by
treatment with HNO3 and further dilution of dissolved
bead solution to 250 ml to reduce the total dissolved sol-
ids to less than 0.12% in fluid solution as proposed by
Roy et al. (2007). The analytical accuracy of the major
oxide data is <5% and the average precision is always
better than 1.5 %. The precisions achieved for ICP-MS
analyses were <5% RSD with comparable levels of accu-
racy. International standards were used for calibration
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and testing of accuracy. The geochemical data are pre-
sented in Table 2.

Assessment of alteration and element mobility

Only those samples were selected for geochemical
analysis, which show the least alterations. Important
chemical modifications that generally take place in suba-
queous spilitization process, deuteric alteration and
greenschist facies metamorphism include: high loss on
ignition (LOI) values, scatter and inconsistency of major
element data. The studied samples have low LOI (mostly
< 3 wt%), except for a few which show slightly high LOI
values. In addition to low LOI for the most of the sam-
ples, the most of the major elements and trace elements
including large ion lithophile elements (LILE), high field
strength elements (HFSE) and rare earth elements (REE)
exhibit coherent intra- and inter-sample behaviour of the
samples. However, the significant variations in some ma-
jor elements, notably Na2O, K2O, SiO2 and LOI may be
due to alteration. There are no erratic or spurious anoma-
lies in the REE patterns of the samples. These observa-
tions suggest that elemental variations in the samples re-
flect primary igneous processes. Nevertheless, our petro-
genic interpretations of the rocks heavily rely on immo-
bile trace elements.

Major and trace element variations

Lower Unit Basalts
The basalts from the lower part of the Baghmara For-

mation plot in the subalkaline basalt field (Fig. 5) on the
immobile trace elements based discrimination diagram of
Winchester and Floyd (1977). They are characterized by
47.67 to 51.94 wt% SiO2, 6.84 to 7.98 wt% MgO, 12.73
to 16.15 wt% Fe2O3(T), 11.79 to 13.86 wt% Al2O3, 0.83
to 1.27 wt% TiO2 and 10.31 to 12.12 wt% CaO (Fig. 6,
Table 2). They have lower concentrations of Ni (97- 171
ppm, mean 129 ppm) and Cr (144-471 ppm, mean 289
ppm) (Fig. 7, Table 2) compared to N-MORB (Hofmann,
2004). These values are too low for magmas that have
equilibrated with peridotite mantle (Roeder and Emsile,
1970). Thus, the lower unit basalts appear to have under-
gone fractionation. They possess sub-chondritic Nb/Ta
values (6.62 – 18.62) except for one sample (S-714)
which has super-chondritic Nb/Ta value of 18.62 (chon-
dritic values after Sun and McDonough, 1989). Ti/Zr ra-
tios of these samples are consistently higher (1687-5597)
than the chondritic value (111.98). The ratios of Zr/Y and

Zr/Hf range from 0.41 to 1.45 and 15.34 to 30.43, respec-
tively which are less than those of chondrite (2.46 and 36
respectively). On the chondrite-normalized diagram (Sun
and McDonough, 1989) (Fig. 8), the lower unit basalts
exhibit near-flat REE pattern. On the primordial mantle-
normalized multi-element diagram (Sun and McDo-
nough, 1989) (Fig. 9), the samples show N-MORB like
La-Nb-Th patterns having ratios of (La/Nb)pm = 1.14 –
1.56; (La/Th)pm = 1.28 – 2.54; (Nb/Th)pm = 0.99- 2.22).
They also show depletion of Ti relative to middle rare
earth elements (MREE) having ratios of (Ti/Sm)pm =
0.77 – 0.89). Some important trace element characteristic
features of the lower unit basalts are their Nb-anomalies
which are either zero-anomalies or positive-anomalies
(Nb/Nb* = 0.93 – 1.48). All these geochemical features
along with pillow structures are consistent with oceanic
plateau basalts which are generated by a rising mantle
plume (Sandeman et al., 2006; Van Boening and Nabe-
lek, 2008).

