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Abstract: The geological history and evolution of the Dharwar craton from ca. 3.5–2.5 Ga is reviewed and briefly compared with 
a second craton, Kaapvaal, to allow some speculation on the nature of global tectonic regimes in this period. The Dharwar 
craton is divided into western (WDC) and eastern (EDC) parts (separated possibly by the Closepet Granite Batholith), based on 
lithologi-cal differences and inferred metamorphic and magmatic genetic events. A tentative evolution of the WDC 
encompasses an early, ca. 3.5 Ga protocrust possibly forming the basement to the ca. 3.35–3.2 Ga Sargur Group greenstone 
belts. The latter are interpreted as having formed through accretion of plume-related ocean plateaux. The approximately coeval 
Peninsular Gneiss Complex (PGC) was possibly sourced from beneath plateau remnants, and resulted in high-grade 
metamorphism of Sargur Group belts at ca. 3.13–2.96 Ga. At about 2.9–2.6 Ga, the Dharwar Supergroup formed, comprising 
lower Bababudan (largely braided fluvial and subaerial volcanic deposits) and upper Chitradurga (marine mixed clastic and 
chemical sedimentary rocks and subaqueous volcanics) groups. This supergroup is preserved in younger greenstone belts with 
two distinct magmatic events, at 2.7–2.6 and 2.58–2.54 Ga, the latter approximately coincident with ca. 2.6–2.5 Ga granitic 
magmatism which essentially completed cratonization in the WDC. The EDC comprises 2.7–2.55 Ga tonalite–trondhjemite–
granodiorite (TTG) gneisses and migmatites, approximately coeval greenstone belts (dominated by volcanic lithologies), with 
minor inferred remnants of ca. 3.38–3.0 Ga crust, and voluminous 2.56–2.5 Ga granitoid intrusions (including the Closepet 
Batholith). An east-to-west accretion of EDC island arcs (or of an assembled arc – granitic terrane) onto the WDC is debated, with 
a postulate that the Closepet Granite accreted earlier onto the WDC as part of a “central Dharwar” terrane. A final voluminous 
granitic cratonization event is envisaged to have affected the entire, assembled Dharwar craton at ca. 2.5 Ga. When Dharwar 
evolution is compared with that of Kaapvaal, while possibly global magmatic events and freeboard–eustatic changes at ca. 2.7–
2.5 Ga may be identified on both, the much earlier cratonization (by ca. 3.1 Ga) of Kaapvaal contrasts strongly with the ca. 2.5 Ga 
stabilization of Dharwar. From comparing only two cratons, it appears that genetic and chronologic relationships between 
mantle thermal and plate tectonic processes were complex on the Archaean Earth. The sizes of the Kaapvaal and Dharwar 
cratons might have been too limited yet to support effective thermal blanketing and thus accommodate Wilson Cycle onset. 
However, tectonically driven accretion and amalgamation appear to have predominated on both evolving cratons.

Résumé : L'histoire géologique et l'évolution du craton de Dharwar (�3,5–2,5 Ga) sont examinées et sommairement comparées 
a` celles d'un second craton, celui de Kaapvaal, afin de permettre une certaine spéculation sur la nature des régimes tectoniques 
globaux durant cette période. Le craton de Dharwar est divisé entre une partie ouest (WDC) et une partie est (EDC), lesquelles 
sont possiblement séparées par le batholite granitique de Closepet. La division est basée sur les différences lithologiques et des 
événements génétiques métamorphiques et magmatiques inférés. Une évolution tentative du WDC comprend une protocroûte 
précoce, � 3,5 Ga, formant possiblement le socle des ceintures vertes du Groupe de Sargur, � 3,35–3,2 Ga. Ces dernières se 
seraient formées par l'accrétion de plateaux océaniques reliés `a des panaches. Le complexe gneissique presque contemporain 
de Peninsular provient possiblement de vestiges sous les plateaux et a conduit au métamorphisme élevé des ceintures du Groupe 
de Sargur, il y a environ 3,13–2,96 Ga. Vers 2,9–2,6 Ga, le supergroupe de Dharwar s'est formé; il comprend le groupe de 
Bababudan inférieur (principalement des dépôts fluviaux anastomosés et des dépôts volcaniques subaérien et le groupe de 
Chitradurga supérieur (un mélange de roches sédimentaires marines clastiques et chimiques et des roches volcaniques suba-
quatiques). Ce supergroupe est préservé dans des ceintures de roches volcaniques plus jeunes, il témoigne de deux activités 
magmatiques distinctes, `a 2,7–2,6 Ga et `a 2,58–2,54 Ga, cette dernière activité coïncidant approximativement avec le magma-
tisme granitique �2,6–2,5 Ga qui a essentiellement complété la cratonisation dans le WDC. La partie est du craton de Dharwar 
comprend des gneiss TTG (tonalite–trondhjémite–granodiorite) de 2,7–2,55 Ga et des migmatites, des ceintures de roches vertes 
approximativement contemporaines (dominées par des lithologies volcaniques), avec des restes mineurs d'une croûte
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�3,38–3,0 Ga inférée et de volumineuses intrusions granitoïdes (incluant le batholite de Closepet) 2,56–2,5 Ga. L'accrétion de
l'est vers l'ouest d'arcs insulaires du EDC (ou d'un terrane d'arc granitique assemblé) au WDC est discutée, mais il est concevable
que le granite de Closepet ait été accrété plus tôt au WDC en tant que partie d'un terrane « Dharwar central ». Un événement final
de volumineuse cratonisation granitique aurait affecté, vers 2,5 Ga, tout le craton de Dharwar assemblé. Bien que des événe-
ments magmatiques globaux et des changements eustatiques de dégagement vers 2,7-2,5 Ga puissent être identifiés sur les deux
cratons, lorsque l’évolution du Dharwar est comparée à celle du Kaapvall, la cratonisation beaucoup plus précoce (vers 3,1 Ga) du
Kaapvall contraste fortement avec la stabilisation du Dharwar vers 2,5 Ga. En comparant seulement deux cratons, il semble qu’à
l’Archéen les relations génétiques et chronologiques entre les processus thermiques du manteau et la tectonique des plaques
étaient complexes sur la Terre. Les tailles des cratons de Kaapvall et de Dharwar pouvaient avoir été trop limitées pour déjà
soutenir un isolement thermique efficace et ainsi permettre le début d’un cycle de Wilson. Toutefois, l’accrétion poussée par la
tectonique et l’amalgamation semblent avoir prédominé sur les deux cratons en évolution. [Traduit par la Rédaction]

Introduction

The importance of Wilson’s work in global geodynamics
John Tuzo Wilson is renowned for introducing the hotspot con-

cept and transform faults to the plate tectonic paradigm, and also 
for the concept of ocean opening and closure now encapsulated 
in the well-known Wilson Cycle (Wilson 1965, 1966). The Wilson 
Cycle can be seen as an integral part of the larger concept of the 
supercontinent cycle. When supercontinental dynamics are 
traced back into the deep geological past, as for the Proterozoic or 
even possibly the Archaean, it is clear that the relatively simple 
scenario of rifting of a large continental mass, separation of the 
relatively large daughter fragments on either side of a growing 
ocean, and eventual ocean closure together with reassembly of 
the earlier rifted margins in approximately similar mutual rela-
tionship (as implicit in Wilson’s 1966 cycle derived from the At-
lantic ocean example), becomes much more complex (e.g., 
Bleeker 2003; Eriksson et al. 2011a, 2011b). Proterozoic superconti-
nents fragmented into many daughter components, and reassem-
bly of the subsequent supercontinent several hundred million 
years later, encompassed a reassembly of fragments in a plethora 
of new relative orientations, reflecting multiple rotations and 
complex plate movements within a veritably Byzantine amalga-
mation history (e.g., Hartnady 1986; Hoffman 1991; Dalziel 1991; 
Moores 1991).

