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ABSTRACT

This study presents an integrated petrographic and geochemical inves-
tigation of charnockites from the southern part of the Western Dhar-
war Craton (WDC), Coorg Block (CB), and the Kasargod—Mercara
Shear Zone (KMSZ) separating the two crustal domains, with the aim
of constraining their petrogenesis and tectonic setting. The charnock-
ites from the three different domains display diverse textural and
compositional characteristics reflecting their contrasting tectonomag-
matic histories. Petrographically, WDC charnockites are foliated,
medium-grained, and exhibit hornblende-biotite retrogression, while
CB charnockites are coarse-grained and massive with limited retro-
grade alteration. KMSZ charnockites are strongly deformed, showing
dynamic recrystallization textures. Geochemically, WDC charnock-
ites are metaluminous, ferroan, and high-K with tholeiitic affinity,
suggesting derivation from an evolved, crustally contaminated melt
in a post-collisional setting. In contrast, CB charnockites are low-
K, calcic, and magnesian with metaluminous compositions, suggestive
of mantle-derived magmas generated in a subduction-related arc en-
vironment. The KMSZ charnockites are peraluminous to metalumi-
nous, calc-alkaline, and magnesian, pointing to a mixed crustal-mantle
source influenced by shear zone-related deformation and crustal assim-
ilation in a convergent margin or syn-collisional regime. These find-
ings reveal complex magma generation processes and tectonic evolution
along the accretion window between the WDC and CB.
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1. Introduction

The southern Indian shield, particularly the
Western Dharwar Craton (WDC) and its adjoining
high-grade granulite terrane i.e. Southern Gran-
ulite Terrane (SGT), preserves a complex record
of crustal growth, reworking, and tectonothermal
events spanning from Neoarchean to Paleoprotero-
zoic (Jayananda et al., 2013a,b; Peucat et al., 2013;
Santosh et al., 2015). The southern part of the rel-
atively stable WDC is separated from the deeply re-
worked Coorg Block (CB) — the northwestern crustal
block of the SGT — by the Kasargod—Mercara Shear
zone (KMSZ) (Sunil et al., 2010; Chetty et al., 2012;
Amaldev et al., 2016; Rekha et al., 2014) (Fig. 1).

These terranes, including the WDC, CB and the in-
tervening KMSZ, represent key segments of the con-
tinental crust that have undergone extensive mag-
matic, metamorphic, and deformational processes
(Jayananda et al., 2013a,b; Santosh et al., 2015). The
CB represents a high-grade fragment of the SGT,
with structural and metamorphic imprints reflect-
ing deep crustal reworking during late Neoarchean
tectonothermal events (Basak et al., 2023; Santosh
et al., 2015; Yang et al., 2023). The KMSZ is charac-
terized by pervasive shearing, high-grade metamor-
phism, and localized zones of incipient charnockiti-
zation, where amphibolite-facies gneisses are trans-
formed into charnockitic rocks through fluid-assisted
reactions (Santosh et al., 2004).
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A characteristic lithology of these high-grade do-
mains is the presence of charnockite—orthopyroxene-
bearing granitoids formed under granulite-facies con-
ditions, often linked to deep crustal anatexis, fluid-
deficient metamorphism, or COs-rich metasomatism
(Harley, 1989). Charnockitic rocks occur across all
three domains—WDC, KMSZ, and the CB—showing
considerable variability in texture, mineralogy, and
chemical composition. These rocks preserve critical
geochemical and petrological signatures that can shed
light on lower crustal processes, including melt gen-
eration, fractional crystallization, and crust-mantle
interactions (Peucat et al., 1993; Jayananda et al.,
2015). Geochemical characterization, especially using
major element systematics, offers initial constraints
on the petrogenesis, source composition, and tec-
tonic setting of charnockitic rocks (Frost et al., 2001;
Moyen, 2009).

The WDC granitoid and charnockite emplace-
ment occurred between 2.6 and 2.55 Ga (Jayananda
et al., 2013a,b; Peucat et al., 1995), following ear-
lier CB arc magmatism and metamorphism dated be-
tween 3.1 and 2.9 Ga (Santosh et al., 2015). Later,
the KMSZ experienced transpression and crustal re-
working around 2.4 Ga (Rekha et al., 2014; Amaldev
et al., 2016). These ages represent multiple crust-
forming episodes, collectively support the inference
that the compositional diversity across the zone re-
flects progressive crustal accretion and reworking
from the Meso- to Neoarchean.

While prior studies (e.g., Santosh et al., 2014;
Amaldev et al., 2016) have established metamorphic,
geochemical, and isotopic characteristics from these
domains independently, the geochemical characteri-
zation across all three domains have not been sys-
tematically compared using fresh, uniformly analyzed
datasets. This paper quantifies the major oxide vari-
ations (SiO9, FeO, MgO, CaO, K20, NagO, TiO3) to
evaluate magma differentiation, fluid interaction, and
crustal input across domains, thereby testing petro-
genetic models inferred from prior isotopic work. It
further examines the tectonic interface role of the
KMSZ as an “accretionary window,” a key zone where
compositional variations may record the transition
from subduction-related to collision-related magma-
tism. This study uses an integrated petrographic-
geochemical approach to understand the evolution of
the charnockites across this terrane.
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The present study focuses on the geochemical
characterization of charnockites from three spatially
and tectonically distinct domains: (1) the Western
Dharwar Craton, (2) the Kasargod—Mercara Shear
Zone, and (3) the Coorg Block. By analyzing major
element compositions, we aim to assess the petroge-
netic pathways of charnockite formation, evaluate the
tectonic regimes under which these rocks evolved and
provide insights into the crustal architecture and evo-
lution of the southern Indian shield during the late
Archean and early Proterozoic. The results obtained
in this study compared with the existing data for a
better understanding of the tectonic evolution of both
the crustal blocks.

