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Abstract

The aim of this study is to provide a comprehensive review of the past decade's published work on geochronological and geo-
chemical attributes of the granite-gneiss and granitoids present in the Central Indian Tectonic Zone (CITZ). This investigation
seeks to synthesize recent advancements in the field, providing a cohesive understanding of the geological process involved
during the genesis of the studied rocks. In this study, we collate the recent findings and propose that the I-type, H-type and
A-type granite-gneiss and granitoid plutons occurring in the CITZ are predominantly derived from the partial melting of
the lower continental crust (same source) and linked their emplacement with the dispersal of the Columbia supercontinent.
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Introduction

The Central Indian Tectonic Zone (CITZ) is a key tectonic
domain delineating the suture formed due to the amalgama-
tion of the North Indian Block (NIB; includes Bundelkhand
and Aravalli cratons) and the South Indian Block (SIB;
includes Dharwar, Singhbhum and Bastar cratons) during
the Proterozoic Eon (Acharyya 2003). The evolutionary his-
tory of the CITZ is very complex and still debated. Numer-
ous models have been put forth thus far to articulate the
evolution of the CITZ. Out of them four models of the evolu-
tion of the CITZ have been most popular: (i) Early Collision
Model: The CITZ is formed by the collision of the NIB and
SIB at around ~2.5 Ga and the Central Indian Suture (CIS)
marks the line of the collision. The tectonothermal event
occurred at around 1.6 Ga and 1.0 Ga (Stein et al. 2004).
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This model is poorly supported by robust geochronological
evidence because of the significant temporal gap between
the proposed collision and subsequent tectonothermal events
(1.6 and 1.0 Ga), making it difficult to establish a direct
genetic linkage and suggesting possible overprinting of
older events (Bhowmik 2019). (ii) Sequential Amalgama-
tion Model: The amalgamation of NIB and SIB took place
at around 2.2 Ga followed by the two tectonothermal events
viz. 1.5 Ga and 0.95 Ga (Mohanty 2023). This model lacks
consistent isotopic evidence across the entire CITZ and does
not explain complex structural reworking and continuous
deformation patterns (Chattopadhyay et al. 2020). (iii) Rod-
inia Assembly Model: The amalgamation of NIB and SIB is
associated with the accretion of the Rodinia supercontinent
and took place at around 1.03 Ga to 0.93 Ga (Bhattacha-
rya et al. 2023). This model neglects earlier accretionary
events (1.8—-1.6 Ga) and oversimplifies the evolution as a
single late-stage event (Parvez et al. 2024b). (iv) Multi-Stage
Evolution Model: Multi-stage evolution of the CITZ sug-
gests that around 1.8—-1.6 Ga CITZ marks an accretionary
orogeny (Bhowmik 2019; Chattopadhyay et al. 2020; Parvez
et al. 2024a, 2024b). Later, around 1.04-0.94 Ga CITZ
marked a continental collision and formed the present form
of Indian Landmass (Bhowmik 2019; Chattopadhyay et al.
2020; Bhowmik et al. 2012). The researchers widely accept
this model. However, many issues are still unresolved, and
face difficulty in unanimously accepting this model because
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distinguishing discrete events from overprinted metamorphic
signatures, leaving room for debate regarding the exact tim-
ing and tectonic nature of each phase.

The subduction polarity of the NIB and SIB is also very
perplexing. Yedekar et al., (1990) proposed that NIB sub-
ducted beneath the SIB. Later, this model was contradicted
by several authors and proposed that SIB subducted beneath
NIB (Parvez et al. 2024b, 2024a; Sharma et al. 2022; Roy
and Prasad 2003; Wani and Mondal 2016; Giri et al. 2021).
Based on seismic reflection profile, Mandal et al., (2013)
proposed two northward subductions. However, this model
was discarded due to a mismatch between geochemical
and geochronological data. Now, the northward subduc-
tion model i.e. SIB subducted beneath the NIB is widely
accepted (Parvez et al. 2024a, 2024b; Giri et al. 2021,
Sharma et al. 2022) (Fig. 1).

