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Abstract The Neo-Archean Sonakhan Greenstone Belt
(SGB) located in the north-eastern fringes of Bastar craton,
Central India, is dominated by Basalts, Andesites, Dacites
and Rhyolites association. Partial melting modeling on the
SGB metabasalts indicates that these rocks were derived by
20% melting of spinel peridotite. Fractional crystallisation
modeling with REE reveal that the most evolved samples
represent the product of fractional crystallization of least
evolved magma with 35% plagioclase, 35% clinopyroxene,
20% olivine, 5% magnetite and 5% ilmenite as fraction-
ating minerals with 40% remaining magma. Depletion of
HFSE with reference to the LILE and LREE/HFSE ratios
and Nb, Zr anomalies in the multi-element diagram of the
mafic rocks of SGB indicate Island arc magmatic setting.
The enriched Th/Yb values further substantiate that the
mantle arrays were modified by subduction-related fluids or
melts. The general conclusions drawn indicate that the
metabasalts from the SGB were formed as a result of
subduction of an intraoceanic lithosphere in a fore-arc
suprasubduction zone environment.
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1 Introduction

The nature of petrogenetic and geodynamic process behind
the generation of Archean continental crust still remains
one of the most challenging problems in Earth Science
(Hawkesworth et al. 2010; Foley et al. 2002; Rapp et al.
2003; Xiao and Santosh 2014; Zhai 2014). Occurrence of
Greenstone-Gneiss association is a common feature of
Archean cratons (Naqvi 2005). The term Greenstone Belt is
generally used to describe elongated to variably-shaped
terrain of variable length and width, consisting of spatially
and temporally related materials from (1) Archean to
Proterozoic intrusive and extrusive ultramafic, (2) mafic to
felsic rocks commonly associated with variable amounts
and types of metasedimentary rocks, and (3) intruded by
granitoid plutons. 85% of the ophiolite occurrences in the
greenstone sequences can be classified as the subduction-
related tectonic environment. Subduction unrelated green-
stone occurrences are mainly developed during ocean basin
evolution, and are related to continental rifting, seafloor
spreading drift-rift tectonics and plume magmatism (Fur-
nes et al. 2014, 2015).

The Peninsular Indian Shield, which is made up of low
to high-grade metamorphic terrain, has an age range of
3.6-2.6 Ga. These terrain attained tectonic stability for
prolonged periods, and they constitute continental crust
designated as cratons (Naqvi and Rogers 1987; Balasub-
ramanyan 2006; Ramakrishnan and Vaidyanadhan 2008).
Stabilization of a craton occurs when intruded by plutons,
and as a result, the whole-rock isotopic systems become
closed so platform sedimentation takes place on the newly
formed basement (Rogers and Santosh 2003). The Bastar
Craton, which is located in the eastern part of Peninsular
India, is bordered by the Satpura mobile belt in the north,
the Pranhita—Godavari rift in the south, the Deccan Traps
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in the west, the Eastern ghats mobile belt in the east and the
Mahanadi rift in the north east (Ramchandra et al. 2001;
Ramakrishnan and Vaidyanadhan 2008).

The prominent Greenstone Belts of Peninsular India can
be classified into the Keewatin-type and the Dharwar type
(Radhakrishna 1976). The Keewatin-type (which includes
Hutti-Maski, Sandur, Ramgiri and Kolar belts) can be
comparable with other Archaean Greenstone Belts of the
world; the Dharwar-type (which includes Bababudan,
Chitradurga—Gadag, and Dharwar—Shimoga belts), on the
other hand, are akin to the Proterozoic belts of a basinal
and geosynclinal type (Radhakrishna and Ramakrishnan
1988, 1990). The Sonakhan Greenstone Belt (SGB), loca-
ted in the Northeastern part of Bastar Craton belongs to the
Keewatin type. SGB covers an area of about 1200 km? and
represents a late Archaean volcano-sedimentary sequence
with mafic and felsic metavolcanic rocks along with Ban-
ded Iron Formation, comprised of sedimentary sequences
of conglomerate, greywacke, argillite and ferruginous chert
(Arjuni Formation) (Deshmukh et al. 2006, 2008; Ram-
chandra et al. 2001; Yedekar et al. 1990; 2003). In the
present work, major and trace element geochemical char-
acteristics of metabasalts from SGB are evaluated to elu-
cidate the tectonic setting of the terrain.

