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TheArchean cratonic nuclei in India are hemmed by Proterozoic mobile belts or foldrbeks. mobile belts reveal the

tectonic processes that shaped the then craton margin magmatism, sedimentation, metamorphism and deformation of
crustal segments, and suturing of the cratonic blocks embedded within the peninsular Indian shield that remained more or
less stable since the CambriArioose spatial connection of the Eastern Ghats belt (EGB) along southeastgmahar

India, through Chotanagpur granite gneiss terrain and adjoining North Singhbhum fold belt in eastern India, Central Indian
tectonic zone, téravalli-Delhi mobile belt in northwestern India constitute the trans-Indian mobile belts with tectonic
episodes apparently linked to assembly and dispersal of two major supercontinents in the Proterozoic. Beyond southern
extremity of the EGB (Ongole domain), the Nellore schist belt and tectonically juxtaposed Nallamalai fold belt in southern
India abuts further south against the Southern granulite terrain (SGT) with remnants of Neoarchean inheritance and
Neoproterozic remobilization. SGT is a key element in unravelling trans-continental connections of India during the late
Neoproterozoic marked by assembly of the Gondwana supercontinent. Despite the apparent first order connection of
these belts developed under largely similar global tectonic framework, individual mobile belts show diverse rock association,
metamorphic grade and geologic antiquitythis status report we briefly review these Indian Proterozoic mobile belts and
associated fold belts in the light of recently published work bearing on tectonomagmatic, structural, metamorphic and
geochronological data and interpretation.
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Introduction building activity throughout the Proterozoic. From the
story of trans-Indian “Mid-Proterozoic mobile belt”
The cratonic fragments in India attained sufficient (Radhakrishna and Naqvi, 1986) connecting the
tectonic stability and crustal thickness by 2.5 Ga asEastern Ghats belt, Central Indian tectonic zone and
evidenced by copious late Neoarchean granitefinally the Delhi-Aravalli fold belt, we have gradually
magmatism and the beginning of an era of evolved into a state of knowledge where these orogens
intracratonic sedimentary basins across the Indianhave been studied in greater detail in the past decade
shield (Meerttal., 2010; Saha and Mazumd2012). or so to arrive at a better understanding of the
This is commensurate with the proliferation of Proterozoic shallow and deep crustal processes
continental passive margin shallow seas in the earlyaffecting the Indian shieldWe also see a reasoned
Paleoproterozoic, following a global tectonic stasis in shift toward application of plate tectonic paradigm in
the interval 2.6-2.4 Ga (Bradlef011; Condie and  order to realize a comprehensive Earth system
Aster, 2010). Howevelthe existence of regional fold process-response-outcome model as relevant to the
belts hemming the Indian cratons, namely the Dharwarlndian cratonic blocks and Proterozoic fold belts or
craton, Bastar craton, Singhbhum cratonAmadalli- mobile belts. In this brief report we review the recent
Bundelkhand craton, suggests intermittent orogenfindings on the magmatism, metamorphism and crustal
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deformation affecting mainly the cratonic margins that How Many Orogenic Belts within the Eastern
now exist as deeply exhumed orogens like the EasteriGhats Belt?

Ghats, and other Proterozoic fold-and-thrust belts, for
a state of the art report. Since the Proterozoic
sedimentary basins form the subject matter of a
separate report (IUGS-INQUA volume), we do not
getinto their details, except in relation to the tectonic
evolution of the Proterozoic orogens.

An interesting debate emerged recently regarding the
multiplicity of orogenic cycle in the Eastern Ghats
Belt (EGB). The earlier classifications based on
isotopic signatures provide some hints that there are
at least two global-scale orogenic imprints preserved
the EGB. New petrochronological data clearly show
We deal mainly with the Eastern Ghats belt, imprints of three distinct orogenic events. The Ongole
North Singhbhum fold belt and Chhotanagpur Granite Domain constituting the southern EGB evolved during
Gneiss terrain, Central Indidectonic zoneiravalli- the ca. 1.7-1.54 Ga orogenesis (Hendertoai .,
Delhi fold (mobile) belt, and Sothern Granulite terrain 2014; Dasguptet al., 2013; Sarkar and Schenk, 2014;
separatelyin this orderAll these belts have episodic Sarkaret al., 2014; 2015). The Eastern Ghats
tectonic history involving multiple deformation, Province north of the Godavari rift, evolved during
metamorphism and magmatism, spanning for nearlythe 1.07-0.90 Ga Grenvillian orogenesis (Dasgetpta
2 billion years in the Proterozoic. Recognition of al., 2013; Korhonest al., 2013a). The northern part
ophiolite remnants from the southern India in recent of the Eastern Ghats Province and adjacent Rengali
years also propels us to briefly review literature on Province withessed orogenic events during 0.55-0.50
the Kandra ophiolite complex, Kanigiri ophiolitic Ga PanAfrican orogenesis (Chattopadhyalyal.,
mélange and adjoining Nallamalai fold belt occurring 2015; Boseset al., 2016a).With multiple orogenic
along the southeastern margin of the Eastern Dharwaimprints, the Eastern Ghats Belt has a fascinating
craton, with signatures of accretionary orogenic history to unveil.
process. These belts apparently provide spatial _ _ _ ) )
connection between the southern Eastern Ghats befPngole Domain and its Connection with Columbia

(Ongole domain) and the Southern Granulite terrain-l-he tectonic evolution of this domain has been

(Fig. 1). It may be recalle(_j here that there is growing yiscyssed by Dasgupeal. (2013). Some important
consensus on the existence of at least tWOy,is haye been published subsequently regarding the

supercontinents assembled from cratonic blocksg, e of sediment of this domain and identification
worldwide, followed respectively by their dispersalat ¢+ 5 nhew tectonometamorphic  pulse

specific intervals in the Proterozoks reviewed in Metasedimentary rocks of this domain show
this article ancient Indian cratonic blocks and mobile Paleoproterozoic to Mesoarchean ancestry

belts suturing them are key elements not only for the(Hendersoret al., 2014; Sarkaet al., 2014), but

assembly and dispersal of Columbia and Rodinia, butyinions are divided regarding the source of sediments.