2. Regional geology

2.1. Western Dharwar Craton

The Dharwar craton is one of the best-studied
terrains of Peninsular India, and is renowned for
its greenstone/schist belts, grey gneisses, charnock-
ites and younger granites. The craton is divided
into two tectonic blocks after Swami Nath et al.
(1976), viz., the Western Block and the Eastern
Block, renamed respectively as the Western Dhar-
war Craton (WDC) and Eastern Dharwar Craton
(EDC) by Rogers (1986). The shear zone delineat-
ing the eastern boundary of the Chitradurga green-
stone belt is recognised as the interface between the
WDC and EDC (Chardon et al., 2008) (Fig. 1). How-
ever, in the southern and northernmost parts of the
craton, this boundary is not clearly defined. The
migmatitic tonalitic gneisses that make up the WDC
are older than 3.0 Ga and are referred to as Penin-
sular gneisses (Beckinsale et al., 1980; Taylor et al.,
1984; Dhoundial et al., 1987; Peucat et al., 1989,
1993; Friend and Nutman, 1991; Meen et al., 1992;
Nutman et al., 1996; Chardon et al., 2011; Sarma
et al., 2011). Two distinct categories of greenstone
belts are recognized within the WDC (Ramakrishnan
et al., 1976; Swami Nath et al., 1976; Swami Nath
and Ramakrishnan, 1981). The Sargur Group, dated
around 3.3 Ga (Peucat et al., 1995; Jayananda et al.,
2008) and the Dharwar Supergroup that encompasses
Bababudan—Western Ghats—Shimoga belt dated 3.0—
2.9 Ga (Peucat et al., 1995; Trendall et al., 1997,
Rekha et al., 2013) along with the Chitradurga—
Gadag belt dated 2.6-2.55 Ga (Jayananda et al.,
2013a,b).
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Fig. 1. Generalized geological map of the study area (after Praharaj and Rekha, 2022) shows the Southern Granulite Terrane
with distinct crustal domains and the shear zones separating them. Black box shows the study area. SZ — Shear Zone; KKPT —
Karur-Kambam—Painavu—Trichur. Inset map shows the enlarged region along the southern part of India.

98

© CEHESH TRUST OF INDIA



Journal of Geointerface, Vol. 5, No. 1, July 2026, pp. 96-114

75|°00'

75°15'

75°30°

75°45'

o9\ ‘N
.VKG 84 *‘Sulya% \ \

\
Eanyan%‘estérn Dhaxw’ar

b -
s K¢ “%
45 Yo Taﬁka ri g
Wildlife Sanyary

- N
wn
o
oy =
~
-

*\quhmagt

stdhfe Sa*\
2 oWY-39 1

U %va
:Aali She
ar Z'
Talipparamba~ ;\

| 71’;& w-ﬂ Y| \

Nipet
\\\\\\\:\ \ﬁﬁ\

MDM\ \\\\\ ]

(0 20km
l_i. | . . !\l axxavoorf ' . \ »

LEGEND

[ Anorthosite [ Granite Metaultramafite
Beach sand - Granophyre - Pyroxene granulite

[P Charnockite Hornblende-biotite gneiss Quartzite

[P Diorite Hornblende-diopside granulite [l Quartz-mica schis

[ Ferruginous quartzite [ Hornblende schist/Amphibolite  [Jij Syenite

I Gabbro P Kyanite- mica gneiss @ Sample Locations

[ Garnet-sillimanite schist [l Kyanite- sillimanite schist

e-ISSN: 2583-6900

Fig. 2. Enlarged view of the study area marked in Fig. 1. Locations of samples selected for the geochemical analyses shown by
filled circles (red colour). Filled stars (red colour) are the important key localities within study area.

Although the WDC is largely characterized by
greenschist to amphibolite-facies metamorphism, lo-
calized occurrences of charnockitic rocks have been
reported (Raith et al., 1989; Naha et al., 1993; Bhat-
tacharya and Sen, 2000; Bhattacharya and Chaud-
hary, 2013) (Fig. 2). Based on structural data, Naha
et al. (1993) concluded that the charnockites of the
Dharwar craton have evolved in at least two distinct
phases that are separated both in time and in pro-
cess. The charnockites in the WDC occur both as
patchy intrusions and as transformation zones within
gneissic host rocks. These occurrences are frequently
spatially associated with ductile shear zones (e.g.,
near Kabbaldurga), fold noses, and other structural
discontinuities, suggesting that structural controls
played a key role in channelizing metamorphic fluids
(Stahle et al., 1987). Fluid inclusion studies and field
relationships indicate that the transformation from
amphibolite- to granulite-facies assemblages was trig-
gered by COg-rich fluids, likely derived from deeper
granulitic crust (Raith et al., 1989; Santosh et al.,
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2004). Additionally, the presence of mafic gran-
ulite enclaves in the same area indicates an earlier
granulite-facies event, predating the patchy charnock-
itization observed in the region (Bhattacharya and
Sen, 2000). However, Kabbaldurga favors an in
situ transformation mechanism driven by COs-fluid
ingress (Ravindra Kumar and Venkatesh Raghavan,
1992, Srikantappa et al., 1992, Santosh and Tsuno-
gae, 2003).

2.2. Coorg Block

The CB located at the northwestern margin of
the SGT (Fig. 1) is considered as one of the old-
est crustal blocks in the SGT (Santosh et al., 2015,
2016). The CB is a granulite-facies terrane composed
predominantly of charnockites, pyroxene granulites,
and migmatitic gneisses that are found in large-scale
massifs (Asha Manjari and Malur, 1997) (Figs. 1, 2).
Interspersed mafic granulite enclaves represent relict
lower crustal fragments. CB also hosts anorthosites,
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gabbros, and diorites, likely of mantle origin (San-
tosh et al., 2015). Local metasedimentary units and
sheared gneisses present along the bounding shear
zones suggest episodes of supracrustal accretion and
tectonic reworking.

