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I. Introduction 

Archaean cratons are dominated by granitoids. However, the exact mechanism of formation of Archaean 

granitoids is still being actively debated. Detailed field, petrographic and geochemical study of these granitoids, 

nevertheless, can provide important insights in to the magma generation processes, crust-mantle interaction and 

tectonic history of Archaean terrains. The eastern Dharwar craton (EDC), southern India is a collage of N-S 

trending narrow ~2.7 Ga greenstone belts interleaved with various types of 2.7-2.5 Ga granitoids [2] (Fig. 1). 

These granitoids include gneissic tonalite-trondhjemite-granodiorite (TTG), transitional TTG, sanukitoid, K-rich 

anatectic granite and A-type granite whose origin and tectonic setting are highly controversial [2], [10], [11], 

[17]. Various tectonic models were suggested for the Neoarchaean evolution of the EDC including (a) 

subduction zone setting with successive accretion of arcs [2], [3] (ii) plume related crustal growth and crustal 

recycling [10], [11] and (iii) juvenile magmatic accretion and syn-convergence flow of soft, buoyant crust in a 

hot orogen [5]. In this communication we report field, petrographic and elemental characteristics of granitoids 

from a critical part of the EDC surrounding the Kadiri Township (Fig. 1).  These information are utilized to 

discuss the petrogenesis of the granitoids and their possible tectonic setting. 

 

II. Field setting 

The area exposes N-S trending Kadiri greenstone belt hosting basalts, andesites and dacites [9]. During the 

course of the present work five suits of granitoids were recognised. Along the eastern margin of the Kadiri 

greenstone belt, a medium to coarse grained linear body of greenish grey hornblende-biotite granitoid is 

exposed. This granitoid is moderately deformed, foliated and hosts mafic microgranular enclaves. These 

enclaves are stretched and parallel to the foliation which suggests synmagmatic deformation (Fig. 2a). Along the 

western margin of the Kadiri belt, a sheet like body of grey biotite (± hornblende) granitoid is exposed with 

prominent mineral lineation. This granitoid is moderately deformed and banded (Fig. 2b) with rare mafic 

microgranular enclaves and gneissic xenoliths. Further east and west moderately to mildly deformed, pink and 

grey biotite leucogranite occupy large area. These granites contain gneissic and surmicaceous enclaves (Fig. 2c). 

At the southern part of the area a grey, well foliated, gneissic granitoid is exposed. The rock also shows alternate 

mm scale dark (biotite-rich) and light (quartz-feldspar rich) bands (Fig. 2d). At the north-eastern part of the area 

an oval-shaped, coarse grained, undeformed pink, porphyritic biotite granite is exposed near Dorigallu village 

(Fig. 2e).  

 

 

Abstract: Field, petrographic and geochemical studies of different suites of granitoids in a critical part of the 

eastern Dharwar craton, southern India provide information on their petrogenesis and tectonic setting. The 

area exposes the N-S trending Kadiri greenstone belt. A sanukitoid-like granitoid is exposed along the eastern 

margin of the belt which is enriched in LILE as well as ferromagnesian elements. It is interpreted to be 

derived from a metasomatized mantle in a subduction zone. Along the western margin a transitional TTG is 

emplaced as a linear body probably derived from a mafic source with some felsic crustal material. Various 

other types of granitoids in the area include highly silicic foliated gneisses, K-rich biotite granites and HFSE-

enriched granites with geochemical characteristics consistent with derivation from crustal melting. A 

subduction zone setting characterized by melting of metasomatized mantle wedge, slab- break-off, 

asthenospheric upwelling and crustal reworking are envisaged to explain occurrence of various types of 

granitoids in the area.  
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Fig 1: Geological map of southern India (after Vasundhara Project, Geological Survey of India Special 

Publication, 1994) showing the location of the study area. CG- Closepet granite. 

       
                          (a)                                                   (b)                                                    (c)      

    
                                                          (d)                                                    (e) 

Fig 2: (a) Stretched mafic microgranular enclave within eastern hornblende-biotite granitoid showing parallel 

alignment with the foliation. (b) Outcrop photograph of biotite (±hornblende) granitoid occurring along the 

western margin of the  Kadiri belt. (c) Biotite-rich surmicaceous enclave within leucogranite. (d) Prominent dark 

and light banding within foliated gneiss. (e) Coarse grained Dorigallu granite. 