also for the Gondwana supercontin(_ent apparentIyWh”e one group considered the Dharwar Craton
assembled toward the end-Proterozoic. (Sarkaret al., 2014), the other preferred Napier
Eastern Ghats Belt Compl_ex (Hendersort al., 2014) as source.
According to Dasguptat al. (2013), this domain
The Eastern Ghats belt plays a crucial role in evolved as a part of the accretionary belt of Columbia
understanding the evolution of superhot Proterozoicbetween the Napier and Dharwar blocks around
orogenic system(s) that united and dispersedca.1.8-1.6 Ga. Recent report of a high pressure
continental blocks of India and eaBntarctica. metamorphism ata. 1.54 Ga (Sarkar and Schenk,
Recently published data on this belt not only vindicated 2014; Sarkaet al., 2014) has been interpreted to
the existing ideas and hypotheses, but also opened upesult from the final collision of the Indian and east
new possibilities of transcontinental correlation. Antarctic blocks. Since the Ongole domain did not
Independent studies from different groups presentedexperience any major tectonothermal event
new petrological, structural and precision subsequentlyit is postulated that it was cratonized
geochronological data. Salient points of the updatedafterca. 1.54 Ga.
geological history of the belt are enumerated below
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Eastern Ghats Province and its Connection with Rodinia and thea. 0.52 Ga event with Pakfrican

Rodinia metamorphism. It is argued that the Domain 3 was
L _ attached with the Prydz Bay region in esstarctica

A large number occurrences of pelitic migmatites, within the framework of Rodinia, got separated at

mafic granulites and calc-silicate granulites showing ca 0.78 Ga and re-united with r’est of Indiacat

UHT metamorphism are reported from the central 0.52 Ga as a part of east Gondwana. It appears that

part of this crustal province (review in Dasgupta the inclusion of Domain 3 within the Eastern Ghats
al., 2013). The work of Korhoneet al. (2013b) Province is problematic

vindicates counterclockwise-T evolution for the
UHT granulites. Howeverthe existing two-stage  Rengali Province and its Connection with Ur
evolution of the granulites has been contradicted by _ _ o _

Korhoneret al. (2013a) who argued for a single long- Rengali province was initially considered as a part of
lived orogenic pulsech. 1.07-0.90 Ga). This debate Eastern Ghats Belt,_albeit_with _contrasting petrological
is still alive as the other group collated additional @nd geochronological histories (Mahapagtcal.,
textural and geochronological evidences (Soetar 2012; Bosetal., 2015, 2016Db; Chattopadhyetl.,

al. submitted) Another debatable issue from this 2015; Ghoshet al., 2016). Recent petrological,
terrain is the stability of osumilite which is inferred Structural and geochronological investigations have
from intergrowth textures (Korhonemal., 2013b).  established glamrch(_ean age for the granulite facie_s
The interpreted sustained melt-osumilite interaction Metamorphism, which has been correlated with
eventually eliminated all osumilite from the rock. thermal pulses in the Singhbhum craton (Mahapatro
Similar intergrowth could be explained as product of €&, 2012; Bosetal., 2015, 2016b; Chattopadhyay
late-stage melt-solid interaction far away from the €t @l., 2015; Ghostet al., 2016) refuting the
UHT conditions. This issue is related to the single cOnnection between the Rengali Province and the
cycle vs. multiple cycle evolution of the Eastern Ghats Bastar Craton (Misra and Gupta, 20T#)isArchean
Province. Thea. 0.95-0.90 Ga metamorphic events Metamorphism could be connected with the assembly
in the Eastern Ghats Province match with the Raynetof Ur (Mahapatreet al., 2012). In addition, an event
Province of easAntarctica and these two belts Of amphibolite facies metamorphism of the
evolved simultaneously as a part of Rodinia (DasguptaSUPracrustals along a clockwiger path ata. 0.98

et al., 2013). UHT metamorphism in Eastern Ghats G@ has been reported (Chattopadhgtegl., 2015).

is unique and possibly developed in a back arc basirlt IS also argued that the Rengali province witnessed
within an accretionary system (Dasgugtal., 2013). regional transpression duriog. 0.5 Ga that resulted
The final docking was complete by 0.90 Ga when extrusion of middle crust over upper crust (Ghetsh

the Eastern Ghats Province was mostly cratonized. @, 2016). Whether juxtaposition of the Rengali
province with the Eastern Ghats occurred during the

Evidence of Rodinia Break-up and Gondwana Grenvillian orogeny (Chattopadhyatyal., 2015) or
Assembly PanAfrican orogeny (Ghoskt al., 2016) is a matter

. _ .. of debate and additional data is needed to resolve it.
Rocks of Domain 3 of Eastern Ghats province (Chilka

Lake area in Odisha) show discrete rock aSSOCiationChotanagpur Granite Gneiss Complex (CGGC)
P-T evolution and preponderance of Neoproterozoic 5nq North Singhbhum fold belt (NSFB)
age data, yet it was considered earlier a part of the

Eastern Ghats Province. Recent petrological, fluid andThe Chotanagpur Granite Gneiss Complex (CGGC)
age data from this domain presented a multistageds a multiply deformed and polymetamorphosed
evolutionary history (Boset al., 201@&). The peak  domain in the Eastern Indian shield lying to the north
UHT metamorphism (900-95G, 8.5-9 kbar) ata. of and in thrust contact along South Puruliya shear
0.98 Ga (with possible clockwide-T path?), was zoneSPSZor TamarPorapahar shear zone with the
overprinted by three tectonometamorphic events atNSFB (review by Sanyal and Sengupta, 2012).
ca. 0.78 Ga (80%C, 7 kbar),ca. 0.75 Ga (70%C, 6 Maximum age of tectonic juxtaposition of the CGGC
kbar) and ata. 0.52 Ga (80%C, 6 kbar). Theca. over the NSFB is 0.92 Ga, constrained by the zircon
0.78 Ga event has been correlated with break-up ofJ-Pb SHRIMP age of the alkaline rocks emplaced
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along SPSZ (Reddst al., 2009). In spite of meagre [es/
and not so robust geochronological constraints, anc
paucity of data from a large tract of the CGGC,
Paleoproterozoic antiquity of the belt has been
suggested with relicts of high grade rocks preserved#
mainly in the southern part (Bankura-Santuri-Saltora
-BSB sector West Bengal) with mantles of
amphibolite facies rocks of the Bihar Mica belt
(BMB) in the north and RK and TRsectors in
Chattisgarh bordering the Satpura mobile belt rocks
in the west (Sanyal and Sengupta, 2012). The BMB
rocks appear to be distinctly younger than granulite
facies rocks in the south, as the basal conglomerat(\
in the BMB contain granulite pebbles. The oldest