The CITZ hosts numerous small granite and granite-
gneiss plutons having ages from the late Paleoproterozoic
to the early Mesoproterozoic Era. In the northern region of
the CITZ, Dudhi granite gneiss (~ 1.75-1.71 Ga; (Shukla
et al. 2025), Sidhi granite gneiss (~ 1.72 Ga; Parvez et al.
2024b), Madanmahal granitoid (~ 1.8—1.7 Ga; Parvez et al.
2024b; Yadav et al. 2020), Jhirgadandi granitoid (~ 1.75;
Bora et al. 2013), Nerueadamer granitoid (~ 1.88 Ga; Bora
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Fig.1 Outline sketch map of India showing CITZ (Meert and Pan-
dit 2015). ChB Chhattisgarh Basin; CITZ Central Indian Tectonic
Zone; EGMB Eastern Ghat Mobile Belt; GBF Great Boundary Fault;
PCSZ Palghat-Cauvery Shear Zone; MR Mahanadi Rift; /B Indravati
Basin; SIB South Indian Block; NIB North Indian Block; PG Pranh-
ita—Godavari Basin; VB Vindhyan Basin; CuB Cuddapah Basin; AFB
Aravalli Fold Belt; DFB Delhi Fold Belt
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2015), Tumiya granitoid (~ 1.78 Ga; Bora 2015), Katoli
granitoid (~1.72 Ga; Bora and Kumar 2015), Raspahri
granitoid, Harnakachar granitoid (~ 1.72 Ga; Bora 2015) and
Sidhi granitoid (~ 1.8—1.6 Ga; Yadav et al. 2020) are exposed
whereas Tirodi gneisses (~ 1.7-1.5 Ga; Mishra et al. 2024,
Bhowmik et al. 2011) are exposed in the central part of the
CITZ. The geochemical characteristics, isotopic signatures,
and geochronological data of these granite and granite gneiss
served as good proxies for unravelling the complex petro-
genetic process and evolution of the CITZ. Several studies
have been conducted on these granite gneisses and grani-
toids in isolation. However, such a large number of plutons
were emplaced in a very short duration (~0.2 Ga), which
raises the question of whether they are derived from the
same source and emplaced in similar geodynamic settings
or underwent different processes. In this study, we have con-
sidered only recently published (past decade) high-quality
geochemical data and zircon U-Pb geochronology data.
Other dating techniques, such as Rb—Sr and Sm—-Nd ages,
have not been considered in this study due to a lack of con-
fidence in them in metamorphosed and deformed terranes.
In this study, we attempt to structure and collate the recent
findings to enhance our understanding of the CITZ evolution
and to understand the source of the gneisses and granitoids,
whether they are derived from the same source or different
sources (Fig. 2).

Central Indian Tectonic Zone (CITZ): a brief
introduction of key Proterozoic suture zone

The CITZ represents a prominent suture zone resulting
due to the convergence of the NIB, and the SIB, trend-
ing E-W to ENE-WSW (Radhakrishna and Naqvi 1986).
The CITZ experienced a protracted tectonothermal evo-
lution between ~2.2-0.9 Ga, approximately 1.3 Ga span,
marking the amalgamation and assembly of the Columbia
(~2.1-1.8 Ga) and Rodinia (~ 1.2-0.9 Ga) supercontinents
(Rogers and Santosh 2003; Bhowmik et al. 2024; Acharyya
and Roy 2000). The CITZ is bounded by the North Son-
Narmada Fault (NSNF) at the northern margin and the CIS
zone at the southern margin, approximately 200 km in width,
consisting of three supracrustal basins viz., Sausar, Betul,
and Mahakoshal basins from south to north, respectively.
The CITZ consists of various tectonic lineaments along
the E-W direction, such as the CIS, Gavilgarh-Tan Shear
Zone (GTSZ), South Son-Narmada Fault (SSNF) and NSNF
from south to north, respectively (Acharyya and Roy 2000;
Roy and Prasad 2003; Acharyya 2003). The Mahakoshal
Basin is bounded by the NSNF and SSNF and is situated
in the northernmost region of the CITZ. The Mahakoshal
Basin is the oldest Paleoproterozoic basin and masks the
early evolutionary history of the CITZ. The Betul Basin lies




Proceedings of the Indian National Science Academy (2026) 92:713-725

715

25°

Bundelkhand

Cnire, s

(o/7YNNIN
Bastar Craton " Sii.

Kb /ﬂf/

Il Dongargarh Group

[ Younger Cover
EBiawar Group Il Mahakoshal Group[— Gneisses and Granites

INDEX

Il cetul Group [ Granulite
[ sakoli Group [ Sonakhan Belt

[ ] Sausar Group
[ ] Unclassified supracrustals

Fig.2 Map showing different litho-tectonic components of the CITZ
(Acharyya and Roy 2000). CITZ Central Indian Tectonic Zone; MGB
Makrohar Granulite Belt; RKG Ramakona-Katangi Granulite Belt;
BBG Balaghat-Bhandara Granulite Belt; MG Madanmahal Granitoid;
SG Sidhi Granitoid; SGG Sidhi Granite Gneiss; JG Jhirgadandi Gran-
itoid; NG Nerueadamer Granitoid; 7G Tumiya Granitoid; HG Har-
nakachar Granitoid; KG Katoli Granitoid; RG Raspahari Granitoid;
DGG Dudhi Granite Gneiss; 7G Tirodi Gneiss. Age data sources—1:
Bhowmik et al. 2011; Mishra et al. 2024; 2: Parvez et al. 2024b;
Yadav et al. 2020; 3: Yadav et al. 2020; 4: Parvez et al. 2024b; 5:
Bora 2015; Bora et al. 2013; 6: Bora 2015; 7: Bora 2015; 8: Bora
2015; 9: Bora 2015; 10: Shukla et al. 2025

