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Abstract: The results of field, petrographic and geochemical work of the granitoids of Hutti-Gurgunta area in the
northern part of Eastern Dharwar Craton (EDC) is presented in this paper. This crustal section comprises polyphase
banded to foliated TTG gneisses, middle amphibolite facies Gurgunta schist belt and upper greenschist facies Hutti
schist belt and abundant granite plutons. The focus of the present study is mainly on basement TTG gneisses and a
granite pluton (~ 240 sq km areal extent), to discuss crustal accretion processes including changing petrogenetic mechanism
and geodynamic setting. The TTGs contain quartz, plagioclase, lesser K-feldspar and hornblende with minor biotite
while the granite contain quartz, plagioclase, K-feldspar and hornblende. Late stage alteration (chloritisation, sericitisation
and epidotisation) is wide spread in the entire area. A huge synplutonic mafic body which is dioritic to meladioritic in
composition injects  the granite and displays all stages of progressive mixing and hybridization. The studied TTGs and
granite  show distinct major and trace element patterns. The TTGs are characterized by higher SiO2, high Al2O3, and
Na2O, low TiO2, Mg#, CaO, K2O and LILE, and HFS elements compared to granite. TTGs define strong trondhjemite
trend whilst granite shows calc-alkaline trend. However, both TTGs and granite show characteristics of Phanerozoic
high–silica adakites. The granite also shows characteristics of transitional TTGs in its high LILE, and progressive
increase in K2O with differentiation. Both TTGs and granite define linear to sub-linear trends on variation diagrams. The
TTGs show moderate total REE contents with fractionated REE patterns (La/YbN =17.73-61.73) and slight positive or
without any significant Eu anomaly implying little amount of amphibole or plagioclase in residual liquid. On the other
hand, the granite displays poor to moderate fractionation of REE patterns (La/YbN = 9.06-67.21) without any significant
Eu anomaly. The TTGs have been interpreted to be produced by low-K basaltic slab melting at shallow depth, whereas
the granite pluton has been formed by slab melting at depth and these melts interacted with peridotite mantle wedge.
Such changing petrogenetic mechanisms and geodynamic conditions explain increase in the contents of MgO, CaO, Ni
and Cr from 2700 Ma to 2500 Ma granitoids in the EDC.
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parts of the present continents (Choukroune et al. 1994;
Condie, 1989). Large quantities of mantle derived calc-
alkaline magmas accreted during 2.7 – 2.5 Ga in the form
of plutons. This juvenile magmatism was spatially associated
with  greenstone magmatism (Barker and Arth, 1976;
Krogstad et al. 1995) and crustal reworking (Jayananda et
al. 2006)  which culminated in granulite metamorphism
(Friend, 1983) and cratonization of Archaean crust. These
magmatic bodies are principally constituted by TTGs
(Hansen, 1984a ; Stern and Hanson, 1991; Martin and
Moyen, 2002; Jayananda et al. 2006), but also include calc-
alkaline to potassic granites (Sylvester, 1994; Jahn et al.

INTRODUCTION

Granitoids are the predominant components of the
Archaean cratons, constituting 70 – 80% of their volume
(Windley, 1995). They have been formed episodically
from ~4.0-2.5 Ga (Martin and Moyen, 2002) producing
compositionally varied suites with many overlapping
characteristics. Their compositions suggest that they are
produced by different petrogenetic processes in diverse
geodynamic settings and are key to address many questions
related to Archaean tectonics and crustal evolution processes.
Within the broad Archaean time span,  the late Archaean
(2.7- 2.5) is a period of accretion super event that built large
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1988; Collins, 1993; Champion and Sheraton, 1997; Frost
et al. 1998; Champion and Smithies, 1999; Jayananda et al.
1995, 2000) and more mafic sanukitoids and Closepet-type
granitoids (Shirey and Hanson, 1984; Stern and Hanson,
1991; Stevenson et al. 1999; Martin and Moyen, 2005).

A review by Moyen et al. (2003a) recognizes five  main
types of Archaean granitoids globally, namely (1) TTGs,
(2) biotite bearing granites, (3) sanukitoids, (4) peraluminous
(S-type)granites and leucogranites and  (5) peralkaline
granites. Within the widespread TTGs which predominantly
occur as gneissic basement of all cratons (Windley, 1995),
a sub-class of sodic granites have been proposed as
‘transitional TTGs’ by Champion and Smithies (2001, 2003).
Throndhjemites, granodiorites and granites constitute these
transitional TTGs, but when compared to ‘true’TTGs, they
show higher LILE contents and strong LILE enrichment with
increasing differentiation (68-77% of SiO2), and they are
said to be formed either contemporaneous with or post-
dating the true TTGs. Though their exact petrogenetic
process is unclear, Champion and Smithies (2003) postulate
the involvement of pre-existing crust.  More recently 2.6
Ga transitional TTGs documented in the Western Dharwar
craton (WDC) (Jayananda et al. 2006). However, their
abundance and distribution in different cratons are still not
understood completely. The exception, however, is Yilgarn
craton which is dominated by transitional TTGs to the extent
of 60% of granites (Champion and Smithies, 2003). Their
study is important to characterize the transitional
geodynamic settings and changing petrogenetic processes
(role of juvenile magmatism and reworking). Although
transitional TTGs documented recently in WDC (Jayananda
et al. 2006), details of their petrogenesis and tectonic context
of magma generation are not well known. The present paper
focuses such transitional TTGs from northern part of EDC.

The Dharwar craton in southern India contains abundant
granitoids and exposes some of the best crustal sections with
exceptionally fresh exposures to study Archaean processes.
This craton is chiefly comprised of vast TTG gneisses,  two
generations of greenstone  belts  and  late calc-alkaline to
potassic granites. The craton is generally divided into two
blocks as western and eastern Dharwar craton based on the
nature, abundance and age of greenstone belts, basement
gneisses and degree of metamorphism (Swami Nath and
Ramakrishnan, 1981; Jayananda et al. 1995, 2000, 2003,
2006; Chadwick et al. 2000, 2007). WDC encompasses 3.4
- 3.0 Ga Peninsular gneisses (Taylor et al. 1984; Peucat et
al. 1993), Sargur Group of (>3.0 Ga) greenstone belts
(Peucat et al. 1993; Janardhan et al. 1979) which are overlain
by 3.0 – 2.6 Ga Dharwar Supergroup as supracrustal belts
(Trendall et al. 1997a, Nutman et al. 1996; Taylor et al.

1984; Swami Nath et al.1976) and minor 2.61 Ga potassic
granites (Jayananda et al. 2006).

EDC contains minor amounts of older (>3.0 Ga)
basement gneisses in the south western part, thin elongated
(mostly) auriferous greenstones of 2.7 – 2.55 Ga
(Balakrishnan et al. 1990; Zachariah et al. 1995; Walker et
al. 1990; Manikyamba et al. 2004 a and b, 2005; Vasudev et
al. 2000) and abundant younger TTG gneisses (2.7 – 2.55
Ga) and 2.5-2.2 Ga later granite plutons (Chadwick et al.
2000; Jayananda et al. 1995, 2000; Moyen et al. 2003a;
Chardon et al. 2002,  Rogers et al. 2007). Older basement
gneisses are present as huge enclaves (within younger TTG
gneisses)  in the southeastern part of the EDC (Jayananda et
al. 2000, 2003; Chardon et al. 2002), whereas the younger
TTG gneisses occupy vast areas, especially in the northern
parts and are accreted during 2.7 – 2.55 Ga (Krogstad et al.
1991; Peucat et al.1993;  Jayananda et al. 2000, 2003;
Chardon et al. 2002). The juvenile continental accretion
during 2.55-2.51 Ga has led to emplacement of large
magmatic bodies like Closepet granite and other related
granite intrusions during a tectono-metamorphic event that
affected the craton at the close of the Archaean (Peucat et
al. 1993; Krogstad et al. 1991; Jayananda et al. 1995, 2000;
Chardon et al. 2002; Moyen et al. 2003a, b). This accretion
event was immediately followed by reworking of newly
formed crust and granulite event close to 2.51 Ga (Peucat
et al. 1993; Mahabaleswar et al. 1995) that affected the
entire Archaean continental crust of the Dharwar craton.