2 General geology of the Sonakhan Greenstone
Belt

The SGB, with NW-SE trend, is almost perpendicular to
the NE-SW trending Central Indian Tectonic Zone CITZ
(Fig. 1). Based on the Rb-Sr data on meta rhyolites of
SGB, Ghosh et al. (1995) proposed that the Sonkhan
greenstone terrain formed around 2.5 Ga. However no
detailed geochemical and isotopic studies are available
from this terrain. The Baghmara Formation in the Son-
akhan Greenstone terrane is a suite mainly composed of
mafic metabasalts with subordinate rhyolite and tuffaceous
materials. The mafic metavolcanic rocks of Baghmara
Formation are represented by pillowed and massive/schis-
tose metabasalts. Ray et al. (2000) and Ray and Rai (2004)
reported potential gold mineralization from the SGB.
Venkatesh (2001) carried out ore mineralogical studies in
this terrane and proposed a mesothermal origin for gold
mineralization. Deshmukh et al. (2008) reported komatiitic
affinity for the metabasalts of the SGB and correlated SGB
with the Hutti Greenstone Belt of the Dharwar Craton.

3 Petrography

The mineral assemblages exhibited in the metabasalts are
as follows:
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Plagioclase + actinolite + chlorite + opaques
=+ clinopyroxene =+ epidote + apatite

In metabasalt, the overall abundance of plagioclase
phenocrysts ranges from 5% to 15%. The other phenocryst
phases include clinopyroxene and amphibole (Fig. 2a). The
groundmass consists of plagioclase, clinopyroxene,
amphibole, magnetite and sporadic apatite. In some sec-
tions, flow texture is also perceptible (Fig. 2b). Secondary
phases in some of the samples include chlorite, epidote,
and calcite.

4 Geochemistry

The geochemical analysis was carried out in order to
determine the major oxides concentration by X-Ray Fluo-
rescence spectrometry (XRF) Philips-1400 (Holland)
instrument. Rare earth elements (REE), high field strength
elements (HFSE), large ion lithophile elements (LILE) and
transition metals (Ni, Co, Cr, V, and Sc) were analyzed
using the ICP-MS technique by ELAN DRC II (Perkin
Elmer Sciex Instrument, USA) at the National Geophysical
Research Institute, Hyderabad, India.

Deshmukh et al. (2008) reported the major element
geochemistry of the mafic rocks of SGB and argued a
komatiite affinity for these rocks. In the present paper, we
are presenting the trace element data of the same samples
presented in Deshmukh et al. (2008). For the convenience
of the readers, we are incorporating major element data
from Deshmukh et al. (2008) (Table 1) along with the new
trace element data.

Traditionally, magmatic rocks are classified on the basis
of the Total Alkali-Silica (TAS) diagram either by Le Bas
et al. (1986) or by Le Bas and Streckeisen (1991). How-
ever, the metamorphism and hydrothermal reactions in the
greenstone terrain increases the mobility of Na and K.
Therefore, classification of igneous rocks in greenstone
terrain on the basis of TAS diagram may not be appro-
priate. Hence, in order to give a proper nomenclature of the
rocks, in the present work, we are using Zr/Ti-Nb/Y dia-
gram (Floyd and Winchester 1975). When the samples
were plotted in the Zr/Ti—-Nb/Y diagram, it was found that
all the plots fall in “basaltic field” (Fig. 3).

Chondrite-normalized REE pattern of all the rocks are
similar (Fig. 4) and have a typical flat REE [(La/
Lu), = 1-1.5] pattern, which is a characteristic feature of
komatiite related rocks. Condie (1989) proposed that the
flat REE pattern is a characteristic feature of Archean
Greenstone Belts with a komatiitic affinity (TH-1type).
Incompatible trace element abundances (Table 1) in com-
parison to the Primitive mantle suggests that most of the
SGB metabasalts are characterised by selective enrichment
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Fig. 1 Regional geological map of Sonakhan Greenstone Terrane (after Das et al. 1990)

of Large Ion Lithophile Elements (LILE), such as Rb, Ba,  characterized by pronounced negative Nb and Zr anomalies
and Sr, and relative depletion of High Field Strength Ele-  (Fig. 5). The presence of negative Nb anomaly indicates a
ments (HFSE) such as Nb, P, Ti, Y, and Yb. The primitive subduction-related genesis (Pearce 1982). Positive
mantle normalized multi-element spider diagram is  anomalies of Pb and Ta were also observed. Sajona et al.
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Fig. 2 Photomicrographs of
meta basalts of Sonakhan
Greenstone Belt

(1996) proposed that the island arc basalts have low Nb
content (<2 ppm). The low Nb content in the SGB meta-
basalts (0.236-2.092 ppm) further substantiates subduction
magmatism.