III. Petrography 

The eastern hornblende-biotite granodiorite is inequigranular, medium to coarse grained, consisting of 

plagioclase, quartz, K-feldspar, hornblende and biotite. Rounded plagioclase porphyroclasts are surrounded by 

granulated quartz grains indicating effect of deformation (Fig. 3a). Stretching of quartz grains and parallel 

alignment of biotite and hornblende laths imparts a foliation within the rock. Cluster of mafic minerals were 

noted forming glomeroporphyritic texture. In QAP diagram the samples fall mainly in the granodioritic field 

(Fig. 4) and will be referred to as eastern granodiorites.The western margin banded grey granitoid is a fine to 

medium grained inequigranular rock consisting mainly of plagioclase, quartz, K-feldspar and biotite with 

amphibole in places (Fig. 3b). Some of the plagioclase grains are fractured which are filled up by biotite and 

quartz grains. K-feldspar commonly shows perthitic texture and contains inclusion of subhedral to euhedral 

sericitised plagioclase, biotite flakes and rarely quartz. In QAP diagram this rock falls mainly in the 

monzogranite and granodiorite field (Fig. 4) and will be called western monzogranites. The leucogranites are 

medium to coarse grained rocks consisting mostly of plagioclase, K-feldspar and quartz with accessory biotite, 

opaques and zircons showing hypidiomorphic texture.  Myrmekite intergrowth is observed within leucogranite 

(Fig. 3c). Some of the plagioclase grains are zoned. K-feldspar grains show perthitic texture. This rock is mildly 

to moderately deformed as indicated by bending of feldspar twin laths, kinking of biotite grains and formation 
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of subgrains within quartz. In QAP diagram these rocks fall mainly in the monzogranite and syenogranite fields, 

and will be referred to as leucogranites (Fig. 4). The foliated gneiss is an inequigranular, medium to coarse 

grained granitic rock showing large porphyroclasts of plagioclase along with some quartz, K-feldspar, biotite 

and hornblende set in a finer groundmass of quartz, biotite, plagioclase and K-feldspar. Some plagioclase grains 

acquired subrounded shape due to deformation and rotation (Fig. 3d). Subparallel alignment of biotite grains 

imparts a prominent foliation within the rock which swerves around the porphyroclast grains.  In QAP diagram, 

this gneissic rock falls mainly in the monzogranite field (Fig. 4). The Dorigallu granite is a coarse grained rock 

consisting of plagioclase, K-feldspar and quartz with accessory biotite, opaques, zircon, epitode and apatite. 

Plagioclase grains are subhedral to euhedral in shape and frequently sericitised. K-feldspar grains are large, 

anhedral to subhedral, showing perthitic texture and include subhedral to anhedral sericitised plagioclase and 

rounded to subrounded blebs of quartz. Myrmekite intergrowth was also noted. Overall this granite shows 

hypidiomorphic granular texture (Fig. 3e). In QAP diagram this rock plots within the monzogranite field (Fig. 

4). 

   
(a)                                                  (b)                                                          (c) 

   
(d)                                                    (e) 

Fig 3: Petrographic aspects of granitoids. a: Rounded plagioclase porphyroclast (p) surrouded by granulated 

quartz grains (q) in the eastern granodiorite. Also present are hornblende grains (h). b: Western monzogranite 

showing inequigranular texture consisting of plagioclase (p), quartz (q) and biotite(b). c: Myrmekite intergrowth 

(m) associated with feldspar (f), quartz (q) and biotite (b) in the leucogranite. d: Rotated plagioclase 

porphyroclast (p) surrounded by linear trail of quartz (q) within foliated gneiss. e: Plagioclase (p), microcline 

(m) and quartz (q) grains forming hypidiomorphic texture within Dorigallu granite. 

 
Fig 4: Quartz-Alkali feldspar-Plagioclase feldspar (QAP) triangular classification of the granitoids. 

IV. Geochemistry 

The eastern granodiarites are characerised by wide range of SiO2 (59.7-69.8%) with high Mg# (0.38-0.52), Ba, 

Sr and ferromagnesian elements. In REE plot, LREE is well fractionated and HREE is moderately fractionated 
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with slightly positive to slightly negative Eu anomaly (Fig.5a). The  granitoids  have  primordial  mantle  (PM)-

normalized  enrichment  of  large  ion  lithophile elements or LILE (Ba, Th, U, K, La and Ce) and prominent 

negative Nb, Ta and Ti anomalies (Fig. 5b).  

The western monzogranites are more silicic (SiO2 = 66.3–71.6 %), weakly metaluminous rocks with high Na2O 

(3.92-5.63%) and moderate Mg# (0.34-0.44).  REE patterns shows fractionated LREE with moderately 

fractionated HREE and slightly negative, no or slightly positive Eu anomalies (Fig.  5a). PM-normalized plots 

are characterized by enrichment of LILE and very distinct negative Nb, Ta and P anomalies (Fig. 5b).   

