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The Southern Granulite Terrane (SGT), the wedgeshaped southern termination of Peninsular India, is a
mosaic of several crustal blocks and intervening
collisional sutures/shears which developed through
multiple orogenic cycles during Mesoarchean to late
Neoproterozoic-Cambrian. The SGT has been the focus
of global geoscience world for more than four decades
mainly with regard to deep crustal processes, crustmantle architecture, polyphase structural evolution,
extreme crustal metamorphism, growth and recycling of
continental crust, and the assembly-evolution-disruption
of supercontinents through time, among other aspects.
The earliest felsic crust in the SGT includes the 3.5-Ga
granitoids in the Coorg Block, followed by successive
maturation stages marked by younger magmatic phases
in the various blocks. The zircon δ18O values from the
Coorg Block also fingerprint the emergence of
continental crust above sea level in the early Earth.
Multiple arc-magmatic pulses along the margins of the
different crustal blocks of the SGT during Neoarchean
and Neoproterozoic, together with accreted remnants of
ophiolites and other oceanic components,
suprasubduction zone complexes, and exhumed high- to
ultrahigh-temperature metamorphic orogens suggest
subduction-accretion-collision tectonics that constructed
the various crustal blocks through time, and incorporated
them within Precambrian supercontinent assemblies.

Introduction
Peninsular India is a mosaic of several Archean cratonic nuclei
welded together by Archean-Proterozoic orogenic belts. Among these,
the Dharwar Craton marks the southernmost cratonic domain. The
term Southern Granulite Terrain (SGT) arises from the recognition
that the region south of the Dharwar Craton is dominantly composed
of granulite facies rocks, although different nomenclature was adopted
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to describe this region in different studies (Radhakrishna, 1989),
largely because of the poor understanding of the geochronologic and
tectonic framework of this region. Earlier studies considered the
southernmost part of Peninsular India as a single large mobile belt
surrounding the Dharwar Craton (Fig. 1a). Most of the early works



Figure 1. (a) Indian sub-continent showing the major cratons and
orogenic belts conceived as mobile belts. Note that the southern
part was defined as a single unified mobile belt, termed the Southern
Granulite Mobile Belt. (b) The Fermor line and orthopyroxene
isograd in southern India, considered to mark the boundary of a
single and unified high grade metamorphic terrane to the south.
(c) The emergence of the concept that southern India comprises
distinct crustal blocks dissected by major shear/suture zones (Harris
et al., 1994; Santosh et al., 2003).
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considered the terrane south of the Dharwar Craton as a single entity,
with the northern limit marked by the orthopyroxene-in isograd, or
the Fermor line (Fig. 1b). Following detailed structural and geological
interpretation by S.A. Drury and team based on satellite images (Drury
and Holt, 1980), a better picture of the tectonic framework of this
region emerged. The pioneering geochronological works of Harris et
al. (1994) and Santosh et al. (2003) revealed that the terrane south of
the Dharwar Craton is a mosaic of different crustal blocks, dissected
by major shear zones, some of which are now recognized as the traces
of oceanic sutures (Fig. 1c). The SGT was originally defined as the
region south of the Palghat-Cauvery Shear Zone (PCSZ), with the
blocks to the north up to the southern margin of the Dharwar Craton
termed as the Northern Bock. However, this nomenclature is
apparently confusing because many of the blocks in between the
Dharwar Craton and the PCSZ are also dominantly of granulite facies.
Therefore, in this paper, I prefer the classification in some of our
recent papers (e.g., Santosh et al., 2015, 2017) where we define the
SGT as the whole region south of the southern margin of the Dharwar
Craton (Fig. 2).
The SGT has been the focus of geoscience world for more than
four decades mainly with regard to deep crustal processes, crust-mantle
interaction, crustal and mantle structure, polyphase structural
evolution, extreme crustal metamorphism, growth and recycling of

continental crust, and the assembly-evolution-disruption of
supercontinents through time, among other aspects. The 1980s
witnessed the global debate over granulite petrogenesis, with
charnockites, particularly incipient charnockites attracting much
attention. Local quarry-scale studies and conventional petrology were
the main tool. The 1990s saw a flurry of activity on ultrahightemperature (UHT) metamorphism for which also the SGT offered
several good examples. Regional studies and tectonic modeling were
initiated during the 2000s including geochronological studies using
modern tools. From 2010, integrated petrological, geochemical and
geochronological studies and tectonic modeling were given more
attention, in accordance with the improvements in analytical tools
and advancements in science.
Several hundred papers were published during these years on the
various aspects of the SGT leading not only to a better understanding
of the geological history of this region, but also in answering some of
the fundamental problems related to deep crustal processes, role of
fluids in granulite facies metamorphism, early Earth history and plate
tectonics, crustal metamorphism at extreme thermal conditions, mantle
architecture and crustal structure, and history of supercontinents,
among other frontier themes in earth sciences. Thus, SGT ranks
as one of the most widely studied geological terranes in the world
with several world-class examples of rock types and geological
processes.
In this paper I attempt to provide a synoptic view of some of the
salient highlights of the characteristics and evolution of the SGT.
Due to the voluminous publications and information boom from this
region over the last few decades, it is beyond the scope of this short
article with limited space allocated in this volume to cover even many
of the important studies. This paper therefore does not claim to be a
comprehensive review of the SGT, and owes apology to all those
valuable contributors whose works are not explicitly mentioned.

Major crustal blocks, intervening
tectonic zones and dominant lithology

Figure 2. The current concept on the tectonic framework of southern
India where the Southern Granulite Terrane is defined as the region
south of the Dharwar Craton, comprising various crustal blocks
amalgamated along zones of subduction and collision. The Madurai
Block at the center is a composite block composed of thee subblocks (Santosh et al., 2017). The Coorg Block in the north is
considered as an ‘exotic’ Mesoarchean block (Santosh et al., 2015).