CB charnockites are tonalitic to granitic in com-
position and were formed under high-temperature,
COs-rich conditions, indicative of deep crustal meta-
morphism (Santosh et al., 2004). Previous studies
suggest CB charnockites are related to arc magmatic
processes, comprising a suite of felsic volcanic tuffs
and granitoid associated with tonalite-trondhjemite-
granodiorite (TTG) gneisses (Santosh et al., 2004;
Yang et al., 2023). The study proposes contem-
poraneous mafic and felsic magmatism, marked by
magma mingling and mixing, indicative of an arc
tectonic setting. This interpretation is further sup-
ported by major, trace, and rare earth element (REE)
geochemistry, which reveals subduction-related sig-
natures in the representative rock types of the CB,
implying magma generation in a convergent mar-
gin environment (Santosh et al., 2014; Yang et al.,
2023). The CB charnockites are probably the ves-
tiges of Mesoarchean arc magmatism and crust build-
ing. Available geochronological data suggest a maxi-
mum age of 3.1 Ga for the CB with a granulite facies
metamorphism at around 2.9 Ga, which followed the
magmatic emplacement (Santosh et al., 2015; Yang
et al., 2023).

2.3. Kasargod—Mercara Shear Zone

The Kasargod—Mercara Shear Zone (KMSZ) is a
curvilinear transpressional shear zone sandwiched be-
tween the WDC on its north and CB on its south
(Sunil et al., 2010; Chetty et al., 2012; Rekha et al.,
2014; Anoop et al., 2022; Yu et al., 2022) (Figs. 1,
2). KMSZ wraps around the CB along its north-
ern border and is over 20-30 km wide and 100
km long dextral shear zone (Chetty et al., 2012;
Rekha et al., 2014). Charnockites, TTG gneisses,
metagabbros, mafic granulites, kyanite-sillimanite
bearing metapelites (khondalites), staurolite-kyanite-
garnet-sillimanite bearing pelites, banded magnetite
quartzites, pyroxene granulites, and quartz mica
schists are some of the main rock types found in
the shear zone. There are also younger granitic and
syenitic intrusives (Santosh et al., 2014, Amaldev
et al., 2016). The structural studies by Rekha et al.
(2014) described the KMSZ as a sub vertical dex-
tral transpressional shear zone of 2.3-2.4 Ga age.
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Whereas igneous zircons in the magmatic suite sug-
gest prominent convergent margin magmatism dur-
ing 3.1 to 3.2 Ga (Amaldev et al., 2016). De-
tailed geochemical characterization of KMSZ is lack-
ing. The available geochemical data from the mag-
matic suite indicates a subduction-related arc mag-
matic origin, while the associated metasedimentary
rocks are interpreted as volcano-sedimentary trench
deposits, likely formed in an active continental mar-
gin setting (Amaldev et al., 2016).

3. Petrography

The charnockites used here in sensu lato sense
(after Streckeisen, 1974; Frost and Frost, 2008),
to denote orthopyroxene-bearing granitoids ranging
from tonalitic (enderbitic) to granitic (charnockitic)
compositions.  All the charnockites studied here
from the WDC, CB and KMSZ are composed
of orthopyroxene+clinopyroxene—plagioclase—quartz—
K-feldspar. They are mostly coarse to medium-
grained non-garnetiferrous charnockites.

In the southern WDC, they occur as small
bands elongated in a NNW-SSE direction (Fig. 2).
They are mostly medium-grained, equigranular non-
garnetiferous charnockites with well-developed folia-
tion (Fig. 3a, b). These equigranular rocks are mainly
composed of orthopyroxene + clinopyroxene + pla-
gioclase + quartz + K-feldspar £ biotite 4+ horn-
blende (Fig. 4a—c). The mafic rich variety contains
a lot of hornblende and biotite that defines the fo-
liation (Fig. 4b) where orthopyroxene is replaced by
hornblende at places (Fig. 4b). Biotite occurs as indi-
vidual grains as well as alteration product (Fig. 4c).
Triple junctions sharing straight phase boundaries
among different minerals attest to high-T annealing
by grain-boundary area reduction (Fig. 4a). Quartz
commonly shows undulose extinction (Fig. 4a, c).

The charnockite from the CB are coarse grained
and massive in nature (Fig. 3¢, d). They are com-
posed of orthopyroxene + plagioclase + quartz + K-
feldspar + biotite 4+ hornblende (Fig. 4d-f). At places
the orthopyroxene retrogressed to biotite (Fig. 4e).
Locally the orthopyroxenes are replaced by amphi-
bole+quartz corona (Fig. 4f, g). Chessboard twin-
ning is a common feature in most of the quartz
grains (Fig. 4h). Triple junctions with straight phase
boundaries between different minerals indicate high-
temperature annealing driven by the reduction of
grain-boundary area (Fig. 4d, e).
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Mercara Shear Zone (e, ). (a, b) General appearance of the charnockites from the Western Dharwar Craton; photo taken looking
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Fig. 4. Representative petrological images from the Western Dharwar Craton (a—c), Coorg Block (d—g), and Kasargod—Mercara
Shear Zone (h—i). (a) Orthopyroxene-clinopyroxene-plagioclase associations typical of granulite-facies assemblages. (b) Orthopy-
roxene partially replaced by amphibole. (c¢) Orthopyroxene associated with quartz and K-feldspar, with localized replacement
by biotite. (d) Charnockite showing orthopyroxene replaced by biotite; the red box highlights the retrogression, enlarged in the
inset. (e) Coronitic and symplectitic intergrowths of orthopyroxene + amphibole + quartz, suggesting hydration reactions and
partial breakdown of orthopyroxene. (f) Enlarged plane-polarized view of symplectitic and corona textures. (g) Coarse-grained
quartz—K-feldspar—plagioclase intergrowth. (h, i) Samples from the Kasargod—Mercara Shear Zone characterized by granoblastic
textures with plagioclase—quartz—K-feldspar—orthopyroxene assemblages. (h) Orthopyroxene retrogressed to biotite. (i) Orthopy-
roxene replaced by amphibole. Mineral abbreviations are after Kretz (1983).