between the SSNF and GTSZ in the middle region of the
CITZ and evolved during the Mesoproterozoic Era. The Sau-
sar Basin lies between the GTSZ and CIS at the southern-
most margin of the CITZ is the youngest basin of the CITZ.
The CITZ encompasses three distinct granulite belts viz.
Balaghat-Bhandara granulite, Ramakona-Katangi granulite
and Makrohar granulite (Chakrabarty et al. 2022; Chatto-
padhyay et al. 2020). The Balaghat-Bhandara granulite belt
is aligned along the CIS, also marking the southernmost
boundary of the CITZ and the Ramakona-Katangi granulite
belt is exposed north of the Sausar Basin (Alam et al. 2017;
Chattopadhyay et al. 2020). The Makrohar granulite belt is
situated south of the Mahakoshal Basin and is sandwiched
between SSNF and GTSZ (Chakrabarty et al. 2022). Sev-
eral granite gneiss plutons are exposed in the CITZ region
such as Dudhi granite gneiss, Sidhi granite gneiss and
Tirodi gneiss and several small granitoids plutons are also
exposed in the CITZ which are named based on the locality
in which they are exposed such as Harnakachar granitoid,
Jhirgadandi granitoid, Tumiya granitoid, Katoli granitoid,
Sidhi granitoid, Nerueadamer granitoid, Raspahri granitoid
and Madanmabhal granitoid ( Bora et al. 2013; Parvez et al.
2024b; Yadav et al. 2020; Bora and Kumar 2015; Table 1).
The generalized characteristics of I-type and A-type granites
are given in Table 2.

Table 1 Summary of emplacement ages and their respective dating techniques of granite-gneiss and granitoids of the CITZ

S. No Litho-units Dating technique Method Age (Ga) References
Dudhi granite gneiss zircon U-Pb LA-ICP-MS ~1.75-1.71 Shukla et al. (2025)
Sidhi granite gneiss zircon U-Pb LA-ICP-MS ~1.72 Parvez et al. (2024b)
Tirodi gneiss zircon U-Pb ID-TIMS ~1.7-1.5 Mishra et al. (2024);
Bhowmik et al. (2011)
Rb-Sr isochron Whole rock isochron ages ~1.5 Sarkar et al. (1986)
Katoli granitoid zircon U-Pb SHRIMP ~1.72 Bora (2015)
Nerueadamer granitoid zircon U-Pb SHRIMP ~1.88 Bora (2015)
Tumiya granitoid zircon U-Pb SHRIMP ~1.78 Bora (2015)
Harnakachar granitoid zircon U-Pb SHRIMP ~1.72 Bora (2015)
Jhirgadandi granitoid zircon U-Pb SHRIMP ~1.75 Bora et al. (2013)
Rb-Sr isochron Whole rock isochron ages ~1.8 Sarkar et al. (1998)
Sidhi granitoid zircon U-Pb ID-TIMS ~1.8-1.66 Yadav et al. (2020)
Madanmahal granitoid zircon U-Pb LA-ICP-MS ~1.8-1.7 Parvez et al. (2024b;

Yadav et al. (2020)
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Table 2 Generalized characteristics of I-type and A-type granitoids

I-type granite

A-type granite

Protolith

Covariate trend

A/CNK

CIPW norms

Sio,

®7Sr/%8r)i

8'%0

K,0/Na,O

Cr, Ni

Fe3+ /Fez+

Large Ion Lithophile Elements (LILE)
High Field Strength Elements (HFSE)

Petrogenesis/ Geodynamic setting

Igneous

Linear to nearly linear
<1.1

Diopside or < 1% Corundum
53-76%

<0.705

< 9Z.

Low

Low

Moderate

High

Low

Melting of infra-crustal mafic to intermediate
rocks, subduction zone

Anhydrous lower crust

Linear to nearly linear

<1.0

Alkalimetasilicate or acmite

>74%

variable

variable

Na,O high

Low

Variable

Low

High

Melting of anhydrous lower crust,
mantle, fractionation of mafic

melt, anorogenic, stable craton,
rift zone, hotspot, Post-orogenic

rifting
Fig.3 Geological map show-
ing Jhirgadandi granitoid, 10 km
Katoli granitoid, Nerueadamer T N
granitoid, Tumiya granitoid,
Raspahri granitoid, Har-
nakachar granitoid, and Dudhi
granite gneiss exposed in the
eastern part of the CITZ near
Dudhi (Raju and Rastogi 2001) % Nerueadamar
granitoid
o Tumiya
P granitoid
Harnakachar
granitoid
Damuda Formation] Gondwana
Talchir Formation | Supergroup
Vindhyan Supergroup o
Granites ]Intruswe in
Dudhi granite gneiss|Mahakoshal Group
- |Parsoi Formation—> Mahakoshal Group
83730’

Field relationships of granite-gneiss
and granitoid plutons

Dudhi granite gneiss

The granite gneiss is exposed in the Dudhi region,
known as the Dudhi granite gneiss (Fig. 3). These rocks
are moderately deformed and show folded structures of
melanosomes and leucosomes. A fault is passing through
the Dudhi granite gneiss known as the Sidhi Fault (Nair
1995). Due to the shearing, the leucocratic melt is pro-
duced along the shear zone. However, distal from the fault,

@ Springer

it is coarse-grained porphyritic and contains K-feldspar
phenocryst and microgranular enclaves along a preferred
orientation. Intrusions of mafic dykes are also found in
the Dudhi granite gneiss, generally along the foliation
direction (NE-SW direction). The gradational contact is
observed between the Dudhi granite gneiss and Katoli
granitoid.