The SGT is bordered on the north by the Dharwar Craton and by
ocean on the other three sides, forming the wedge-shaped termination
of the Indian Peninsula. The major crustal blocks in the SGT include
the Coorg, Salem, BR Hills, Nilgiri, Madras, Madurai, Trivandrum,
and Nagercoil (Fig. 2). The Coorg Block is welded to the Dharwar
Craton along the Mercara suture, and to the south with Nilgiri Block
along the Moyar suture. The Madras block is bordered on the west by
the Nallamalai suture. The major shear zone system of PalghatCauvery, another paleo-suture, marks the southern boundary of the
northern crustal blocks in SGT. The Madurai and Trivandrum Blocks
to the south are separated by the Achankovil zone. The Nagercoil
Block at the tip of the Peninsula is a fragmental crustal block, the
counterpart of which might be located somewhere in East Africa. A
charnockite island off the coast of Kanya Kumari at the southern tip
of India, where the famous Vivekananda Statue is erected, has been
termed as the “Gondwana junction” referring to the connection among
the erstwhile eastern Gondwana fragments (Santosh, 1996).
Charnockite (orthopyroxene-bearing anhydrous granulite), the
type area of which is located in the Pallavaram Hills of the Madras
Block, is the dominant rock type in most of the crustal blocks of the
SGT (except in the Trivandrum Block), occurring as massive mappable
units including in the Coorg, Nilgiri, Salem, Madras, B.R. Hills,
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Madurai, and Nagercoil Blocks (Clark et al., 2009; Samuel et al.,
2014; Santosh et al., 2003a; 2015; 2017) and covering large areas of
the higher topography of the Western Ghats mountain belt. The next
major rock type is TTG (tonalite-trondhjemite-granodiorite) gneisses
and their migmatized variants, forming the basement rock in some of
the older crustal blocks. Intrusive granitoids of both Archean and
Proterozoic ages occur in some of the blocks, constituting an integral
part of the vertical continental crust building process (Santosh et al.,
2009; 2015). Supracrustal rocks including metasediments of different
metamorphic facies occur adjacent to the margins of many of the
crustal block as accreted units, reflecting lateral growth of continent.
The largest of these occurs within the Trivandrum Block, also termed
as the Kerala Khondalite Belt (Chacko et al., 1987), where garnetsillimanite-cordierite-spinel and graphite bearing aluminous sediments
metamorphosed to granulite- and ultra-high temperature granulite
facies occur widely, intercalated with garnet and biotite bearing felsic
gneisses (termed as leptynites). The suture zones and their flanks are
dominated by amphibolites or their higher grade equivalents, mafic
and ultramafic units, and banded iron formations. Rare dismembered
ophiolite slivers including ultramafic-gabbro-plagiogranite/
trondhjemite association occur in some localities, such as the
Neoarchean sequence in Agali along the margin of the Nilgiri Block
and the Neoproterozoic sequence in Manamedu along the southern
margin of the PCSZ (Santosh et al., 2012, 2013). However, ophiolite
suites are relatively rare in the Precambrian high grade terrane of
SGT, probably because these were already removed by prolonged
and deep erosion. Gabbro-anorthosite in association with cumulate
pyroxenite representing supra-subduction zone complexes occur in
some localities, such as in Sittampundi (Ram Mohan et al., 2013).
Within the PCSZ, around Salem town, large exposures of ultramafic
rocks occur, possibly representing sub-continental lithospheric mantle
sections, or magmas derived from the mantle, with extensive alteration
to magnesite.
Among the rock types in the SGT that have attracted global
attention are the incipient charnockites and Mg-Al rich ultrahightemperature (UHT) granulites. The incipient charnockites are patches,
veins, lenses or ladders of greenish domains carrying orthopyroxenebearing granulite facies assemblages overprinting the host gneisses,
which are either TTG-type basement rocks with magmatic protoliths,
or garnet- and biotite-bearing metasediments. These rocks which occur
on a mesoscopic scale are sometimes referred to as ‘arrested
charnockites’ and have been central to the debate over the mechanism
of granulite formation (Srikantappa et al., 1985; Hansen et al., 1987;
Santosh et al., 1990). (See later section for detailed discussion on the
role of fluids in incipient charnockite formation). The SGT also hosts
some of the world’s classic UHT granulites with diagnostic mineral
assemblages which suggest extreme crustal metamorphism under
ultrahigh temperature conditions (Tsunogae and Santosh,2010). These
will be discussed in a later section in this paper.
Another important rock suite in the SGT comprises a range of
sub-alkaline to alkaline intrusions of granites and syenites distributed
within the various crustal blocks and intervening zones, puncturing
the basement rocks at several localities. Although volumetrically
minor, these intrusions which range in age from mid-Neoproterozoic
to Cambrian are tectonically important indicators of the widespread
“Pan-African” felsic and alkaline magmatic event in the Gondwana
fragments (Santosh and Drury, 1988). Geochemically, these rocks
show tectonic affinity ranging from volcanic-arc to within-plate
setting, and mark the trail of a changing tectonic regime from
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subduction to collision and post-collision, evidently associated with
the history of assembly of Gondwana.
Representative examples of the geology and distribution of
lithologies in one crustal block (Coorg Block) and along a suture
zone and its flanks (Nallamalai suture) are shown in Fig. 3. Field
photographs of some of the representative rock types are shown in
Fig. 4.