Supercontinents, supercratons, and the
supercontinent cycle

The term “supercontinent” is used with many different mean-
ings, particularly regarding size, and further complexity is intro-
duced with the term “supercraton”. Bleeker (2003) discusses a Late 
Archaean geodynamic scenario wherein he evaluates three possi-
ble end-member models: (1) a single supercontinent (viz. the 
“Kenorland solution” based on the work of Williams et al. 1991) 
scenario; (2) a limited set of supercratons (e.g., Vaalbara, Superia, 
Sclavia) which can be equated with smaller landmasses than that 
implicit in the single supercontinent model; and (3) many much 
smaller supercratons. The Dharwar craton might be considered as 
such a smaller supercraton, composed of the Eastern and Western 
Dharwar cratons. Williams et al. (1991) postulated Kenorland as 
comprising the current North American cratons, while a number 
of subsequent workers would see the Kenorland supercontinent 
as being made up essentially of these plus the Baltica and Siberian 
cratons (e.g., Aspler and Chiarenzelli 1998). A relatively small 
amalgamation such as Vaalbara (Kaapvaal–Pilbara cratons; e.g., 
Cheney 1996) or Dharwar is dwarfed in size by both original and 
expanded Kenorland reconstructions, thereby possibly question-
ing the appellation of “supercraton” applied by Bleeker (2003), o r 
more recently, by Smirnov et al. (2013).

While the supercontinent cycle is widely accepted as a funda-
mental concept in geology, and is generally seen as one of the 
major controls on Earth’s geological, palaeoclimatic, and biologi-
cal evolution (e.g., Rogers and Santosh 2002), its antiquity, plates 
making up a specific supercontinent, and genesis (including rela-
tionship with mantle convective and plume processes) have gen-

erated much more debate (e.g., Unrug 1992; Rogers 1996; Dalziel 
1997; Condie et al. 2001; Meert 2002; Bleeker 2003; Personen et al. 
2003; Condie 2004a, 2004b; Eriksson et al. 2004, 2009, 2011a; 
Zhong et al. 2007; Hou et al. 2008; Nelson 2008). Supercontinents 
extended to at least 2 Ga (Miall 1997) and most likely to the Neo-
archaean (e.g., Aspler and Chiarenzelli 1998). Amongst a large 
number of postulated ancient supercontinents and configura-
tions thereof (e.g., Rogers and Santosh 2002) are a ca. 3.0 Ga 
“Ur” (Rogers 1996; comprising Kalahari (assembled Kaapvaal–
Zimbabwe cratons), Western Dronning Maud, the Dharwar, 
Bhandara, and Singhbhum cratons of India, the Napier and 
Pilbara cratons) and one or possibly two Neoarchaean 
supercontinents, “Kenor-land” (assembly of North American 
cratonic blocks, Baltic and Siberian shields) and a “southern” 
equivalent (Button 1976; Piper 1983; Gaál 1992; Stanistreet 1993; 
Cheney 1996; Aspler and Chiarenzelli 1998). The latter is 
proposed to have encompassed the Zimbabwe, Kaapvaal, Pilbara, 
São Francisco, and cratons from present-day India (Aspler and 
Chiarenzelli 1998).
Dharwar and Kaapvaal cratons

In both “Ur” and the “southern” (modern geographical context) 
Neoarchaean supercontinents, the Kaapvaal craton of southern 
Africa and the Dharwar craton of India are included in a common 
configuration. Recently also, a comparison of the geological evo-
lution of the Singhbhum (India) and Kaapvaal cratons was made 
(Mazumder et al. 2012) which argued against any amalgamation 
of these cratons in the Palaeoproterozoic. Eriksson et al. (2009, 
2011a) examined the supercontinental affinities of the Kaapvaal 
craton more generally, including possible assembly with Dhar-
war; they argued against the latter assembly, citing several rea-
sons such as poor age data from the Indian terrane.

Kaapvaal is more often seen as forming part of the “Vaalbara” 
assembly with the Pilbara craton of Australia. This assembly was 
first suggested by Button (1976) and discussed in more detail by 
Cheney (1996) who also added the Zimbabwe craton and possibly 
Grunehogna (Antarctica) as well. Palaeomagnetic work by Wingate 
(1998) and Strik et al. (2007) appeared to discount a Kaapvaal 
amalgamation with Pilbara for the period of the Witwatersrand–
Transvaal successions of Kaapvaal (ca. 3.1–2.05 Ga), as did detailed 
comparative chronology over the 3650–2200 Ma period for both 
cratons by Nelson (2008). In contrast, recent palaeomagnetic stud-
ies by de Kock et al. (2009) validate the Vaalbara concept, and the 
work of Smirnov et al. (2013) provides evidence for definite exclu-
sion of Zimbabwe from the greater Vaalbara terrane, while also 
supporting a separate Zimbabwe–Yilgarn craton assembly; the 
use of precise chronology and accurate palaeomagnetic determi-
nations related to dyke swarms forms the basis of many of these 
recent studies (e.g., Ernst et al. 2005; Bleeker and Ernst 2006; 
Kumar et al. 2012). While such methods strongly support a com-
bined Kaapvaal–Pilbara cratonic terrane, the noted differences in 
geochronological profiles of both cratons (Kaapvaal and Pilbara), 
in details of supercratonic cover sequences, and an apparent lack 
of suitable mobile belts of the right ages, appear to be in contrast 
to their inferred assembly. However, it can be argued that the
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similarities in cover sequence stratigraphies over the ca. 3560–
2000 Ma period appear to outweigh these differences, and craton-
marginal mobile belts would inherently have been poorly preserved 
over a long geodynamic history of this antiquity.

However, the nature of early Precambrian tectonic regimes and 
processes that might have been responsible for any Kaapvaal–
Pilbara shared event history, at this stage, must remain specula-
tive. The Dharwar craton, in contrast, has deformed supracrustal 
successions of great antiquity as well as inferred mobile belts and 
reflects a different apparent tectonic history and process of 
craton amalgamation (Eastern and Western Dharwar cratons). 
Recently acquired age data from the Dharwar craton enable a 
much more detailed geodynamic interpretation, and we will 
briefly also com-pare this with Kaapvaal. This paper thus aims to 
review the geo-logical evolution of the Dharwar craton from ca. 
3.5–2.5 Ga, and will attempt to interpret commonalities and 
distinctions arising with Kaapvaal geodynamic history as a 
subordinate aim. The geo-dynamic evolution of Kaapvaal has 
been summarized in a number of recent papers (e.g., Eriksson et 
al. 2006a, 2006b, 2011a; Bumby et al. 2012; Mazumder et al. 2012; 
Eriksson and Condie 2013) and is thus not repeated here except 
for a summary figure (Fig. 2). The comparisons made with 
Kaapvaal enable comments on Neoarchaean–Palaeoproterozoic 
tectonic regimes to be made, in the spirit of the theme of this 
special issue in honour of the seminal work of John Tuzo Wilson.

Geology of the Dharwar craton
The Indian shield is divided into three main proto-continents: 

Bundelkhand, Aravalli, and Dharwar–Singhbhum (Naqvi et al. 
1974; Radhakrishna and Naqvi 1986). The Karnataka and Singhb-
hum nuclei (KN and SN) of the Dharwar–Singhbhum proto-
continent are made up of rocks older than 2.5 Ga, and this 
Archaean continental crust of the South Indian shield has been 
investigated intensely since the pioneering work of Foote (1886).