Sidhi granite gneiss
Sidhi granite gneiss is exposed in and around Sidhi town,

Madhya Pradesh (Fig. 4). They are intensely deformed and
show numerous micro quartz veins are intruded in them
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Fig.5 Representative field photograph showing exposure of the Sidhi
granite gneiss intruded by the micro-quartz veins trending NE-SW
direction near Sidhi

(Fig. 5). These quartz veins are aligned in the E-W direc-
tion. The leucosomes and melanosomes bands are distinctly
observed. Moreover, Sidhi granite gneiss bears identical
field observations with Dudhi granite gneiss, which might
be due to the Dudhi granite gneiss being the eastward exten-
sion of the Sidhi granite gneiss.

Tirodi gneiss

The Tirodi gneiss, sometimes referred to as Tirodi Biotite
Gneiss (TBG), is a biotite-bearing gneiss which is exposed
between the GTSZ and CIS (Fig. 2). Tirodi gneiss is inter-
calated with the amphibolite, meta-pelites, mafic granulites
and feldspathic mica schist. The meta-sedimentary rocks
and meta-igneous rocks are highly deformed and occur as
rafts and enclaves within the Tirodi gneiss. The stratigraphic
status of the Tirodi gneiss has been debated among geolo-
gists for the past several decades. Initially, Tirodi gneiss

82°

was considered the basement of the supracrustals rocks of
the Sausar Group (Narayanaswamy et al. 1963). However,
subsequent studies made contention and suggested that the
Tirodi gneiss are produced due to the anatexis of the base-
ment rocks of the Sausar Group or they are igneous rocks
which are intruded in the Sausar Group (Sarkar et al. 1986).
Recent studies suggest that Tirodi gneiss is the collage of
various litho-units including enclaves of mafic and ultra-
mafic rocks, foliated granites, and orthogneisses (Bhowmik
and Roy 2003; Mishra et al. 2024; Bhowmik and Pal 2000).

Katoli and Raspahari granitoids

Katoli granitoids are well exposed in and around Katoli
village near Dudhi (Fig. 3). They are coarse to medium
grained varying from leucocratic to mesocratic granitoids.
These granitoids show an intrusive relationship with the
mica schist and carbonates of the Mahakoshal Group. The
xenoliths of meta-volcanics and meta-sedimentary rocks
are embedded in the host granitoids. The meta-sedimentary
(mica schist) xenoliths retain their metamorphic fabric
(schistose fabric; Bora 2015). The Katoli granitoid shows
a gradational relationship from mesocratic to leucocratic
granitoids. Occasionally, mafic dykes and feldspathic veins
are intruded in the Katoli granitoids. The feldspathic veins
are disengaged along the direction of shearing, suggesting
that the syntectonic emplacement of feldspathic veins is due
to tectonic activity in the CITZ, which is aligned along the
E-W direction.

Raspahari granitoids are well exposed in the southeast
region from the Dudhi granite gneiss, adjacent to the Katoli
granitoid pluton (Fig. 3). This granitoid pluton is named
after the Raspahari area in which they are exposed. They
are similar to Katoli granitoid in appearance. Similar to
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Katoli granitoid, Raspahari granitoid are coarse to medium
grained mesocratic and contain enclaves of meta-argillites
of the Mahakoshal Group. The xenoliths of meta-argillites
are aligned parallel to the regional foliations.

Nerueadamer and Tumiya granitoids

The two small adjacent granitoid plutons exposed in the
eastern part of the CITZ are well-exposed and named after
the locality in which they are well-exposed (Fig. 3). How-
ever, both the granitoid plutons show similar field observa-
tions, such as identical textural and compositional features.
Both the granitoids are leucocratic to mesocratic and show
an intrusive relationship with the meta-argillites of the mid-
dle formation of the Mahakoshal Group (i.e. Parsoi Forma-
tion). The xenoliths of meta-argillites are aligned parallel,
indicating that the rocks have undergone post-depositional
deformation. The presence of xenoliths of the meta-argillites
also gives clues about their intrusive nature in the Mahako-
shal Group.

Harnakachar and Jhirgadandi granitoids

Harnakachar granitoids are coarse-grained and well-exposed
in the Harnakachar area southeast of the Dudhi granite
gneiss (Fig. 3). They lack country rock xenoliths, and due
to the thick regolith cover around the pluton, it is difficult to
identify whether they are intrusive in the Mahakoshal Group
or basement rocks. Harnakachar granitoid is intruded by the
mafic dykes and aplitic veins.

Jhirgadandi granitoid pluton is situated at the northern-
most margin of the CITZ, well-exposed near Jhirgadandi and
Pipraha village, Madhya Pradesh (Fig. 3). Compared to other
granitoid plutons exposed in and around the Mahakoshal
Basin, the Jhirgadandi pluton has vast exposure. The Jhir-
gadandi granitoids contain xenoliths of country rock (meta-
argillites and chert of the Mahakoshal Group) suggesting
that they are younger than the Mahakoshal Group. The xeno-
liths are aligned along the axis of the CITZ i.e. E-W direc-
tion. This pluton is medium to coarse-grained, porphyritic
granitoid containing an adequate amount of biotite.

Sidhi and Madanmahal granitoids

Sidhi granitoid is exposed in and around Sidhi town in the
vicinity of Sidhi granite gneiss (Fig. 4). They are coarse to
medium grained mesocratic, varying in colour from pink to
grey. They are foliated and near shear zones, showing defor-
mation structures along the E-W direction. Along the southern
margin of the pluton, the porphyritic texture is best exposed
near Tikari village, Madhya Pradesh. The porphyritic texture
is characterized by the large phenocryst of the feldspar. An
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Fig.6 Geological map showing various litho-units exposed near
Jabalpur (Khanna et al. 2017)

Fig.7 Representative field photograph showing exposure of the
Madanmahal granitoid near Jabalpur

adequate amount of dark biotite grains can be seen in some
places.

