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1 Introduction 
 
The Dharwar Craton is the principal geological domain 
of South India (Fig. 1a). The Dharwar Craton primarily 
preserves a record of continental crustal evolution during 
the Archean. Based on the ages and lithology, this craton is 
divided into the western and eastern craton, chiefly 
composed of PaleoïNeoarchean (3.4ï2.5 Ga) tonaliteï
trondhjemiteïgranodiorite (TTG) gneisses, greenstone 
belts and potassic granites (Jayananda et al., 2008, 2013a, 
2018, 2020; Hokada et al., 2013; Dey et al., 2014; Mohan 
et al., 2014; Lancaster et al., 2015; Maya et al., 2017; 
Ranjan et al., 2020; Ao et al., 2021). The significant 
greenschist- to granulite-facies metamorphism in the 
Dharwar Craton happened at the end-Archean (2.52ï2.42 
Ga), recorded by TTG gneisses and greenstone belts 
(Jayananda et al., 2013b, 2020; Li et al., 2018; Gao and 
Santosh, 2020; Ranjan et al., 2020; Zhao et al., 2021). The 
craton is characterized by low-grade supracrustal belts in 

the north, with metamorphic grade progressively 
increasing towards the south (Raase et al., 1986; 
Jayananda et al., 2018). To its south, the Dharwar Craton 
is bounded by the Southern Granulite Terrane (SGT), an 
extensive region dominated by granulite-facies 
metamorphic rocks (Ghosh et al., 2004; Sato et al., 2011; 
Teale et al., 2011; Santosh et al., 2012, 2014, 2017; He et 
al., 2021a, b and references therein). The SGT, which 
comprises Mesoarchean to late Neoproterozoic crustal 
blocks welded together by numerous suture zones at 
various times (Drury et al., 1984; Collins et al., 2014; 
Clark et al., 2015; Santosh et al., 2017). The northernmost 
part of the SGT preserves some of the oldest crust in 
Peninsular India with prominent Mesoarchean imprint. 
Comparable to the Dharwar Craton, in the northern part of 
SGT, Neoarchean metamorphism and magmatism were 
also recognized, but characterized by ultramafic rocks, 
charnockite, anorthosite, granite, juvenile migmatite and 
HP mafic granulite (George et al., 2019; Yang et al., 2019; 
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He et al., 2021a; Gou et al., 2022). Towards the central 
part, the basement is mostly Neoarchean and 
Paleoproterozoic. Further south, Paleoproterozoic rock 
dominates. The SGT of India has attracted widespread 
attention due to its extensive outcrops of granulite and 
ultra-high-temperature metamorphic records. 
The tectonic relationship between the SGT and the 
Dharwar Craton remains a subject of ongoing debate, 
particularly concerning their potential interactions during 
the Neoproterozoic, including the Tonian and Cryogenian 
periods. Swain et al. (2023) propose that the western 
Dharwar Craton (WDC) and the northern part of the SGT 
evolved independently, sharing distinct geological 
histories until their amalgamation along the Baveli Shear 
Zone (BSZ; part of the Moyar Shear Zone) at ~750 Ma, 
marked by a collision-related orogeny. In contrast, He et 
al. (2021a, b) interpret that the PCSZ comprises the lower 
crust of the Dharwar Craton, where Archean rocks were 
later exhumed and overprinted by Neoproterozoic 
metamorphism. Several studies further propose that during 
the mid-Neoproterozoic, the southern margin of the PCSZ 
functioned as an active convergent boundary, where the 
southward subduction of the SGT and Dharwar Craton led 
to their amalgamation with the Madurai Block during 
Gondwana assembly (Naganjaneyulu and Santosh, 2010; 
Santosh et al., 2012; Collins et al., 2014; Plavsa et al., 
2014; Clark et al., 2015; Santosh, 2020 and references 
therein). Conversely, other researchers argue that the mid-
Neoproterozoic gabbroic, granitoid, and alkaline rocks in 