The well-studied Dharwar craton forms a major portion of the 
Dharwar–Singhbhum proto-continent and represents an advanced 
stage of cratonization characterized by complex tectonic and struc-
tural controls (Naqvi 1981; Swami Nath and Ramakrishnan 1981; 
Divakar Rao and Rama Rao 1982; Naqvi and Rogers 1983, 1987; 
Radhakrishna 1983, 1984; Pichamuthu and Srinivasan 1984; 
Radhakrishna and Naqvi 1986; Rogers 1986; Chadwick et al. 1988; 
Chardon et al. 1988; Naha et al. 1990). The Dharwar craton (DC) occurs 
to the south of the Narmada and Godavari Lineament, and is bounded 
by Arabian Sea to the west and the Middle Proterozoic Mobile Belt 
(MPMB) to the east and south (Fig. 1). The differences in regional facies in 
terms of lithology, volcano-sedimentary environment, metamor-
phism, and magmatism suggest a possible division of the DC into a 
Western and an Eastern Dharwar craton separated possibly by the 
Closepet Granite (Vishwanatha and Ramakrishnan 1976; Swami 
Nath and Ramakrishnan 1981; Naqvi and Rogers 1987). However, 
Chadwick et al. (1996) suggested a major mylonitic ductile shear zone 
(�400 km long), separating the eastern (high-temperature metamor-
phic terrain) and western blocks (low-temperature metamorphic ter-
rain). This shear zone between the Western Dharwar (WDC) and 
Eastern Dharwar (EDC) cratons is characterized by a gravity gradient 
of 4G Gal (1 Gal = 1 cm/s2), which extends from the west of Bangalore 
along the eastern margin of the Chitradurga Schist belt up to the 
west coast of India (Naqvi 1973). The WDC is synonymous with the 
Karnataka nucleus (and coincidently also, spatially, with the geo-
graphic entity, the state of Karnataka, India), which is an elliptical-
shaped area to the west of the outcrops of the Closepet Granite, with 
K-rich granite plutons on at least two sides (Radhakrishna and Naqvi 
1986). The KN is overlain by the Deccan basalts on its northern mar-
gin and in the west is terminated at a passive continental margin 
(Arabian Sea) developed at the time of Gondwana breakup; to the 
south, it is transitional into granulite facies assemblages developed

at ca. 2600–2700 Ma (Venkatasubramanian and Narayanaswamy 
1974), while the eastern margin is poorly defined (Fig. 1).

Western Dharwar craton (WDC)
The Western Dharwar craton contains three suites of approxi-

mately north–south-oriented schist belts: the oldest, the Sargur 
Group (Radhakrishna 1967; Viswanatha and Ramakrishnan 1976), 
the Peninsular Gneissic Complex (PGC), and the youngest, the 
Dharwar Supergroup (Ramakrishnan and Swaminatha 1976; 
Swami Nath et al. 1976; Viswanatha and Ramakrishnan 1976; 
Radhakrishna and Naqvi 1986) ( Table 1). Generally, the younger 
schist or greenstone belts in the northern region are less meta-
morphosed than those in the southern part (Naqvi et al. 1988). 
Metamorphism is regional, affecting all parts of the craton 
(Radhakrishna 1983). The principal structural trend in the WDC is 
approximately northwest–southeast to north–south as shown by 
major shear zones and the elongation of the various schist belts. 
Rock suites of different ages exhibit a similar sequence of defor-
mation (Naha et al. 1986). Detailed structural studies of the WDC 
spanning over three decades have established a correlatable se-
quence of superposed folding events in all schist belts (low as 
well as high grade), the PGC, and banded granulites (Naqvi 1973; 
Roy and Biswas 1979; Chadwick et al. 1981a, 1981b; Ghosh and 
Sengupta 1985; Mukhopadyay 1986; Naha et al. 1986, 1991).

North–south change in metamorphic facies has been demon-
strated in the coherent schist or greenstone belts which tend to 
interfinger with the more widespread PGC; relations of the green-
stone belts to the PGC remain contentious (e.g., Radhakrishna and 
Ramakrishnan 1990), and Naqvi (1981) suggested the interfinger-ing 
between PGC and greenstones developed over a ca. 1 gigayear time 
period. The Closepet Granite and its equivalents occur primarily in 
the eastern part of the Dharwar craton. Small bodies of diapiric 
rock with high concentrations of K-feldspar and quartz are present 
in the Western Dharwar craton. The southern part of the Western 
Dharwar craton contains a number of metamor-phosed ultramafic 
bodies, many of which form layered intrusive complexes. 
Ultramafic volcanic rocks often exhibit relict spinifex texture and 
pillow structures. Geobarometers suggest 5–6 kbar (1 kbar = 100 
MPa) for the gneiss–granulite transition zone at the southern edge 
of the Western Dharwar craton (Janardhan and Srikantappa 1975). 
Part of the Proterozoic Kaladgi basin overlaps with the Western 
Dharwar craton.

Greenstone belts in the southern part of the craton tend to be small, 
engulfed in gneisses, metamorphosed to amphibolite facies and are 
older (Radhakrishna 1967; Viswanatha and Ramakrishnan 1976) than 
those in the northern lower grade belts (Swami Nath and 
Ramakrishnan 1981). In addition to the widespread PGC, thus, there 
are the Sargur Group supracrustal enclaves, as well as the southern 
and northern type greenstone belts. While there has been much 
debate on the topic (e.g., Radhakrishna and Ramakrishnan 1990), the 
southern greenstone belts (smaller, higher grade) appear to be essen-
tially equivalent to the older Sargur Group enclaves, and the north-ern 
greenstone belts equate essentially to the younger Dharwar 
Supergroup (see discussion and references in Ramakrishnan and 
Vaidyanadhan 2008). Many of the conclusions drawn remain highly 
controversial. Some workers have documented evidence supporting a 
structural episode prior to the deposition of the Bababudan 
Group, the lower unit of the Dharwar Supergroup (Naqvi 1985; 
Radhakrishna and Naqvi 1986; Naqvi and Rogers 1987). They studied 
the Talya conglomerate of the Chitradurga Schist belt and observed 
bent lineation in quartzite pebbles, folding and fracturing parallel to 
the main Dharwar direction in banded iron formations (BIFs) to infer a 
deformation and metamorphism event before the deposition of the 
Dharwar Supergroup (Naqvi and Hussain 1973). This pre-Dharwar 
event is thought to reflect part of the geodynamic controls on the 
Sargur Group.

The Sargur Group is >3000 Ma and comprises gneisses and en-
claves in the gneisses and associated granulites (Janardhan et al.
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1986). Bhaskara Rao et al. (1983) and Monrad (1983) have dated the 
gneisses in the vicinity of the Holenarsipur schist belt. The 
gneisses to the east of the belt have given a Rb–Sr age of 3000 ± 
10 Ma (87Sr/86Sr = 0.70323 ± 0.00035) The gneisses (Halekote trond-

hjemites) to the north of the belt are 3070 Ma old, which is pre-
sumed to be a metamorphic age. Some of the cordierite gneisses
of southern Karnataka broadly falling within the zone of the
Closepet Granite have given an Rb–Sr age of 3010 ± 90 Ma

Fig. 1. Geological sketch map of the Dharwar craton showing the greenstone belts and plutons (after Geological Survey of India 2006 and 
Chardon et al. 2008). EDC, Eastern Dharwar; WDC, Western Dharwar; SMDC, southern margin of Dharwar craton.
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Fig. 2. Evolution of Kaapvaal (KV) Precambrian supracrustal rocks (after Eriksson et al. 2006a). BIF, banded iron formation; HF, high 
freeboard.
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(Ri = 0.701 ± 0.001, where Ri represents (87Sr/86Sr)i). The Chitra-
durga Granite is known to intrude the Chitradurga Group (Dhar-
war Supergroup) and has yielded a lead isochron age of 2605 Ma 
and Rb–Sr age of 2500 Ma. The intrusive granitoids, therefore, fix 
a minimum age for the supracrustals of the region between 2605 
and 3200 Ma The supracrustals are probably older than 3315 Ma or 
possibly even older than 3800 Ma. The metamorphic grade varies 
from amphibolite to lower granulite facies; some of the older 
greenstone belts such as Holenarsipur, Nuggihalli, and Krishnaraj-
pet are metamorphosed to greenschist facies, but upper amphibolite 
facies rocks are found at their peripheries (Naqvi and Rogers 1987).