Figure 3. Representative geological maps of crustal block and suture
zone region. (a) Coorg Block (Santosh et al., 2015). The Nallamalai
suture zone and surrounding regions (Li et al., 2018).

Salient geochemical features
Extensive major, trace and rare earth element geochemical data
were published in various works on the different rock types from
various crustal blocks and intervening tectonic zones in the SGT.
Rajesh and Santosh (2004) summarized the geological features of
Archean and Proterozoic massive charnockites from thee SGT,
classifying these as both felsic and intermediate types. The
intermediate charnockites show analogy with high-Ba–Sr granitoids
with low K2O/Na2O ratios, whereas the felsic types display higher
K2O/Na2O ratios. Charnockites from most of the blocks show arcrelated signature with formation within convergent margin setting.
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Figure 4. Representative filed photographs of some of the important rock types in the Southern Granulite Terrane. (a) Massive charnockite
from the Coorg Block. (b) Incipient charnockites occurring as patches within garnet and biotite bearing felsic gneisses at Kottavattom. (b)
Garnet-sillimanite-cordierite-spinel-bearing ultrahigh temperature granulite facies metapelites (khondalites) in the Trivandrum Block. (d)
Sulphidic banded iron formations from the Wyand region, west of the Nilgiri Block. (e) Sub-continental lithosphere mantle section in
Salem where ultramafic rocks show extensive carbonic metasomatism and formation of veins and accumulations of magnesite. (f) The
gabbro-plagiogranite association in the ophiolites of Manamedu within the southern part of the Palghat-Cauvery Suture zone.

For example, the geochemical features of Neoarchean charnockites
and associated magmatic suites from the Madurai Block are
characterized by distinct Nb, Ta, and Ti depletion and enrichment in
light rare earth element suggesting magmatism in a subduction-related
environment (Santosh et al., 2017). The Mesoarchean magmatic suite
from the Coorg Block also displays arc-related signature and
convergent margin origin (Fig. 5; Santosh et al., 2015).

The charnockites from Nilgiri Block are mostly magnesian and
calcic to calc-alkaline, with relatively low K2O, and Zr/Ti, and the
trace element ratios like (La/Yb)n/(Sr/Y), (Y/Nb), (Y + Nb)/Rb, (Y +
Ta)/Rb, Yb/Ta indicate a volcanic arc signature consistent with arc
magmatism associated with oceanic plate subduction (Samuel et al.,
2014).
The primitive mantle normalized trace element patterns of the
March 2020
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Figure 5. Representative geochemical plots of arc magmatic assemblages from the Coorg Block, with magma generation in subductionrelated setting (after Santosh et al., 2015).

charnockites and TTG rocks from this block show enrichment in large
ion lithophile elements (LILE) and comparable high field strength
elements (HFSE), consistent with subduction-related origin.
Shaji et al. (2014) reported the geochemical features of a suite of
amphibolites, metagabbros, and TTG gneisses from the Nilambur
region along the western flanks of the Nilgiri Block which they
correlated to a common basaltic protolith. Their data indicate
formation of these rock in primitive arc magmatic settings with
MORB-like components in the source followed by magmatic
differentiation. The amphibolites and metagabbros are characterized
by negative Nb–Ta, Zr–Hf and Ti anomalies, typical of subductionrelated intraoceanic tholeiitic arc basalt. The rocks also display marked
enrichment in LILE and LREE, with depletion of HFSE. A nearly
flat to slightly enriched LREE enriched pattern, with P, Ti, Th and Nb
depletion is also noted. The authors correlated these results with
magma generation in subduction-related settings.
The geochemical features of suprasubduction zone complexes in
the SGT including the ophiolite suites and gabbro-anorthosite
complexes also indicate active convergent margin settings and
subduction-related processes (Santosh et al., 2012; Ram Mohan et
al., 2013).
The lithological sequences within suture zones are also products
of subduction accretion and collision processes. Li et al. (2018)
suggested tholeiitic to calc-alkaline parental melts for the maficintermediate-felsic suite of rocks within the Nallamalai suture zone,
generated by low degree partial melting of a peridotitic mantle wedge
metasomatized by subduction-derived fluids and sediments. They
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suggested continuous slab melting ensued by intracrustal fractional
crystallization of melts with reworking of older continental crust. The
BIF samples from this zone display positive Eu anomalies, negative
to negligible Ce anomalies, and superchondritic Y/Ho ratios
suggesting their formation in an oceanic realm proximal to an active
continental margin setting.