Most of the studies on the late Archaean granitoids in
EDC, however, cover the central and southern parts of EDC,
and studies focusing the granitoids in the northernmost part
of the EDC are limited. Some of the works carried out are
mostly restricted to Hutti-Muski belt (e.g. Anantha Iyer and
Vasudev, 1979; Vasudev et al. 2000; Srikantia, 1995) and
little attention has been paid to the evolution of granitoids.
A few studies (Basir and Balakrishnan, 1999; Anand et al.
2005; Rogers et al. 2007), on the TTGs and granite plutons
indicate the accretion of TTGs at ca 2.7 Ga and younger
granite plutons ca 2.5 Ga. However, there are no attempts
to understand the geodynamic conditions of the evolution
of these suites. The granitoids of the present study (see map
1) exhibit characteristics of both TTGs and granites, and
show compositions comparable to the transitional TTGs as
explained by Champion and Smithies (2003). The area
focussed in the present study surrounds Gurgunta, a small
town, and is lying to the north and northwestern boundary
of the well known Hutti schist belt, comprising basement
TTGs and the sub-circular huge granite pluton mentioned
earlier. The purpose of this paper is to present the field,
petrographic and geochemical data of these granitoids and
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to constrain their petrogenesis and geodynamic conditions
of evolution.

REGIONAL  GEOLOGY

Regionally, the study area is a greenstone-granite terrain
in the northernmost part of EDC (Fig.1).  Chronologically,
the lithological sequences in this terrain are (1) abundant
basement TTG gneisses, (2) less abundant greenstones and
(3) younger granite plutons. TTG gneisses display tectonised
contacts with greenstone belts and display regional scale
folding and development of dextral and sinistral shear zones.
The two greenstone belts in this region are (1) Gurgunta
belt, which is chiefly made up of amphibolites, minor

quartzites and BIFs with very minor occurrences of
ultramafics and volcanic tuffs and (2)  Hutti-Muski belt,
which is made up of abundant pillowed metabasalts, minor
metarhyolites, basal conglomerate and BIF. World class lode
gold deposits occur in this belt  (e.g. Curtis and
Radhakrishna, 1995; Srikantia, 1995; Pal and Mishra, 2002;
Mishra et al. 2005; Kolb et al. 2004). The chronological
relationship of the greenstone belts mentioned above, which
are juxtaposed, is a matter of considerable debate. Narasimha
and Hans (1983) and Matin (2005) propose that the Gurgunta
belt is older, whereas Srikantia (1995) consider that both
the belts have evolved contemporaneously. Vasudev et al.
(2000) postulate that Hutti  belt accreted rapidly around
2.6 Ga. Large scale, younger episode of magmatism in this

Fig.1. Geological map of  Hutti-Gurgunta area.
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region is represented by granite plutons, which show
intrusive contacts with both TTG gneisses and greenstone
belts. Several mafic synplutonic dykes have injected into
the granites and exhibit extensive magma mixing and
mingling processes (Jayananda et al. 2009).

Geological  Setting

TTG gneisses

Large part of the study area (Fig.1) is occupied by
basement TTGs. They mainly occur as ground level
exposures and as small mounds. But, most of the TTG
bearing area is under soil cover.   However, recent canal
excavations and a few small quarry pits have exposed fresh
sections of TTGs, especially around Amareswar. Their
exposures reveal that they are leucocratic, pink, grey, and
dark grey coloured, and mostly coarse grained rocks with
marked variation in their fabric. They are conspicuously
banded to crudely foliated.  Some of the spectacular banded
TTGs  occur to the south of Amareswar. Well foliated bright
grey gneissic exposures could be observed in road cuttings
around Aidabhavi and also west of Gurgunta. Along the
pluton contacts, TTG gneisses are strongly migmatised  and
outcrops display  curvy, contorted and agmatitic structures
and are strongly coloured in pink. By field observation,
broadly four facies of TTGs have been  recognized viz
(1) well banded coarse grained grey gneiss (Fig.2a),
(2) medium to coarse grained migmatitic pink gneiss
(Fig.2b), (3) well foliated coarse grained grey gneiss
(Fig.2 c) and (4) poorly foliated coarse grained granitic
gneiss (Fig.2 d). Amongst them, well foliated grey gneisses
and poorly foliated grey granitic facies are most widespread.
However, vast gneissic areas are under soil cover which
obscure the clear relationship amongst the different facies.
They have undergone strong deformation and exhibit
regional folding, shearing and brittle faulting. The foliation
is strongly developed along NNW to NW with steep westerly
dipping.

Granite  Pluton

As mentioned earlier, the granite pluton of the present
study occupies about 240 sq km and is  sub-circular in its
synoptic expression. The pluton shows intrusive relationship
with the basement TTGs and schist belts. It contains
xenoliths of older greenstones and basement TTGs
especially along the contacts (Fig.2 e).  It displays abundant
pink porphyritic facies with minor equigranular grey
facies. In pink porphyritic facies, the megacrysts (2 x 3 to
3.5 x 5 cm) of K- feldspar and plagioclase are set in the
matrix of quartz, microcline, plagioclase and hornblende

and occasionally biotite. At some places the pluton shows
rich concentration (~ 80% by volume) of megacrysts
(Fig.2 f).  Grey facies is coarse grained and normally exhibits
equigranular texture with occasional growth of feldspar
megacrysts. Along the contacts, development of foliation
could be observed which is parallel to the boundaries with
a moderate to steep inward dip. Hornblende rich zones at
some places show magmatic flow banding and schlieren
structures.  Ductile to brittle sinistral and dextral shear zones
have deformed the plutons and some of them have also
channeled the mineralizing fluids. Pluton-scale late brittle
faults have also served as weak zones for intrusion of
dolerite dykes and associated sulphide mineralisation as
could be seen at Thinthini (Prabhakar et al. 2008) and
Machanur areas. Veins and dyke-like intrusion of   light  pink
coloured aplite are also noticed within the pluton.
Synplutonic mafic injections are observed in a few areas of
granite pluton especially around Golapalli and Paidoddi.
Their outcrops range from less than half meter wide ribbon
like injections to massive bodies of wider magnitude. They
display different stages of magma mixing (felsic and mafic)
and progressive hybridization (Prabhakar et al. 2009).

PETROGRAPHY

TTG gneisses: Though TTG gneisses show wide
structural dissimilarities, their bulk mineralogy is more or
less the same. They are constituted by quartz, plagioclase
(An 12-17 )  and K-feldspar, hornblende and/or biotite as
essential components with sphene, zircon, apatite and
opaques as accessory minerals. Perthitic nature of feldspars,
hornblende altering to chlorite and plagioclase to sericite
are ubiquitous features.