The Sargur enclaves consist largely of a supracrustal assemblage 
of quartzite, carbonate, metapelite, and iron formation, as well as 
high-grade mafic rocks. It is possible that some of the older belts in 
the south have been intruded by older members of the PGC. 
Janardhan and Srikantappa (1975) proposed that deforma-tion in 
Sargur enclaves in the southern part of the craton was coincident 
with emplacement of the gneisses. Enclaves may be a few 
kilometres in width and tens of kilometres in length and may 
also possibly be considered as very old members of the PGC 
ultramafic–mafic–anorthosite suites (Naqvi 1981).

Rocks of ultramafic, gabbroic, noritic, and anorthositic compo-
sition, BIFs, as well as high-grade metapelites are common in the 
high-grade southern schist belts. The ultramafic flows show spin-
ifex textures, and there is a near-absence of arenaceous sedimen-
tary rocks; these belts contain only 1.3% siliceous sedimentary 
rocks, which exhibit �18O ratios of +12.5‰, suggesting a metamor-
phosed chert origin (Naqvi 1981). Folds tend to have steep plunges, 
and they may be doubly plunging in many cases. Three episodes of 
deformation has been recorded in these pre–-3000 Ma greenstone 
belts, resulting in complex and doubly plunging folds, accentu-ated 
by differential uplift and subsidence (Chadwick et al. 1978). The 
Sargur Supergroup is complex and can be regarded as an 
orthoquartzite–carbonate–pelite association (a platformal assem-
blage) typical of an ensialic basin.

The basement to the Sargur Group remains problematic. An older 
sialic basement, which is indistinguishable from the rest of the 
gneissic complex (i.e., the ca. 3.0 Ga PGC), can possibly be considered 
as the base of the Sargur Group; however, Ramakrishnan and 
Swaminatha (1976) and Swami Nath and Ramakrishnan (1981) con-
tend that the basement for the Sargur is not yet recognized. In con-
trast to this view, some of the older greenstone belts were intruded 
by the �3.4 Ga Gorur gneisses near Katya in the western part of the 
Holenarsipur schist belt (Beckinsale et al. 1980; Naqvi 1981). The old-
est ages documented in the Dharwar craton include a 24-point 
Rb–Sr whole-rock isochron of 3315 ± 13 Ma (Ri = 0.7006) and an

11-point Pb–Pb isochron of 3305 ± 13 Ma for the Gorur–Hassan 
tonalitic gneisses of the Holenarsipur region (Glikson 1979). The 
Gorur–Hassan gneiss carries inclusions of metamorphosed supra-
crustals, which are believed to be xenoliths by Hussain and 
Naqvi (1983), but are considered as tectonic inclusions by 
Beckinsale et al. (1980). It is necessary to establish the exact 
nature of these inclusions for understanding the relative age 
relationship of the supracrustals (and whether they are Sargur 
equivalents) and these apparently older gneisses. Relict ages of 
granitoids as old as 3300 Ma have been found in pebbles in the 
Dharwar Supergroup conglomerates (Venkatasubramanian and 
Narayanaswamy 1974), supporting the possibility of an older base-
ment. Drury et al. (1984) have reported an Rb–Sr isochron age of 
3280 (Ri = 0.7009 ± 12) for the Hirebelle gneisses in the Western 
Ghat region of Karnataka (WDC).

In addition to the younger Dharwar Supergroup schists, Naqvi 
(1981) identified two types of schist (greenstone) belts within the 
older Sargur Group: (1) the Holenarsipur–Nuggihalli type —
dominantly consisting of ultramafic–anorthositic suites (mainly 
volcanic), metapelites, cherts, and iron formations metamorphosed 
up to amphibolite facies; (2) the Javanahalli type — represented by 
meta-arkose (paragneisses) at the base, succeeded by arkose, am-
phibolite (metapelites), calc-silicates, metavolcanics, and fuchsite 
quartzite. However, the status of the Javanahalli schist belt is 
uncertain because of its tectonic contacts with the younger Chi-
tradurga Group (upper unit, Dharwar Supergroup) schist belt to 
the west, and the absence of any known unconformities. To add to 
the confusion, the Javanahalli schist belt has been correlated with 
both the Bababudan Group (lower unit, Dharwar Supergroup) and 
the Chitradurga Group (Ramakrishnan 1980). Despite Naqvi et al.
(1980) and Naqvi and Rogers (1987) proposing the Javanahalli as an 
intermediate (Dharwar) group based on lithologies which were 
compared to the Bababudan–Chitradurga groups, the metamor-
phic grade is equivalent to the older Holenarasipur Group (Naqvi 
et al. 1980; Narayana et al. 1983). The usefulness of the Javanahalli 
type can thus be questioned seriously.

The Peninsular Gneiss (PGC) together with the Sargur supracrustal 
remnants, enclaves, and high-grade greenstone belts is thought to 
have formed the basement of the younger Dharwar rocks overlying a 
marked basal unconformity (Ramakrishnan and Swaminatha 1976; 
Swami Nath and Ramakrishnan 1981). Since the major event of Pen-
insular Gneiss intrusion is dated at around 3.0 Ga, the Sargur Group 
of rocks probably belong to the early–middle Archaean. After the 
formation of the older schist belts, a regional and major crust-
forming event took place around 3.0 Ga to form much of the PGC 
(Ramakrishnan and Swaminatha 1976; Naqvi and Rogers 1987). Rb–Sr

Table 1. Generalized regional stratigraphy of Karnataka (geographic area which equates to Western Dharwar craton; after Geological Survey of 
India 2006).

Eon, era, or epoch
Suite, assemblage, or 
general formation Group formation Lithology

Late Archaean to
Palaeoproterozoic to Late 
Archaean, 2900–2600 Ma

Dharwar Supergroup Chitradurga Group, Vanivilas 
Subgroup, 2700–2600 Ma

Polymict conglomerate, cross-bedded quartzite,
pelite, stromatolitic carbonates, biogenic 
chert, BIF, and manganese formations
(Ingaldahl volcanic, tholeiitic basalt, rhyolite 
suite)

Late Archaean, <3000 Ma 
Middle Archaean, 3000 Ma

Tonalite–trondhjemite–granodiorite 
Metamorphic equivalents of earlier formed

Peninsular Gneiss-I

—

—

—

Charnockite Group 

Sargur Group
rocks

Ultramafic rocks of Holenarsipur, Nuggihalli;
serpentinized peridotitic komatiites, BIFs/
garnet–biotite schist with kyanite, 
sillimanite, and staurolite; marble, barites, 
and others

Lower to middle Archaean,
3000 Ma

Older gneiss Gonur Gneiss – Hunsur Gneiss Trondhjemite, granodiorite, grey banded
biotite orthogneiss

Note: BIF, banded iron formation.
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whole-rock and mineral isochrons suggest two major events regard-
ing origin of granites and migmatites, one at 2900–3000 Ma and 
another at 2500–2600 Ma; the 2600 Ma event is also reflected in the 
charnockites (Venkatasubramanian and Narayanaswamy 1974). The 
PGC is a complex suite occupying vast areas of the Western Dharwar 
craton (Drury et al. 1978; Naqvi 1981). The major rock type is tonalite–
trondhjemite–granodiorite (TTG) gneiss with minor granodiorite–
granitic varieties.