The charnockite located along the KMSZ are 4. Geochemistry
small to medium-grained and are elongated parallel
to the shear zone (Fig. 3e, f). They are composed
of orthopyroxene > clinopyroxene + plagioclase +
quartz + K-feldspar (Fig. 4h, i). The grain size is
smaller as compared to WDC and CB charnockites.
Locally the orthopyroxenes are replaced by biotite
(Fig. 4h) and hornblende (Fig. 4i). Dynamic recrys-
tallization textures like bulge nucleation due to grain
boundary migration recrystallization produced ser-
rated grain boundaries between the minerals (Fig. 4h,
i). Quartz shows undulose extinction (Fig. 4h, i).
Subgrains are commonly observed (Fig. 4h).

Total 17 samples (sample locations in Fig. 2) were
selected for geochemical analysis. Out of these, six
were from the WDC (MD-61, MD-63, MD-65, MD-
67, MD-71 and MD-73), five were from the KMSZ
(MD-7, MD-53, KG-39, KG-84 and KG-89) and six
were from the CB (MD-86A, KG-46, KG-74A, KG-
81B, WY-32A and WY-39). Each sample (weighing
around 4 kg) was cleaned, crushed, and powdered to
200 mesh in a vibrating cup-mill at the Department of
Earth and Atmospheric Sciences, National Institute
of Technology Rourkela, India. The powdered sam-
ples were then dried in an oven at 110 °C overnight to
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remove any adsorbed moisture (HoO™). After that,
the weight loss on ignition (LOI) was determined by
heating the powders at 950 °C in platinum crucibles.
For preparing pressed pellets 7 g of the dry sam-
ple powders were mixed with 1 g of methyl cellulose
binder using an Insmart XRF 40 hydraulic press with
a maximum load of 20 tonnes. The major elements
analyses were performed on a Rigaku ZSX Primus IV
sequential wavelength dispersive X-Ray Fluorescence
(XRF) spectrometer (4 kW) at the Department of
Earth Sciences, Indian Institute of Technology Bom-
bay, India. For calibrating the instrument, standards
from the U. S. Geological Survey (BCR-2, BHVO-2
and W-2a) and the Geological Survey of Japan (JB-
1b, JGb-2) were used. Two reference standards, i.e.,
QLO and DGH were used during the analysis. The
analytical uncertainties are within +2% for major el-
ements. The major element chemical compositions
and LOI values are presented in Table 1. Compara-
tive geochemical data are provided in Table 2. The
relevant geochemical plots are in Figs. 5-8.

4.1. Geochemical variations: Western Dharwar Cra-
ton

The charnockites of the WDC show silica (SiO3)
content ranging from 66.70 to 70.81 wt.%. The con-
centration of mafic oxides varies across the samples,
with FeO content between 2.71 and 8.05 wt.%, MgO
ranging from 0.58 to 2.19 wt.%, CaO from 2.85 to
3.59 wt.%, and TiOy between 0.24 and 0.95 wt.%
(Table 1). Geochemical trends observed in the ma-
jor oxides display a consistent negative correlation
with increasing SiOo for MgO, FeO, CaO, TiO2 and
P20, (Fig. 5b, ¢, f, g, h). In contrast, oxides such as
AlbO , K50, and NasO show more scattered distri-
butions relative to SiO2 (Fig. ba, d, e) (Frost et al.,
2001).

In the TAS diagram by Middlemost (1994), all
the charnockites from the WDC fall in the dior-
ite to granodiorite composition field (Fig. 6a, b).
Whereas in the normative feldspar differentiation
diagram of O‘Connor (1965), the charnockites ex-
tend into tonalite, trondhjemite and granodiorites
fields (Fig. 6¢). Classification based on the Fe*
(FeOtotal /FeOtota1 +MgO) index (Frost et al., 2001)
places all the WDC charnockite samples within the
ferroan field (Fig. 6d). The modified alkali-lime in-
dex (MALI) plotted as SiO2 vs. NasO + KoO—-CaO
(Frost et al., 2001), demonstrates a slight increase
with rising silica content (Fig. 6e). Based on MALI

© CEHESH TRUST OF INDIA

e-ISSN: 2583-6900

values, the majority of WDC charnockites fall within
the calcic to calc-alkalic fields, with most samples fol-
lowing a calcic trend (Fig. 6e). The K2O/NagO ra-
tio in the WDC charnockites averages approximately
0.37. The aluminum saturation index (ASI), as de-
fined by Shand (1943), indicates that most charnock-
ite samples are metaluminous, with only one sample
falling into the peraluminous field (Fig. 6f).

4.2. Geochemical variations: Coorg Block

The charnockites of the CB exhibit a range of
silica (SiO2) contents, varying from 68.70 to 75.61
wt.%. The mafic oxides in these rocks are present in
relatively low to moderate amounts, with FeO rang-
ing between 1.87 and 3.91 wt.%, MgO between 0.26
and 0.77 wt.%, CaO from 2.99 to 4.83 wt.%, and
TiO2 varying from 0.12 to 1.08 wt.% (Table 1). Geo-
chemical variation diagrams for major oxides demon-
strate a coherent negative correlation between SiOq
and Al,O | FeO, CaO, TiOg, and P2O (Fig. 5a, c, f,
g, h). In contrast, NagO and K5O show considerable
scatter when plotted against silica (Fig. 5d, e). Inter-
estingly, MgO displays minimal variation across the
samples.