Banded grey gneiss is coarse grained and normally show
light grey coloured  quartzo-feldspathic  rich component
alternating with dark grey coloured, more mafic rich
components. Within the band, minerals normally exhibit
idioblastic to foliated textures (Fig.3a).  Small crystals of
sphene, slender grains of zircon and anhedral  patchy
iron oxide constitute accessory minerals. Minerals show
parallel to sub-parallel  arrangement along the banding.
Quartz (20-24%), plagioclase (38-44%) and K-feldspar
(18-23%) are the bulk minerals with hornblende (2-4.5%)
and/or biotite (1-2%). Leucocratic bands exhibit blastic
growth  at some places. Hornblende occurs as slender
grains and show poor cleavage development. Strain shadow
is common in quartz. K-feldspar commonly shows perthitic
nature.

Migmatitic gneiss is constituted by quartz (18-26%),
plagioclase (35-48%), K-feldspar (15-20%) and hornblende
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(10-15%) with sphene, zircon and magnetite as accessory
minerals. Quartzofeldspathic minerals and hornblende
making well developed alternate layers are common in them.
However, only hornblende enrichment is observed at some
contorted spots. Seggregation of quartz and K-feldspar
crystals is some times observed at places where blastic

growth of minerals has occurred.  Plagioclase is intensely
altered to sericite. Dragging and rotation of minerals are
observed along the shear bands (Fig.3b) which are
mostly syn-shear melt induced. Iron oxide patches are
conspicuously developed close to hornblende grains due
to solid state reaction. Well developed crystals of sphene

Fig.2. (a-f). Field photographs of TTGs and granite. (a) Polyphase banded TTG gneissic exposure in a canal cut  about 2 km south of
Amareswar. (b) Coarse grained pink migmatitic gneiss displaying dextral shearing, south of Gurgunta town. (c) Coarse grained
foliated grey gneiss near Aidabhavi. (d) Coarse grained grey  granitic gneiss along the road side near Jalihalli. (e) A xenolith of
basement TTG gneiss within pink porphyritic granite near Thinthini. Note the sharp contact and difference in texture between the
two. (f)  Segregation of  megacrysts in pink porphyritic granite, about 2 km NE of Paidoddi.
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show wedging into other minerals. Stretched, contorted and
bent layers of hornblende are suggestive of high strain
activity during their formation.

Foliated grey gneissic rock is coarse grained and
commonly show well developed gneissosity (Fig.3c).

Occasionally the gneissosity is affected by the blastic growth
of both plagioclase and K-feldspars. Compositionally,
sericitized plagioclase (40-48%), quartz (20-31.5%),
perthitic K-feldspar (20-26%) and hornblende (1-3.5%)
constitute the bulk mineralogy of the rock.  Sphene is
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Fig.3. (a-f). Photomicrographs of TTGs and granite. (a)  Strong gneissosity observed in grey banded gneiss. (b) Rotation and granulation
of coarse crystals of K-feldspar in migmatitic gneiss from a shear zone. (c) Idioblastic texture observed in  a foliated leucogneiss.
(d) Coarse crystals of sphene cutting across the gneissic fabric, indicating its relatively later growth. (e) Hypidiomorphic texture
exhibited by granitic gneiss. Note the strong sericitization of  plagioclase. (f) A coarse grain of K-feldspar displaying strong
perthitic growth. It also contain  finer grains of quartz and plagioclase. Granulation is also observed along the border.
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abundant (some times up to 1.5% mode), primary in nature
and  occurs as coarse crystals (Fig.3 d).  However, its shape
and textural pattern suggest that it is crystallized at a slightly
later stage to feldspars and ferromagnesian minerals and
it could have played important role in concentrating the
REEs, because REEs tend to concentrate in sphene during
the fractional crystallization of granitic magmas (Gromet
and Silver, 1983). The other accessories which are very
scarce are zircon and apatite.  Hornblende is strongly altered
to chlorite. Thin stringers of late stage epidote are some
times found along foliation.

Granitic gneiss facies of TTG is medium to coarse
grained, grey coloured and exhibits idioblastic to
hypidiomorphic texture (Fig.3 e).  It consists of plagicoclase
(40-45%), quartz (24-31%), K-feldspar (23-28%),
hornblende (1-3%) and/or biotite in decreasing order of
abundance. Sphene, zircon and opaques are the accessory
minerals.  Sphene shows strong interference colour in brown
to dark brown.  Considerable enrichment (~ 2%) of sulfide
ore minerals is noticed in some areas especially south of
Gurgunta, close to the contact of Hutti schist belt and also
east of Amareswar. They are probably related to some kind
of epigenetic process and associated thin quartz vein
intrusion in to the bedrocks. Chloritisation of hornblende
and sericitization and epidotization of plagioclase are very
common in the granitic gneiss.

Granite  Pluton

It  is pink coloured and conspicuously porphyritic in
nature comprising large (2 x 3 to 3.5 x 5 cm) euhedral  pink
coloured megacrysts of K-feldspar and lesser plagioclase
set in the coarse grained (3 to 5 mm) subhedral to anhedral
matrix of plagioclase (27 – 43 %, An10-15), K-feldspar (20 –
40%), quartz (20 – 34%), hornblende (2 – 10%) and less
commonly biotite (0 – 2.0%). Accessory minerals include
sphene, magnetite and zircon. Chlorite, epidote and
zoisite occur as secondary minerals. Plagioclase displays
strong multiple twinning and is highly sericitized. At
some places large tabular grains of  plagioclase contain
the exsolved K-feldspar grains to produce antiperthite.
K-feldspar is predominantly microcline in character and is
conspicuously perthitic indicating the subsolvus nature of
granite magma. Coarse crystals of perthitic feldspars
commonly enclose fine to medium grained quartz,  and
tiny grains of sphene and opaques (Fig.3f). Along the
boundary of megacrysts fine grains of feldspars and
quartz are also observed but they show the effect of
granulation and grain boundary reactions. Subhedral to
euhedral, poorly cleaved hornblende shows frequent
alteration to chlorite. Sphene commonly occurs as well

developed crystals and it normally wedges into other
minerals. Epidote, zoisite and less commonly allanite occur
as thin stringers and patchy aggregates formed mostly
during late stage or sub-solidus  hydrothermal reactions.
The grey facies is coarse grained and is constituted
by plagioclase (30–38%), K-feldspar (28–40%), quartz
(25–30%) and hornblende (1–8%). Feldspars show
perthitic growth and plagioclase is conspicuously altered.
Sphene, zircon and magnetite are the common accessory
minerals.

WHOLE  ROCK  GEOCHEMISTRY

Analytical  Method

Fused glass beads of the powdered samples were
analyzed for major elements using Rigaku XRF spectro-
meter at Yamaguchi University, Yamaguchi, Japan. Prior to
fusion, loss on ignition was determined by heating 1 gm of
sample at 1050o C in an electric furnace for 90 minutes.
Instrumental calibration was done by using Japanese
international standards. Trace elements including REE were
analyzed by ICP – MS at National Geophysical Research
Institute, Hyderabad. USGS and JGS samples were used
as international standards for calibration.