Madanmahal granitoid pluton is exposed in and around
Jabalpur, Madhya Pradesh, in the eastern part of the CITZ
(Fig. 6). This pluton varies in colour from pink to grey, equig-
ranular, and coarse to medium grained (Fig. 7). However, grain
size shows the gradational change from coarse to medium-
grained from the core to the periphery of the pluton. This
pluton is intruded into the meta-argillites of the Mahakoshal
Group, and in some places, they are characterized by weakly
developed foliations. The Madanmahal granite is intruded by
apalite, pegmatite, and quartz veins.
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Geochemical and geochronological
constraints

Dudhi granite gneiss

The Dudhi granite gneiss varies in composition from
monzonite to granodiorite in the total alkalis silica (TAS)
diagram. The rare earth elements (REE) pattern is highly
fractionated with negative Eu anomaly. The primitive
mantle (PM) normalized multi-element diagram shows
Nb, Ba, Ti, and Sr anomalies (Shukla et al. 2025). These
rocks are enriched in high-field strength elements (HFSE)
and depleted in large ion lithophile elements (LILE) and
show metaluminous character (Shukla et al. 2025). The
Dudhi granite gneiss shows I-type granite characteristics
(Bora and Kumar 2015). The eNd(t) values at t=1.7 Ga
of Dudhi granite gneiss ranges from -5.7 to -0.4 and Ty,
(Nd; model age) varies from 2.42 to 2.07 Ga (Shukla et al.
2025). The negative values of eNd(t) give clues that the
studied rocks are formed due to the partial melting of the
older crust. Earlier, Ramakrishnan and Vaidyanadhan,
(2008) proposed that the Dudhi granite gneiss and Sidhi
granite gneiss served as the basement for the Mahako-
shal Group (~2.2-1.8 Ga). Recently, Shukla et al., (2025)
obtained their crystallization age from zircon U-Pb sys-
tematics to be ~1.75-1.71 Ga suggesting that the stud-
ied granite gneiss pluton is younger than the Mahakoshal
Group (Table 1). Deshmukh et al., (2017) obtained mona-
zite U-Th-Pb ages from the Dudhi gneissic complex dur-
ing ~ 1.7 Ga and determined the clockwise P-T path.

Sidhi granite gneiss

The Sidhi granite gneiss is compositionally categorized
as granite in the TAS diagram. They are strongly per-
aluminous in character, vary from calcic to alkali calcic
and ferroan in nature. These rocks show high fractiona-
tion in REE patterns with prominent Eu anomaly (Parvez
et al. 2024b). The PM normalized multi-element dia-
gram exhibits Ba, Nb, Ti, and Sr anomalies (Parvez et al.
2024b). These studied rocks are also depleted in LILE and
enriched in HFSE. They are akin to A-type granite charac-
teristics and are further categorized into A,-type granite
(Parvez et al. 2024b). Parvez et al., (2024b) suggest that
the studied rocks are formed due to the partial melting of
the Bundelkhand gneiss and granite. The emplacement age
of the Sidhi granite gneiss obtained from the zircon U-Pb
is~1.72 Ga (Parvez et al. 2024b; Table 1).

Tirodi gneiss

The Tirodi gneiss varies in composition from monzonite
to granodiorite in the TAS diagram. They have a calc-
alkaline lineage and consist of metaluminous to peralu-
minous characteristics. The REE patterns of Tirodi gneiss
suggest that they are highly fractionated and show nega-
tive Eu anomaly (Mishra et al. 2024). The PM normal-
ized multi-element diagram exhibits Ba, Nb, Ti, and Sr
anomalies (Mishra et al. 2024). These rocks are catego-
rized as A-type granites which are further subcategorized
as A,-type granites (Mishra et al. 2024). "*Nd/!**Nd at
t=1.7 Ga varies from 0.509898 to 0.510508 and eNd(t)
values ranges from + 0.58 to -10.59 (Mishra et al. 2024).
The negative values to slightly positive values suggest that
heterogeneous crustal sources. The Ty, ages vary from
2.95 to 2.11 Ga (Mishra et al. 2024). The ¢Hf(t) ranges
from+ 3.7 to -3.3 corroborating the heterogeneous sources
and Ty (Hf) from 2.52 to 2.09 Ga (Bhowmik et al. 2011).
The zircon U-Pb ages suggest that Tirodi gneiss are
emplaced between~ 1.7 to 1.5 Ga (Bhowmik et al. 2011,
Mishra et al. 2024; Table 1). Earlier, Sarkar et al., (1986)
obtained whole rock Rb—Sr isochron ages of Tirodi gneiss
to be~ 1.5 Ga (Table 1).