The TAS diagram (Middlemost, 1994) shows that
all the charnockites from the CB fall in the granodior-
ite to granitic composition field (Fig. 6a, b). Whereas
in the normative feldspar differentiation diagram of
O‘Connor (1965), the charnockites straddle between
tonalite to trondhjemite fields (Fig. 6¢). Based on
the Fe* index classification (Frost et al., 2001), three
of the CB charnockite samples fall within the fer-
roan field, and samples with higher silica content
plot near the magnesian-ferroan boundary (Fig. 6d).
The Modified Alkali-Lime Index (MALI) (Frost et al.,
2001), plotted against silica content, exhibits notable
scatter in the CB charnockites, (Fig. 6e). Despite
this scattering, all samples fall within the calcic field
(Fig. 6e). The average K2O/NagO ratio for the CB
charnockites is approximately 0.14 (Tables 1, 2). The
Aluminium Saturation Index (ASI; Shand, 1943) in-
dicates that the CB charnockites are predominantly
metaluminous (Fig. 6f).

4.3. Geochemical

Shear Zone

The charnockites of the KMSZ exhibit silica
(SiO2) content ranging from 69.68 to 74.16 wt.%.
The concentrations of mafic oxides show moderate

variations: Kasargod—Mercara
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Table 1. Major element compositions of charnockites from the Western Dharwar Craton (WDC), Kasargod Mercara Shear Zone
(KMSZ) and Coorg Block (CB).
Western Dharwar Craton

Oxides (Wt.%)
SiO-

TiO2

Al>O3
F6203

MnO

MgO

CaO

Na20

K20

P205

LOI

Total
K,0/Na20
Coorg Block
Oxides (Wt.%)
SiO-

TiO2

Al>O3
F6203

MnO

MgO

CaO

NazO

K20

P05

LOI

Total
K20/Na20

Kasargod—Mercara Shear Zone

Oxides (Wt.%)
SiO,

TiO-
Al2O3

Fez 03
MnO

MgO

CaO

Na20

K20

P20Os

LOI

Total
KgO/Nazo

MD-61 MD-63
69.52 70.73
0.73 0.24
13.91 15.5
4.84 2.44
0.06 0.05
1.45 0.58
3.22 2.85
4.94 5.96
1.26 1.54
0.15 0.12
1.18 1.5
101.26 101.5
0.26 0.26
MD-86A KG-46
68.7 70.2
1.08 0.41
15.07 14.82
3.52 3.4
0.22 0.03
0.26 0.63
4.83 2.99
4.37 5.58
0.62 0.68
0.32 0.19
1.25 0.68
100.25 99.61
0.14 0.12
WY-39 MD-7
74.80 74.16
0.12 0.26
12.63 14.05
1.68 4.92
0.01 0.05
0.62 1.65
3.06 0.70
5.28 1.58
0.52 0.85
0.08 0.03
0.48 0.82
99.28 99.08
0.10 0.54

MD-65
66.7
0.89
13.88
5.92
0.06
2.19
3.47
4.16
1.75
0.21
1.01
100.24
0.42

KG-74A
71.66
0.26
16.15
1.87
0.03
0.66
4.55
5.02
0.39
0.1
1.09
101.78
0.08

MD-53
69.68
1.50
14.34
4.29
0.18
2.54
3.36
2.79
0.14
0.19
0.24
99.24
0.05

MD-67
70.81
0.95
13.75
4.27
0.05
1.11
2.85
4.15
1.78
0.13
0.97
100.82
0.43

KG-81B
69.27
0.23
16.3
2.52
0.03
0.77
3.67
5.15
0.65
0.08
0.93
99.6
0.13

KG-39
70.41
0.75
14.71
3.78
0.04
1.70
3.03
4.75
0.53
0.14
0.94
100.77
0.11

MD-71
71.1
0.55
13.44
4.6
0.06
1.27
3.36
4.28
1.31
0.12
0.77
100.86
0.31

WY-32A
75.61
0.17
11.14
1.95
0.02
0.6
3.38
4.75
1.18
0.08
0.82
99.7
0.25

KG-84
69.90
1.42
14.02
4.15
0.10
2.90
2.23
4.60
0.77
0.50
0.69
101.29
0.17

MD-73
68.31
0.92
14.32
7.25
0.07
1.11
3.59
3.92
2.18
0.3
1.25
103.22
0.56

KG-89
71.38
0.28
15.62
1.78
0.03
1.60
2.77
6.26
1.15
0.04
0.53
101.43
0.18

Table 2. Comparison of geochemical data between charnockites from the Western Dharwar Craton (WDC), Coorg Block (CB)
and Kasargod—Mercara Shear Zone (KMSZ).

Geochemical Classes

Si0z (wt %)
K20/Na20
ASIT
Fe#

Naz;0+K20-CaO

Naz 0—|—K2 O—f—MgO—f—FeO—f—TlOz
(NazO+K30)/(FeO+MgO+TiO3)

A12 03 —|—Fe0—|—MgO+T102
Al;03/(FeO+MgO+TiOz)

variability, with FeO ranging from 1.97 to 5.47 wt.%,
MgO between 1.60 and 2.90 wt.%, CaO from 0.70

104

WDC

Range Average
66.70-71.10  69.53
0.26-0.56 0.37
0.02-0.08 0.05
0.75-0.88 0.81
2.22-4.66 2.98
11.03-16.19 13.63
2.79-3.98 3.32
19.03-24.40 21.56
1.42-4.39 2.18