Geochronology and crustal evolution
Although conventional Rb-Sr, Nd, K-Ar and other age data were
published in the early years from several rock types in the SGT, terranescale isotopic geochronological studies started with the input of Paul
Taylor at Oxford, leading to the milestone publication by Harris et al.
(1994) on the on Nd-isotope analyses from a range of lithologies,
including from the SGT. The charnockites, metasediments, and
granitoids from the SGT defined contrasting age provinces and paved
way for the new models on the assembly of crustal blocks. The region
north of the PCSZ and the granulite blocks of Nilgiri and Madras
yielded model Nd ages from 3.4 to 2.4 Ga signifying crustal growth
during the Late Archean. In contrast, late Neoproterozoic-Cambrian
high grade metamorphism resulted in Sm/Nd fractionation in the rocks
south of the PCSZ. Model Nd ages computed for Sm/Nd fractionation
at 550 Ma show a range of 2.9 to 1.3 Ga. This range compares closely
with published model Nd ages from the high-grade terrain of Sri
Lanka. Harris et al. (1994) provided the fundamental basis to mark
the PCSZ as a major terrane boundary. This was complimented by
another study by Bartlett et al. (1998) on single zircon U-Pb dating
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which further revealed Neoproterozoic protolith ages within the
Achankovil Shear Zone region that demarcates the boundary between
Madurai Block and Trivandrum Block in the southern part of the
SGT. The next comprehensive geochronological study involved a NS traverse across the SGT covering several crustal blocks and
intervening suture zones, and although the technique involved EPMA
CHIME dating of zircon and monazite grains, the comprehensive
data revealed the Archean through Paleoproterozoic to latest
Neoproterozoic-Cambrian tectonothermal history of the SGT (Santosh
et al., 2003b). Comprehensive Nd isotopic data were also reported
by other workers which provided important clues to terrane boundaries
(Bhaskar Rao et al., 2003).
Subsequently several isotopic geochronological studies were
published from different parts of the SGT mostly focusing on specific
problems of dating magmatic or metamorphic events, and some works
pertaining to regional crustal evolution models. In the recent y ears,
zircon U-Pb geochronology was coupled with Lu-Hf isotopes, thus
providing a better understanding of not only the thermal regimes but
also the source characteristics and leading to regional crustal evolution
models for the SGT. A few studies from the different blocks are
mentioned below and shown in Fig. 6.
The oldest crustal block in the SGT is the Coorg Block from
where Santosh et al. (2015) reported zircon U–Pb geochronology

and Lu–Hf isotopes of all the major lithologies.They obtained
weighted mean 207Pb/206Pb ages of 3153 to 3184 Ma for syenogranites,
3170 Ma for biotite granite, 3275 Ma for trondhjemite, 3133 to 3163
for charnockites,3156 to 3158 for mafic enclaves, 3161 Ma for diorite
and 3173 Ma for felsic volcanic tuff. The results presented in this
study indicate prominent Mesoarchean magmatism and crust building
during 3.3 to 3.1 Ga followed by metamorphism at ca. 3.0 to 2.9 Ga.
The majority of zircon grains from these rocks display Hf isotope
features typical of crystallization from magmas derived from juvenile
sources. The Hf crustal model ages suggest that the crust building
might have also involved partial recycling of basement rocks as old
as ca. 3.8 Ga. The SGT preserves imprints of major tectonothermal
events at 2.5 Ga, 2.0 Ga, 0.8 Ga and 0.55 Ga associated with various
subduction–accretion– collision or rifting events. In contrast, the
Coorg Block remained unaffected by the younger events (Fig. 6a,c).
The 3.5-Ga granodiorite from the Coorg block (Roberts and Santosh,
2017) records the earliest felsic crust in the SGT. Younger phases of
magmatism at 3.37–3.27 and 3.19–3.14 Ga, comprising both reworked
crust and juvenile components are considered to represent successive
crustal maturation. The zircon d18O values through time indicate an
increase in both the amount of sediment recycling and hence, crustal
thickening, as well as an increase in the emerged area of continental
crust available for weathering (Roberts and Santosh, 2017).
Neoarchean crust building is
widely recorded from various blocks
to the north of the PCSZ including
Nilgiri, Salem, BR Hills and the
Nallamali Suture Zone and
surrounding regions of the Madras
Block (Clark et al., 2009; Samuel et
al. 2014, Ratheesh-Kumar et al.,
2016, Li et al., 2018). However,
detailed studies on the Madurai
Block revealed that it is a composite
block composed of a northern
Archean-Paleoproterozoic segment,
a central Paleoproterozoic domain
and a southern Neoproterozoic
domain (Plavsa et al., 2014). Another
recent study (Santosh et al., 2017) on
a suite of magmatic rocks from the
southern margin of the Madurai
Block confirmed Neoproterozoic
juvenile crustal growth in this region.
Zircon grains yielded weighted mean
206
Pb/238U ages of 786 to 772 Ma in
alkali granites, 938 to 786 Ma in
charnockites, and 926 692 Ma in
enderbites suggesting continuous and
multiple pulses of magmas emplaced
throughout early to midNeoproterozoic. Metamorphic zircon
grains from all the rock types show
latest Neoproterozoic-Cambrian ages
Fig. 6 (a) and (b) Multiple crust building events in the Southern Granulite Terrane during Eoarcheanin the range of 567 to 510 Ma. Zircon
Mesoarchean and Neoproterozoic shown through zircon U-Pb data from two representative c rustal
Lu–Hf data show that the alkali
blocks. Extensive crust building and recycling also occurred during Neoarchean and Paleoproterozoic
granite-charnockite-enderbite suite
in some crustal blocks. (c) Zircon Hf data from the Coorg Block showing juvenile crust building
has depleted mantle ages (TDM) in
from depleted mantle sources during Mesoarchean, as well as reworking of older Eoarchean crust.
the range of 1164–2172 Ma and
(Santosh et al., 2015, 2017).
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crustal residence ages (TDM C ) of 1227–3023 Ma. Both negative
and positive εHf(t) values (-22.1 to 10.6), suggest magma derivation
from mixed juvenile mid- to late-Mesoproterozoic components and
reworked Mesoarchean to mid-Mesoproterozoic components. Zircon
from the gabbroic rocks yielded depleted mantle ages and (TDM) in
the range of 1112–2046 Ma, crustal residence ages (TDM C) of 1306–
2816 Ma, and both negative and positive εHf(t) values (-17.8 to 7.9),
indication from juvenile mid-Mesoproterozoic to Neoproterozoic
components as well as reworked Mesoarchean to midMesoproterozoic sources. The data were interpreted to suggest
multiple arc magmatism along the southern Madurai Block during
distinct pulses throughout early to late Neoproterozoic, and an active
convergent margin along this zone at this time, culminating in
collisional metamorphism during latest Neoproterozoic–Cambrian
associated with Gondwana assembly (Fig. 6b)
The dominant Neoproterozoic-Cambrian ages in metasediments
from the Trivandrum Block were previously interpreted to indicate
Neoproterozoic deposition followed by Cambrian metamorphism
(Collins et al., 2007a). However, this was challenged by Kroner et al.
(2015) based on zircon SHRIMP dating of magmatic zircons from
granitoid gneisses and charnockites of the Trivandrum and Nagercoil
Blocks from where they reported protolith emplacement ages between
1765 and ca. 2100 Ma and also variable recrystallization and/or leadloss during the late Neoproterozoic-Cambrian at around 540 Ma.
Zircon Hf and whole rock Nd isotopic data suggest that the protoliths
were derived from mixed crustal sources, and Hf–Nd model ages
vary between 2.2 and 2.8 Ga. Kroner et al. (2015) thus considered
that the Trivandrum and Nagercoil Blocks as a single tectonometamorphic terrane predominantly consisting of Paleoproterozoic
granitoids interlayered with supracrustal rocks that are older than ca.
2100 Ma.
There is clear evidence for Neoproterozoic oceanic subduction
culminating in Cambrian collisional metamorphism along the margins
of the some of the crustal blocks. Thus, the Manamedu ophiolite suite
along the boundary between the northern part of the Madurai Block
and the southern margin of the PCSZ marks the trace of an oceanic
suture (Santosh et al., 2012). Secondary Ion Mass Spectrometry
(SIMS) U–Pb ages from zircons in plagiogranites and gabbros from
this suite show 206Pb/238U ages of 737 Ma and 782 Ma corresponding to the timing of emplacement of these rocks. The plagiogranite
also contains metamorphic zircons with age of 513 Ma. The magmatic
zircon ages from Manamedu also compare with those from the felsic
volcanic suite of the Kadavur gabbro-anorthosite complex to the south
of Manamedu, all suggesting a mid-Cryogenian subduction system
along the southern periphery of the PCSZ prior to the final collision
associated with the amalgamation of the Gondwana supercontinent.
In summary, the northernmost part of the SGT preserves some of the
oldest crust in Peninsular India with prominent Mesoarchean imprint.
Towards the central part, the basement is mostly Neoarchean and
Paleoproterozoic. Further south, Paleoproterozoic rock dominate.
Major crust building events occurred during Mesoarchean,
Neoarchean and Paleoproterozoic, with minor juvenile additions and
extensive reworking in the Neoproterozoic. Part of the older crust
was also reworked during the Neoarchean- Paleoproterozoic events.