Katoli and Raspahari granitoids

Katoli granitoids belong to a sub-alkaline series varying
in composition from monzonite to granite in the TAS dia-
gram. They show tholeiitic to calc-alkaline lineage and
exhibit strongly metaluminous in nature. The studied rocks
are shown to have high fractionation in REE and exhibit
negative Eu anomaly (Bora 2015; Bora and Kumar 2015).
The PM normalized multi-element diagram exhibits Ba,
Nb, and Ti anomalies (Bora 2015). Katoli granitoids are
alkali-calcic to calc-alkalic and exhibit I-type granite char-
acters (Bora and Kumar 2015). The crystallization age of
the Katoli granitoids obtained from the zircon U-Pb sys-
tematics is ~ 1.72 Ga (Bora and Kumar 2015; Table 1).

Raspahari granitoid shows similar characteristics to
Katoli granitoid. Raspahari granitoids vary in composi-
tion from monzonite to granite in the TAS diagram. They
exhibit calc-alkaline character and show a strongly per-
aluminous nature. Raspahari granitoids are calc-alkalic to
alkali-calcic characteristics and exhibit I-type granite char-
acteristics (Bora and Kumar 2015). The REE patterns of
Raspahari granitoids show strong fractionation and large
negative Eu anomaly (Bora 2015; Bora and Kumar 2015).
The PM normalized multi-element diagram exhibits Ba,
Nb, and Ti anomalies (Bora 2015).
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Nerueadamer and Tumiya granitoids

Nerueadamer granitoids compositionally belong to granite in
the TAS diagram. They are ferroan in nature and belong to
the calc-alkaline series. Nerueadamer granitoids exhibit per-
aluminous character and show I-type granite characteristics
(Bora 2015; Bora and Kumar 2015). Nerueadamer grani-
toids show high fractionation in REE patterns and prominent
Eu anomaly (Bora 2015; Bora and Kumar 2015). The PM
normalized multi-element diagram exhibits Ba, Nb, and Ti
anomalies (Bora 2015). The emplacement age of the Nerue-
adamer granitoids obtained from the zircon U-Pb systemat-
ics is~1.88 Ga (Bora 2015; Table 1).

Tumiya granitoids compositionally belongs to granite in
the TAS diagram. They vary in nature from tholeiitic to calc-
alkaline series and ferroan to magnesian. Tumiya granitoids
are peraluminous, calc-alkalic and exhibit H-type granite
characters (Bora 2015; Bora and Kumar 2015). The REE
patterns of the studied rocks exhibit that they are highly frac-
tionated with prominent Eu anomaly (Bora 2015; Bora and
Kumar 2015). The PM normalized multi-element diagram
exhibits Ba, Nb, and Ti anomalies (Bora 2015). The crys-
tallization age of the Tumiya granitoids obtained from the
zircon U-PDb systematics is~ 1.78 Ga (Bora 2015; Table 1).

Harnakachar and Jhirgadandi granitoids

Harnakachar granitoids are categorized into sub-alkaline
series and monzodiorite in composition in the TAS diagram
(Bora 2015). They are highly magnesian, calc-alkaline and
strongly meta-aluminous in nature. The REE patterns of the
studied rocks are highly fractionated with strong Eu anomaly
(Bora 2015; Bora and Kumar 2015). The PM normalized
multi-element diagram exhibits Ba, Nb, and Ti anomalies
(Bora 2015). Harnakachar granitoids show H-type granite
characteristics (Bora 2015; Bora and Kumar 2015). The
crystallization age of the Harnakachar granitoids obtained
from the zircon U-Pb systematics is ~ 1.72 Ga (Bora 2015;
Table 1).

Jhirgadandi granitoids are categorized into sub-alkaline
series and their composition ranges from monzodiorite to
granite in the TAS (Bora et al. 2013). They are dominantly
metaluminous, calc-alkaline and magnesian in nature (Bora
2015; Bora et al. 2013). The REE patterns of the studied
rocks are strongly fractionated and exhibit prominent Eu
anomaly (Bora 2015; Bora and Kumar 2015). The PM nor-
malized multi-element diagram exhibits Ba, Nb, and Ti
anomalies (Bora 2015). Jhirgadandi granitoids exhibit I-type
granite characteristics (Bora et al. 2013). The crystallization
age of the Jhirgadandi granitoid pluton obtained from the
zircon U-Pb systematics is ~ 1.75 Ga (Bora 2015; Bora et al.
2013; Table 1). Earlier, Sarkar et al., (1998) obtained whole
rock Rb—Sr isochron ages yielding ~ 1.81 Ga (Table 1).

@ Springer

Sidhi and Madanmahal granitoids

Sidhi granitoids are compositionally characterized as gran-
ite in the TAS diagram. They are ranging from calc-alkalic
to alkali-calcic, metaluminous to peraluminous and fer-
roan in nature (Yadav et al. 2020). They are characterized
by enriched REE patterns with negative Eu anomaly and
HFSE (Zr and Y) and depleted LILE (Ba and Sr). The stud-
ied granites consist of high zircon saturation temperature
(ZST)>900 °C and shows negative anomalies of Sr, Ti and
Nb. Sidhi granitoids exhibits A-type granite characteristics
which are further sub-categorized into A,-type granite. The
eNd(t) at t=1.7 Ga ranges from —9.8 to —5.6 and Ty,
varies from 2.96 to 2.48 Ga suggesting the crustal sources
contribution during their genesis (Yadav et al. 2020). The
zircon U-Pb ages of the Sidhi granite suggest that Sidhi
granite is emplaced during ~ 1.8 to 1.66 Ga (Yadav et al.
2020; Table 1).