the SGT are related to crustal extension and rifting 
associated with the breakup of the Rodinia supercontinent 
(Kooijman et al., 2010; Plavsa et al., 2012; Brandt et al., 
2014; Talukdar et al., 2022 and references therein). 
Several key factors contribute to this ongoing debate, one 
of which is the stark contrast in geological records 
between these terranes: while the SGT preserves abundant 
Neoproterozoic petrological evidence, the Dharwar Craton 
exhibits remarkably few records of tectono-thermal 
activity following the Mesoproterozoic (Devaraju et al., 
1995; Brandt et al., 2014; Santosh et al., 2020; 
Raghuvanshi et al., 2023). The sparse Neoproterozoic 
records in the Dharwar Craton include: (1) the 
Neoproterozoic (832 Ñ 40 Ma, Rb-Sr isochron age; 
Devaraju et al., 1995) mafic alkaline dykes in the 
HalaguruïHarohalli area in the eastern Dharwar Craton 
(EDC) (Ikramuddin and Steuber, 1976; Devaraju et al., 
1995; Lanjewar and Randive, 2018), though a U-Pb zircon 
age of 1192 Ñ 10 Ma (Pradhan et al., 2008) was suggested 
as emplacement age for the alkaline dykes; (2) the 
Neoproterozoic (820 Ñ 15 Ma, U-Pb titanite age; 
Raghuvanshi et al., 2023) shoshonitic lamprophyre 
(spessartite) in the Mysuru area. These Neoproterozoic 
geological record provides critical petrological evidence 
for understanding the Neoproterozoic tectonic regime of 
the Dharwar Craton. 
Rutile, a common accessory mineral in metamorphic 

rocks, serves as a valuable geochronological tool for 
investigating post-peak thermal evolution. Due to its 

    
 

Fig. 1. (a) Simplified geological map of  Indian shied (modified after French et al., 2008) and (b) the Dharwar Craton 

(modified after Jayananda et al., 2013a). 
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relatively lower closure temperature compared to zircon, 
rutile is particularly sensitive to recording: (1) cooling 
histories following peak metamorphism; and (2) late-stage 
medium-temperature overprinting events that would 
typically escape preservation in the zircon record (Hirdes 
and Davis, 2002; Schmitz and Bowring, 2003; Vry and 
Baker, 2006; Gao et al., 2014; Ewing et al., 2015; Li et al., 
2016; Wang et al., 2020). Moreover, trace element 
compositions of rutile provide critical constraints on both 
the peak metamorphic conditions and the source 
characteristics of metamorphic terranes (Zack et al., 2002; 
Wang et al., 2005; Tomkins et al., 2007; Kooijman et al., 
2010; Meinhold, 2010; Taylor-Jones and Powell, 2015). 
Monazite, though typically minor in abundance, is a 
ubiquitous accessory mineral in most peraluminous 
metafelsic and metasedimentary rocks (Spear and Pyle, 
2002; Foster and Parrish, 2003; Williams et al., 2007). It 
has generally high Th and U concentrations with low 
common lead content, making it highly sensitive to 
metamorphic conditions and fluids activity (Williams et 
al., 2007; Gasser et al., 2015; Shazia et al., 2015; 
Wawrzenitz et al., 2015). Owing to its the relatively lower 
closure temperature (~700ÁC), monazite serves as a robust 
U-Pb chronometer, capable of recording multiple 
geological events across different periods more readily 
than zircons, thereby providing valuable insights into its 
formation environment (Foster et al., 2002; Kohn and 
Malloy, 2004; Buick et al., 2010; Wang et al., 2017; Hu et 
al., 2020). 
This study presents the first evidence of Neoproterozoic 
overprinting (860ï625 Ma) in the Sargur area of WDC, 
obtained through U-Pb dating of rutile and monazite in 
metamorphosed supracrustal rocks. Through integrated 
geochronological analysis of rutile and monazite, coupled 
with systematic evaluation of their contrasting closure 
temperatures and trace element signatures, we demonstrate 
that the southernmost margin of the WDC experienced 
significant Neoproterozoic geological activity. These 
findings provide new insights into the post-Archean 
tectono-thermal evolution of the region and elucidates its 
tectonic relationship with the adjacent SGT. 