CGGC
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A E

domain

scale
available age for the BSB metapelitic granulites is et =
1.85-1.7 Ga, constraining the M1 UHT metamorphism |12 e ) oz Mesazie
= Gondwana basins

1

(Chatterjeeet al., 2010; Majiet al., 2008), while the
Bengal anorthosite pluton in Bankura yielded ID-TIMS
age of 1.55 Ga and suffered a later phase of

I:I Proterozoic

sedimentary basins

= Proterozoic mobile belts
—_

(fold belts)

metamorphism (around 0.9 Ga) indicating possible %2 Em"ea””"‘”m”“’e;
Grenvillian imprint on the CGGB (Chatterjeeal., 72| 0 & ol 88l |
2008).

Fig. 1: Simplified geological map showing Archean cratonic
nuclei and Proterozoic mobile belts in peninsular
India (after map collated from various sources by
Ramakrishnan and Vaidyanadhan, 2008). Tertiary and
younger cover rocks are omitted. SGT = Southern

North Singhbhum Fold Belt

Sandwiched between tAechean Singhbhum craton

in the South and the Chotonagpur granite gneissic
complex (CGGC) in the north, North Singhbhum fold
belt (NSFB) is an important tectonic element in the
evolution of the Eastern Indian shield. The E-W

granulite terrain, EGB = Eastern Ghats belt, CITZ =
Central Indian tectonic zone, EDC = Eastern Dharwar
craton, WDC = Western Dharwar craton, ADMB =
Aravalli-Delhi mobile belt, CGGC = Chotanagpur

granite gneiss complex, NSFB = North Singhbhum
fold belt, PGV = Pranhita-Godavari basin, NFB
Nallamalai fold belt, CB = Cuddapah basin, Ch
Chattisgarh basin, V = Vindhyan basin

trending curvilinear belt is in apparent easterly
continuation of the Satpura mobile belt (Fig. 1).
Although direct geochronological constraints on the
age of constituent units of the NSFB are only g few
the older volcanosedimentary successions (Dhanjori
Group and Singhbhum Group) north of the Singhbhum
shear zone possibly represent Paleoproterozoiambricate thrusts in the NSFB and internal folds and
sedimentation (Mazumdetal., 2012). The rhyolites  cleavages within the Singhbhum Group and absence
from the Chandil Formation lying north of the Dalma of basement rocks resemble structures of a collisional
volcanics and in thrust contact with the CGGC along orogeny (thin skinned tectonics). Howeyéne

the South Puruliya shear zoneafiarPorapahar tectonic model of imbricate thrusts with kyanite-
shear zone) has yielded zircon U-Pb SHRIMP age ofstaurolite grade metasediments of the central part of
1623 Ma (Reddt al., 2009 quoted in Chatterjee the NSFB thrusted over the muscovite biotite grade
al. 2013) Although the geochemical data from Dalma metasedimentary rocks further south representing
volcanics was earlier interpreted to represent a backkoreland, needs to be reconciled with apparent
arc setting, the deformation and greenschist tonorthward younging of age of the volcanosedimentary
amphibolite facies metamorphism within the NSFB is successions. Furthéris still unresolved how Dalma
interpreted in recent years as due to collision relatedvolcanics belt and amphibolite to granulite facies rocks
orogenic thickening, with age of metamorphism in the at the southern border of the CGGC fit in this model
interval 1.5-1.3 Ga (Maha#bal. 2008). North dipping  of collisional orogenesis.
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Central Indian Tectonic Zone 0.93 Ga (Bhandaset al., 2011; Bhowmiket al., 2011,
2012, 2014; Chattopadhyayal., 2015). The latest

The ETW to ENE-WSW trending Central Indiar& Paleoproterozoic to early Mesoproterozoic event is
Tectonic Zone (CITZ), bounded by the Son-Narma Qlinked with accretionary orogenesis that led to

Nor.th Fault (SNNF) to the North and the Central voluminous arc magmatisof. Tirodi biotite gneiss-
Indian Shear (CIS) zone to the south, and Iy'ngTBG) at 1.62 Ga from partial melting of
between the North and South Indian Cratonic Blocks Paleoproterozoic, near juvenile source (Bhowenik
(NIB and SIB respectively) records >800 My of al.,, 2011), and neacoeval, episodic short-lived
protracted Proterozoic tectono-thermal and tectono-granulite facies metamorphism, namely pre-2a

’ 1

magmatic history from Paleoproterozoic to Early 1.66 Ga and BHBM,-BM,, metamorphic cycles
Neoproterozoic. The tectonic evolution of the CITZ | . o1 6 and 1.54 Ga. where B refers to

overlapswithtwosupercontinentassemblyevents(cf.Bhandara_Balaghat granulite (BBG) terrain