Geochemistry  of  TTGs

The major element contents of TTGs (Table 1) reflect
their fairly homogeneous composition. They contain high
silica (68.59-73.19 wt%).  However, one sample (foliated
grey gneiss with hornblende rich mafic fraction) shows
62.51 wt% of SiO2. They are also commonly rich in alumina,
and almost all the samples show Al2O3 more than 14 wt%.
They are relatively poor in ferromagnesian elements
(FeO+MgO+MnO+TiO2 = 3.16 to 6 wt%) and majority of
the samples show 3.5 to 5 wt%. Their strong granodioritic
to trondhjemitic nature is reflected in normative An-Ab-Or
diagram (Fig. 4). On Q-Ab-Or diagram (Fig. 5) TTGs show
strong trondhjemitic trend. They have higher Na2O content
(4.31 to 7.18 wt% with most of the samples showing around
4.5 wt%),  whereas K2O content (0.83 – 2.30 wt%) is lower
than the granite, and the obvious N2O/K2O ratios are in the
range of 1.96 to  10.67 with majority  of the values  between
2 and 4 . Moderate LILE enrichment (Rb: 8.74-71.36 ppm,
Ba: 328-2067 ppm, and Sr:229-1178) is observed. They have
poor Mg# (av.25.82), Cr (av.23.71) and Ni (av.1.93)
concentrations. Harker’s  diagrams (Fig.6) indicate low to
moderate fractionation trends. No potassium enrichment
is observed with increasing differentiation. Low Rb/Sr
ratios (0.01-0.28) also suggest low to moderate fractionation
of TTGs.  REE (av. 261.6 ppm) contents are moderate,



JOUR.GEOL.SOC.INDIA, VOL.74, SEPT. 2009

306 B.C. PRABHAKAR AND  OTHERS

Table. 1. Major, Trace and REE data for TTGs

Oxide G-2a G-23 G-29 G-31 G-32 GFF-8 J-1 J-4 KM-8 M-1 M-6 Ave Std.
Dev.

SiO2 71.07 73.19 71.97 69.96 71.15 72.45 71.16 62.51 70.11 72.53 68.59 70.43 2.94
Al

2
O

3
14.98 14.49 14.90 15.12 14.35 14.89 14.94 18.82 14.55 14.30 14.81 15.10 1.26

FeO 3.33 2.86 2.75 3.63 3.44 2.79 3.55 3.57 4.19 2.49 4.27 3.35 0.58

TiO-
2

0.29 0.30 0.20 0.37 0.27 0.27 0.31 0.28 0.39 0.21 0.42 0.30 0.07

MnO 0.04 0.02 0.02 0.03 0.03 0.02 0.03 0.06 0.04 0.02 0.43 0.07 0.12

MgO 0.59 0.50 0.37 0.68 0.58 0.51 0.63 1.50 0.84 0.45 0.89 0.68 0.31

CaO 2.57 2.45 2.63 2.85 2.50 2.64 2.83 5.14 3.33 3.33 3.48 3.07 0.78

Na
2
O 4.82 4.35 5.13 4.94 4.51 4.93 5.45 7.18 4.23 4.58 4.31 4.95 0.83

K2O 2.05 1.80 1.28 1.72 2.30 1.18 0.83 0.68 1.80 1.76 1.70 1.55 0.50

P2O5 0.06 0.05 0.05 0.07 0.06 0.05 0.07 0.07 0.06 0.04 0.07 0.06 0.01

LOI 0.65 0.57 0.28 0.84 0.75 0.54 0.31 0.47 0.41 0.34 0.52 0.52 0.18

Total 100.47 100.48 99.60 100.20 99.94 100.27 100.11 100.28 99.95 100.05 99.48 100.08 0.32

Na2O/K2O 2.35 2.42 4.01 2.88 1.96 4.18 6.56 10.61 2.35 2.60 2.54 3.86 2.60
FeO+MgO+

MnO+TiO
2

4.26 3.68 3.34 4.71 4.32 3.59 4.52 5.41 5.45 3.16 6.01 4.40 0.93

K
2
O/Na

2
O 0.42 0.41 0.25 0.35 0.51 0.24 0.15 0.09 0.43 0.38 0.39 0.33 0.13

K 1.70 1.49 1.06 1.43 1.92 0.69 1.50 0.38 1.42 1.46 0.77 1.26 0.47

Na 3.58 3.22 3.82 3.68 3.37 4.05 3.15 5.32 3.23 3.46 3.33 3.66 0.62

Ca 1.83 1.75 1.89 2.05 1.79 2.02 2.38 3.67 2.51 2.37 7.13 2.67 1.58

Mg# 0.24 0.23 0.19 0.24 0.23 0.24 0.23 0.42 0.26 0.24 0.27 0.25 0.06

Ba 600.79 458.03 2067.07 548.55 700.63 366.96 423.57 2055.18 328.18 771.82 328.33 786.28 646.82

Cr 39.84 7.32 38.00 32.46 9.11 42.24 32.66 8.20 10.05 32.54 8.41 23.71 14.78

Nb 6.96 3.84 3.94 3.89 5.86 2.26 4.41 3.59 1.96 4.20 6.93 4.35 1.65

Ni 1.53 1.33 2.21 1.73 2.03 1.96 1.55 1.57 1.48 2.25 2.22 1.80 0.34
Rb 61.06 36.90 33.11 52.18 71.36 20.23 17.53 46.99 18.61 47.03 8.74 37.61 20.00

Sr 302.45 245.76 355.67 459.70 252.36 302.01 444.05 229.73 385.69 238.30 1178.66 399.49 270.89

V 54.79 43.33 51.46 68.29 62.62 63.11 64.57 82.11 51.58 84.58 78.65 64.10 13.46

Y 7.03 2.81 4.79 5.89 6.74 2.20 7.23 5.28 2.30 6.24 12.16 5.70 2.84

Zn 24.28 17.20 16.10 26.27 22.66 19.34 16.70 18.24 11.00 20.18 15.72 18.88 4.33

Zr 171.72 78.15 78.20 112.93 138.53 68.13 81.90 87.84 97.15 107.65 72.34 99.50 31.73

Sc 2.22 2.29 1.70 2.21 2.06 1.53 1.47 2.96 1.46 3.34 3.55 2.25 0.74

Cu 0.83 0.75 1.28 0.90 0.97 1.57 0.74 0.72 0.93 0.81 0.64 0.92 0.27

Hf 7.10 2.20 2.93 3.42 4.72 2.61 3.12 3.19 4.10 3.87 2.67 3.63 1.36

Ta 0.49 0.28 0.63 0.38 0.49 0.16 0.29 0.21 0.10 0.24 0.69 0.36 0.19

Pb 27.41 15.85 35.89 24.86 25.25 23.97 22.30 26.16 20.99 29.14 24.64 25.13 5.01
Th 15.29 4.03 6.65 10.18 18.86 2.42 6.82 30.62 1.86 30.31 10.15 12.47 10.28

Co 4.92 4.39 3.72 5.57 4.52 4.43 5.33 7.01 6.38 4.34 6.69 5.21 1.08

U 2.71 0.96 1.93 1.74 2.95 3.08 0.46 0.84 1.03 1.24 1.09 1.64 0.91

Ga 19.30 18.48 19.38 21.14 18.50 18.92 19.61 20.10 17.56 16.96 18.27 18.93 1.17

Cs 0.74 0.54 0.61 1.52 1.98 0.49 0.65 1.05 1.06 0.58 1.07 0.94 0.47

Sr/Y 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00

Rb/Sr 4.54 2.90 1.78 2.25 2.89 1.15 2.85 2.30 1.32 1.87 3.13 2.45 0.96

K/Rb 0.611 0.959 0.848 1.210 0.737 1.587 1.023 1.505 2.786 0.753 0.867 1.17 0.62

La 38.017 17.277 13.509 29.460 40.810 11.320 30.850 62.310 39.730 8.140 39.520 30.09 16.35