 
2 Regional Geological Setting 

 
The Dharwar Craton, one of the oldest Archean Cratons 
in the world, predominantly preserves TTG gneisses 
(Peninsular gneisses) formed at 3.4ï3.0 Ga, along with 
greenstone belts from three major times: 3.4ï3.1 Ga 
(Sargur group), 2.9ï2.7 Ga (Bababudan group), and 2.7ï
2.5 Ga (Chitradurga and Kolar groups) (Jayananda et al., 
2015, 2018; Lancaster et al., 2015; Maya et al., 2017), and 
potassic granites emplaced at 3.1ï3.0 Ga and 2.7ï2.5 Ga 
(Jayananda et al., 2018, 2020; Ao et al., 2021). The craton 
exhibits a northward tilted oblique crustal section, 
resulting in a progressive metamorphic transition from 
granulite facies in the south to greenschist facies in the 
north (Chardon et al., 2008, 2011; Jayananda et al., 2013a, 
b). The Dharwar Craton is divided into two sub-cratons by 
Chitradurga shear zone (CSZ), namely the western 
Dharwar Craton (WDC) and eastern Dharwar Craton 
(EDC) (Fig. 1b; Chardon et al., 2008, 2011; Guitreau et 

al., 2017; Maya et al., 2017). In contrast to the EDC, 
which is predominantly composed of Neoarchean potassic 
granites and greenstone belts formed at 2.6ï2.5 Ga 
(Jayananda et al., 2013a, 2018, 2020; Dey et al., 2014), the 
WDC is characterized by paleo-Mesoarchean (3.4ï3.1 Ga) 
TTG gneisses and greenstone sequences (Jayananda et al., 
2008, 2018; Guitreau et al., 2017; Maya et al., 2017; 
Ranjan et al., 2020; Santosh et al., 2020; Ao et al., 2021), 
along with meo-Neoarchean (2.9ï2.6 Ga) greenstone 
rocks and minor Neoarchean (2.7ï2.6 Ga) potassic 
granites (Chadwick et al., 2007; Hokada et al., 2013; 
Jayananda et al., 2013a; Mohan et al. 2014).  
The Sargur group, situated in the southern part of the 

WDC between the Dharwar greenstone-granite belt in the 
north and gneiss-granulite region in the south (Fig. 1b), 
represents the oldest greenstone unit in the Dharwar 
Craton. It is uncomfortably overlain by the late 
Mesoarchean to Neoarchean (2.9ï2.6 Ga) greenstone 
sequences of Dharwar supergroup (Ramakrishnan et al., 
1994; Manikyamba et al., 2013). This group comprises 
ultramaficïmafic volcanic rocks (predominantly 
komatiites), pelitic rocks, quartzite, carbonate sediments, 
felsic volcanic rocks, and minor banded iron formations 
(BIFs). These rocks underwent Neoarchean (2.56ï2.42 
Ga) amphibolite- to granulite-facies regional 
metamorphism (Chadwick et al., 1981; Srikantappa et al., 
1985; Ramakrishnan et al., 1994; Peucat et al., 1995; Kato 
et al., 1996; Jayananda et al., 2008; Maya et al., 2017; 
Zhao et al., 2021), and now occur as small remnants 
within the Peninsular gneisses (Fig. 1b). 
The Sargur area, located in south of Mysore, exposes 

numerous NïS to NNEïSSW trending Sargur group 
enclaves (Fig. 2) (Sarangi et al., 2007; Baibam et al., 
2015). These enclaves consist of metavolcanics of 
serpentinised ultramafic rocks, metasedimentary units of 
staurolite-kyanite-sillimanite schist, marbles and 
metamafic rocks of amphibolite and garnet-bearing 
amphibolite within the gneissic country rock of 
granodioritic, tonalite and migmatite composition (Fig. 2). 
The rock units are partially intruded by mafic dykes, 
possibly emplaced during the early Paleoproterozoic (Fig. 
2). Metamorphic events in the Sargur group have been 
constrained to multiple periods: 3.2ï3.1 Ga (Dasgupta et 
al., 2019), 3.0ï2.8 Ga (Nutman et al., 1996; Han et al., 
2019; Santosh et al., 2020) and 2.56ï2.42 Ga (Sarangi et 
al., 2007; Peucat et al., 2013; Han et al., 2019; Gao and 
Santosh, 2020; Santosh et al., 2020; Zhao et al., 2021). 
Integrated zircon-monazite geochronological and 
petrological studies indicate that metamafic rocks and 
metasediments in the Sargur area significantly recorded 
amphibolite-facies metamorphism at 2.51ï2.45 Ga (Zhao 
et al., 2021). Given the widespread Neoproterozoic 
tectono-thermal events recorded in the SGT, the Sargur 
area in the southernmost part of WDC may have 
experienced Neoproterozoic metamorphic overprinting. 