Columbia, between 2.1 and 1.8 Ga and Rodinia, gp,\ymiketal., 2014). This pulsating granulite facies
between 1.2 ano_l 0.9 Ga). These tectono-thermal an etamorphism, locally reaching lower crustal ultra-
tectono-magmatic events have been docume_nted fronl)]igh temperature (UHT) metamorphic conditions
the three supracrustal belts of the CITZ, which from (BM, peakT ~950-1006C at 8-9 kbar) and marking
the north to south are Mahakoshal belt, Betul belt andalternating crustal extension and compression, when
the Sausar Mobile Belt (SMB). evaluated with co-eval TBG felsic plutonism indicates
Mahakoshal Belt a geodynamic sgtting Qf p_eriodic back-arc exten'sions
of the BBG terrain and its final closure due to collision
The earliest of these events is marked by emplacementvetween arc and back-arc systems along the presently
of late to post-tectonic granitoid bodies and associateddisposed CIS (Bhowmikt al., 2011, 2014).There
mafic microgranular enclaves (MME) within the are also suggestions that this latest Paleoproterozoic
Mahakoshal supracrustals. The timing of magmatic to early Mesoproterozoic accretionary orogenesis led
emplacement of some of these granitoid bodies (e.gto the growth of a Proto-Greater Indian landmass by
Jhirgadandi Pluton) and the MMEs have been datedl.54 Ga (Bhowmiletal., 2014). In the context of the
between 1.76 and 1.75 Ga from U-Pb Sensitive Highcontinuing debate on the nature of Proterozoic
Resolution lon Micro-probe (SHRIMP) zircétPb/ tectonics between the two supercontinent assembly
238y ages (Boraet al., 2013). While this events (Paleoproterozoic Columbia and late
Paleoproterozoic felsic plutonism has been correlatedviesoproterozoic to early Neoproterozoic Rodinia),
with continental collision during the assembly of these findings from the BBG terrain provide new
Columbia (Bora and Kuma015), there are also insight into two aspects: (a) ca. 1.6 Ga orogenesis is
suggestions of mantle plume-activated lithospherica globally significant crustal amalgamation event,
thinning and rifting of the Mahakoshal belt, which is hitherto unrecognized and (b) the event, nearly 200
tentatively constrained at ca. 1.6 Ga (Srivastava,My younger than the main period of Paleoproterozoic
2013). The extension event led to the intrusion of supercontinent assembly is unlikely to be the
dykes and plugs of mafic, ultramafic, alkaline and continuation of Columbia tectonics.
carbonatitic rocks within the Mahakoshal supracrustal
belt (Srivastava, 2013). The existence of a Late Suturing of Southern and Northern Indian Blocks
Paleoprotgrozmc to_ Early Mesoproterozoic The Proto-Greater Indian landmass remained largely
metasomatized mantle in the west-central part of theg .10 ntil the onset of renewed crustal extension
CITZ has been recently advocated based on

, di tth 4h fic-ul f and the development of the Sausar Basin (cf. Sausar
geochemical studies of the Padhar mafic-ultrama ICGroup of rocks in central and northern Ramakona-

complex of the Betul belt (Chakraborty and Roy Katangi granulite (RKG) domains of the SMB) on
2015). the northern margin of the composite South Indian
Block and the BBG crust with the TBG basement
between 1.54 and 1.06 Ga (Bhownetkal., 2012;
The SMB at the southern margin of the CITZ records Bhowmik et al., 2014). Metamorphic and
two orogenic events at ca. 1.66-1.54 Ga and ca. 1.06ehronological constraints from the central and RKG

Sausar Mobile Belt (SMB)
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domains of the SMB reveal that the Sausar basinon newer data, particularly those bearing on structural,
closed during the continent—continent collisional magmatic and metamorphic, and metallogenic history
orogeny between 1.06 and 0.93 Ga (Bhowehi ., constrained by geochronology (Bhowmik and
2012; Chattopadhyagt al., 2015) due to the Dasgupta, 2012; Saha and Mazumd#i12 and
underthrusting of the SIB beneath the North Indian references therein). It has been shown that though
Block (NIB). This orogenic event having age BGC in central Rajasthan contaidechean slivers
comparable with that of Grenville orogeny led to the as old as 3.3-3.2 Ga, this TTG gneiss-migmatite-
final suturing of the SIB and NIB, producing the intrusive granitoid-amphibolite ensemble with
Greater Indian landmass. supracrustals has diverse rock association,
metamorphic grade and geologic antiquity

Additional sftructurr]al ((:jonstralntsfqrthefcolhsgpal Cratonization of the block hosting BGC and the
event emanate from the documentation of an o iqueg ,ndelkhand granite was completed by 2.5 Ga as

collisionand tra_mspressional deformation in granitoids , ;yonced by dates from the Berach granite and
along the Gavilgarh-dn shear zone, at the northern Bundelkhand granite (e.g. Meest al., 2010 and
margin of the SMB (Chattopadhyay and Khasdeo, references therein). Based on newer data, various

2011). authors have tried to synthesize the tectonic evolution
of the 2.1-1.8 Ga oldravalli Supegroup together
with granulitic rocks of Sandmata complex, and
Two recent studies in the central domain of SausarMangalwar complex constituting the bulk of the
Group of rocks have presented evidence for eastern half of thADMB. However some workers
Paleoproterozoic glaciation based on the identification suggest that Mangalwar gneissic complex may have
of a cap carbonate horizon (presently dolomitic components ofArchean protolith as indicated by
marble) with a strong negativ&3C excursion inherited zircorf®’Pb-2%%Ph ages of 2698 + 49 Ma
(Mohantyet al., 2015) and a Paleoproterozoic paleosol and 2750 + 44 Ma interpreted to represent Neoarchean
horizon at the base of the Sausar Group (Mohantymetamorphic event (e.g. Dharma Raal., 2011a).

and Nanda, 2015). In both these studies, the

depositional age of the Sausar Group of rocks is _ 1heAravalli basin likely opened up at 2.2-2.1
considered by the authors to be of ear”estGaoverthe stabkeravalli-Bundelkhand craton, and

hosted a volcanosedimentary succession with a
preponderance of meta-lava, meta-tuff mixed with
dolomites in lower-middle part and unique

setting of the terrain. Thus the granitoid basementd€velopment of extensive dolomitic limestone and
over which the Paleoproterozoic paleosol is said to Stromatolitic phosphorite, together representing shallow

have developed is recently dated to be of ca. 950 Ma>nelf sedimentation. Possible deep water
age (Chattopadhyagt al., 2015). sedimentation is recorded in the Jharol belt, occurring

to the west of a linear belt of serpentinites. The basin
Aravalli-Delhi Fold Delt or Mobile Belt was closed by westward subduction at around 1.8
(ADMB) Ga (e.g. Bhowmik and Dasgupta, 2012). The early

deformation in theADMB linked with theAravalli
North pf the CITZ and west of the Bundelkhand orogeny is constrained Bynasagar granite gneiss
cratonic basement, the ~700km long, NNE-SSW ¢ mpedded within the supracrustal rocks of the south
trendingADMB has evolved over protracted geologic pelhi fold belt (SDFB) at around 1.8 Ga
time overlapping with formation of the Columbi_a (c. (Chattopadhyagt al., 2012 and references therein).
1.9-1.8 Ga) and Rodinia (1.0-0.9 Ga) supercontinents compined metamorphic and geochronologic studies
Early suggestions of the Banded Gneissic Complexgggest that the Sandmata complex with granulite
(BGC) as representing thrchean foundation on  tacies rocks as well as the Mangalwar gneissic
which successively youngaravalli Supegroup and  ¢omplex are polymetamorphic with an early medium-
Delhi Supergroup have evolved in the Proterozoic SaWpressure (7.5-8 kbar at 800°C) granulite facies

considerable modificatio.ns as the stratigraphic metamorphism with partial melting at 1.74-1.72 Ga
framework have been refined over decades base‘zcoeval with orthopyroxene-bearing granitoid

Paleoproterozoic Glaciation in Central India?