Ultrahigh-temperature metamorphism
Crustal metamorphism at extreme thermal conditions termed as
ultrahigh-temperature (UHT) metamorphism generates diagnostic
Episodes Vol. 43, no. 1

mineral assemblages depending on the protolith composition. The
Madurai Block came into focus with regard to UHT metamorphism
(e.g., Raith et al., 1997; Sajeev et al., 2004), including a landmark
discovery by Tateishi et al. (2004) of sapphirine+quartz in equilibrium,
marking one of the diagnostic assemblages of extreme thermal
conditions. Following this, several new reports appeared from various
localities in the PCSZ and surrounding areas on UHT mineral
assemblages including rare corundum-bearing UHT rocks (Shimpo
et al., 2006). Sapphirine + quartz, thought to be a rare association,
was subsequently identified from various localities (Tsunogae and
Santosh, 2010, and references therein) (Fig. 7). Further studies also
revealed that the UHT metamorphism is widespread in the various
crustal blocks of the SGT south of the PCZ including the Trivandrum
and Nagercoil Blocks, and the UHT event is dated as late
Neoproterozoic-Cambrian (Santosh et al., 2006; Johnson et al., 2015),
clearly correlating with the timing of final assembly of the Gondwana
supercontinent.
Many studies in the SGT have attempted to define metamorphic
pressure-temperature time (P-T-t) paths, mainly from the high- and
ultrahigh-temperature assemblages. These have resulted in contrasting
interpretations ranging from simple isothermal decompression (ITD)
or isobaric cooling (IBC) trajectories to more complex hairpin-like
prograde-peak-retrograde paths. Tsunogae and Santosh (2010)
evaluated the P-T paths of UHT granulites, particularly those carrying
the diagnostic sapphirine + quartz assemblage in equilibrium from
various localities of the SGT. They identified that in some localities,
isobaric cooling from sapphirine + quartz to orthopyroxene +
sillimanite + quartz fields, occurred along a counterclockwise P-T
path. In contrast, sapphirine + quartz occurring as coronas around
Mg-rich staurolite within poikiloblastic garnet suggests
decompression along a clockwise P-T trajectory. The contrasting P-T
paths might correlate with the different styles of tectonics that
contribute to heat input and subsequent exhumation, such as from
underplated mafic magmas through mantle upwelling, or subductionrelated processes including slab-window from ridge subduction, or
slab-breakoff following collision.