Madanmahal granitoids are compositionally character-
ized as granites in the TAS diagram. They are strongly per-
aluminous, alkali-calcic and ferroan in nature (Parvez et al.
2024b). Further, they exhibit high fractionation in REE pat-
terns with prominent Eu anomaly. Moreover, Madanmahal
granitoids show depleted LILE and enriched HFSE with
negative Ba, Nb. Sr, and Ti anomalies. ZST of the studied
rocks is >900 °C. The Madanmahal granitoids are akin to
A-type granites which are further sub-categorized as A,-type
granites (Parvez et al. 2024b; Yadav et al. 2020). The eNd(t)
att=1.7 Garanges from -11.4 to -8.2, and Ty varies from
3.14 to 2.59 Ga, suggesting that they are derived from the
older continental crust (Yadav et al. 2020). The crystalliza-
tion age of the Madanmahal granitoid pluton obtained from
the zircon U-Pb systematics is~1.8—1.7 Ga (Parvez et al.
2024b; Yadav et al. 2020; Table 1).

Discussion

The CITZ contains several small granite-gneiss and granitoid
plutons which exhibit similar types of geochemical charac-
teristics and have crystallization ages between ~ 1.8—1.6 Ga.
The geochemical studies suggest that Katoli granitoids,
Nerueadamer granitoids, Raspahari granitoids, Jhirgadandi
granitoids and Dudhi granite gneiss exhibit I-type granite
characters, Tumiya granitoids and Harnakachar granitoids
exhibit H-type granite characters and Sidhi granite gneiss,
Tirodi granite gneiss, Sidhi granitoids and Madanmahal
granitoids exhibit A-type granite characteristics. I-type
granite is metaluminous in nature, H-type granite is a tran-
sitional type that varies from metaluminous to peralumi-
nous in nature, and A-type granite is peraluminous in nature
(Bora 2015; Parvez et al. 2024b; Bora et al. 2013; Yadav
et al. 2020, 2015; Bora and Kumar 2015; Table 3). However,
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they show similar multi-element diagrams and REE patterns
(show negative Nb, Ba, Ti, Sr and Eu anomalies) suggesting
that they are derived from the same source. The ¢ Nd values
of Sidhi granitoids and Madanmahal granitoids are overlap-
ping further corroborate that they are derived from the same
source (Yadav et al. 2020). The simultaneous occurrence of
I-type granite and A-type granite looks contradicting at first
glance because the source rocks of both granites are assumed
to be different. However, recently several geochemical and
Nd isotopic studies have been conducted which argue that
I-type granite and A-type granite can be produced from the
same source (Huang et al. 2023; Parvez et al. 2024b; Wang
et al. 2018). The initial partial melting of the lower crust can
produce metaluminous I-type granite melt and later stages
of partial melting of the lower crust can produce peralumi-
nous A-type granite melt (Parvez et al. 2024b; Wang et al.
2018). In the Jiuhuashan area in south China, the simultane-
ous presence of I-type and A-type granites was found (Wang
et al. 2018). Similarly, in east Junggaer, NW China con-
current occurrence of A-type and I-type granites are found
(Huang et al. 2023).

The most persistent issue among the researchers is how
pre-existing rocks accommodate the intrusions of newly
incoming magma, which is generally referred to as a space
problem. Addressing the space problem is most concern-
ing, especially for the emplacement of the extensive batho-
lithic volumes of magma during the single magmatic epi-
sode. Recent advancements have significantly enhanced
our understanding of this problem. Tectonic activity plays a
crucial role in creating the necessary space within the crust
to accommodate large volumes of magma. Recent studies
suggest that the emplacement of the magma does not occur
in a single magmatic episode but in an episodic magmatic
event i.e. discrete magma pulse (Petford et al. 1994, 1993).
During the ascending of the magma, hot underplated magma
comes in contact with the cold crustal rocks causing changes
in the volume of the crustal rocks and leading to local frac-
turing (Petford et al. 1993, 1994, 2000). This is the prob-
able reason why we get discrete and scanty granitoids in the
CITZ. Similar sparse granitoid plutons are also observed in
the Aravalli Craton (Ahmad et al. 2023).

Affinity with Columbia supercontinent

The emplacement of I-type and A-type granites during the
1.8-1.6 Ga interval is closely linked to the tectonic processes
coupled with the dispersal of the Columbia supercontinent.
I-type granites, typically formed in subduction-related oro-
genic settings, and A-type granites, often associated with
extensional tectonic regimes, reflect the evolving tectonic
framework during the Paleoproterozoic Era. The coexistence
of A-type, H-type and I-type granites, which are also found
in south China, in Labrador, Canada and NW China, align
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temporally with the transition from convergent to exten-
sional regimes during the Paleoproterozoic Era (Ketchum
et al. 2001; Huang et al. 2023; Wang et al. 2018). This transi-
tion marks a shift in tectonic forces, possibly driven by the
initial stages of the dispersal of the Columbia superconti-
nent and causes the localized extension (Kaur et al. 2011; Y.
Wang et al. 2020a, b). In contrast, I-type granites, typically
associated with arc magmatism and subduction processes,
highlight ongoing crustal recycling and reworking during
this time. Their emplacement underscores the continuation
of active tectonic boundaries and magmatic arcs during the
gradual dispersal of Columbia (1.8-1.5 Ga).