CB

Range
68.70-75.61
0.08-0.25
0.01-0.08
0.75-0.94
0.17-3.28
8.40-11.09
2.62-3.84
14.08-20.32
2.87-5.39

Average
71.71
0.14

0.03

0.81

1.95

9.44

3.21
18.09
4.04

KMSZ
Range Average
69.68-74.16 71.11
0.05-0.54 0.21
0.02-0.17 0.09
0.55-0.77 0.66
0.43-4.64 2.26
9.80-14.31 11.80
2.35-5.62 4.37
19.46-23.14  21.67
1.57-4.06 2.28

to 3.36 wt.%, and TiOs between 0.26 and 1.50 wt.%
(Table 1). Geochemical trends observed in the KMSZ
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and Kasargod—Mercara Shear Zone.

charnockites reveal a coherent negative correlation
between SiOo and several major oxides, including
Al O3, MgO, FeO, CaO, TiOg, and PO (Fig. 5a—c,
f-h). In contrast, NaoO and KsO display scattered
distributions relative to SiO2 (Fig. 5d, e).

The TAS diagram (Middlemost, 1994) shows that
all charnockites from the KMSZ fall within the gra-
nodiorite composition field (Fig. 6a, b), whereas
in the normative feldspar differentiation diagram
(O‘Connor, 1965), the charnockites straddle the
tonalite-trondhjemite fields (Fig. 6¢). Tectonic dis-

© CEHESH TRUST OF INDIA

crimination diagrams using the Fe* index (Frost
et al., 2001) indicate that all charnockite samples
from the KMSZ fall within the magnesian field
(Fig. 6d). The Modified Alkali-Lime Index (MALI)
(Frost et al., 2001) shows a clear increase with rising
silica content in the KMSZ charnockites (Fig. Ge).
Based on this index, the samples are classified as cal-
cic in composition (Fig. 6e). The average K20 /NayO
ratio in the KMSZ charnockites is approximately
0.21 (Tables. 1, 2). The Aluminium Saturation
Index (ASI; Shand, 1943) shows that most of the
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charnockite samples fall within the peraluminous-
metaluminous field (Fig. 6f).

Major element systematics serve as first-order
proxies for magmatic lineages, yet their interpreta-
tion in granulite-facies terranes can be influenced by
metamorphic re-equilibration. Although trace ele-
ment and isotopic datasets are more discriminative,
this study aims to establish compositional trends that
complement prior trace-element studies (e.g., Santosh
et al., 2015).

5. Discussion

The petrographic studies of charnockites from the
southern WDC, KMSZ and CB indicates high-T de-
formation from the granoblastic textures, dynamic
recrystallization of minerals, formation of triple junc-
tions etc. (Fig. 4a, d, g, h). Textural relationships,
such as polygonal granoblastic matrices and annealed
quartz-feldspar intergrowths, suggest equilibration
under granulite-facies conditions, comparable to P-
T estimates from Yang et al. (2023) for the CB. The
Southern WDC charnockites are foliated mafic rocks
showing evidence of both high-temperature anneal-
ing and hydration retrogression, particularly in their
mafic-rich variants. The development of hornblende
and biotite, along with quartz deformation textures,
suggests moderate ductile deformation under retro-
grade conditions (Fig. 4b, c¢). In contrast, the CB
charnockites are massive and coarse-grained, preserv-
ing a dominantly dry high-temperature mineral as-
semblage. Features such as chessboard twinning in
quartz and limited biotite retrogression point to high-
T strain and minor fluid interaction during cooling
and exhumation (Fig. 4e, ). The KMSZ charnockites
display the most intense deformation-related over-
print. Although originally high-temperature rocks,
they have been strongly modified by shear zone pro-
cesses, including dynamic recrystallization, quartz
subgrain development, and grain-boundary migration
textures (Fig. 4g, h). The absence of biotite and min-
imal hornblende replacement suggests restricted ret-
rogression despite extensive deformation.

5.1. Petrogenetic constraints and source characteris-
tics

The charnockites of the KMSZ and across the
shear zone exhibit a range of silica (SiO2) content
indicating their felsic to intermediate composition.
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Geochemical trends observed in the major oxides dis-
play a consistent negative correlation with increasing
SiO9 for MgO, FeO, CaO, TiO3, and P50 , indicating
progressive removal of mafic phases during magmatic
differentiation (Fig. 5b, ¢, f-h). In contrast, oxides
such as Al,Ogz, NaoO, and K5O show more scattered
distributions relative to SiO2, which may reflect vari-
able degrees of crustal interaction or heterogeneity in
the source composition, consistent with the observa-
tions of Frost et al. (2001) (Fig. 5a, d, e). Interest-
ingly, in CB MgO displays minimal variation across
the samples, indicating limited mafic mineral frac-
tionation or a homogeneous mafic source. Classifica-
tion based on the Fe* index (Frost et al., 2001) places
all WDC charnockite samples within the ferroan field
(Fig. 6d), whereas all the samples from the KMSZ
fall within the magnesian field (Fig. 6d). The WDC
charnockites may have formed from iron-rich melt
consistent with evolved magmatic conditions that
may involve significant crustal contribution (Frost
and Frost, 2008; Rajesh and Santosh, 2012). The
KMSZ charnockites may reflect mantle-influenced
magmatism subsequently modified by deformation
and fluid-assisted processes within the shear zone.
The CB charnockites show ferroan to magnesian sig-
natures indicating a heterogeneous source region or
magma mixing between crustal and mantle-derived
components (Frost et al., 2001). The modified alkali-
lime index demonstrates a slight increase with rising
silica content, reflecting progressive alkali enrichment
in all the studied charnockites (Frost et al., 2001)
(Fig. 6e). Based on MALI values, all the charnock-
ites fall within the calcic fields suggesting a mag-
matic affinity with a dominant calcium-rich signa-
ture. Such calcic affinity is commonly observed in
arc-related magmatic suites but does not uniquely
constrain mantle versus crustal sources (Pearce et al.,
1984). Furthermore, these features are broadly con-
sistent with magmatism in active continental margin
settings, where magmas are commonly generated in
subduction-influenced regimes (Pitcher, 1987). The
alumina saturation index (ASI), as defined by Shand
(1943), indicates that most charnockite samples from
the WDC and CB are metaluminous, while the KMSZ
charnockites are mostly peraluminous to metalumi-
nous (Fig. 6f). The metaluminous compositions are
consistent with derivation from igneous protoliths or
mantle-influenced lower crustal sources with limited
crustal contamination in WDC and CB. In contrast,
peraluminous to metaluminous compositions in the
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KMSZ charnockites may indicate involvement of con-
tinental crustal material, possibly through partial
melting, magma mixing, or advanced fractionation
processes. The peraluminous nature also may reflect
fluid-rock interaction and metamorphic modification
along shear zones, highlighting the tectonic influence
on magma evolution and emplacement processes in
the KMSZ.