The younger schist belts belonging to the Dharwar Supergroup are 
characterized by metamorphism predominantly of greenschist fa-
cies but locally up to epidote–amphibolite or lower amphibolite 
facies towards the south of the WDC. They contain an abundance 
of clastic and quartzose sedimentary rocks, a comparatively high 
proportion of sedimentary to volcanic rocks, and conglomerates 
containing clasts of underlying gneisses. The Dharwar schists were 
deposited on a peneplained basement of peninsular gneisses as evi-
denced by the latter supermature basal quartz pebble conglomer-
ates. This regional unconformity is marked by an uraniferous 
gold- and pyrite-bearing oligomict quartz pebble conglomerate. Typ-
ical rock types of the Dharwar greenstone belts are arenite, shales, 
basalts to rhyolites, cherts, phyllites, and carbonates. Well-known 
examples of the Dharwar Supergroup are the Chitradurga, Bababu-
dan, Shimoga, and Western Ghat (greenstone) belts (Fig. 1).

Stratigraphically, the Dharwar Supergroup is divided into the lower 
Bababudan Group and the upper Chitradurga Group, separated by an 
unconformity (Table 2) ( Swami Nath et al. 1976; Swami Nath and 
Ramakrishnan 1981). Radiometric data constrain the Bababudan and 
Chitradurga groups as having formed at ca. 3.0–2.55 Ga (Crawford 1969; 
Venkatasubramanian and Narayanaswamy 1974; Taylor et al. 1984). 
The volcanic rocks of the Bababudan Group are subaerial, typically 
bimodal, whereas those in the Chitradurga Group are submarine, 
bimodal to polymodal. Trace elements and rare-earth elements (REE) 
analysis suggests passive margin, foreland, back-arc, and intra-arc 
environments for their genesis (Chadwick et al. 2000). Sedimento-
logical studies on the quartz pebble conglomerates of the Bababudan 
Group suggest stability of the crust by early Archaean. One of the 
conspicuous features of the Dharwar succession is the occurrence of 
extensive deposits of limestone, manganese, and iron formations. 
Detailed geochemical studies on BIF including REE characteristics, 
lanthanum spiking, and strong positive europium anomalies of the 
Kudremukh, Sandur, Chitradurga, Kushtagi, and Kolar schist belts 
suggest Fe, Mn, and Au formation may have been contributed largely 
by hydrothermal activity related to submarine volcanism in the 
Dharwar Sea (Arora 1991; Manikyamba et al. 1993; Gnaneswar Rao 
and Naqvi 1995; Raju 2009).

The sequence of rock types in the Bababudan Group starts with a 
quartz pebble conglomerate (QPC) consisting of detrital pyrite, ura-
ninite, and gold (Viswanatha and Ramakrishnan 1981; Arora 1991). 
Succeeding mature quartzites exhibit current bedding and ripple 
marks indicating stable shelf conditions. The quartzites are interbed-
ded with mid-ocean ridge basalt (MORB)-type volcanic rocks 
(Bhaskara Rao 1980; Arora 1991). These rocks are overlain by a very 
thick sequence of BIFs, which is followed by schist, greywacke, and 
conglomerate. The Bababudan and Chitradurga groups are sepa-
rated by iron-formation-rich horizons known as BIF-I (Chadwick et al.

1981b). However, Ramakrishnan and Viswanatha (1981) was of the 
opinion that the two groups are separated by Aimangala, Kaldurga, 
and Talya conglomerates in the Chitradurga schist belt. However, as 
the conglomerates exhibit disrupted framework and suggest deposi-
tion as mudflows within the basin, they may not indicate a break in 
sedimentation and therefore cannot be taken as a division between 
the two (Naqvi 1978).

The concept of Radhakrishna (1983) that the Bababudan and 
Chitradurga groups are coeval, representing different facies, 
namely platformal and deeper ocean, is not supported by geo-
chronological data. The major rock types in the Chitradurga 
Group consist of greywacke-type conglomerates with disrupted 
framework, greywackes, phyllites and BIFs, cherts, shales, associ-
ated with a variety of volcanic rocks ranging from basalts to rhyo-
lites. The entire sequence suggests an active continental margin 
setting (Naqvi et al. 1988). BIFs, manganese formations, and stro-
matolites are abundant in this group (Srinivasan and Sreenivas 
1972; Gnaneswar Rao and Naqvi 1995). The Chitradurga schist belt 
thus presents a rather simple history of sedimentation and volca-
nism in a subsiding basin. The major structure of the belt can be 
viewed as a second-generation antiform refolding an earlier syncline. 
At least three generations of folding have been recognized. First-
generation folds are isoclinal and reclined, with axial plane schistos-
ity parallel to bedding except at fold hinges. The F2 folds are coaxial 
with F1 folds, open to isoclinal, accompanied by development of 
granulation cleavages, and cause dispersion of F1 axes. The F3 folds in 
the Chitradurga belt are broad warps on the limbs of both F1 and F2 
folds. This complex structure results in BIF being repeated structur-
ally at several places in the sequence (Naqvi 1973).

Eastern Dharwar craton (EDC)
Deformation and metamorphism of the greenstone belts in the 

EDC are sufficiently intense so that stratigraphic relationships 
are not clear; these belts tend to be engulfed in at least some 
phases of the peninsular gneisses. Several high-grade schist belts 
occur in a broad area north of Kolar, including the Penukonda–
Ramagiri, Pamidi, Hutti–Maski, Hungund, and Sandur belts 
(Viswanatha and Ramakrishnan 1976; Roy and Biswas 1979). More 
than 90% of the rocks are metabasalts, andesites, and minor 
silicic volcanic rocks metamorphosed to greenschist–amphibolite 
facies (Roy and Biswas 1979; Anantha Iyer 1983). Talc–chlorite–
actinolite schists and serpentine-bearing lithologies, presumably 
meta-ultramafic rocks, are also present. Most rocks in the schist 
belts of the East-ern Dharwar craton are similar to the Western 
Dharwar craton, and both include also BIF, quartzite, mica schist 
(metapelite), and calc-silicate. The proportion of 
metasedimentary rocks in the EDC, however, is much less, 
compared with the WDC, and amphi-bolite, cordierite-bearing 
schist, and Mn-rich calc-silicate are well studied in the EDC. The 
gneisses in both the eastern and western parts of the craton are 
lithologically similar, and these have un-dergone similar patterns 
of deformation. TTG peninsular gneisses of the Bangalore area of 
the EDC show negative Nd values (−5 to−8) at 2540 Ma, with 
depleted mantle TDM Nd model ages ranging from 3100 to 3400 
Ma using a depleted mantle model (Jayananda

Table 2. Generalized stratigraphic sequence of Dharwar Supergroup (after Swami Nath and Ramakrishna 1981).

Group Formation Rock type

Chitradurga Group Hiriyur
Ingaldahl
Vanivilas
UnconformityUnconformity 

Bababudan Group Mulaingeri
Santaveri
Allampur
Kalasapura

Predominantly greywacke with Fe–Mn chert, polymict conglomerate 
Quartz chlorite schist, argillite with Fe–Mn chert and metabasalt
Fe–Mn formations, carbonates, phyllite, and quartzite with conglomerate 
Unconformity
Fine clasts
Bimodal volcanic, quartzites
Quartzites with igneous association
Basic volcanic with quartzite and conglomerates
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et al. 2000). These model ages are similar to that defined for the 
3300 Ma peninsular gneisses in the Western Dharwar craton 
(Peucat et al. 1993).