5 Discussions
5.1 Elemental mobility

Elemental mobility during post-magmatic alteration and
metamorphism is a point of concern in the Archaean vol-
canic rocks (Polat et al. 2002). It has been concluded by
various workers (Ludden et al. 1982; Rajamani et al. 1985;
Xie et al. 1993; Arndt 1994; Kroner et al. 2013; Polat 2013)
that the effects of alteration on HFSE, Ti, Cr, Ni, and REE
(except Eu) are relatively insignificant (Pearce and Peate
1995). The element Zr is often used as an alteration index
of metamorphosed volcanic rocks (Pearce 2014; Rollinson
1999). The mobility of LILE such as Rb, K, Sr and Ba is
well documented in Archaean volcanic rocks (Arndt and
Goldstein 1989; Arndt 1994).

A general consensus exists that field, petrographic and
geochemical criteria may be applied for the evaluation of
alteration sensitivity (mobility or immobility of elements)
in volcanic rocks that have experienced submarine
hydrothermal alteration and metamorphism. These criteria
include the preservation of primary volcanic features such
as pillows, uniform inter-element ratios and smooth REE
patterns (excepting Ce and Eu) etc. However, submarine
alteration and metamorphism might have affected the
geochemistry of original volcanic rocks to a variable extent
as seen in the thin sections. Therefore, the mobility of
elements has to be evaluated prior to their application in
petrogenetic modeling.

During hydrothermal processes, some major elements
such as Ti, Al, and P are generally immobile, whereas
others like Na and Ca are almost always mobile
(MacGeehan and MacLean 1980; Mottl 1983). At
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greenschist facies metamorphic conditions, Si, Ti, Al, Mn,
and P remain unchanged, whereas Fe, Mg, Na, and K may
be mobilized (Pearce 1982; Rollinson 1993). Usefulness of
major element data is therefore often conditional on
unknown factors of metamorphism. Therefore, in the pre-
sent case, in order to evaluate the effect of metamorphism
and hydrothermal alteration, we have to focus on the
behavior of the trace elements. The mobility of trace ele-
ments in metamorphism can be generalized into two
groups. (1) Low field strength (LFS) elements (Cs, Sr, K,
Rb, and Ba) are generally mobilized, whereas (2) high field
strength (HFS) elements (REE, Sc, Y, Th, Zr, Hf, Ti, Nb,
Ta, and P) are relatively immobile (Pearce, 1982). Further,
Co, Ni, V, and Cr are also considered immobile (Rollinson
1993). The linear trends are shown with Zr and Hf, because
when plotted against Y, they indicate their immobile nature
and thus can be used for petrogenetic modeling (Fig. 6a, b).

5.2 Magma generation and modification

The tholeiite sequences with komatiitic affinity in the
Archaean Greenstone Belts (TH-1 of Condie 1989) gen-
erally exhibit a flat REE pattern. Condie and Harrison
(1976) studied the Maric Formation in the Midlands
Greenstone Belt of Rhodesia and carried out petrogenetic
modeling of TH-1, proposing that it is produced by 30%
partial melting of a lherzolite source with olivine,
clinopyroxene, orthopyroxene and spinel as residual min-
erals. Arth and Hanson (1975) proposed that TH-1 tholeiite
from northwestern Minnesota was derived by 10-25%
partial melting of the mantle. The REE patterns of meta-
basalts of Baghmara Formation closely resemble those of
TH-1 from Minnesota, thus pointing towards a similar
mantle-melting pattern. When SGB samples were plotted
in the La/Yb versus Dy/Yb diagram, they fall in the sta-
bility field of spinel peridotite (Fig. 7). Modeling of the
samples of SGB was carried out using non-modal batch
melting process (Baker et al. 1997) with La/Yb ratio. The
modeling was carried out considering the sample with
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Table 1 Major and trace Sample  SK-1 SK2  SK-5  SK-5/7 SK6  SK8  SK9  SK-10 SK-15

element concentrations of mafic

metavolcanics of Sonakhan Sio, 53.31 54.81 49.18 53.22 51.34 53.26 53.9 51.27 53.55