The geochemical characteristics of charnockites
from the WDC, KMSZ, and CB reflect varied pet-
rogenetic histories across the southern Indian gran-
ulite terrane. Most of the studies on charnockites
from the WDC is on Kabbaldurga region where the
charnockite occur as patches and veins (Janardhan
et al., 1979; Katz, 1989; Bhattacharya and Sen, 2000).
The studies from small individual charnockite bod-
ies within the WDC are missing. Most of the ex-
isting studies suggest that the transformation from
amphibolite- to granulite-facies assemblages was trig-
gered by COas-rich fluids, likely derived from deeper
granulitic crust (Stdhle et al., 1987; Santosh et al.,
2004; Ravindra Kumar and Venkatesh Raghavan,
1992, Srikantappa et al., 1992, Santosh and Tsuno-
gae, 2003). Using the geochemical data from the Kab-
baldurga region Bhattacharya and Chaudhary (2013)
argued that the patchy charnockites are not formed
by the in-situ transformation from amphibolite facies
gneisses. According to them, the charnockitic leu-
cosomes at mafic granulite margins and charnockitic
veins within mafic granulite enclaves are the result of
dehydration partial melting in mafic rocks. From the
present study the major element oxide trends with re-
spect to SiO5 in the WDC charnockites indicates frac-
tionation of mafic minerals during magma differenti-
ation and later crustal contamination consistent with
earlier studies on the Closepet granite and Peninsu-
lar Gneiss Complex (Taylor et al., 1984; Moyen et al.,
2003). Similar to the charnockites studied here the
pegmatitic charnockites from Kabbalaldurga corre-
spond to tonalite, trondhjemite and granite composi-
tion whereas non-pegmatitic charnockite from Kab-
baldurga and Kodamballi, fall in the field of tonalite
(Bhattacharya and Sen, 2000). The present study
suggests that the WDC charnockites were derived
from relatively iron-rich melts, possibly associated
with post-orogenic settings involving crustal input.
Geochemical characteristics further indicate contri-
butions from mantle-influenced and/or lower crustal
sources, consistent with derivation from igneous pro-
toliths.
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The charnockites from the CB show tonalitic-
trondhjemitic affinity and can be classified as in-
termediate type (Rajesh and Santosh, 2004; Tom-
son et al., 2006; Rajesh, 2007). They have distinct
geochemical signatures such as low KoO/NayO ratio,
predominantly magnesian, metaluminous, and hav-
ing calcic affinity similar to that of fractionated I-
type granites (Rajesh, 2007). Previous studies on
charnockites from the CB suggest that they are sili-
cic to intermediate charnockites showing arc-related
signature and magma generation within a convergent
margin setting (Yang et al., 2023). The geochemical
features from the existing literature suggests an initial
partial melting of hydrous basaltic magma and later
fractionation (Rajesh, 2007; Yang et al., 2023). From
the present study, the minimal variation in MgO,
combined with transitional ferroan-magnesian and
metaluminous signatures, suggests that the source
magma was likely derived from a mantle or mafic
lower crustal origin, with limited fractional crystal-
lization and minimal crustal contamination. These
features are characteristic of magmas with an I-type
affinity, and are broadly consistent with subduction-
related magmatic signatures or possibly late- to post-
collisional settings, which is consistent with the pre-
vious observations.

The limited studies from the KMSZ by Amaldev
et al. (2016) suggest that the metaluminous na-
ture, lower KoO/NagO ratios, and similarity to high
Ba—Sr granitoids provide evidence for the magmatic
parentage for the charnockites. In contrast, in the
present study, the charnockites with magnesian and
calcic signatures are consistent with derivation from
mantle-influenced or mafic lower crustal sources, typ-
ical of I-type magmas formed in subduction-related
settings. However, the metaluminous to peralumi-
nous characteristics imply magma mixing or source
hybridization, potentially influenced by shear zone-
controlled melt migration and crust-mantle interac-
tion during magmatic emplacement. The KMSZ
charnockites also show negative trends for major
mafic oxides but exhibit greater variability in al-
kali elements, possibly due to metasomatic modi-
fication or partial melting of diverse crustal pro-
toliths (Jayananda et al., 2006). Petrographic evi-
dence, including myrmekitic textures, alignment of
feldspars, and recrystallized quartz ribbons, suggests
that melt migration was locally guided by ductile
shearing along the KMSZ. Thus, the KMSZ likely
acted as a rheologically weak channel that facili-
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tated melt migration and was subsequently reacti-
vated during late-stage transpressional deformation.
Petrographic evidence such as chessboard twinning,
quartz subgrain formation, and dynamic recrystal-
lization in KMSZ charnockites indicates deformation
under granulite-facies conditions. These features sug-
gest syn- to post-emplacement ductile deformation
consistent with dextral transpression along the KMSZ
(Rekha et al., 2014). In contrast, annealing textures
in the WDC and CB charnockites reflect static re-
crystallization during cooling and metamorphic over-
printing. Overall, deformation and magma emplace-
ment are closely linked, with shear zone dynamics
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controlling both melt migration and subsequent de-
formation history.