Paleproterozoic, which is debatable (e.g.
Chattopadhyay2015) and not consistent with previous
studies (e.g. Bhowmikt al., 2011) and geological
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magmatism), followed by partial melt segregation, and critical reevaluation of the models of dispersal of the
re-metamorphism (M2) along a clockwise P-T Rodinia supercontinent and assembly of the
trajectory at greater depth (maximum pressure of 14-Gondwana supercontinent in the late Neoproterozoic
15 kbar and T 800-850°C) at 0.95-0.88 Ga. The(e.g. Gregoret al., 2009).

clockwise P-T trajectory is suggested to have links
with continent-continent collision and crustal thickening
(Bhowmik et al., 2010; Bhowmik and Dasgupta,

2012). In contrast, the Mangalwar metasedimentary?aSIC strpcture and detfllﬁéjDsl\;rgtlt?ramg_natmg
complex is claimed to have suffered only the M2 fom various sectors of t aving diverse

metamorphism. The 0.95-0.8 Ga event is comparabler ock association and structural complexitywo stage
with amphibolite facies metamorphism and subduction-collision roughly coinciding with timing
tectonothermal development of Sendra arc terrainrespectivelyof Columbia and Rodinia supercontinents

along the eastern margin of the Delhi fold belt. Based'S aPPare”t from the extant datz_a and i_nt.erpretation.
on geochemistry of calcalkaline pegmatites intrusive Additional support for the subduction-collision models

into Delhi Supegroup metasediments frofjmer in comes from interpr_etat_ion of geophysi_cal data,
SDFB, a case for subduction related volcanic arcpartlcularly deep seismic sounding profile (DSS)

magmatism has been made (Jasta., 2014). across theADMB. Oppositely dipping features in
' seismic reflection fabrics along the Nagaur-Nandsi

Traditionally the Delhi Supgroup inthe North DSS profile is interpreted to reflect collisional
Delhi fold belt (NDFB) is divided into younger largely  shortening across tiavalli-Delhi fold belts. It has
arenaceouglwar Series (group), and older been postulated that geophysical signatures of
dominantly agillaceoug\jabgarh Series (group), while  oppositely dipping crustal layers, thickening of the crust
the position of the Rialo Series with dolomite-quartzite (~45 km) across thADMB, and domal reflectors
association, as an intermediate unit betwigahgarh from the lower crust indicate rifting as well as
andAlwar successions has been debated (Saha andubduction related processes during Aravalli
Mazumdey 2012 and references there}wo-fold orogeny and the Delhi orogeny (e.g. Mishra and
classification of SDFB metasedimentary successionsRavikumar 2014 and references therein).
into Gogunda and Kumbhalgarh groups corresponding _
respectively t\lwar andAjabgarh groups of NDFB, ~ Fold-and-Thrust Beltsand Southeastern Margin
needs further scrutings the above classification may ©f the Indian Craton

represent only fault bound adjoining successions. High\yiast of the high grade Eastern Ghats belt, the
resolution stratigraphic detail in each of these beltssouthern peninsular India hosts a numbér of

together with robust geochronologic and ISOtopIC prqtergzoic sedimentary basins, the largest of which
studies may lead to better tectono-stragraphic modelg o Cuddapah basin. Other important basins are

in the_se Proterozoic fold belts. Of_ pz_irticular interest o Chattisgarh basin, Pranhita-Godavari (P-G) basin,
here is the age of the Ranakpur Diorite (1012£78Ma, |, 4oy afi basin sitting on Bastar and Dharwar cratons.
Sm-Nd) and that of Sendra granite (1.0 Ga). The 5t hese, the Cuddapah basin and the P-G basin merit
former occurs in the Phulad shear zone in the westerg .o, nting here as these have deformed Proterozoic
margin of the SDFB; the Phulad ophiolite suite g qimentary successions bordering flat lying to weakly
occurring along ~300km long stretch following this  yeformed successions typical of intracratonic basins
margin is a possible indicator of subduction related i, g5 The Nallamalai fold belt (NFB) constituting

Delhi orogeny (e.g. Pandital., 2011 and references e eastern part of the Cuddapah basin, and the eastern
therein). Significant Neoproterozoic events west of ;4 southern parts of the P-G basin have received

the Delhi fold belt are represented by the Malani ¢,.,seq attention in recent years (see review by Saha

rhyolite (0.8-0.7 Ga) and the unconformably overlying 4 Mazumde012, Saha and Patranbis-Deb, 2014).
late Precambrian-early Cambrian Marwar

Supergroup. Geochronologic and paleomagneticy51amalai Fold Belt (NFB)

studies from the Malani igneous suite consisting of

voluminous felsic lavas, subordinate mafic lavas andIn contrast to the traditional view of the NFB rock
late felsic plutons, and mafic and felsic dykes, led to successions (Nallamalai Group) being an integral part

Pending availability of more robust
geochronologic, petrologic, and even field data on
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of the Cuddapah Supmgoup, Saha andripathy successions: th¥injamuru Group, the Kandra
(2012) have shown the fold-and-thrust belt with ophiolite complex (KOC), the Kanigiri ophiolitic
regional bounding thrusts on its eastern and westerrmélange (KOM) and the Udaigiri Group, tentatively
boundaries probably represents an allochthonus terrairarranged in relative order of younging (Sahal .,
accreted to the Eastern Dharwar craton (EDC)2015).While theVinjamuru Group have signatures
margin. Paleostress reconstruction from the westernof Archean protolith (Ravikant, 2010), the available
Cuddapah basin and its interpretation point to age data indicate amalgamation of bulk of the
PanAfrican reactivation of intra-basinal faults, possibly Vinjamuru Group showing amphibolite facies
linked to thrust transport of the NFBr{athy and metamorphism, and the KOC later than 1900 Ma
Saha, 2013; 2015). This interpretation fits well with (Vijaya Kumaret al., 2010; Saha, 2A). The