Furthermore, comparison and correlation of the geochem-
ical and geochronological signatures of the studied granite
gneisses and granitoids with coeval Paleoproterozoic grani-
toids from other continental blocks including Asia (India and
China), Africa and Australia, provide valuable insights into
global crust-forming processes and continental growth. Geo-
chemical data reveal that the granite gneisses and granitoids
of the CITZ share compositional characteristics with these
intercontinental granitoids. Additionally, geochronological
data highlight significant episodes of granitic magmatism
and crust formation during 2.1 to 1.6 Ga on a global scale
(Bhowmik et al. 2011; Wang et al. 2020a, b; Huang et al.
2023; Kaur et al. 2011; Kirkland et al. 2011; Li et al. 2019;
Kroner et al. 2010; Manya and Maboko 2016; Mishra et al.
2024; Okonkwo and Ganev 2012; Gupta and Kumar 2023;
Parvez et al. 2024a; Sheppard et al. 2004; Dwivedi et al.
2023; Zhao et al. 2020; Chen and Xing 2016; Fig. 8).

The tectono-magmatic evolution of the granite gneisses
and granitoids of the CITZ, when considered in the context
of other global cratonic blocks, offers critical constraints
on the geological evolution of the CITZ and its connection
to the Columbia supercontinent. Columbia supercontinent
is conjectured to have existed during widespread Paleopro-
terozoic orogenic cycles (2.1-1.8 Ga), uniting continental
fragments including Laurentia, North China, Amazonia,
India, Australia, and Africa (Meert 2012; Rogers and
Santosh 2003). The disintegration of the Columbia super-
continent started ~ 1.8 Ga and is well documented, with
its assembly likely initiated between 1.90 and 1.85 Ga,
as indicated by widespread intracontinental extensional
tectonics and anorogenic magmatism (Rogers and San-
tosh 2002). The presence of A-type granites is a key
marker of such tectonic transitions, often associated with
episodes of continental rifting or breakup during super-
continent cycles. This association is particularly evident
in the CITZ, where the occurrence of Paleoproterozoic
rift-related magmatism indicates a transition from colli-
sional to extensional regimes, supported by widespread
anorogenic magmatic activity (Bora 2015; Parvez et al.
2024b; Bora et al. 2013; Yadav et al. 2020). These rifting
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Fig. 8 Distribution of Paleoproterozoic magmatism from different
continental blocks globally to understand the evolution of the CITZ
compared to other parts of the world and linked their evolution to
the Columbia Supercontinent. Ages were taken from the following
sources: Africa (Bonzi et al. 2021; Kroner et al. 2010; Manya and
Maboko 2016; Okonkwo and Ganev 2012); India (Bora 2015; Bora
et al. 2013; Dwivedi et al. 2023; Kaur et al. 2011; Mishra et al. 2024;
Parvez et al. 2024b; Shukla et al. 2025; Yadav et al. 2020); China
(Chen and Xing 2016; Huang et al. 2023; Li et al. 2019; J. Wang
et al. 2020a, b; Zhao et al. 2020); Australia (Kirkland et al. 2011;
Sheppard et al. 2004)

phases are closely alligned with the disintegration of the
Columbia supercontinent, as corroborated by compa-
rable magmatic events documented in different parts of
the world such as China, Africa and Amazonia (Bonzi
et al. 2021; Li et al. 2019; Kirkland et al. 2011; Zhao et al.
2003).The polarity of the subduction of NIB and SIB has
been under extensive debate among geoscientists. Earlier,
a southward subduction model was proposed i.e. NIB sub-
ducted beneath the SIB (Yedekar et al. 1990). Later studies
contradict the previous studies and suggest a northward
subduction model i.e. SIB subducted beneath the NIB
(Sharma et al. 2022; Parvez et al. 2024b, 2024a; Wani
et al. 2022; Chattopadhyay et al. 2017; Roy and Prasad
2003; Wani and Mondal 2016). The presence of abundant
I-type and A-type granitoids in the CITZ suggests that the
post-orogenic extensional tectonic setting might be due
to the transition from a convergent to a divergent setting.
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Conclusions

The CITZ hosts several sparse granite-gneiss and grani-
toid plutons exhibiting geochemical affinities with I-type,
H-type and A-type granitic affinity. The studied granitoids
and granite-gneiss show similar geochemical signatures and
are emplaced between 1.8 to 1.5 Ga. The geochemical and
isotopic signatures of the studied granite-gneiss and grani-
toids are formed due to the partial melting of the lower con-
tinental crust. Several small plutons are emplaced due to the
local fracturing, which might be due to dilation changes that
occur due to the interaction of hot magma with cold crustal
litho-units. Additionally, the tectonic processes linked with
the dispersal of the Columbia supercontinent, i.e. transition
from subduction-related process to extensional process,
appear to have played a significant role in controlling the
emplacement dynamics of these studied granite-gneiss and
granitoid plutons. Despite the fact that lots of data have been
generated in the past decade, CITZ needs more attention
to track its evolutionary history. The mineral chemistry of
these granitoid plutons can help to explore more to under-
stand their genesis and source of these granitoid and granite
gneiss, which provide robust evidence of their petrogenesis.
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