Figure 5. Nb/Y vs. Zr/Ti classification diagram

Nb/Y vs. Zr/Ti classification diagram (Winchester and
Floyd, 1977) of the volcanic rocks of the Baghmara
Formation.
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Figure 6. SiO2 vs. TiO2, Fe2O3(T), Al2O3, MgO and CaO
variation diagram

SiO2 vs. TiO2, Fe2O3(T), Al2O3, MgO and CaO varia-
tion diagram of different litho-units of the Sonakhan
Greenstone belt.

Figure 7. SiO2 vs. V, Rb, Ni, Y, Sr, Co, Zr, Th and Cr
variation diagram

SiO2 vs. V, Rb, Ni, Y, Sr, Co, Zr, Th and Cr variation
diagram of different litho-units of the Sonakhan
Greenstone belt.
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Figure 8. Chondrite-normalized REE patterns

Chondrite-normalized (Sun and McDonough, 1989)
REE patterns of the volcanic rocks of the Baghmara
Formation.

Figure 9. Primordial mantle-normalized multi-element
patterns

Primordial mantle-normalized (Sun and McDonough,
1989) multi-element patterns of the volcanic rocks of
the Baghmara Formation.

Upper Unit Basalts
The upper unit basalts of the Baghmara Formation of

the Sonakhan Group are subalkaline basalts ranging in
composition from andesite through dacite to rhyolite
(Fig. 5). These basalts are characterized by 51.72 – 69.39
% SiO2, 0.56 – 0.79% TiO2, 1.19 – 6.62% MgO, 13.90 –
15.92% Al2O3 and 3.18 – 7.52% Fe2O3(T) (Table 2, Fig.
6). There are large variations in Ni (13 - 104 ppm), Cr
(42-326), V (37- 143 ppm), Zr (106- 364 ppm), Co (13 –
104 ppm) and Y (13 – 47 ppm) (Table 2, Fig. 7). The ra-
tios of Ti/Zr (85 – 414) are sub- to super-chondritic,
whereas Zr/Y ratios (8- 10) are always super-cohondritic.
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In addition, they have the following trace element charac-
teristics: highly fractionated REE patterns having (La/
Yb)cn = 18.39 to 35.27, (La/Sm)cn = 4.1 – 5.29, (Gd/
Yb)cn = 2.89 – 4.66); minor negative to no Eu-anomalies
(Eu/Eu* = 0.62 – 1.02) and large negative Nb-anomalies
[(Nb/Th)pm = 0.08 – 0.13; (Nb/La)pm = 0.10 – 0.24] (Fig.
5 & 6, Table 2). Nb/Nb* of these basalts are always very
low (Nb/Nb* <0.16). These features are closely similar to
those of subduction related island arc basalts (Polat et al,
2005; Polat and Hofmann, 2003). Since the upper unit
basalts are enriched in LILE and LREE, and depleted in
HFSE, particularly in Nb, Ta and Ti on the normalized
trace element diagrams, it is proposed that they represent
typical island arc lavas.