VG;ﬁfe‘f;‘I’Z":frz’s‘égﬁ;ﬁﬁfgiﬁt TiO, 0.81 064 096 072 092 078 075 078 065

2008) ALO; 1332 1332 1261 1164 1466 1296 15 1239 15.87
Fe,O0; 1286 1123 1231 1276 1408 1137 1066 1243  10.85
MnO 0.16 0.17 0.19 0.17 0.18 0.17 0.17 0.17 0.16
MgO 8.42 7.93 431 6.86 5.61 6.32 6.05 7.25 6.81
Ca0 906 1007  11.64 1044 114 1126 1078 1048 9.62
Na,0 0.93 0.65 1.69 1.77 0.51 2.81 1.31 2.69 0.77
K-,O 0.12 0.46 0.67 0.32 0.14 0.13 0.16 0.68 0.38
P,0s 0.09 0.08 0.09 0.07 0.1 0.07 0.09 0.08 0.09
Total 99.08 9936  93.65 9797 9894  99.13 9887 9822  98.75
Sc 39473 36277 43514  39.825  24.615  40.503  24.905 41.105  42.584
% 269.34  241.87 2832  251.05 15727 26777 159.85 263.05 25623
Cr 103.74 18035  137.05 20409  188.135 23531  89.821 22844 2228
Co 168212 161965 159.16 1529  257.89 5142  263.54  170.963 150.025
Ni 57.854 8577  71.67  73.884 6033  102.1 61.338 80792  73.753
Cu 114.62 11378 44409 103.77 47425  540.57 48176 76351 154.57
Zn 11241 13125 108.02  97.859  69.666 103.09  70.741 9577  96.008
Ga 12342 12582 15614 12592 7.606 12292 7737 12516 12.964
Rb 13427 24051 19478 8461 123 13302 2293 13819  9.656
St 12542 10593 16516 94271 66969 15229  66.845 13655  100.21
Y 22244 16083 22056 19.031 15753 19368 15917 18579  19.667
Zr 44.686 21437 22578 15479  17.848 12736  17.664  13.862  14.983
Nb 1692 1519 2092 1511 1027 0236  1.01 1493 1578
Cs 0.864 3334  1.637 0326 0944  0.112 0948 0529  0.475
Ba 27.197 10626 17597  62.165 23.081 5691 23 56.236  82.64
La 3375 3426 4.158 3883 1.8l 2578 1.83 2415 3.643
Ce 8445 8523 9679 8972 4884 6722 4888 6592  8.624
Pr 1.05 0982 1157 1046 0633 0869 0.3 0864  1.072
Nd 6.562 5882 7315 6362 4175 5653 4229 5688 6552
Sm 1867 1648 216 1748 1241 1747 1292 1631 1797
Eu 0711  0.644 0961 0666 0528 0665 0524 0572  0.695
Gd 2942 2449 3094 2643 1994 2593 1966 2421  2.651
Tb 0.55 0427  0.58 0481 0373 0496 0373 045 0.484
Dy 3172 2424 3281 2755 2267 2812 2286 2658  2.846
Ho 0686 0522 0702 0606 051 0623 0512 0579  0.62
Er 2285  1.628 2225 1934 1616 2051  1.645 1993  2.026
Tm 0391 0283 0388 0347 027 0342 0269 0334 0343
Yb 2113 1495 1933  1.84 1347 1864 1382 1783  1.925
Lu 0324 0215 0294 0294 0205 0284 0199 0274 031
Hf 1187 0612 0725 0.6l 0 0 0 0489  0.64
Ta 0451 0363 1502 0433 0514 0224 048 035 0.408
Pb 2726 5.65 8021 6951 9773 7562  9.091  4.158  7.468
Th 0.586 0961 0474 0753  0.191 033 0172 0329  0.674
U 0112 0139 0117 0212 0044 0084 0042 0083  0.111

lowest REE values (SK-6), and the results revealed these
rocks were generated by ~20% partial melting of a spinel

lherzolite (Fig. 8).