The plot based on Laurent et al. (2014), is used to
infer source characteristics of charnockites based on
major element ratios (Fig. 7a). The WDC charnock-
ites plot within the high-K mafic rocks field, suggest-
ing derivation from mafic lower crustal or mantle-
influenced sources with high-K characteristics, consis-
tent with, metaluminous, tholeiitic signatures of the
WDC (Fig. 7b). The CB and KMSZ charnockites fall
in the low-K mafic rock field. The CB charnockites
with a metaluminous, tholeiitic signatures and low-K
mafic signatures suggest derivation from a depleted
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mafic lower crust or mantle-influenced source with
limited potassium enrichment. Such characteristics
are typical of high-grade granulitic protoliths formed
under dry, high-temperature conditions. Whereas
the KMSZ charnockites with peraluminous to met-
aluminous, calc-alkaline magma signature are consis-
tent with high-temperature protoliths that may have
formed in subduction-related or post-collisional en-
vironments, involving partial melting of mafic pro-
toliths. In the K-Na—Ca ternary diagram (Fig. 7c)
a predominant Archaean TTG affinity is noticed,
where the CB and KMSZ samples following the
sodic TTG evolution trend of Luais and Hawkesworth
(1994) and the WDC charnockites are following
the trondhjemitic TTG trend of Barker and Arth
(1976). In the [(NagO+K20)/(FeOy+MgO-+TiO29)]
vs.  [NagO+Ky0+FeOtot+MgO+TiOz] diagrams
(Patino Douce, 1999), (Fig. 7d) most of the studied
charnockites fall in the amphibolite and metabasalt-
metatonalite field indicate the partial melting-
induced magmatic differentiation during their for-
mation. The peraluminous nature of the KMSZ
charnockites likely represents late-stage fluid-rock in-
teraction during deformation, rather than direct ev-
idence of shear-induced melting, preserving the tec-
tonic significance without overinterpretation.
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Published U-Pb zircon ages for WDC
charnockitic magmatism cluster around 2.56-2.60 Ga
(Jayananda et al., 2013a,b), whereas CB granitoids
crystallized between 2.90-3.10 Ga (Santosh et al.,
2015; Basak et al.,, 2023). The KMSZ records
younger reactivation at ca. 2.45 Ga (Rekha et al.,
2014). These temporal patterns indicate progressive

crustal accretion and subsequent transpressional
reworking along the WDC-KMSZ-CB boundary.

5.2. Tectonic settings

Major elements are broadly used as discrimination
tools to differentiate between various tectonic settings
of charnockites. According to major element geotec-
tonic dis-crimination diagrams (Fig. 8a, b) the com-
positions of the WDC, CB and KMSZ charnockites
are broadly compatible with post-orogenic or evolved
magmatic settings (Maniar and Piccoli, 1989). This
is supported by the major element geochemistry from
the three crustal domains. The WDC charnockites
with high-K mafic rock affinity, metaluminous, and
tholeiitic signatures, are consistent with evolved mag-
matic sources that may be related to post-collisional
tectonic conditions. The CB charnockites exhibit
metaluminous, tholeiitic geochemical signatures and
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with low-K mafic rock affinity are broadly consis-
tent with mantle-influenced magmas emplaced in
subduction-related settings, although this interpreta-
tion requires further support from trace element and
isotopic data. The KMSZ charnockites exhibit pera-
luminous to metaluminous compositions and display
calc-alkaline magmatic signatures suggest derivation
from mixed crustal-mantle sources, possibly associ-
ated with convergent margin processes and subse-
quent deformation within the shear zone. Similar to
the observations made in this study the recent stud-
ies on the geochemical characteristics of charnockite
from the CB and KMSZ also support a subduction re-
lated origin (Amaldev et al., 2016; Yang et al., 2023).
Basak et al. (2023) proposed that Coorg Block and
adjoining shear zones record crustal thickening and
partial melting under convergent settings, integrating
both subduction and collisional features. It is impor-
tant to note that tectonic interpretations based solely
on major element geochemistry provide only first-
order constraints. Integration with trace element and
isotopic datasets is required to robustly constrain the
geodynamic setting.

6. Conclusions

The petrographic and major element geochemical
data of charnockites from the WDC, CB, and KMSZ
reveal direct evidence for the distinct petrogenetic
histories and tectonic settings across the KMSZ. The
metamorphic imprints likely record overprinting as-
sociated with the late Neoarchean collisional phase,
coinciding with the regional high-temperature condi-
tions that affected the KMSZ and adjacent domains.
The WDC charnockites, with high-K, ferroan, meta-
luminous, and tholeiitic characteristics, likely formed
from evolved, crustally influenced melts consistent
with post-collisional or late-orogenic settings. In con-
trast, the CB charnockites display low-K, magnesian,
metaluminous compositions with calcic affinities and
are consistent with mantle-influenced magmas that
may have been emplaced in subduction-related arc
environments. The KMSZ charnockites, exhibiting
peraluminous to metaluminous, calc-alkaline compo-
sitions and strong deformation fabrics, suggest forma-
tion in a convergent margin setting, with subsequent
modification by deformation and crust-mantle inter-
action within the shear zone. Overall, these results
highlight the interplay of mantle input, crustal assim-
ilation, and tectonic regime in shaping the magmatic
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and metamorphic evolution of the southern part of
the WDC, CB and the shear zone between them dur-
ing the late Archean to early Proterozoic.
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