Felsic Volcanic Rocks
The felsic volcanic rocks of the Baghmara Formation

of the Sonakhan Group are characterized by 53.25 –
70.02% SiO2, 0.31 – 1.74% TiO2, 0.66 – 6.51% MgO,
15.37 – 19.44% Al2O3, 3.17 – 15.92% Fe2O3(T) (Table
2, Fig. 6). Compared to the upper unit basalts, these felsic
volcanics are depleted in Ni (1 - 10 ppm), Cr (2-24 ppm)
and Zr (23- 104 ppm) but comparable in V contents (14-
128 ppm) (Table 2, Fig. 7). The ratios of Ti/Zr (85 – 414)
are sub- to super-chondritic, whereas Zr/Y ratios (8- 10)
are always super-cohondritic. In addition, they have the
following trace element characteristics: moderately to
highly fractionated REE patterns having (La/Yb)cn = 1.97
to 54.55, (La/Sm)cn = 4.1 – 5.29, (Gd/Yb)cn = 2.89 –
4.66; minor negative Eu-anomalies (Eu/Eu* = 0.62 –
1.02) and large negative Nb anomalies [(Nb/Th)pm = 0.08
– 0.13; (Nb/La)pm = 0.10 – 0.24] (Fig. 8 & 9, Table 2).
Like the upper unit basalts, the felsic volcanics also ex-
hibit low values of Nb/Nb* (0.10 – 0.68). The felsic vol-
canics can be divided into two types based on multi-ele-
ment patterns (Fig. 9): Type 1: samples with minor nega-
tive Nb-anomaly but positive Ti-anomaly and Type 2:
samples with pronounced negative Nb- and Ti-anomalies.
The patterns of type 1 rocks may be a fractionated prod-
uct of plume-generated basaltic rocks, very much similar
to those of the lower unit basalt. Multi-element patterns
of the type 2 felsic rocks are fractionated and are very
much similar to those of the upper unit basalt of island
arc affinity.

Petrogenetic evidence
Contamination of the basalts of the Baghmara Forma-

tion of the Sonakhan greenstone belt by continental crust
during the magma ascent may be ruled out on the basis of
their geochemical characteristics and the presence of the
pillowed structure which is consistent with an oceanic,
rather than a continental setting. There is also no field
evidence to indicate that the Sonakhan greenstone basalts
were emplaced in an older continental basement.

The REE patterns of the lower unit basalts of the
Baghmara Formation of the Sonakhan greenstone belt are
near-flat (slightly LREE-depleted to slightly LREE-en-
riched) (Fig. 8) and the rock types are subalkaline in
composition (Fig. 5). These rocks have positive (to
slightly negative) Nb-anomalies (Nb/Nb* = 0.93 – 1.48,
mean 1.17, Table 2). All of these features are consistent
with an oceanic plateau association generated by a man-
tle plume. The near-flat REE patterns may have resulted
from the high degrees of partial melting in the mantle
plume. Nb/Y ratio of the lower unit basalts ranging from
0.10 to 0.14 at the SiO2 level of 47.67 to 51.94%, indi-
cates that the basalts were generated from the high per-
centage of melting at shallow depth (Greenough et al.,
2005). The REE and incompatible multi-element patterns
of these basalts are similar to those of many modern, Pro-
terozoic and Neoarchaean ocean islands (Polat, 2009 and
references therein). The multi-element patterns of the
lower unit also exhibit distinct negative Zr-anomalies
(Fig. 9). Their Nb/U ratio ranges from 10.27 to 46.39
which is chondritic to super-chondritic (Nb/U = 31 in
chondrite). Similarly the La/U (11.36 – 51.26) and Nb/Th
ratios (8.29- 18.59) are also chondritic to super-chondrit-
ic (La/U and Nb/Th values in chondrite are 30, 8.5 re-
spectively). The Nb/La ratios (0.67 – 0.91) are sub-chon-
dritic to chondritic (chondrite value is 1.0). These fea-
tures are considered to be typical of ocean island basalt.
Based on the geochemical and the field characteristics, it
is proposed that the lower unit basalts of the Baghmara
Formation represent an oceanic plateau erupted from a
rising mantle plume. Type 1 felsic volcanic rocks with
minor negative Nb-anomaly and positive Ti- anomaly
may represent differentiated product of plume generated
basaltic rock.