Predominantly east–west-trending dykes are widespread through-
out the eastern part of the Dharwar craton (Drury et al. 1984; Kumar 
et al. 2012). Reported ages of dykes and sills (along with flows) in the 
Cuddapah basin are about 1500 Ma. The deformed, metamorphosed, 
and intruded sequences of gneissic–greenstone belt crystalline rock 
in several places are overlain by largely undeformed younger sedi-
mentary successions. Three major Proterozoic sedimentary basins in 
the EDC include the Cuddapah, Bhima, and Kaladgi; while the for-
mer exhibits minor folding and metamorphism, the other two ba-
sins are largely undeformed.

Discussion: evolution of Dharwar craton (and
comparison with Kaapvaal craton)

Western Dharwar craton
Based on the framework provided by Ramakrishnan and 

Vaidyanadhan (2008) and Meert et al. (2010) and applying recent 
literature (including new age data) on the Dharwar craton encap-
sulated in a special issue of Precambrian Research (vol. 227, 
Jayananda et al. 2013 and references therein), a preliminary evo-
lution of the WDC can be put together. An initial genetic model, 
for the basement rocks and Sargur Group of the WDC, can be 
postulated as comprising several events:

(1) At ca. 3.35 Ga, within an overall mantle plume setting, a set of
oceanic plateaux, komatiitic to tholeiitic in composition, is 
thought to have formed upon oceanic crust; subsequently 
these accreted (see No. 2 in this list). This mafic association 
reflects the lower part of the Sargur Group. Latest age data 
(Hokada et al. 2013 and references therein) for detrital zircons 
in mafic lithologies within this group gives 3.58–3.13 and 3.23 
Ga, while felsic volcanics (upper Sargur Group) date di-rectly 
at 3298 ± 7 Ma. From the area of the Gadag greenstone belt in 
the north of the WDC, there is evidence for 3.6 Ga protocrust 
and a major crustal growth episode (i.e., the Pen-insular 
Gneiss complex, PGC) at ca. 3.36 Ga (Sarma et al. 2012 and 
references therein).

(2) Circa 50 megayear after ocean plateau formation, subduction
complexes are postulated to have formed as accretion oc-
curred, forming the upper Sargur Group felsic to mafic se-
quences. The latter formed from accreting plateau complexes 
and lithospheric mantle root, which are assumed not to have 
been subductable.

(3) Protoliths for the formation of the PGC are thought to have
been deeper-sourced intrusions from beneath the plateau 
remnants, at ca. 3.35 Ga (references in Sarma et al. 2012 give 
3.36–2.7 Ga). Formation of the Peninsular Gneiss basement 
was thus essentially contemporaneous with evolution of the 
ultramafic plateau complexes of the lower Sargur Group.

(4) High-grade metamorphism of the Sargur Group occurred at
3.13–2.96 Ga, through the emplacement of the Peninsular 
Gneiss.

When this model is compared with that envisaged for the 
Kaapvaal craton of South Africa, a different scenario is seen in 
the latter. For Kaapvaal, sequential accretion of complex small 
terranes of arc lithologies and TTG (tonalite–trondhjemite–
granodiorite) appears to have dominated, and ages thus vary 
across Kaapvaal with ongoing accretion (e.g., de Wit et al. 1992; 
Eglington and Armstrong 2004; Zeh et al. 2009; Bumby et al. 2012 
and references therein). There is thus no common-age TTG–
greenstone basement (cf. Peninsular Gneiss) as in the WDC, 
inferred to have formed through an ocean plateau–arc model. 

The next major event in the WDC was formation of the Dharwar 
Supergroup (ca. 2900–2600 Ma), comprising the Bababudan Group 
(succession 1 or lower Dharwar Supergroup; preserved in three schist

belts), with a profound basal unconformity, and the overlying Chi-
tradurga Group (successions 2 and 3; upper Dharwar). The postulated 
succession of deposits and events is given as follows:

(1) Deposition of a basal quartz pebble conglomerate (QPC; Kar-
tikere conglomerate) was succeeded by quartzite–basalt alter-
nations and minor gabbroic sills, BIF, and phyllites, together 
making up “succession 1” (Swami Nath and Ramakrishnan 
1981; Arora et al. 1994; Arora and Naqvi 1993; Bhusan and 
Sahoo 2010). The latter is interpreted as braided fluvial depos-
its and subaerial lavas, and according to Hokada et al.’s (2013) 
age data, deposition occurred at <3.14 Ga; these rocks most 
likely were deposited between ca. 2.91 and 2.72 Ga.

(2) Deposition of a polymict conglomerate – wacke – pelite –
quartzite – carbonate – manganese formation – BIF assem-
blage occurred at the margin of the Dharwar basin (to form 
the Vanivilas Subgroup). The approximately coeval and wide-
spread Ingaldhal Volcanics comprised a pillow lava – pyroclastic 
(bimodal volcanics) – chert – BIF assemblage, laid down in the 
interior of the basin. These two assemblages make up “suc-
cession 2”; age data from Hokada et al. (2013) for the Lower 
Chitradurga Group indicates deposition at <2.72 Ga.

(3) “Succession 3” (cf. Ranebennur Subgroup) comprises a
greywacke – phyllite – BIF – polymict conglomerate – volcanic 
succession. Felsic volcanics in the succession date directly 
at 2676 ± 10, 2677 ± 3, 2665 ± 15 Ma, while detrital 
zircons from sandstones overlying the Ranebennur 
Subgroup give ages >2.63 Ga (Hokada et al. 2013). Across 
seven distinct green-stone belts, greenstone magmatism is 
dated at 2.7–2.6 and 2.58–2.54 Ga, approximately coincident 
with ca. 2.61 Ga po-tassic granite magmatism in the WDC 
(Hokada et al. 2013 and references therein).

Within the Gadag greenstone belt, which is the northern exten-
sion of the Chitradurga belt, late kinematic basinal sediments 
contain detrital zircons <2547 ± 5 Ma, and the age of the underly-
ing greenstone volcanics is 2588 ± 10 Ma, while later Au mineral-
ization dates at 2522 ± 6 M a ( Sarma et al. 2012). Between the 
late kinematic sedimentation and Au mineralization, the terrane 
was deformed, metamorphosed, and uplifted. There is thus a 
pro-longed history of juvenile and recycled crustal components in 
the Gadag Belt (Sarma et al. 2012 and references therein).

In general, the western margins of the Dharwar Supergroup 
belts display basal unconformities, while eastern margins tend 
to be tectonized, deformed, and metamorphosed to greenschist–
amphibolite facies. Isolated granites of 2600 Ma intrude both 
Dharwar Supergroup and peninsular gneisses; calc-alkaline to high-
potassic granitoids intruded at 2.6–2.5 Ga (Sarma et al. 2012 and 
references therein). It is noted by Hokada et al. (2013) that both 
parts of the Chitradurga Group (successions 2 and 3 discussed 
earlier in the text) were metamorphosed together at ca. 2.5 Ga, 
and that this metamorphism is not detected in the Bababudan 
Group (succession 1) and Sargur Group. According to Jayananda 
et al. (2013), the WDC cratonized close to 2.61 Ga and was moder-
ately deformed between widely spaced shear zones thereafter.