Various differentiation processes have to be evaluated in
detail for finding out the reason for magma modification. In
the present case, fractional crystallization, which is the
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Fig. 7 Dy/Yb versus La/Yb plot for the meta basalts from SGB
indicating their generation at shallower depths in spinel-peridotite
stability field (Jung et al. 2006)
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most important magma modification process, has been
evaluated with the help of trace elements. In the La/Sm-La
diagram, data points plot along a nearly horizontal line
(Fig. 9), indicating that fractional crystallization (Allegre
and Minster 1978) has played a vital role in the modifi-
cation of magma. The positive relationship between Ni and
Mg# (Fig. 10a) indicates fractional crystallization of oli-
vine minerals (Wilson 1989). Sc is compatible in pyroxene
but not in olivine (Rollinson 1993), and the positive cor-
relation of Sc with Mg# indicate pyroxene fractionation
(Fig. 10b).

To evaluate the role of fractional crystallization, Ray-
leigh’s fractional crystallization model was used. The
sample SK-6 exhibits the minimum values for REE
(ZRreg = 21.85 ppm), and it was considered as represen-
tative of the least fractionated magma in the whole
assemblage. In contrast, the sample SK-51 with highest
REE (Zrgg = 51.92 ppm) was considered as the final
product of fractional crystallization. It is evident from the
variation diagrams and chondrite normalized diagrams that
olivine, clinopyroxene, and plagioclase were the governing
phases in the fractional crystallization. As these rocks are
of tholeiite nature, it can be assumed that olivine governed
the crystal fractionation to a lesser degree than clinopy-
roxene and plagioclase. For fractional -crystallization
modeling, the fractionating minerals considered were pla-
gioclase, clinopyroxene olivine, magnetite, and ilmenite.
Modeling with REE revealed that the most evolved sam-
ples represented the product of fractional crystallization of
SK-6 with 35% plagioclase, 35% clinopyroxene, 20%
olivine, 5% magnetite and 5% ilmenite as fractionating
minerals with 40% residual liquid (Fig. 11).

5.3 Geodynamic setting of SGB

During subduction, Ti becomes depleted in the source,
whereas V is enriched in the source magma. As the oxi-
due to subduction-derived fluids,

dation increases

10

La(pp?n)

Fig. 9 La/Sm versus La Plots of SGB in a nearly horizontal line,
indicating importance of fractional crystallization
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Fig. 11 REE modeling results for fractional crystallization

vanadium becomes more incompatible than in the lower
oxidation state. Thus, higher Ti/V ratio indicates a sub-
duction influenced source region (Shervais 1982). From Ti-
V diagram (Fig. 12) it was observed that all samples except
two were characterized by island arc setting. Scattering of
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Fig. 12 V versus Ti tectonic discrimination diagram (Shervais 1982)
of mafic metavolcanics of Sonakhan Greenstone Belt
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Fig. 13 Plot of Th/Yb versus Nb/Yb for meta basaltic rocks of SGB.
The mantle array includes constructive plate boundary magmas (V-
MORB normal mid-ocean ridge basalts, E-MORB enriched mid ocean
ridge basalts) and within-plate alkaline basalts (OIB ocean island
basalts). AUCC is Archean upper continental crust. Fields for
convergent margin basalts include the tholeiitic (TH), calc-alkaline
(CA), and shoshonitic (SHO) magma series. The vectors S, C, W, and
f refer to subduction zone component, crustal contamination, within
plate fractionation, and fractional crystallization respectively (after
Pearce 2008). Forearc, arc, and backarc fields are of recent convergent
margins fields are from Metcalf and Shervais (2008)

the samples may be due to the varied metasomatic effect or
other post-magmatic alterations.

The classification scheme proposed by Pearce (2008)
was followed in the next step. According to Pearce (2008),
if the mantle arrays were modified by subduction-derived
fluids, it would be enriched in Th. As a result, the Th/Yb
ratio would be higher in subduction-related components
than that of the mantle array. The basaltic rocks in the
present area, when plotted in the Th/Yb versus Nb/Yb
diagram (Fig. 13), fall in the volcanic arc array with arc-
fore arc signatures. For further confirmation on the sub-
duction-related genesis of SGB, we carried out the geo-
chemical screening method proposed by Condie (1989).
The average values of basaltic rocks from the terrane were
compared with four screens, and it was found that the rocks
were characterized by subduction-related genesis
(Table 2). The elemental ratios of Nb/La (0.455467), Ti/Y
(252.3778), in first order of SCREEN 1 and Ti/V
(20.56667), TiO, (0.778889), Ta (0.525667) and Nb
(1.350889) values in the second order of SCREEN 1
clearly exhibited the arc basalt tectonic setting for the SGB.
Hf/Th (0.953691) and Ce/Nb (5.53783) ratios indicated
N-MORB in SCREEN 2. From SCREEN 3 the values of
Th/Yb (0.283615), Th/Nb (0.45622), Nb/La (0.455467)
exhibited arc basalt characteristics. In SCREEN 4, Zr/Y