Ce 71.038 29.364 24.983 54.610 71.720 18.450 57.770 115.820 68.400 12.230 69.930 54.03 30.59

Pr 7.065 2.778 2.545 5.480 6.800 1.740 5.860 12.150 6.540 1.150 6.840 5.36 3.17

Nd 25.722 10.031 9.706 20.260 24.260 6.430 22.040 46.720 24.330 4.170 25.480 19.92 12.07
Sm 4.114 1.724 2.106 3.320 3.510 1.060 3.710 6.750 3.980 0.880 4.150 3.21 1.69

Eu 0.783 0.509 0.681 0.790 0.800 0.540 0.850 1.580 0.900 0.510 0.950 0.81 0.30

Gd 2.981 1.152 1.302 2.270 2.630 0.760 2.770 4.910 2.800 0.600 2.950 2.28 1.26

Tb 0.329 0.130 0.177 0.260 0.300 0.090 0.360 0.590 0.310 0.080 0.340 0.27 0.15

Dy 1.684 0.555 1.010 1.320 1.520 0.460 1.860 2.970 1.430 0.460 1.660 1.36 0.74

Ho 0.155 0.053 0.100 0.120 0.140 0.040 0.170 0.270 0.120 0.050 0.150 0.12 0.07

Er 0.532 0.191 0.348 0.430 0.500 0.170 0.540 0.980 0.410 0.190 0.470 0.43 0.23

Tm 0.061 0.022 0.045 0.050 0.060 0.020 0.050 0.110 0.040 0.030 0.050 0.05 0.02

Yb 0.623 0.228 0.503 0.490 0.590 0.210 0.430 1.070 0.420 0.300 0.510 0.49 0.24

Lu 0.097 0.034 0.083 0.083 0.090 0.030 0.060 0.160 0.060 0.060 0.080 0.08 0.04

Total REE 153.20 64.05 57.10 118.94 153.73 41.32 127.32 256.39 149.47 28.85 153.08 118.50 66.65

(La/Yb)N 40.29 50.04 17.73 39.70 45.67 35.59 47.37 38.45 62.46 17.92 51.17 40.58 13.48
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Table. 1.  Contd...  Major, Trace and REE data for Granite

Oxide G-5 G-10 G-14 G-17 G-19 G-28 G-33 G-34 G-35 G-2 Ave Std.
Dev.

SiO2 64.79 59.62 66.09 68.86 70.52 63.52 64.05 66.76 73.97 70.88 66.91 4.22
Al

2
O

3
15.49 16.96 15.10 14.65 14.62 15.34 15.76 15.26 13.72 14.42 15.13 0.88

FeO 5.32 6.38 5.12 3.59 3.59 6.14 5.09 4.62 2.57 3.67 4.61 1.23

TiO
2

0.44 0.45 0.40 0.30 0.29 0.52 0.44 0.39 0.14 0.30 0.37 0.11

MnO 0.07 0.07 0.70 0.05 0.05 0.08 0.07 0.07 0.02 0.04 0.12 0.20

MgO 1.63 2.70 1.49 1.10 1.02 1.88 1.59 1.40 0.30 0.64 1.37 0.67

CaO 3.79 4.43 3.46 2.66 2.58 4.23 3.65 3.52 1.74 2.38 3.24 0.87

Na
2
O 4.20 6.65 5.04 4.80 4.33 4.78 5.13 5.05 3.84 4.67 4.85 0.76

K2O 3.09 1.78 2.24 2.95 3.18 2.59 2.58 2.36 4.14 2.54 2.74 0.64

P2O5 0.09 0.10 0.09 0.06 0.07 0.12 0.10 0.09 0.04 0.07 0.08 0.02

LOI 0.65 0.47 0.52 0.74 0.40 0.51 0.61 0.57 0.11 0.52 0.51 0.17

Total 100.46 99.60 100.25 99.76 100.92 99.80 99.06 100.09 100.84 100.13 100.09 0.57

Na2O/K2O 1.36 3.74 2.25 1.63 1.36 1.85 1.98 2.14 0.93 1.84 1.91 0.76
FeO+MgO+
MnO+TiO

2

7.46 9.60 7.71 5.04 4.95 8.62 7.19 6.47 3.02 4.64 6.47 2.03

K
2
O/Na

2
O 0.74 0.27 0.44 0.61 0.73 0.54 0.50 0.47 1.08 0.54 0.59 0.22

K 2.59 1.49 1.86 2.47 2.63 2.16 2.17 1.96 3.43 2.12 2.29 0.53

Na 3.15 4.97 3.74 3.59 3.20 3.57 3.86 3.76 2.84 3.47 3.62 0.57

Ca 2.73 3.19 2.48 1.91 1.83 3.04 2.64 2.53 1.24 1.71 2.33 0.63

Mg# 0.353 0.43 0.341 0.353 0.336 0.354 0.357 0.35 0.17 0.236 0.33 0.07

Ba 718.94 534.53 542.19 500.59 520.30 2428.86 2336.40 648.50 2380.99 602.53 1121.38 872.65

Cr 12.84 12.17 29.67 34.81 31.92 26.39 26.90 33.83 33.98 26.93 26.94 8.22

Nb 7.43 6.89 7.28 6.45 6.20 7.51 7.13 6.71 3.84 7.35 6.68 1.09

Ni 2.86 2.91 2.74 2.22 2.47 2.88 2.93 2.72 1.38 1.64 2.47 0.56
Rb 40.17 37.54 57.73 91.03 63.66 44.96 49.80 93.50 101.89 66.10 64.64 23.35

Sr 1098.60 2183.13 997.86 557.57 619.17 1152.97 1151.70 1051.04 213.38 288.19 931.36 565.45

V 137.97 140.32 124.91 95.92 92.75 147.91 132.84 115.93 37.29 63.82 108.97 36.25

Y 20.99 21.06 19.46 14.74 14.62 22.71 20.24 18.52 4.75 6.70 16.38 6.21

Zn 25.18 24.45 24.70 19.50 36.38 30.71 25.50 24.02 14.11 27.12 25.17 5.93

Zr 81.48 73.87 105.17 75.67 56.20 91.17 74.73 78.63 133.84 132.29 90.31 25.79

Sc 4.39 4.64 4.27 3.40 3.28 4.89 4.43 3.98 1.61 2.26 3.72 1.07

Cu 1.70 0.98 1.91 1.35 2.08 3.13 2.14 2.30 0.62 6.91 2.31 1.76

Hf 2.92 2.52 3.57 2.86 2.49 3.18 2.40 2.81 5.05 4.68 3.25 0.93

Ta 0.57 0.46 0.51 0.45 0.49 0.59 0.53 0.51 0.25 0.28 0.46 0.11

Pb 23.25 17.38 24.67 22.82 22.47 27.74 27.57 21.30 33.02 26.84 24.70 4.31
Th 5.50 3.57 6.77 9.24 4.90 6.91 4.12 6.40 30.50 24.51 10.24 9.34