Comparing the Dharwar Supergroup with evolution of the 
Kaapvaal craton (e.g., Bumby et al. 2012, for a recent relevant review 
of Precambrian supracrustals, and references therein), succession 1 
can possibly be considered as an approximate Witwatersrand Super-
group (Fig. 2) age equivalent, but in contrast to the latter’s predomi-
nant shallow-marine to fluvial clastic sedimentary rocks, the 
Bababudan Group is a mainly volcanic succession. Succession 2 of 
the Dharwar Supergroup, comprising mainly chemical shallow-
marine sediments and volcanic rocks has possible analogues in the 
ca. 2.7 Ga Ventersdorp Supergroup (volcanics and lesser immature 
clastic sedimentary deposits) and the lower part of the Transvaal 
Supergroup (cf. Chuniespoort–Ghaap groups, of dolomite and BIF; 
Bumby et al. 2012) from Kaapvaal (Fig. 2). However, the essentially
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shallow-marine deposits of succession 2 (lower Chitradurga Group) of 
the WDC (Fig. 3) contrast with the subaerial nature of the Venters-
dorp volcano-sedimentary lithologies; i.e., there was probably not a 
major plume beneath the WDC at ca. 2.7 Ga, although the Ingaldhal 
Volcanics might have been plume related (?). Succession 3 (upper 
Chitradurga Group) of the Dharwar Supergroup (Fig. 3), while com-
paring favourably lithologically to the Pretoria Group (upper Trans-
vaal Supergroup of Kaapvaal; Eriksson et al. 2006b), is much older. 
Age–lithological relationships of the Dharwar and Kaapvaal cratons 
are thus rather different over the ca. 2.7–2.6 Ga period. Major gran-
itization and cratonization in Kaapvaal occurred much earlier than 
in the WDC — what is really important is that cratonization in 
Kaapvaal was advanced enough prior to accretion of complex ter-
rains with gold sources, to accommodate a flexural foreland basin 
setting for the ca. 3.1–2.8 Ga Witwatersrand Supergroup depository 
(Fig. 2); this would only have been possible on the WDC after ca. 2.61 
Ga (Fig. 3).

Eastern Dharwar craton
A recent summation of the basic geology of the Eastern Dharwar 

craton (EDC) is provided by Meert et al. (2010 and references therein) 
who see it as essentially composed of the Dharwar Batholith (cf. PGC; 
mainly granitic gneisses), greenstone belts, minor kimberlite, and 
lamproite intrusives, and basins dating from the Middle Proterozoic. 
The greenstone belts (2700–2600 Ma; some gold-bearing) (Fig. 3) are 
made up essentially of pillowed basalts, pyroclastics, and BIF in their 
central parts, with thin marginal western portions consisting of 
quartzite, marble, pelite, and manganese formation; ultramafic 
schists are subordinate and there are uncommon layered complexes. 
Along the eastern margins of most greenstone belts, felsic volcanics 
are associated with polymict conglomerates and minor BIF to form a 
marker horizon. Basement-cover unconformities are not found, and 
the greenstone belts are intruded and enveloped by voluminous 
granitoids (2600–2500 Ma) of granodiorite–adamellite–tonalite–
granite composition. Both granitic suites and greenstones have a 
strongly linear pattern, orientated mainly northwest–southeast, 
analogous to the WDC. Ages of the Dharwar Batholith vary from 2700 
to 2500 Ma, and these tend to decrease from west to east. Gneissic 
protolith ages of >2.9 Ga are inferred from zircons within younger 
dykes intruding the granitic gneisses.

More recently, and succinctly, Jayananda et al. (2013) describe 
the EDC as encompassing 2.7–2.55 Ga TTG gneisses and migma-
tites and minor remnants of 3.0–3.38 Ga crust, several 2.7–2.55 Ga 
greenstone belts, and voluminous 2.56–2.50 Ga calc-alkaline–
potassic plutonic intrusions (of which the Closepet Batholith is 
the most spectacular). Most EDC greenstone belts have sheared 
intrusive contacts with syntectonic Neoarchaean plutons. The 
greenstones are dominated by volcanic rocks (minor komatiite, 
high-Mg basalt, andesite, adakite, rhyolite) and BIF. Jayananda 
et al. (2013) discuss the merits of two genetic models for the EDC, 
preferring the second:

(1) A plume-type model (plume melted depleted mantle),
wherein the Closepet Granite is seen as a batholith, to form
the EDC through essentially “vertical tectonics”.

(2) An east-to-west accretionary model of island arcs, or of an
already-formed arc-granitic whole-batholith terrane, again 
from east to west, onto the WDC is postulated. In this model, 
the Closepet Granite is interpreted as having accreted onto 
the WDC. In this arc accretion model, the Eastern Ghats mo-
bile belt (eastern margin of the EDC) is interpreted as the 
closure point during amalgamation of the EDC with the WDC.

Towards a coherent genetic model for the Dharwar craton
The second model postulated in the preceding text encom-

passes also a coherent genesis for the entire craton (Fig. 4). 
Jayananda et al. (2013) further see the EDC as being subsequently 
rejuvenated by massive Neoarchaean magmatism and flowing lat-

erally against the WDC. A major thermal event close to 2.51 Ga is 
thought to have affected the entire Dharwar craton. In a unitary 
Dharwar craton scenario, thus, there are two major volcanic epi-
sodes in the DC: (1) one at ca. 2.7 Ga, which was a major largely 
mafic greenstone volcanism event, with evidence supporting this 
in both WDC and EDC — this volcanism was contemporaneous 
with emplacement of TTG suites (cf. PGC or Dharwar Batholith) 
surrounding the greenstone belts; (2) one at ca. 2.6–2.54 Ga, dom-
inated by intermediate to felsic volcanic rocks, occurred in both 
WDC (2.61 Ga; associated with emplacement of potassic granites 
from lower crustal melting) and EDC (2.58–2.54 Ga; coeval and 
genetically linked to widespread juvenile calc-alkaline magma-
tism and crustal reworking throughout the EDC) (Fig. 4).

Jayananda et al. (2013) propose an overall combined plume and 
subduction model to explain Neoarchaean accretion in the EDC. 
They postulate a central Dharwar terrane (see also Peucat et al. 
2013) that accreted to the WDC where the Chitradurga and Hutti 
greenstone belts lie (now the Chitradurga boundary shear zone), 
through subduction at 2.74–2.70 Ga. Seaward of this, to the east, 
they envisage three small plume-fed ocean plateaux (represented 
by EDC greenstone belts). At 2.7–2.60 Ga, these plateaux, now 
comprising partly also TTG suite rocks, collided (with subduction 
separating individual terranes) against each other and the central 
Dharwar terrane; at 2.56–2.51 Ga, they became fully accreted to 
the already amalgamated central WDC terranes, with formation 
of widespread granite plutons, including the Closepet Granite in 
central Dharwar and local TTGs there as well. At 2.51–2.50 Ga, 
final cratonization of the EDC, central Dharwar, and the WDC 
occurred (see fig. 20 in Jayananda et al. 2013 for a cartoon version 
of the overall DC genetic model). Mohan et al. (2013) support this 
model of Jayananda et al. (2013), and stress the importance of a 
conver-gent margin tectonic setting for the EDC, the importance 
of sub-duction processes (with more recycled crust within this 
inferred subduction framework in the western part of the EDC), 
and supra-subduction arc settings. They also see a systematic 
decrease in involvement of older crust from west to east, which 
concurs with the systematic younging of dated rocks in the EDC 
in the same direction.