The upper unit basalts and the associated type 2 felsic
volcanic rocks show chemical characteristics of the is-
land arc volcanic association having larger variations in

Journal of the Virtual Explorer, 2009
Volume 32

Paper 7
http://virtualexplorer.com.au/

Tectonomagmatic evolution of the Bastar craton of Indian shield through plume-arc interaction: evidence from geochemistry of the
mafic and felsic volcanic rocks of Sonakhan greenstone belt

Page 16



major and trace elements, ranging from sub-alkaline ba-
salt through andesite, dacite to rhyolite (Fig. 5) forming a
BADR (basalt-andesite-dacite-rhyolite) series. Similar
patterns have recently been reported from the arc-related
Gadwal greenstone belt of the Dharwar craton (Mani-
kyamba and Khanna, 2007). Our samples of the upper
unit basalts have distinct Th-Nb-REE systematics. The
upper unit basaltic rocks and the type 2 felsic rocks are
characterized by the positively fractionated REE patterns
(Fig. 8). They also display strong depletion in Nb and Ti
relative to Th, LREE and MREE (Fig. 9). Nb/U
(2.46-3.77), Nb/Th (0.68 – 1.5) and Nb/La (0.11 – 0.24)
ratios are sub-chondritic. They have higher Zr/Y ratios
(7.76-10.51) compared to those of the lower unit basalt
(0.41- 1.45) of the oceanic plateau association. The REE
and the trace element patterns shown by the upper unit
basalts and the associated type 2 felsic volcanics are very
much similar to those of the volcanic rocks of the island
arc setting. Such patterns have been reported from sever-
al Arcahean greenstone belts (Hollings and Kerrich,
2000; Wyman et al., 2000; Hollings, 2002; Sanderman et
al., 2004).

Tectonic setting
Pearce (2008) has suggested that the E-MORB and

OIB sources are enriched relative to N-MORB sources
that are revealed by the high Ta/Yb and Th/Yb ratios
yielding a MORB-OIB array (Fig. 10). Crust input, either
by magma-crust interactions or by crustal recycling into
magma sources, raises the Th/Yb ratios that plot above
this MORB-OIB array. On the Ta/Yb vs Th/Yb diagram
(Fig. 10), the lower unit basalts plot close to E-MORB
within the array. On the other hand, the upper unit basalts
and the felsic volcanics (except for the two felsic volcan-
ic samples which plot close to E-MORB) plot mainly
within the volcanic arc field.

Figure 10. Ta/Yb vs. Th/Yb diagram

Ta/Yb vs. Th/Yb diagram for the volcanic rocks of the
Baghmara Formation. Data for N-MORB, E-MORB,
OIB are after Sun and McDonough (1989). Fields after
Pearce (1982, 2003). CA, Calc-alkaline; TH, tholeiite.

It is proposed that the Sonakhan greenstone belt con-
tains rocks of both the oceanic plateau association and
the island arc association. It is noteworthy that the lower
unit pillowed oceanic plateau basalt and the upper unit
basalt of the island arc association are not spatially rela-
ted with unconformity in between them, although both
the rock types were emplaced in different tectonic set-
tings. The lower unit pillowed basalt and the upper unit
basalt along with felsic volcanics occur even without any
obvious structural discontinuity. This indicates that the
relationship between these two lithotypes is primary and
may indicate tectonic juxtaposition of the island arc asso-
ciation over the oceanic plateau association. This, in turn,
may indicate co-existence of contemporaneous plume
and arc magmatism in the Sonakhan greenstone belt. The
plume derived plateau basalts occupy the lower part of
the Baghmara Formation and predate the upper unit calc-
alkaline basalt, andesite, dacite and rhyolite series of the
Baghmara Formation of the island arc association. Thus,
the Bhagmara Formation, as a whole, represents both
plume type and island arc type volcanism (Fig. 11).
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Figure 11. Geodynamic evolution of the Sonakhan
Greenstone belt

Cartoon showing the geodynamic evolution of the So-
nakhan Greenstone belt. A. Eruption of the plume-re-
lated basalt forming the oceanic plateau (lower unit
basalt of the Baghmara Formation). B. Subduction of
the oceanic plate under the oceanic plateau resulting
in arc-related magma.