Co 10.91 10.84 9.96 7.15 7.18 12.13 10.51 9.15 2.96 4.62 8.54 2.99

U 1.44 1.28 1.71 2.56 1.93 1.23 1.02 2.33 3.12 1.33 1.80 0.68

Ga 22.46 22.00 22.59 21.23 21.05 23.37 22.46 22.85 15.72 19.17 21.29 2.29

Cs 0.52 0.69 0.76 0.80 0.95 0.44 1.22 1.63 0.96 0.82 0.88 0.35

Sr/Y 52.34 103.64 51.27 37.83 42.35 50.77 56.90 56.77 44.91 42.99 56.86 91.08

Rb/Sr 0.04 0.02 0.06 0.16 0.10 0.04 0.04 0.09 0.48 0.23 0.07 0.04

K/Rb 0.19 0.26 0.13 0.06 0.08 0.19 0.14 0.07 0.03 0.07 0.10 0.09

La 28.99 22.69 28.37 22.43 19.98 37.43 28.88 26.26 42.31 53.33 31.07 10.38

Ce 60.35 54.49 56.41 43.79 41.60 75.61 59.84 53.79 73.22 99.03 61.81 16.97

Pr 6.77 6.95 6.27 4.77 4.71 8.37 6.80 6.10 6.72 9.51 6.70 1.45

Nd 27.87 30.28 25.90 19.57 19.69 34.70 28.65 25.88 22.38 32.67 26.76 5.14
Sm 5.72 6.13 5.16 3.95 3.95 7.02 5.97 5.24 3.87 4.69 5.17 1.06

Eu 1.29 1.44 1.10 0.89 0.92 1.60 1.41 1.16 0.91 0.81 1.15 0.27

Gd 4.30 5.52 3.89 2.89 2.96 5.18 4.30 3.92 2.64 3.47 3.91 0.96

Tb 0.64 0.68 0.58 0.43 0.46 0.77 0.63 0.58 0.29 0.39 0.55 0.15

Dy 3.88 3.96 3.38 2.55 2.70 4.49 3.68 3.44 1.28 1.68 3.10 1.03

Ho 0.42 0.40 0.35 0.27 0.28 0.47 0.40 0.36 0.11 0.15 0.32 0.12

Er 1.40 1.32 1.25 0.92 0.99 1.55 1.36 1.25 0.37 0.55 1.09 0.38

Tm 0.18 0.16 0.16 0.12 0.13 0.20 0.17 0.16 0.04 0.05 0.14 0.05

Yb 1.82 1.65 1.69 1.26 1.40 2.06 1.70 1.69 0.42 0.24 1.39 0.60

Lu 0.29 0.25 0.25 0.21 0.24 0.33 0.28 0.27 0.08 0.08 0.23 0.08

Total REE 143.92 135.93 134.76 104.06 100.00 179.77 144.06 130.11 154.64 206.65 143.39 38.66

(La/Yb)N 10.35 8.94 10.92 11.59 9.28 11.81 11.05 10.11 65.45 144.91 29.44 44.10
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and their patterns suggest moderate fractionation (Fig.7a;
La/Yb =17.73-67.73; av. 42.16). Their HREE contents are
low. Concentration of compatible elements (Cr, V, and Ni)
and HFS (Zr, Hf, Ti, Nb and Ta) is also low. Trace element
diagrams (Fig.6) indicate moderate negative correlation for
Sr, Y, V and weak correlation  for Ni & Cr. Scattering is
observed for Zr, Nb, Ba and K/Rb vs SiO2 plots. On the
multi element spidergrams (Fig.8a) moderately fractionated
patterns are observed.

Geochemistry  of  Granite

Granite has more or less a distinct chemistry from that
of basement TTGs. Though it has  considerable variation in
silica content  (59.62 to 73.97 wt%),  majority of the samples
show  values around 65 wt%. Their   Na2O content  shows

variation from 3.84 to 6.64 wt% with most of the samples
showing values around 4-5 wt%. K2O content is lower
(1.78-4.14 wt%). However, there is a notable increase in
the K2O content when compared to TTGs. The granites are
still sodic in nature. Their Na2O/K2O is in the range of
1.5-2. The ferromagnesian elements (FeO+MgO+MnO+
TiO2) are >5.0 wt% which is  higher than TTGs. It shows
strongly granodiorite to trondhjemite characteristics in
terms of  the An-Ab-Or  norms (Fig.4).  On Q-Ab-Or diagram
(Fig.5) all the granite samples show calc-alkaline trend.
Harker’s diagrams (Fig.6) indicate moderate fractionation.
Slight enrichment of K2O is observed with progressive
fractionation. LILE elements like Ba, Rb, and Sr  have higher
concentration (Rb = 40.17-101 ppm; Ba = 500-2428 ppm;
Sr= 213-1152 ppm) than TTGs.  Slightly negative trend for
Ba, Nb,Y,V, Zn  and Sr and positive correlation for Rb is
observed with SiO2. Ni  also shows slightly negative
correlation, whereas Cr shows no specific trend. REE
patterns indicate (Fig.7b) less fractionated trend [(La/Yb)N

ratios are in the range of 9.07-12.01]. However two samples
show higher [(La/Yb)N ratios of 66.36 and 67.21 indicating
higher fractionation. Compared to TTGs Ni, Cr, and Y
contents are also higher. However, Yb has more or less
comparable values in both TTGs and granite. On the multi-
element spidergram, Nb and Ti show negative anomalies
(Fig.8b).

PETROGENESIS

Source and evolution of granitoids during the Archeaen
has evinced keen interest and debate in recent years, as they
constitute bulk lithologies in almost all the cratons (Windley,
1995). Extensive compositional range as reflected in them
indicate short lived local tectonic processes as well as longer
term process that relate to regional or global evolution
(Champion and Smithies, 2003). Greater earth’s heat
production (Brown, 1985) during Archaean also greatly
influenced the petrogenetic processes which were different
from the modern ones (Martin and Moyen,  2002, 2005:
Martin et al. 2005). Synthesis and interpretation of wide
ranging composition of the granitoids, in the background of
aforesaid conditions, have invoked their broad groupings
as: (1) TTGs (Barker, 1979, Martin, 1994) – the Archaean
analogues of adakites (Drummand and Defant, 1990: Martin,
1999), (2) Transitional TTGs (Champion and Smithies,
2001, 2003), (3) Sanukitoids (Shirey and Hanson, 1984)
and (4) Granites (Sylvester, 1994). Their compositional
variation has also invoked different models of petrogenesis.
However, the most discussed and adopted being (i) partial
melting of subducted basaltic oceanic crust (Condie, 1989;

Fig.4. An-Ab-Or diagram for TTGs and granite (after O’Connor,
1965) with fields from Barker (1979).

Fig.5. Q-Ab-Or diagram for TTGs and granite (after Barker and
Arth, 1976).
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Fig.6.  Harker’s binary diagram for TTGs and granite.
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Martin, 1986, 1994; Rollinson, 1997; Albarede,1998; Martin
and Moyen, 2002), (ii) melting of the basalt at the base of a
thickened continental crust (Atherton and Petford, 1993;
Albarede,1998), (iii) underthrust during flat subduction
(Smithies, 2000), reworking of old crust (Friend, 1983; Allen
et al. 1986; Newton, 1990), mixing models, and (iv) mantle
melting (Smithees and Champion, 1999). The petrogenesis
of TTGs and the granite of the studied area are discussed
in the light of these models.