Role of fluids
The SGT has been central to the debate on the role of fluids in
granulite metamorphism and has attracted geoscientists from various
parts of the world to work with their Indian counterparts, leading to
several landmark papers carrying innovative ideas and building our
knowledge base on fluid-rock interaction in the deep crust and crustmantle exchange.
The ‘wave’ of research on fluids in the deep crust started with
focus on incipient charnockites – the coarse greasy green patches,
veins and lenses developed over leucocratic felsic gneisses as
described from several quarry sections, particularly from the
Trivandrum Block, and its counterparts in adjacent terranes
(Srikantappa et al.,1995; Hansen et al., 1997; Santosh et al., 2010).
The conversion of the gneisses to incipient charnockites is thought to
have been controlled by the influx of CO2 rich fluids which buffered
the water activity to low levels thereby generating the anhydrous
charnockitic assemblage. Fluid inclusion studies found new
dimensions in answering some of the potential questions related to
the nature, composition and role of fluids in granulite metamorphism.
Combined with mineral phase equilibria, these studies offered a
powerful technique to constrain the P-T-X conditions. In order to
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Figure 7. Top two panels on left and right are hand specimen and field photographs of ultrahigh-temperature sapphirine-bearing granulites
from the Palghat-Cauvery SutureZone area. Middle two panes are representative photomicrographs of ultrahigh temperature granulite
facies mineral assemblages with left one showing the rare sapphirine + quartz assemblage and the right one showing symplectitic intergrowths
of sapphirine, orthopyroxene, cordierite and spinel. The bottom figure shows a representative P-T plot with P-T path of ultrahigh-temperature
metamorphism in the Southern Granulite Terrane (after Tsunogae and Santosh, 2010, and references therein). Mineral abbreviations: Sprsapphirine; Qt- quartz; Bt-biotite; Spl-spinel; Opx orthopyroxene; Crd-cordierite; Pl-plagioclase; Kfs- K-feldspar; Rt-rutile.
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address the debate on the origin of fluids, carbon stable isotope studies
were employed on fluid inclusions in samples from gneiss-charnockite
reaction fronts (Fig. 8a; Santosh et al., 1990) and coupled with
microthermometric data, these results provided important insights
on CO2 advection along structural pathways that contributed to the
formation of the incipient charnockite assemblage. Debates
surrounded the origin of fluids including the decarbonation of
carbonate rocks (Harley and Santosh, 1995; Satish-Kumar et al.,
2002), although the results all pointed to sub-lithospheric magmatic
sources for the carbonic fluids.
The infiltration of CO2-rich fluids into country rocks which were
under reducing conditions (due to the presence of disseminated
graphite in these rocks) resulted in the precipitation of coarse flakes
of graphite in veins, pegmatites and mesoscopic shear zones. The
different types of graphite associations in the Trivandrum Block were
investigated using micro-analytical techniques of carbon isotopes
leading to insightful models on fluid propagation through the earth’s
crust (Santosh and Wada, 1993a,b; Fig. 8b).
The SGT remains as a rare example where multiple approaches
converged to indicate CO2 influx from sub-lithospheric sources as an
important process that assisted in the formation of anhydrous granulite
facies assemblages in the lower crust, thus enhancing our
understanding of crust-mantle interaction processes.

Rift-related mafic magmatism
The various crustal blocks and intervening suture/shear zones in
the SGT also preserve evidence for rift-related magmatic activity of
various ages. The prominent among these are mafic dykes,
representing mantle magmatism associated with incipient rifts.
Radhakrishna and Joseph (1996) summarized the results from
palaeomagnetic investigations on four major dyke swarms and in
conjunction with other available data, they reconstructed the apparent
polar wander curve for the Indian Peninsula during Proterozoic. The
results show that the Indian landmass was located at mid-latitudes of
the Northern Hemisphere during ca. 2000 Ma, and at a low latitude
near the Equator (~10°N) during ca. 1800-1750 Ma. The continent
moved close to the South Pole region (60°S) by ca. 1650 Ma, returning
to near the Equator ca. 1000 Ma, moving to near the North Pole
(80°N) region at ca. 850-800 Ma, and further to 10–30°N by 750
Ma. Evidence for plume-related rifting and mafic magmatism are
comes from the Cretaceous mafic magmatic suites. Mafic dykes related
to the Cretaceous Deccan trap activity are widely identified from the
SGT. In a recent study, Shaji et al. (2009) reported the imprints of
rift-related Santonian magmatism from alkali gabbro in the Madurai
Block of central SGT. The zircon U–Pb mean age of ca. 85 Ma from
this rock, together with geochemical features, represent rift-related
late Cretaceous magmatism induced by the Marion plume. The mafic
magmatic event is correlated with the final phase of India–Madagascar
rifting.

Structural models
Numerous structural investigations were carried out on local and
regional domains of the SGT by various workers, which all indicate
polyphase deformational history. Among these, the observation of
duplex structures and tectonic mélanges with detailed structural cross
sections revealing transpressional tectonics along the Cauvery Suture
Zone confirm the subduction-accretion history that amalgamated the
adjoining crustal blocks (Chetty and Santosh, 2013). A close spatial
and temporal relationship was also invoked between transpressive
deformation, deep crustal melting, ascent of granite magmas and
migmatisation associated with convergent tectonics and extrusion.
The crustal architecture of the Cauvery Suture Zone has been
visualized as a crustal-scale positive ‘flower structure’, typical of
transpressional tectonics analogous to those along convergent margins
(Chetty et al., 2016) (Fig. 9).
Rajesh and Chetty (2006) presented structural fabrics and
deformational history of Achankovil Suture Zone dividing the Madurai
and Trivandrum Blocks where they found that the initial dextral
kinematic movements were superposed and overprinted by subsequent
sinistral deformation.



Plate tectonic models and supercontinent
connection

Figure 8. Fluid inclusion and carbon isotope profile across a
representative gneiss-incipient charnockite front at Mannantala,
Trivandrum Block (after Santosh et al., 1990). The data suggest
CO2 advection along structural pathways. (b) Carton isotope data
on graphites in various associations from the Trivandrum Block.
The inset shows field photograph of coarse graphite flakes in meltrich portions of felsic gneisses within the Trivandrum Block.