 
3 Sample Description 

 
Sparse outcrops of metamafic rocks (garnet-bearing 

amphibolite and amphibolite) and metasediments (garnet-
bearing staurolite kyanite schist and grunerite schist) occur 
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in the Sargur area. Representative samples of these 
lithologies were collected along the same geological cross-
section at locations marked in Fig. 2. The petrological 
characteristics of the sampled rocks are described below. 
(1) Garnet-bearing amphibolite (18ID223) 
The garnet-bearing amphibolite shows fine- to medium-
grained texture and is dark gray in color (Fig. 3a), 
predominantly composed of amphibole (45%ï48%), 
plagioclase (25%ï30%), and garnet (13%ï15%), with 
accessory minerals of zircon, rutile, ilmenite, and titanite 
(Fig. 3b). Petrographically, quartz and amphibole occur as 
inclusions within garnet cores, clinopyroxene occurs as 
inclusions within garnet rim, and garnet is generally 
surrounded by plagioclase and amphibole, forming 
coronas. Combined with zircon U-Pb ages and trace 
elements, the garnet-bearing amphibolite underwent end-
Archean amphibolite-facies metamorphism (Zhao et al., 
2021). 
(2) Amphibolite (18ID227) 
The amphibolite occurs as enclaves within metafelsic 
rocks and is predominantly composed of amphibole 
(~60%) and plagioclase (~40%), with accessory minerals 
of rutile and ilmenite (Fig. 3c, d). Petrographically, both 
the amphibole and plagioclase are subhedral to anhedral, 
with ilmenite occurring as exsolution lamellae following 
amphibole cleavage directions (Fig. 3d). 
(3) Garnet-bearing staurolite-kyanite mica schist 
(18ID225) 
The garnet-bearing staurolite kyanite schist, light gray 

in color and weakly foliated (Fig. 3e), is chiefly composed 
of quartz (30%ï35%), kyanite (20%ï25%), plagioclase 
(10%ï15%), staurolite (8%ï10%), biotite (3%ï5%), 
muscovite (<5%), and garnet (~5%), with accessory 
minerals of rutile, ilmenite, monazite, and zircon (Fig. 3f). 
Combined with zircon and monazite U-Pb dating results, 
the mineral assemblage is indicative of an end-Archean 
amphibolite-facies metamorphism (Zhao et al., 2021). 
(4) Grunerite-garnet schist (18ID230) 
The grunerite-garnet schist is reddish-brown and 

interlayered with amphibole-(magnetite) quartz schist 
(Fig. 3g). It mainly composes garnet (~80%) and grunerite 
(~15%), with minor ilmenite and accessory minerals of 
zircon and rutile (Fig. 3h). Garnet is mostly coarse-grained 
texture, and contain inclusions of quartz. Amphibole is 
subhedral to anhedral and columnar or granular 
porphyroblast, generally occurring along garnet 
boundaries (Fig. 3h). 
In this study, accordingly, rutile crystals extracted from 

garnet-bearing amphibolite (18ID223), amphibolite 
(18ID227), garnet-bearing staurolite kyanite schist 
(18ID225) and grunerite-garnet schist (18ID230), and 
monazite from garnet-bearing staurolite kyanite schist 
(18ID225R) were selected for U-Pb dating and trace 
element analyses. 

 
4 Analytical Procedures 

 
Rutile grains extracted from (garnet-bearing) 

    
 

Fig. 2. Simplified geological map of the Mysore district (after GSI, 1981). 
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Fig. 3. Field photographs and microphotographs of metavolcanic and metasedimentary rocks in Sargur Group.  
(a and b) Garnet-bearing amphibolite; (c and d) amphibolite; (e and f) garnet-bearing staurolite kyanite schist; (g and h) grunerite-garnet schist. 

Mineral abbreviations: Rt: rutile; Ilm: ilmenite; Amp: amphibole; Grt: garnet; Pl: plagioclase; Qtz: quartz; Bt: biotite; Ky: kyanite; Mus: muscovite; 

Mon: monazite; Gru: grunerite. 