The operation of the subduction process in this part of
the Indian shield is also indicated by geochemical charac-
teristics of the Baya gneisses (Hussain et al., 2004; Mon-
dal et al., 2006). It appears that partial melting of the
mantle wedge which was metasomatized by slab released
– fluids has given rise to rocks of the basalt-andesite-da-
cite-rhyolite association of the upper unit basalt of the
Baghmara Formation. Lithospheric extension in the over-
riding plate may have occurred in response to subduction
slab-rollback resulting in the formation of an intra-arc ba-
sin where the clastics of the Arjuni Formation were de-
posited. In the absence of geochronological data, the tim-
ing of these processes remains speculative. However,
based on the lithological make-up and the stratigraphic
positions, a broad age band of Neoarchaean to Paleopro-
terozoic may be assigned to the Sonakhan greenstone
belt. Hollings and Kerrich (2006) reported the presence
of such compositionally diverse, spatially associated ba-
saltic flows in the 2.7 Ga St. Joseph greenstone belt, Can-
ada.

Evolutionary Model
The geochemical data-derived interpretations in com-

bination with the overall lithological make-up of the So-
nakhan granite-greenstone belt can be used to suggest a
model for the tectonomagmatic evolution of the Bastar
craton of the Indian shield. It is proposed that during late
Archaean, a rising mantle plume generated a thickened,
hot, buoyant and so unsubductable oceanic plateau, that
is now represented by the lower unit basalts of the Bagh-
mara Formation. The accretion of this plateau against an
old continent margin could have triggered subduction.
The thick oceanic plateau served as a base for further
subduction of the oceanic crust producing subduction-re-
lated basaltic and felsic volcanic rocks, consisting of up-
per unit basalts, in an island arc setting (Fig. 11). The
magmas might have been derived from the fluid-meta-
somatized mantle wedge producing the upper unit basalts
of the island arc affinity. A similar model has been pro-
posed for the evolution of the Western Dharwar Craton
by Naqvi et al. (2006); Manikyamba and Khanna (2007)
and Jayananda et al. (2008). In response to subduction
slab roll-back, lithospheric extension in the over-riding
plate may have occurred causing rifting of the arc. This
extension may have eventually led to the formation of an
intra-arc basin in which clastics of the Arjuni Formation
were deposited. Petrographical and geochemical charac-
teristics of these clastic rocks also corroborate this con-
tention (our preliminary unpublished data). The plume-
arc interaction model proposed here for the Sonakhan
greenstone belt may be applicable for the Bastar craton as
a whole during the Neoarchaean to Paleoproterozoic.
Since such model has also been proposed for the Dhar-
war craton, it may further point to the dominance of such
process for the evolution of the Indian shield during the
Neoarchaean to Paleoproterozoic.

Conclusions
The field and the geochemical data suggest the pres-

ence of two volcanic rock associations in the Sonakhan
greenstone belt: (1) an oceanic plateau association com-
posed dominantly of tholeiite basalts and (2) a composi-
tionally diverse intra-oceanic island arc association. The
latter association is composed of tholeiite to andesite, da-
cite and rhyolite (BADR series). The REE patterns of the
Sonakhan greenstone oceanic plateau basalts vary from
depleted N-MORB like, to flat oceanic plateau like. Sim-
ilar REE patterns have been reported from the
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Phanerozoic plume-derived oceanic plateaus and ocean
islands (Kerr and Mahoney, 2007; Kerr, 2004; Hofmann,
2004). The presence of both the oceanic plateau and the
island arc association in the Sonakhan greenstone belt
can be explained by the initiation of a subduction zone at
the edge of an oceanic plateau. Compositionally diverse
lavas including basalts, andesite, dacite, rhyolite erupted
from an island arc developed at the edge of the oceanic
plateau. Extension of the overriding plate led to the rift-
ing of the arc, resulting in the formation of an intra-arc
basin for the deposition of the clastic rocks now represen-
ted by the Arjuni Formation. Thus, it is apparent that the
plume-arc interaction model is a viable mechanism for
the evolution of the continental crust during the Neoarch-
aean to Paleoproterozoic.
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