TTGs

The TTGs in the studied area show distinct geochemical
characteristics typical of Archaean TTGs. Major elements
like Al2O3, FeO, TiO2, MgO and P2O5 together with trace
elements like V,Y and Sr which define moderate linear trends
on Harker’s variation diagrams indicate that  their parental
magma was possibly evolved by fractional crystallization.
Al2O3, FeO, MgO and TiO2 trends could be explained by
plagioclase + hornblende ± clinopyroxene as fractionating
assemblage. These geochemical trends suggest limited
fractionation of the TTG parental magma. However,
fractionation of mafic magma can not produce narrow
variation in SiO2 as observed in the TTGs (68-73 wt%).
The absence of mafic end-member (that could be the
result of magma fractionation hidden at depth) within the
TTGs  of the study area thus indicates  the possibility of
fractional crystallization . Thus, to constrain the potential
sources of the parent magma of TTGs, different petrogenetic
models have been reviewed for both global occurrence
(Condie, 1981; Martin,1986; Smithies, 2000; Martin and
Moyen, 2002; Smithies et al. 2003; Martin et al. 2005) as
well as for EDC (Balakrishnan and Rajamani, 1987;
Krogstad et al. 1991, 1995; Jayananda et al. 2000, 2006;
Moyen et al. 2003b). Different possibilities such as
(1)  reworking of older crust to direct melting of mantle and
slab melting at different  depths in subduction setting
have been tried for the TTGs of the present study.
Experimental studies (Rapp, 1994; Rapp et al. 1991, 1999)
suggest that remelting of the already existing old TTGs
produce high K-granites which would show  high SiO2

with limited variation, high Rb, Rb/Sr and low Mg#, Ni
and Cr. Though some of these characteristics are observed
in the studied TTGs, the low K2O, Rb, low to moderate
Sr and higher Al2O3, CaO and Na2O can not be accounted
by reworking model. Direct melting of mantle, yield
magmatic components with high Mg#, Cr, Ni and low
SiO2, Na2O and Al2O3 which cannot be attributed to the
generation of TTG gneisses of the studied area because of
their high SiO2, high Al2O3, Na2O and lower Cr, Ni and
Mg#. Obviously, it rules out the possibilities of the TTGs
formed by direct melting of mantle. Smithies et al. (2003)
propose a model which is closer to the “mantle melting”
model where they envisage melting of mafic crust beneath
the thick Archaean  continent in the garnet stability field.
But the existence of a mafic crust beneath the thicker
Archaean continent has not been visualized by early
workers. Further, geophysical investigation of Dharwar
craton suggests a much thinner crust in EDC (Gupta et al.
2003) which precludes this possibility. Studies on Archaean

Figs.7. a and b. Chondrite normalized REE patterns for TTGs
and granite respectively (Leedy chondrite normalized
values after Masuda et al. 1973).

Figs.8. a and b. Primitive mantle normalized multi-elements
(Spidergrams)  (after Hoffman, 1988) for TTGs and granite
respectively.
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TTGs by many workers (Arth and Hanson, 1975; Barker
and Arth, 1976; Condie, 1981; Martin, 1994; Martin and
Moyen, 2002) supported by experimental data (Rapp et al.
1991; Rapp and Watson,1995) showed that TTGs were
derived from a source with a broadly low K-basaltic
composition, by partial melting at different depths and
pressures. As described earlier, lack of a mafic end-
member precludes the possibility of generation of TTGs
by fractional crystallization of a basaltic magma, rather
favours the partial melting as the dominant process for
their genesis. Further, the predominance of high Al-TTGs
in conjunction with the inferred hotter mantle in the
Archaean, led a number of workers (e.g. Martin, 1986) to
propose that most Archaean TTGs were produced by partial
melting of subducting slabs at varying  depths (Smithies,
2000; Martin and Moyen, 2002, Martin et al. 2005). This
model could be tested for the TTGs of the studied crustal
section in EDC. Strong Nb-Ti negative anomalies favours
the slab melting theory, which is also supported by other
geochemical features such as high Al2O3, CaO and Na2O
to imply a slab melting  in the plagioclase stability field
(~50 km) suggesting a shallow depth, where plagioclase
entered as the melt phase. To some extent La/Yb vs Yb
plot (Fig. 9) also suggests subducted oceanic crust derived
nature of TTGs. Moderate to well fractionated REE
patterns as (La/Yb)N ratios (17.73-61.82) indicate the role
of garnet in the residue. Thus, the TTGs have been
shown to be formed by slab melting in a relatively hotter
environment, below the plagioclase stability field i.e.
at shallower depth with relatively thin mantle wedge
as explained by Martin and Moyen (2002). Low Mg#
(av. 25.82), Cr (av. 23.71 ppm), Ni (av.1.8 ppm), Sr
(av. 399.49 ppm) and FeO (2.49 to 4.27 wt%) also support
this view.

Granite

Field setting and isotopic studies (Anand et al. 2005;
Rogers et al. 2007) of granite  indicate its  younger age
(2586-2521 Ma ) of emplacement than the TTGs. Linear
trends on the Harker’s  diagrams indicate magmatic
fractionation for the granite. The observed geochemical
features (high Al2O3, CaO+Na2O, moderate K) do not
correspond to typical high-K granites, but show affinity
towards the transitional TTGs as described by Smithies et
al. (2003) and Jayananda et al. (2006) and it is unlikely that
the granite was produced by reworking of early TTG’s,
which would otherwise have shown their high K-nature
(Rapp et al. 1991). Their moderate Mg# (av.32.8), Ni
(av.2.47 ppm), Cr (av. 26.94 ppm), and V (av. 108.97 ppm)
with relatively higher LILE such as Sr (av. 931.36 ppm), Ba
(av 1121.38 ppm) still can not be compared with the
melts derived from mantle, which would have much higher
Mg# (50-60), Cr, Ni and enriched LILE. Melting of oceanic
slab at different depths could be another possibility of
their genesis. Martin et al. (2005) showed melting of slab
at different depths and interaction of slab melts with the
overlying mantle wedge to explain chemical characteristics
of Archaean and Phanerozoic granites. Melting of slabs at
shallow depths produce melts of TTG with lower Mg#,
Na2O+CaO and K2O and moderate to high Al2O3. On the
contrary, majority of the studied granites show higher CaO
(3.46-4.43 wt%)  and Na2O (3.84 – 6.64 wt%) with moderate
K2O (1.78-2.54 wt%) and higher Al2O3 (13.72-16.96 wt%).
Hence, the possibility of slab melting at shallow depth can
not account all the observed characteristics of the granite.
However, melting of the slab at greater depth (~100 km)
below the plagioclase stability field would produce different
geochemical signatures of melts rich in CaO, Na2O and
Al2O3 contents, besides high Mg#, Ni, Cr, Co, V as these
melts interact with overlying thick mantle wedge during
ascent.  In the studied   granite, most of these signatures
suggest their source to be the slab melting and slab melt
interaction with mantle at greater depths. This view is also
supported by moderate to highly fractionated REE
patterns (La/Yb)N=9.07-67.21) implying garnet in residue.
By some of the geochemical characteristics (eg. Nb, Ba,
Rb) this granite is comparable to sanukitoids, and by K/Na
ratios, Sr, and Cr it is comparable to Closepet granite, whose
source is linked to melting of slab-melt induced
metasomatised peridotite at greater depth (Martin
and Moyen, 2005). Thus, melting of slab and its interaction
with mantle wedge is proposed as a more plausible
petrogenetic mechanism for the granite. Its ‘trondhjemite,
granodiorite and granite’– TGG character, more LILE

Fig.9. La/Yb vs Yb plot showing high silica adakitic (HSA) nature
of TTGs and granite.
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contents and enrichment of K2O with progressive
differentiation when compared to TTGs reflect its
transitional characteristics (Champion and Smithies, 2003).
Though it possesses characteristics of high-Al TTGs, the
observed mafic characteristics overlap them.  Champion and
Smithies (2003) observed that the transitional TTGs are
either contemporaneous with or post date ‘true’TTGs. The
field, geochemical characteristics of the granite in the present
study clearly suggest that it post dates the TTGs  in  a
changing geodynamic condition.