Although many earlier works recognized the role of plate tectonics
associated with the magmatic and metamorphic processes in the SGT,
the integrated model proposing a Pacific-type orogeny involving
oceanic plate convergence, subduction and accretion, arc magmatism
and high grade metamorphism (Santosh et al., 2009) could explain
many of the features in the crustal blocks and intervening sutures.
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Figure 9. (a) Cartoon structural interpretation of the Cauvery Suture
Zone, where ‘flower style’ exhumation is envisaged (Chetty et al.,
2016). (b) Structural cross section across three domains at the
margin of the northern cratonic block (Dharwar Craton) and the
southern granulite facies block (Southern Granulite Terrane)
(Chetty and Santosh, 2013).

The Archean tectonic regime is envisaged to have involved accretion
of oceanic arcs and micro continents onto the margin of the Dharwar
Craton (Santosh et al., 2013) marking an important event of
continental growth, and broadly coinciding with the global crustal
growth event at this time (Fig. 10). Slab melting and vertical addition
was also fundamental to continental growth in the SGT (Ratheesh
Kumar et al., 2016).
The southern margin of the PCSZ is considered to have been an
active convergent margin during mid-Neoproterozoic with southward
subduction of the Mozambique Ocean lithosphere (e.g., Santosh et
al., 2009; Collins et al., 2007b). Coevally, along the northern margin
of the SGT, broadly along the weak zones of paleosutures fringing
the southern margin of the Dharwar Craton, an aborted rift formed
along which several alkaline plutons were emplaced (Fig. 11a; Santosh
et al., 2014).
Neoproterozoic crustal growth and recycling is evidenced from
the extensive arc magmatism along the southern domain of the
Madurai Block, following the earlier rifting of the Paleoproterozoic
basement. The arc building was also associated with the accretion of
shelf sediments that are now represented by the metasediments in the
Trivandrum Block to the south (Fig. 11b, Santosh et al., 2017).
Multiple collisional events also occurred in the SGT, the earliest
at 3.0 Ga amalgamating the Coorg Block, followed by late
Neoarchean-early Paleoproterozoic assembly of most of the northern
crustal blocks, and the late Neoproterozoic-Cambrian collision along
the PCSZ and the ACSZ.

Mineralization
Although the crustal collage in the SGT was built through
subduction-accretion-collision process with a diversity of arcmagmatic rocks, accreted shelf
sequences and oceanic components,
the high grade metamorphism, together
with deep weathering and denudation
have removed most of the potential
mineralized zones. In most cases, the
crystalline rocks are used as
construction material or in polished
stone industry. However, the gold
mineralization in the Wynad gold belt,
iron hosted within BIFs, voluminous
metacarbonates as raw material for
Figure 10. Plate tectonic models of
crust building in the Southern
Granulite Terrane through subduction-accretion process. (a) Arc
accretion along the southern margin
of the Dharwar Craton (Santosh et
al., 2013). (b) Slab subduction and
melting model for the BR Hills Block
(Ratheesh Kumar et al. 2016). (c) The
Agali ophiolite as marker of
subduction along the margin of the
Nilgiri Block. (d) Schematic cartoon
depicting continent growth through
arc-arc, and arc-continent collision
(Santosh et al., 2013).
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supercontinent on the globe was Columbia, which was assembled at
around 2.0 to 1.8 Ga. Most of the southern crustal blocks in the SGT,
up to the Nagercoil Block at the tip of the Peninsula, are characterized
by Paleoproterozoic (ca. 2.0) basement rocks, implying that these
were part of the Columbia supercontinent. There is not much evidence
for the Neoproterozoic (1.0 Ga) Rodinia supercontinent history in
the SGT, as against the clear “Grenvillian” imprint in some other
terranes of Peninsular India. However, the most prominent imprint in
the SGT, including within the PCSZ and in the blocks south of it, is
the Late Neoproterozoic-Cambrian Gondwana assembly. The PCSZ
is also considered as the trace of the Mozambique Ocean suture
associated with the birth of Gondwana (Collins et al., 2007b). The
major regime associated with Gondwana formation left significant
imprints related to prolonged arc-type magmatism at the southern
margin of the Madurai Block and elsewhere, and Cambrian
metamorphism ranging up to ultra high temperature conditions in the
various blocks. The history of disruption of Gondwana is also recorded
in some of these crustal blocks in terms of mafic magmatism related
to extension.

Geophysical studies



Figure 11. Plate tectonic models for Neoproterozoic tectonics in
the Southern Granulite Terrane India with two examples. (a)
Palghat-Cauvery Suture Zone region with southward subduction
and rifting in the north (Santosh et al. 2014). (b) The Madurai
Block in the Neoproterozoic with arc magmatism along the southern
and northern margins (Santosh et al., 2017).
cement industry, possible PGE in the ultramafics, REE mineralization
in alkaline intrusions, chromite and magnesite associated with altered
ultramafics, the variety of gemstone mineralization in the KarurKangayam belt and in the Trivandrum Block, rare metals and rare
earths in various pegmatites, the extensive heavy mineral beach placers
along the western coast, and high grade clay deposits are among the
various economic deposits in the SGT.