the overall scheme of growth of the EDC and deformation and emplacement of syntectonic granites
amalgamation of the other adjoining fold-and-thrust within theVinjamuru Group occurring on the hanging
belts like components of the Nellore schist belt which wall of theVellikonda thrust at the eastern boundary
include ophiolitic slices like the Kandra ophiolite of the NFB, is constrained by tMnukonda granite
complex and the Kanigiri ophiolitic mélangeijaya dated at 1589 Ma (Dobmeietal., 2006). The 1.9
Kumaret al., 2010; Saha, 201 Dharma Raet al ., Ga old KOC consisting of imbricate thrust slices
2011b; Sahat al., 2015).The interpreted maximum representing dismembered ocean plate stratigraphy
age of deposition of the Nallamalai Group is 1659+22 is interpreted to have originated under supra-
Ma as obtained from U-Pb SHRIMP ages of detrital subduction zone setting ifsfya Kumaret al., 2010;
zircons (Collinset al., 2015) and the internal Saha, 201).The 1334 Ma old KOM is also interpreted
deformation of NFB was complete by ~1300 Ma as as of supra-subduction setting (Dharma Raal.,
evidenced by the age of the Chelima lamproites or2011b) attesting to Mesoproterozoic subduction and
Racherla Syenite (e.g. Chalapathi Raal., 2012). convergence outboard of the Eastern Dharwar craton
In contrast to the passive margin sequences of thenargin (Saha&t al., 2015). Late granites, apparently
Paleoproterozoic Papaghni and Chitravati Groupsclubbed with the Prakasam alkaline province plutons
constituting the little deformed western Cuddapah emplaced in the northern NSB have been interpreted
basin (Saha andiripathy, 2012; Patranabis-Dedt to represent a Mesoproterozoic rifting episode in this
al., 2012), some authors consider the Nallamalai fold domain, but their status is not altogether well settled
belt has evolved as a foreland basin developed as é.g. Sesha Sai, 2013).

consequence of the Krishna orogeny at 1.68-1.6 Ga

(Collinset al., 2015; Hendesoet al., 2014, see also Repeated subduction-related ocean closures
Chandrakalget al '2013. Matin 2'(')15) ,However outboard and east of the Dharwar Craton, evidenced

the detrital zircon data (Colliret al., 2015) as well by the KOC and KOM, possibly had links with the

as paleocurrent data (Saha amigpathy, 2012) from assemplyl ofSCﬁIu;lnbiZaOfSndl\;ts final dijfgrsal,
the Nallamalai Group indicating Eastern Dharwar as;especrtlvey( a elt N ¢ h). Oew zllrcgn : atall
the likely main provenance needs to be reconciled rom the metapelites of the Ongole domain also

with the interpretation of NFB as a proximal foreland signifies that Wh”e the provenance of th?
basin. Paleoproterozoic as well as Neoproterozoic

sedimentary successions of the western Cuddapah
basin is directly linked to the Eastern Dharwar craton,
Ongole domain metapelites have Hf isotopic signhatures
remarkably overlapping with those from the NFB
South of the Pranhita-Godavari graben, the southernHendersoret al., 2014; Collinset al., 2015). Thus
Eastern Ghats belt (Ongole domain) is mantled on itsthe tectonic evolution of the NFB is more closely linked
west by the Nellore schist belt which have been with the Ongole domain (Krishna orogeny) with a
traditionally compared with the Dharwar schist belt. core of the granulite facies metapelites and
However recent work clearly shows that the NSB metaigneous rocks, dated around 1700 Ma and a
consists of geologically and geochemically distinct mantle of the tectonically juxtaposed NSB and NFB
tracts of multiply deformed volcanosedimentary terranes.

Nellore Schist Belt and Proterozoic Ophiolitic
Remnants
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Deformed Proter ozoic Successions of the Pranhita- Southern Granulite Terrain

Godavari Valley Basin
4 Southern India is known to be an amalgam of

In the Pranhita-Godavari valley basin at the join of continental crustal blocks that are demarcated or
the Dharwar and Bastar cratons, the Mesoproterozoidivided by several shear zones. Northern part of the
to Neoproterozoic rock successions form two NW southern Indian crust is tAechean Dharwar Craton,

SE trending linear belts separated by an axial outcropwhich is divided intdMestern and Eastern Dharwar

of the Upper Paleozoic — Mesozoic Gondwana Cratons —WDC and EDC respectivelyThe
succession. While the western Proterozoic belt with Dharwar craton stabilized loa. 2.5 Ga is separated
generally flat lying successions of the Pakhal andfrom the crustal block further south by a crustal scale
Penganga Groups have been studied for stratigraphishear zone referred to as the Palghat-Cauvery shear
and sedimentologic analysis for decades, it is only inzone (PCSZ). In this section we deal with this southern
recent times that a robust stratigraphic framework block named as the Southern Grantilgerain (SGT)
constrained by geochronologic dates are emerging for(alternatively Pandian mobile belt) with a dominant
both the western and eastern belts (Corataal ., E-W structural trend in contrast to the dominant N-S
2011; Chaudhurét al., 2012) With bordering granulite  trend of the Dharwar craton (Fig. B.transitional
terranes, namely the Bhopalpatnam and Karimnagarzone between the Dharwar craton in the north and
granulite belts) yielding Mesoarchean to Neoarcheanthe SGT in the south, roughly demarcated by the
age, the regional stratigraphic correlation, and the Salem-Attur shear zone (continuing in Moyar shear
broader tectonic framework of basin evolution and zone) in the north and PCSZ in the south, show a
deformation of the eastern belt (Somanpalli Group) complex tectono-magmatic history dominated by
and the southern extremitygNandu and Bagampad  Archean granite gneisses and charnockite including
area) of the P-G basin have received attention only inthe type area charnockite of St. Thomas mount, near
recent years (e.g. Conrat al., 2011; Saha and Chennai.