The leucogranie are highly silicic (SiO2= 67.4–75.1 %), weakly peraluminous to weakly metaluminous rocks 

with high K2O (4.07-5.78%) and K2O/Na2O (1.3-1.9). In REE plot, LREE are enriched and highly fractionated, 

and HREE are moderately fractonated with a negative Eu anomaly (Fig. 5a). PM- normalized  plots  have  

distinct  enrichment  of  LILE  (especially Rb, U, K, Th, La and Ce) and prominent troughs at Ba, Nb, Sr, P and 

Ti ( Fig.5b). 

The foliated gneissic rock is silica enriched (SiO2 = 65.1-72.2%) having moderate to high Na2O (3.85-4.56 %) 

and Mg# (0.35-0.50) with wide range of MgO (0.42-2.34%), K2O (2.33-4.52%), and K2O/Na2O (0.5–1.2). The 

rock has low Rb and moderate Ba and Sr. It shows well fractionated LREE and moderately fractionated HREE 

with slightly negative Eu anomaly (Fig. 5a). PM-normalised plot shows enrichment of LILE with distinct 

negative Na, Ta, P and Ti anomaly (Fig. 5b). 

The Dorigallu granite has restricted and high SiO2 (72.2-74.8%) with high K2O/Na2O (1.2-1.7). This granite has 

low Mg# (0.17-0.26) and relatively higher concentrations of high field strength elements (U,Th, Nb, Ta and Zr). 

It displays highly enriched and fractionated LREE, and flat HREE with negative Eu anomaly (Fig. 5a). PM-

normalised plot shows enrichment of LILE with prominent troughs at Ba, Sr, P and  Ti (Fig. 5b). 

 
Fig 5: Chondrite normalized REE (a) and primordial mantle (b) normalized patterns for representative 

samples of the granitoids.  

V. Discussion 

A. Petrogenesis 

The eastern granodiorite has elevated contents of MgO, Mg# and ferromagnesian elements as well as LILE (K, 

Ba, Sr) like sanukitoids [18], [15], [7], [6]. The presence of mafic microgranular enclaves and low Rb contents 

also suggest similarity with sanukitoids [1], [6]. Sanukitoids are generally thought to be produced by partial 

melting of mantle metasomatized by crustally derived fluid fluxing (mostly in subduction zones). The eastern 

granodiorites also probably formed in the same way.  

The western monzogranites have some similarities with TTG like high SiO2 and Na2O, and low ferromagnesian 

element contents [7], [8]. However, the K2O, Rb, Ba, Th and U contents are higher than typical TTG. So they 

show intermediate character between typical TTG and K-rich anatectic granite and, therefore, can be termed as 

transitional TTG [4]. Generally TTG is produced by melting of mafic source [8]. Nevertheless, the LILE 

enriched character of the western monzogranites suggests presence some felsic crustal material in the source 

besides mafic rocks [4].  

The leucogranites are enriched in SiO2 and LILE but depleted in MgO and Sr. Negative Eu anomaly and low to 

moderate Sr/Y (3.3-26.1) ratio indicates low pressure melting condition of the source. These are typical 

granitoids produced by intracrustal melting of Archaean felsic rocks [13], [14], [16], [17], [12]. 

The foliated gneiss has high SiO2 and Na2O with K2O/Na2O generally lower than 1 similar to those of TTG. 

However, the K2O, Rb, Th and U contents are higher than typical TTG [8]. Therefore this rock was also 

generated by melting of a mafic source with some contribution of felsic crustal material.  

The Dorigallu granite has a ferroan character with enrichment in K, Rb, Pb and HFSE. It is also characterized by 

high TiO2/MgO, enrichment in LREE and flat HREE with negative Eu anomaly. These characteristics indicate 

generation from a felsic crustal source at shallow depth with plagioclase in the residue.  

B. Possible tectonic setting 
The eastern margin granitoids are more or less similar to Archean sanukitoids. These type of rocks are generally 

thought to be produced by melting of a metasomatised mantle [7]. Slab-derived fluids and melts generally 

metasomatize the overlying mantle wedge in subduction zones. So the sanukitoid-like eastern granodiorite 
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suggests presence of subduction zone in the area. This sanukitoid magma probably supplied heat and fluid in to 

the arc crust. This process probably triggered melting at the base of the arc and produced transitional TTG 

(western monzogranites). The production of various types of silicic granitoids (leucogranites, foliated gneiss, 

Dorigallu granite) indicates a thermal event which induced widespread crustal melting. A scenario of slab break-

off and attendant asthenosphere upwelling can be envisaged supplying abundant heat to the overlying crust.  
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