Supercontinent connections
Supercontinents are large land masses into which majority of the
continental fragments of the globe are gathered into a tight assembly
(Rogers and Santosh, 2002, 2004). The assembly, evolution and
disruption of supercontinents through earth history have been frontier
topics of research in earth sciences for several decades, as
supercontinent cycles also exert major control on life evolution and
environment (Nance et al., 2014, Meert and Santosh, 2017). The SGT
has been central to the models on various supercontinents through
time. The ancient continental nuclei, particularly those with
Mesoarchean crust building history can be correlated to the oldest
supercontinent on the earth, Ur. It is believed that the first coherent
Episodes Vol. 43, no. 1

Numerous publications combining gravity, geoid, geothermal,
seismic, magnetotelluric and other studies have been published on
the crustal structure and mantle architecture of the SGT and adjoining
regions. Most of these, however, are on a large scale, and lack the
higher resolution for smaller domains to understand the geophysical
architecture of individual crustal blocks and their intervening orogenic
belts. A few examples of relevant studies are summarized below.
Kumar et al. (2013) presented 2-D lithospheric density modelling
along three major transects of more than 1000 km in length each
crossing the southern Indian shield, integrating topography, gravity
and geoid anomalies, geothermal data, and available seismic data.
Their modeling shows a crustal configuration with the Moho depth
varying from ~40 km beneath the Dharwar Craton, and ~39 km
beneath the SGT to about 15–20 km beneath the adjoining oceans
(Fig. 12).The lithospheric thickness shows significant variation from
~130–135 km under the southern part of the SGT including the
adjacent Sri Lankan terrane, increasing gradually to ~165–180 km
beneath the northern part of the SGT and the Dharwar Craton. This
lithosphere–asthenosphere boundary (LAB) shows step-like structure.
Based on these results, the authors inferred a thickened crust, as well
as a thin and hot lithosphere beneath the southern part of the SGT
including Sri Lanka. They correlated the stretching and/or convective
removal of the lower part of the lithosphere with tectonics associated
with the late Neoproterozoic-Cambrian Gondwana assembly and
Cretaceous mantle plume activity that introduced a hotter and lighter
asthenosphere beneath the SGT. Ratheesh-Kumar et al. (2016)
attempted to demarcate the spatial variation of crustal thickness of
the blocks in the northern part of the SGT based on Moho
configuration derived from flexure inversion analysis The results
reveal higher crustal thickness in the Biligiri Rangan (BR) and the
Nilgiri Blocks, and are attributed to a more thickened crust generated
through the subduction of the western Dharwar crust. They identified
distinct zones of high crustal thickness (deeper Moho) beneath Nilgiri
Block (~41 km), BR Block (~38 km) and the Madurai Block. The
BR Block shows crustal thinning (~33 km) toward its eastern
periphery. According to this study, the Western Dharwar Craton
exhibits an average crustal thickness of about 35 km. It is observed
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Figure 12. Representative geophysical interpretations. (a) Crustal and mantle structure of the southern part of the Dharwar Craton and the
Southern Granulite Terrane (from Kumar et al., 2013, with the numerals and alphabets representing body boundaries and profiles as
explained therein). (b) Subduction polarity interpreted from seismic reflection data (Naganjaneyulu and Santosh, 2011).
that the western Dharwar province adjacent to the BR Block has
comparatively low crustal thickness (~34 km), and the Coorg Block
to the south shows thinning of the crust (depth to the Moho < 32 km).
The Madurai Block also shows higher crustal thickness (~35–40 km)
whereas the PCSZ is marked by a distinct zone of low crustal thickness
(~32 km).
Naganjaneyulu and Santosh (2010) synthesized published
geophysical data from gravity, seismic tomography, deep seismic
sounding (DSS) and magnetotellurics (MT) to evaluate the
architecture of the PCSZ and surrounding crustal blocks. They
correlated the increased crustal thickness immediately north of the
PCSZ to crustal thickening associated with subduction–collision
processes during continental amalgamation. The marked gravity low
of about -45 m gal beneath Kodaikanal in the central Madurai Block,
south of the PCSZ was inferred to represent the deep root of a thick
magmatic arc. Deep seismic data from the central domain of the PCSZ
show ca. 10 km thick low velocity (6.0 km/s) layer at midcrustal

depth. The two-dimensional MT model shows highly resistive felsic
upper crust down to15–16 km. Integrating data from the various
models, these authors identified a south dipping low resistive zone
and a high density region at a depth range of 15–45 km within the
central part of the PCSZ. They correlated the results to indicate
subduction–collision–accretion tectonics along the PCSZ.
In another study, Naganjaneyulu and Santosh (2011) presented a
magnetotelluric (MT) model covering the PCSZ in the north into the
central part of the Madurai Block in the south. Integrating seismic
reflection data along a N–S transect further south within the Madurai
Block, they evaluated the crustal architecture and its implications on
the tectonic evolution of this region. The predominantly south dipping
seismic reflectors beneath the Madurai Block with northward vergence
was interpreted as a thrust sequence, representing imbricate structures
or mega duplexes developed during subduction–accretion tectonics.
A thick (>20 km) low resistivity layer ‘floating’ within high resistivity
zone was imaged, suggesting the subduction of a moderately thick
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oceanic crust. The MT model also suggested eclogitised remnants of
oceanic lithosphere. The seismic reflections and MT model were
interpreted to represent southward subduction polarity with a
progressive accretion history during the northward migration of the
trench prior to the final collisional assembly of the crustal blocks
along PCSZ.

Concluding remarks
The Southern Granulite Terrane with a diverse assemblage of
Precambrian lithologies and as a window to deep crustal and crustmantle interaction processes, is one of the rare examples over the
globe for integrated studies over the last four decades that expanded
our knowledge base on various aspects of Earth history. These include
early Earth evolution, formation, maturity, emergence and recycling
of continental crust, convergent margin tectonics, arc magmatism,
ultrahigh-temperature metamorphism, fluid-rock interaction
processes, and supercontinent cycles. The SGT will continue to remain
in focus not only for case studies related to lithology and structure,
geophysical architecture, petrology, geochemistry, and isotope
geochronology, but also for integrated tectonic models in
understanding the formation and evolution of continental crust, crustmantle dynamics, as well as global correlations and connections.
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