Dey (2013), using the Nd isotope record, finds that both EDC and 
WDC show evidence of crust formation as far back as 3.5 Ga (how-
ever, no rocks of this age have been found yet). In the WDC, the 
main period of juvenile crust formation was at 3.35–3.0 Ga, de-
rived from depleted mantle, and with crustal recycling. Refertil-
ization (possibly due to subduction-related metasomatism) of 
mantle underlying the WDC probably occurred in the Mesoar-
chaean, and from this mantle, extensive mafic volcanism at 2.9–
2.6 Ga occurred in the WDC. Major crustal recycling took place in 
the WDC at 2.7–2.6 Ga. In the EDC, 3.1–3.0 Ga gneissic granites 
indicate recycling of Palaeoarchaean crust, which was largely de-
stroyed by 2.7–2.5 Ga juvenile crustal addition and extensive recy-
cling of older crust. Dey (2013) also finds good evidence from the 
Nd isotope record for a central DC terrane, with its eastern 
contact with EDC along the line of the Hungund Kushtagi – 
Ramagiri –Kolar schist belts (the same contact as in Jayananda et 
al. (2013), and discussed earlier in the text).

A comparison of Dharwar craton evolution with that of Kaapvaal 
suggests that the ca. 2.7 and ca. 2.6 Ga volcanic events in the EDC 
(and entire DC) can be equated possibly with Kaapvaal’s ca. 2.7 Ga 
Ven-tersdorp plume, and to at least a certain extent with the 
Transvaal protobasinal volcanism at about 2.67 Ga (Eriksson et al. 
2002 and references therein) (Fig. 2). However, there is a big contrast 
between the EDC–DC and Kaapvaal at ca. 2.5 Ga, with tectonically 
active final accretion of the DC accompanied by voluminous granitic 
magma-tism, while Kaapvaal, with its inherent stability at this time, 
was characterized by major epeiric transgression and deposition of 
chemical sediments (e.g., Eriksson et al. 2006b). It can thus be argued 
that possibly global thermal–magmatic events (e.g., Eriksson et al. 
1999) can be seen fairly easily across both Kaapvaal and Dharwar
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Fig. 3. Schematic geohistory chart of Dharwar craton, comparing Western and Eastern Dharwar (after Hokado et al. 2013; Jayananda et al.
2013).
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through the “fog” of local tectonic–freeboard–thermal conditions on 
the two cratons. The much earlier, at least partial, cratonization of 
the Kaapvaal nucleus by about 3.1 Ga (with only remnants of old 
crust in EDC and much more in WDC) is the big difference between 
the two terranes. All three of WDC, EDC, and Kaapvaal have their 
oldest known crust going back to ca. 3.6–3.5 Ga, but the much earlier 
onset of at least a measure of cratonization for the Kaapvaal nucleus 
meant that the accretion there of complex terranes from north and 
west formed a well-preserved flexural foreland basin accompanied 
by placer gold mineralization sourced from the accreted greenstone 
provenances (Catuneanu 2001; Frimmel 2005; Eriksson et al. 2009).

As an alternative to the essentially accretion- and amalgamation-
based cratonic evolutionary model espoused earlier in the text for
the Dharwar craton, it can be argued that several major geological
features in the this craton also support a “classic” Wilson Cycle:

(1) Complex folding events with up to three phases of folding;
the association of pillow basalts and chert; structural repeti-
tion of BIF. Together and even separately, these observations
can be modeled as products of ocean closure concomitant
with destruction of these inferred oceans, as in the late stages
of a Wilson Cycle.

Fig. 4. (a–d) Cartoon depicting a possible tectonic evolutionary model of the Western, central, and Eastern Dharwar cratons (after Jayananda 
et al. 2013). CSB, Chitradurga boundary shear zone; GBs, greenstone belts.
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(2) Platform-type metasedimentary successions such as quartzite–
carbonate–BIF–metapelite and orthoquartzite–carbonate–pelite
are strongly reminiscent of passive margin deposits related to
rifted margins during continental breakup at the early stage of a
Wilson Cycle.

However, both ocean closure and craton-margin rifting can be
related to a number of possible tectonic models. The accretion of arc
assemblages, small complex terranes, and even small cratonic
blocks, as suggested by us for the Dharwar and Kaapvaal cratons, also
implicitly include small ocean closures and destruction thereof.
Analogously, rifting of cratons through high heat flow and plumes in
the Archaean, as also espoused by us here, offer an alternative to a
classic Wilson Cycle model and its rifted margin phase.

Conclusions
Clear evidence for lateral plate movements exists in both Dharwar 

and Kaapvaal cratons, back to at least 3.3 Ga for the DC, and back to 
ca. 3.5–3.6 Ga for Kaapvaal (e.g., de Wit et al. 1992; de Wit and Ashwal 
1997). While early evolution of WDC greenstones is inferred to reflect 
predominant mantle thermal or plume processes (ca. 3.35 Ga), these 
were soon followed by identifiable subduction and recognizable plate 
tectonic processes. For the EDC, analogous yet much younger (ca. 2.7–
2.5 Ga) initial plume-related and succeeding plate tectonic processes 
are interpreted (e.g., the Jayananda et al. 2013 model). While the WDC 
greenstones exhibit a shared craton-wide geo-chronology, those of 
the EDC are similar to greenstones on Kaapvaal, with ages varying 
across the EDC. It is thus evident from these brief comparisons, that 
the relationships between mantle-thermal or plume processes and 
early plate tectonic regimes were complex, and that they varied 
across cratons preserved from the extent Earth; there does not thus 
appear to be support for a chronologically con-strained gradual 
change from mantle to plate processes during the early Precambrian 
evolution of cratons (or at least the two discussed here). Early 
greenstones and almost coeval granitoid (TTG) assem-blages on WDC, 
EDC, and Kaapvaal had complex spatial and chrono-logical 
relationships, yet the assemblages obviously share a common 
genesis. While Kaapvaal appears to have undergone accretion of 
complex terranes comprising not just greenstones (cf. arcs and ocean 
plateau lithologies) but also TTG and even granitic rocks at ca. 2.9–2.8 
Ga, early accretion within the Dharwar craton was characterized 
more by arc and plateau lithologies, with formation of TTG gneisses 
very soon after; however, the inferred central Dharwar terrane is 
analogous to those terranes accreting to the Kaapvaal nucleus.

While there is thus a reasonable case to be made for an early
onset of recognizable plate tectonics on both Kaapvaal and Dhar-
war cratons, the same cannot be said of the Wilson Cycle or su-
percontinent cycle. Neither Kaapvaal nor Dharwar cratons can be
reconciled with the concept of either a “supercraton” or a “super-
continent” (as discussed at the beginning of this paper), as both
were relatively small and both later amalgamated with other cra-
tonic terranes to form what could best be described as “conti-
nents”. As to possible breakup and dispersal of either Dharwar or
Kaapvaal cratons once formed in the Mesoarchaean to Neoar-
chaean, while both exhibit extensive shallow-marine deposits
with associated mafic volcanic successions (e.g., Dharwar Super-
group on the DC and the lower Transvaal Supergroup on
Kaapvaal), neither exhibit any evidence for formation of juvenile
crust or mid-ocean ridge development, nor for formation and
separation of daughter fragments. It would thus appear that the
Wilson Cycle was not yet operative, possibly due to small cratonic
dimensions (and thus a less intense effect of thermal blanketing)
rather than any lack of requisite plate movement regimes. The
concept of cratonic scale might possibly have been important for
onset of the Wilson Cycle. For Kaapvaal, the earlier (and equally
shallow-marine-dominated) Witwatersrand basin-fill (with minor
mafic volcanics) formed under a compressive tectonic regime

(flexural retroarc foreland basin; Catuneanu 2001), and there was 
thus no question of cratonic breakup during that basin’s life 
cycle.
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