Patranbis-Deb, 2014; Ja&y al., 2015). While some
workers consider influence of amalgamation of the
Eastern Ghats belt (EGB) on to the Bastar craton
margin responsible for deformation and metamorphism
in theYellandu area, the ca. 1626 Ma old Somanpalli
Group was deformed prior to the deposition of the
unconformably overlyingAlbaka Group (Saha and
Patranabis-Deb, 2014), attesting to early

A collage of various shear zones, referred to as
Palghat-Cauvery shear system represents a broad
swathe including the westeAmchean Nilgiri Block
bounded by the Moyar Shear Zone (MoSZ) to the
north and the Bhavani Shear Zone to the south, and
the charnockite massifs to the east (Sanetel.,
2014 and references therein). The E-W trending
Mesoproterozoic deformation in this region prior to PCSZ bounds in the south granulite facies rocks with

the tectonic accretion of the northern EGB. our complex folding and shearing structures (e.g.,
understanding, the new data and analysis do not fuIIy'\AOhamty and Chet(y2014).

support the idea that the P-G basin successionsl-he Nilgiri Block: Neoarchean Inheritence
represent a foreland type basin proximal to the EGB,

as the final docking of the EGB on to the Bastar cratonMajor rock types of the Nilgiri Block are charnockite,
margin is likely related to a late Neoproterozoic event two-pyroxene granulite, hornblende gneiss,
much younger than the bulk of the P-G valley amphibolite, mafic granulite, and websterite (dated
successions, namely Pakhal Supergroup andca 2.55 Ga, Samuedt al., 2014). EarlierP-T
Somanpalli group (Chaudhuwtial., 2012). However  estimates indicating sedimentary protolith ahd

the Late Neoproterozoic succession represented byradient of 6-10 kbar and 700-800° C, from south to
the Sullavai Group has yielded SHRIMP U-Pb zircon north indicating collisional orogeny is counterpoised
ages of ca.700 Ma, and some authors tentativelyby recent suggestions of Niligiri block as a magmatic
relate provenance of the Sullavai Group to the Easterrarc, related tArchean ‘supracrustal subduction’
Ghats after its docking at the Bastar craton margin(Samuekt al., 2014, 2015).

(Joyet al., 2015).
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Palghat Cauvery Shear Zone (PCSZ): Archean ca. 2450 Ma. Geochronological studies from

Remnants and Proterozoic Reworking Kanjamalai on high-pressure granulites also
_ _ _ ) underscoredArchean crustal formation and the

Earlier studies based on lineament mapping frommetamorphism in the Paleoproterozoic (Noetk.,

satellite imagery regarded PCSZ as a pOSt'ArChea%Olf%;Andersoret al., 2012) Andersoret al. (2012)

dextral shear _zone, reinterpreted Iatgr as the centr ated kyanite-garet bearing granulite and inferred
part of a mobile belt (Pandyan mobile belt). Early that the high-pressure texture grewcat 2.49 Ga

geochronologic work using Sm-Nd whole rock and | .t b_T conditions 14-16 kbar and 820-860° C

mineral isochron ages yielded 2.9 Ga and 0.8 Ga vindicating earlier work. Noact al. (2013) however

ages of .gra.nul'ltes from the Slt'tampund_l layered dated the garnetiferous mafic granulite from the region
complex indicating Neoproterozoic reyvorklng qf the using Lu-Hf systematic from garnet and found that
Archean crust. Later structural studies conS|deredthe peak metamorphism occurred in the early

PCSZ as a dextral transpressive shear zone eXhibitin%aleoproterozoic around 2.48 Ga.

‘flower structure’. The suggestion that PCSZ

represents a Cambrian suture zone (Collins and The southern part of the PCSZ with the
Pisarevsky2005) was later elaborated in ‘Pacific type presence of Mg-Al rich rocks and granites, has been
orogeny model’ with two-sided subduction —beneath shown to have suffered Neoproterozoic
southern margin of Dharwar Craton and the Madurai metamorphismiVest of Cauvery Shear Zone, massive
Block — during Gondwana amalgamation (Santsh  granite plutons (Sankagiri granite) intrusive into the
al., 2009). Subduction related magmatism and hornblende gneiss at Sankagiiitithengode region,
metamorphism close to th&rchean-Proterozoic  has been recently dated @t 0.55 Ga (Brandet
boundary was also supported by later work on theal., 2014). Howeverthere are reports cf. 0.8 Ga
charnockites from the Salem block yielding ages granites too (Satet al., 2011b). Earlier reports of
between 2.52 Ga and 2.48 Ga (Clagkal., 2009).  UHT metamorphism within garnet-gedrite-kyanite-
Reports of eclogites indicatirg- T condition of 20 sapphirine-corundum granulite and gedrite-kyanite-
kbar and 1020°C, from the layered anorthosite compleXsapphirine-corundum granulite of the CSZ was
of Sittampundi is supplemented by recent however questioned by Rai¢hal. (2010) based on
metamorphic age afa. 2.4 Ga (Sajeeet al., 2009 interpretation of presence of corundum as due to
and unpublished data). Geochronological studies (Satqiehydration of muscovite at around 800°C. However
etal.,, 201la; Saitoret al., 2011) on granulites from  the possibilities of a hyper aluminous melt produced
Kanjamalai region near Salem, within the Salem-Attur during UHT metamorphism was not considered in
Shear Zone further confirmed magmatism and this interpretation. Summarizing, recent work presents
metamorphism during the latgchean. Ultramafic-  the PCSZ as a crustal segment undergoing two-stage

mafic sequence from the Manamedu area locateceyolution — by the end dfrchean and later during
within the Cauvery Shear Zone (CSZ2), interpreted asthe Neoproterozoic.

an ophiolite complex (Mlapaet al., 2010; Chettyt

al., 2011) has been dated at 790 Ma from U-Pb zircon However the extent of the PCSZ and the
dating of associated plagiogranite (Santeshl., Archean crust has been debated (e.g., Cottiak,
2012), the latter work postulating remnants of the 2014). Earlier work suggested that &rehean crust
Mozambique Ocean in this belt, which supposedly extends through the northern part of Madurai block
existed before the amalgamation of Gondwanatill the KarurKambam-Painav-ichur (KKPT) shear
supercontinent aroured. 0.55 Ga. Devannur ophiolite  zone (e.g.,Tomsonet al., 2013 and references
from the southern margin of the CSZ, dated (U-Pb therein) based on the results from geochronological
zircon) atca. 2.52 Ga from trondhjemite sample, has studies from the northern part of Madurai block with
been interpreted as an ophiolite complex formed inArchean ages (Brandt al., 2014; Plavsat al.,

an accretionary prism setting during collision and 2012; Plavseet al., 2014). Howeverreport of
continental growth (¥llappaet al., 2012). Ram  Cryogenian agec@. 0.8 Ga) from layered complex
Mohanet al. (2013) reported new U-Pb zircon age in Madurai Block (Brandet al., 2014;Tealeet al.,

of anorthosite of Sittampundi, with magmatic age 2011) are cited as evidences for amalgamation of
pegged ata. 2.53 Ga and granulite metamorphism Gondwana supercontinent in the Cryogenian (Santosh

’
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et al., 2012; Santoslet al., 2014; Georgeet al., formation are also seen widely in the Munnar region
2015). Geophysical evidence also suggests that theas reported by Bhattacharghal. (2014).