Table 2 Geochemical

Screen 1 WPB-MORB ARC-N MORB Pillow lavas
screening of meta basalts of of Baghmara
SGB (after Condie 1989) Formation

First order

Nb/La >1 <1 0.455467

Ti/Y >350 <350 252.3778

Second order

Ti/V >30 <30 20.56667

TiO, >1.25 <1.25 0.778889

Ta >.7 <0.7 0.525667

Nb >12 <12 1.350889

Screen 2 WPB T-EMORB N MORB

Hf/Th <8 >8 0.953691

Ce/Nb <2 >2 5.53783

Screen 3 NMORB ARCB

Th/Yb <0.1 >0.1 0.283615

Th/Nb <0.07 >0.07 0.45622

Nb/La >0.8 <0.8 0.455467

Screen 4 TIAB-CABI CABC

ZrlY <3 >3 0.924893

Ta/Yb <0.1 >0.1 0.030336

Screen 5 IAB CABI

Th/Yb <0.3 >0.3 0.283615

Ti/Zr >85 <85 322.0413
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Fig. 14 Flow chart depicting tectonic classification of mafic metavol-
canics from Sonakhan Greenstone Belt (Condie 1989)

(0.924893) and Ta/Yb (0.030336) exhibited IAB-CABI
character. IAB tectonic framework of the metabasalts from
SGB was confirmed with Th/Yb (0.283615) and Ti/Zr
(322.0413) ratios from SCREEN 5. Figure 14 depicts a
flow chart illustrating different screening methods marked
with the behavior of SGB metabasalts on each screen. The
chemical composition of subduction zone magmas gener-
ated in the convergent boundaries was mainly controlled by
two sources: the mantle wedge and the slab components
(i.e., fluids and/or melts generated from the subducting
slab) (Tatsumi et al. 1986; Morris et al. 1990; Hawkes-
worth et al. 1993; Pearce and Peate 1995; Pearce 2008).
Deshmukh et al. (2017) proposed a subduction-related
genesis for the felsic metavolcanic rocks of Bagmara for-
mation of SGB. Prominent negative Nb anomaly in the
multi-element spider diagram, along with other elemental
fingerprints, clearly indicated subduction magmatism
(Keleman et al. 2004; Pearce, 2008; Perfit et al. 1980; Tat-
sumi et al. 1986; Pearce and Stern 2006; Hawkesworth et al.
1993; Pearce and Peate 1995). In an arc-related environ-
ment, the subducted slab underwent dehydration during the
initial stage of subduction. The subducting slab dehydrated,
and the subduction-derived fluids caused the metasomatism
of the mantle wedge. However, the differences in the
melting process in a subduction-related environment were
primarily due to the difference in Py,o (Manning 2004;
Mibe et al. 2011; Anderson et al. 1980) The higher Py»0 in
an arc-related environment incorporated LILE and LREE
into the melt phase and as a result, the residual mantle
became enriched in HFSE. Depletion of HFSE with refer-
ence to the LILE and LREE/HFSE ratios and Nb, Zr
anomalies, which were perceptible in the mafic rocks of
SGB, were characteristic features of Island arc magmas
(Fig. 5) (Pearce 2008; Manning 2004; Wilson and Davidson
1984). The enrichment in LILE indicated that the SGB
metabasalts were derived as a result of metasomatism of the
depleted mantle wedge beneath the Bastar Craton. The
Archean geothermal gradient, size and dynamics of plates
collectively played a significant role in the generation of
these basaltic rocks. Various studies at Archean greenstone
terrane imply that the Neoarchean convergent margins,

wedge melting, arc magmatism and slab dehydration were
the prominent mechanisms involved in the generation of arc
basaltic magma (Wyman 2003; Kerrich et al. 1998, Wyman
and Kerrich 2009; Lafleche et al. 1992).
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