GEODYNAMIC  IMPLICATIONS

TTGs and granite have been known to be produced in
different (collision, subduction and mantle plume) tectonic
settings during Archaean and these models have been tested
for granitoids in EDC by many workers. Jayananda et al.
(2000) propose a two stage tectonic setting involving
subduction and mantle-plume activity for the generation of
greenstones and TTGs for the areas occurring between
Closepet granite and Kolar schist belt.  In the collisional
setting the two juxtaposed terrains of different rheology
would produce anatectic leucogranites as observed in the
region of modern Himalayan  collision zone  and such
granitic rocks will have lower contents of compatible
elements and higher contents of incompatible elements and
Al2O3. Collisional zones also involve enormous thickening
and thrusting, which would obviously thickened the crust,
and this is not the case in EDC (Gupta et al. 2003).
Subduction by lateral accretion have been proposed by
Hansen et al. (1995), Krogstard et al. (1995) and Chadwick
et al. (1997, 2000) for granitoids in different areas of EDC.
Melting of incompatible element enriched mantle during
oblique terrain accretion has shown to be responsible for
generation of alkali rich  basaltic melts which in turn induced
melting of deep crust to produce granite plutons in
Krishnagiri-Salem area (Hansen et al. 1995). Krogstad et
al. (1995) proposed Kolar schist belt as a suture separating
an older continental block to the west and younger crustal
block to the east. Chadwick et al. (1997, 2000) proposed a
convergent plate setting with subduction from west to east
to account accretion of granitoids in EDC, whom they
designated as ‘Dharwar batholith’ which comprised vast
tracts of juvenile granitoids. Peucat et al. (1993),
Choukroune et al. (1994) and Jayananda et al. (2000)
proposed mantle plume model to explain the origin of large
volumes of  granite plutons and the green stones. Melting
of the plume is assumed to provide huge quantities of
magmas that emplaced around 2500 Ma. Martin and Moyen
(2005) suggest that the sanukitoid and closepet-type

granitoids were emplaced at the Archaean-Proterozoic
boundary where the petrogenetic processes of the juvenile
continental crust changed from hydrous slab melt during
Archaean to fusion of the fluid metasomatised mantle wedge
during Early Proterozoic or Palaeoproterozoic. The above
petrogenetic models reflect at the possibility of diverse
geodynamic settings during Archaean to produce wide range
of TTGs and granites.  But the widely accepted mechanism
is subduction - related processes which are responsible for
continental crust formation during Archaean. The studied
TTGs and granite representing the northernmost part of the
EDC, though show broader characteristics like the rest of
the areas in EDC, as mentioned earlier, do differ in their
geochemical characteristics, especially in their high sodic
nature. Besides, as discussed earlier, a progressive increase
in LILE contents, enrichment of K2O with progressive
differentiation and increased mafic nature from TTGs to
granite make the granite a transitional suite. Such transitional
characters could be best explained by subduction

Fig.10. MgO vs SiO2 plot for the granitoids of the study area

Fig.11. Nb vs SiO2 diagram showing high silica adakitic nature of
TTGs and granite.
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environment as suggested by Martin (1986) and Champion
and Smithies (2003), who also propose that most of the
3.0-2.5 TTGs had a deep seated source and their parental
magma had interacted with mantle peridotite, prior to
emplacement, in a subduction setting.  It has been shown
(Rapp et al. 1999; Smithies, 2000; Martin and Moyen, 2002
and 2005) that melting of mantle wedge whose composition
was modified by fluids liberated by subducted slab
dehydration, produced modern juvenile continental crust
as observed in the areas of Phanerozoic adakites.
Geochemical characteristics of TTGs  in the studied area
show similarities especially with those of  Cenozoic  adakites
(Defant and Drummond, 1990), which are thought to be
restricted to zones, where young, hot oceanic crust is
subducted and partially melted at pressures high enough to
stabilize garnet ± amphibole. The geothermal gradients
during Archaean were very high due to high heat regimes
during that period (Martin and Moyen, 2005) which enabled
subducted oceanic slab to reach its hydrous solidus
temperature before dehydration began, allowing its melting
at low temperature to produce TTG magmas. The TTGs of
the studied area are comparable to high silica adakites
(Figs.10, 11 and 12), with high alumina, poor ferromagnesian
components which suggest that they are produced by the
melting of the oceanic crust at relatively shallow depth in a
subduction environment. Martin and Moyen (2002, 2005)
proposed that the depth of melting of the down going oceanic
slab increased due to the progressive diminishing of heat
gradient. This resulted in the increased thickness of mantle
wedge cross cut by ascending TTG magmas enabling these
magmas to interact with mantle peridotite. Experimental
work by Rapp et al. (1999) show the possible mechanisms

of interaction between felsic magmas with the mantle
peridotite. If the slab melt (TTG magmas) proportions are
higher over peridotite, not all the slab melt will be consumed
by the peridotite metasomatism reactions, and thus, the
contaminated TTG melt will reach the surface. On the other
hand if the proportion of  slab melts are lower than peridotite,
then all the slab melt is consumed in the metasomatic reaction
with the peridotite. Melting of this metasomatised peridotite
produces magmas that bear strong slab melt signatures like
sanukitoids and Closepet granite,  which show more mafic
characters than TTGs (Fig.13). The granite pluton of the
studied area with its  relatively higher MgO, Ni, Cr contents
than TTGs suggests that they are produced by peridotite
interacted slab melts  in a  subduction setting. The sharp
contact of granite and the TTGs, enclaves of TTGs within
granite and distinct chemistry between them together indicate
that the granite was emplaced when the TTGs were already

Fig.12. Sr/Y vs Y plot for TTGs and granite. While TTGs show
high silica adakitic nature, some of the granite samples
fall in low silica adakitic field.

Fig.13. CaO-Na2O-K2O Triangular diagram comparing the
studied granitoids with the compositions of Archaean
TTGs, sanukitoids and Closepet granite (after Martin and
Moyen, 2005).

consolidated. However, localized reworking of TTGs must
have occurred during the pluton emplacement which
probably affected the chemistry of granite but only at  local
level.

SUMMARY AND  CONCLUSIONS

Late Archaean granitoids in the study area are chiefly
constituted by TTGs and granite with minor injections
of synplutonic mafic bodies into granite. The field,
petrographic and geochemical characteristics of these
rocks indicate three episodes of juvenile crust accretion,
which were not synchronous, but occurred in close
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temporal succession. TTGs were produced by partial melting
of hydrous basalt, in the garnet stability field. Due to
considerable high heat regime, the melting of subducted
basaltic slab occurred at shallow depth with an obvious low
angle subduction, and geochemical characteristics signify
that the TTG magma had no possibility of interacting with
peridotite.

The granite which showed the more mafic characteristics
compared to TTGs has transitional  characterstics and
formed by melting of the subducted slab at greater depth.
The more mafic characteristics (as mentioned, some of the
samples are comparable to sanukitoids) were formed by slab-
melt interacting with peridotite mantle wedge. Subsequently,
slabmelt-mantle peridotite ratios had correspondingly

declined such that some slab melts were totally consumed
in reaction with mantle peridotite.
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