PCSZ is a deep crustal feature with indications of

Moho-offset, marking PCSZ as a crustal block The Trivandrum Block, Peak Metamorphism
independent from the Madurai block (e.g., during the Ediacaran and Provenance

Naganjaneyulu and ChetB010). Wide range of metamorphic zircon growth during the

Neoproterozoic has been reported from the
Trivandrum Block (Kerala Khondalite Belt) and
Achankovil Zone. While earlier estimates of peak
The Madurai block is the largest and most studied metamorphism ranges between 0.59 Ga and 0.53 Ga,
crustal block of the Southern Granullerrain andis  through studies of a detailed texturally controlled zircon
bounded by the PCSZ in the north aazhankovil age results, Harley and Nandakumar (2014) have
shear zone in the south (Rajexthal., 2013). The  suggested that peak metamorphism occurred earlier
major rock types of this block are granitic gneiss, than 545 Ma,Taylor et al. (2014) proposed from
charnockite and granite, with reports of UHT rocks studies of monazite growth that peak metamorphism
from the central part indicating complex evolutionary was shortly after ca. 585 Ma and demonstrated later
history Based on the U-Pb ages from zircon a two- zircon growth at ca. 0.523 GAchankovil Zone

fold division of the Madurai block into northern and situated to the north ofrivandrum Block experienced
southern blocks separated by KKPT lineament andrelatively younger peak metamorphism (ca. 545-512
having different evolutionary history has been Ma) and sediment source age ranging from 0.65-1.1
proposed (Plavset al., 2012). HoweverBrandtet Ga (Taylor et al., 2015). The southern tip

al. (2014) hypothesized that a belt of UHT granulites of Trivandrum Block, also known as Nagercoil Block
divides the block into Eastern aiébstern domains  shows relatively older peak-metamorphic ageaat
with different evolutionary history 0.56 Ga (Johnsoe al., 2015) with a prograde age

of ca. 0.57 Ga and retrogressioncat 0.535 Ga.

The Madurai Block and Neoproterozoic UHT
M etamorphism

Ultrahigh-temperature (UHT)-00CC, 10-11

kbar) granulite facies metamorphic rocks have also That several stages of zircon growth and
been reported from several localities in central regiondissolution occurred during high-temperature
of this block (e.g., Collinst al., 2014 and references metamorphic evolution in thgivandrum block is clear
therein). The UHT assemblages reported so farfrom the results quoted above. It must be noted that
include sapphirine-quartz, spinel-quartz (Sheizh, Mg-Al rich UHT granulites are not yet identified from
2015 and references therein) and orthopyroxene-theTrivandrum Block, however there are unpublished
sapphirine-cordierite (Shaz#hal., 2012). The 0.55  reports on Zn-rich spinel + quartz assemblage similar
Ga U-Pb zircon ages of the UHT rocks have beento that of southersWanni Complex, Sri Lanka.
put forward to indicate regional metamorphism during Kréneret al. (2015) reported that granitic rocks of

the Gondwana amalgamation (e.g., Collasl., theTrivandrum and Nagercoil blocks were emplaced
2014). Howeverthe heat sources for the Udcks between 1.765-2.1 Ga, and were intercalated with
are yet to be understood. meta-sedimentary rocks that must be older than 2.1

et al. (20 | q _ Ga. HoweverTaylor et al. (2014) obtained 1.8-1.7
Tealeet al. (2011) also rePo”e magmau_sm gt Ga detrital zircon ages from meta-sedimentary rocks
0.8 Ga from Kadavur anorthosite complex, which lies of Trivandrum Block, meaning that the sedimentary
to the east of the Madurai block, leading to the protoliths must bea. 1.8 Ga or youngeiFurther
suggestion of Cryogenian magmatic imprints Within g yies are required for resolving the issues related to

th%é\/lao_luraidblgck, hposTibl_y due to thef sgutZward provenance and deformation histories of the
subduction during the closing stages of Gon Wana-iv o drum Block.

assembly Reports of association of granite and
charnockite formed by the Cryogenian magmatism Concluding Remarks
from the southern part of the block near Rajapalayam

also exist (Georget al., 2015). The granite- Tectonomagmatic, metamorphic history of the
charnockite association and incipient charnockite Proterozoic mobile belts and associated fold belts in
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the Indian shield show diverse and protracted Chotanagpur granite gneiss complex, Satpura mobile
development, in some cases with Neoarcheanbelt even parts ofrvalli-Delhi mobile belt show
inheritence. Recent publications bearing on paucity of good quality geochronologic and isotopic
geochronology and isotopic studies, combined with data, even basic tctonostratigraphic detail for
studies on metamorphism in deeply exhnumed orogensomprehensive understanding, validation of models
and deformation in associated fold-and-thrust beltsbased on plate tectonic framework, and regional and
show a growing trend towards a more holistic global correlation.

approach in our understanding of the Proterozoic

tectonics as applied to the Proterozoic mobile belts inAcknowledgements

India. We also see a trend toward integrating \ye are thankful to Profishok Singhvi and other
interpretations bfased on Indian crustal evolution W|_th members of the National Committee for IUGS-
global tectonic processes of Proterozoic \\oya for inviting us to write this brief review on

s_upfa.rcontment assemb_ly and d!spersal. While pyqter670ic tectonics. Due to word limitations we have
significant data and newer interpretation for some belts ;i mainly work published during the last five years

like the Eastern Ghats or even the Southern granuliteOr so. Howeverthere is a possibility that we may
terrain are forthcoming, other regions like the a6 ynintentionally missed some recent work.
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