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ABSTRACT

ARTICLE INFO

This work presents a synthesis of mineral deposits formed during the evolution
of the Central Indian Tectonic Zone (CITZ). The CITZ is situated between the
Bundelkhand and Bastar cratons, representing a major Proterozoic orogenic
suture that preserves a complex record of tectonic, magmatic, metamorphic, and
metallogenic (M3) events during the ~2.4-0.9 Ga period. The CITZ
encompasses a diverse tectonic belt, represented by the Mahakoshal in the
north, the Betul in the central sector, and the Sausar belt in the south. The
tectonic evolution of the CITZ records a protracted history of intraplate
magmatism, rifting, oceanic crust generation, arc-back-arc development, and
continental-margin accretion, and culminated with the final collision of the two
Archean cratons of Peninsular India. This convergence-driven evolution (2.1-1.6
Ga) is reflected in distinct mineralization events that define the metallogeny of
the CITZ. The earliest metallogenic phase is marked by Fe-graphite-orogenic
gold mineralization in the Mahakoshal belt and graphite in the Betul belt, linked
to the initial collision of the Bundelkhand and Bastar cratons (1.95-1.80 Ga).
Subsequently, volcanogenic massive sulfide (Zn—Pb + Cu) deposits were formed
during 1.80-1.70 Ga in the Betul belt, associated with multiple stages of arc-
rifting. The Sausar belt evolved into a world-class manganese metallogenic
province, reflecting basin-scale sedimentary and diagenetic processes operating
during the Paleoproterozoic and Neoproterozoic. The waning stages of
intraoceanic arc development were accompanied by emplacement of voluminous
mafic—ultramafic flows and sills, hosting Ni—-Cu-PGE prospects at Padhar
complex in the Betul belt. Later, the phase is associated with alkali magmatism,
which led to REE mineralization.
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Research Highlights

e Central Indian Tectonic Zone (CITZ) is a suture between Bundelkhand-Bastar craton

e Mahakoshal, Betul, and Sausar belts within CITZ show world-class mineral systems

e Mineral systems formed by collision, arc, rift, and alkaline magmatism processes
. Integrated study in CITZ shows graphite, Au, VMS, Mn, Ni-PGE, and REE potential

e ~1.4 Ga metallogenic history of CITZ is linked to Columbia-Rodinia supercontinent
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1. Introduction

The Proterozoic Era (2.4-0.5 Ga) marks a
distinctive period in Earth’s evolution, characterized by
fundamental changes in  continental  plate
configurations, tectonic processes [1,2], and shifts in
ocean and atmospheric composition [3,4]. Within this
global tectonic framework, the Central Indian Tectonic
Zone (2.4-0.9 Ga) represents a trans-continental
suture along which the major crustal blocks of
peninsular India, Northern Block (Bundelkhand and
Aravalli cratons) and the Southern Block (Dharwar,
Bastar, and Singhbhum cratons) amalgamated (Figure
1a) [5-7].

The CITZ encompasses three major Proterozoic
supracrustal belts: (1) the Mahakoshal belt in the north,
(2) the Betul belt in the central part, and (3) the Sausar
belt in the south (Figure 1b). These tectonic zones
experienced multiple episodes of subduction, collision,
and accretionary orogenesis during the Proterozoic
[6,8,9]. Its prolonged polyphase history of magmatism,
sedimentation, metallogeny, and orogenesis, spanning
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from the Paleoproterozoic (~1.8 Ga) to the
Neoproterozoic, is well documented in the literature,
but its evolution is still under debate [5,10-12].
Systematic geological mapping at 1:50,000 and
1:25,000 scales by the Geological Survey of India
during the late 1980s and 1990s, followed by regional
mineral exploration during 2020-2023, facilitated
follow-up exploration and detailed metallogenic studies
across the CITZ. From a metallogenic perspective, the
CITZ hosts a range of mineral systems formed in
different tectonic and magmatic settings [13—16]. Four
to five broad mineral systems can be distinguished
based on geodynamic setting: (i) world-class
manganese deposits of the Sausar Belt (e.g., Balaghat,
Tirodi, Mansar, Dongribuzuru), (ii) volcanogenic
massive sulfide (VMS) deposits of the Betul Belt (e.g.,
Mouriya, Bhuyari, etc.) [17-19] (iii) Fe-graphite
mineralization in the Betul and Mahakoshal belt [20,21]
(iv) orogenic lode-gold deposits (Gurhar Pahar,
Chakariya) of the Mahakoshal belt [15,16] (v).Critical
minerals like Ni-PGE-REE in Betul (Padhar) [22] and
REE in the Sausar belt [23] (Deolapar area).
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Figure 1. (a) Geotectonic evolution of India with inset box showing the location of the CITZ, modified after [24] (b). The
regional geological map demonstrating the structural framework and major Proterozoic supracrustal belts, namely
Mahakoshal, Betul, and Sausar, within the Central Indian Tectonic Zone (CITZ), modified after [25-27].

A substantial amount of research has been carried
out on tectonics, granite magmatism, and
metamorphism within the CITZ, and numerous studies
have been published on these aspects [5-7]. However,
relatively little attention has been paid to its
metallogeny. Our study presents an overview of the
Precambrian metallogeny of the CITZ, with a focus on
mineralization in relation to the region’s evolving
tectonic, stratigraphic, metamorphic, and magmatic
frameworks. The Central Indian Tectonic Zone (CITZ),
with its remarkable geological diversity, traversed with

numerous shear zones and complex polyphase
metallogenic evolution, holds significant potential for
critical metal resources such as graphite, REE, Cd, Bi,
and Co. A comprehensive understanding of the CITZ’s
metallogenic framework provides a crucial foundation
for integrating resource development with the
principles of sustainability and a circular economy. An
advanced exploration of these metals is vital to
strengthening India’s self-reliance in strategic sectors.

Following a brief geological overview, the
mineralization associated with Paleoproterozoic to
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Neoproterozoic units is examined to address key aspects
of ore genesis, when, where, and why mineral deposits
formed through their spatial, temporal, and lithochemical
characteristics within the broader CITZ outline. We did an
integrated summary of metallogeny in the context of
tectono-magmatic and metamorphic events that shaped
the Central Indian Orogen during the Proterozoic (2.2—-0.8
Ga). Here, metallogeny is considered in terms of the
spatial and temporal distribution of mineral deposits, their
relationships to geological units, and their genesis within
the CITZ framework. All information was sourced from
academic papers and technological project reports. As an
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overview, this research paper does not cover every detail
of the tectonic and metallogenic evolution of the three
belts. However, the references cited will guide readers to
more detailed sources. The scope of this communication
is also limited to the geological framework of well-known
mineral deposits and prospects within CITZ (Table 1),
while comprehensive inventories of all known mineral
prospects and occurrences can be found in detailed
compilations by the Geological Survey of India,
miscellaneous publications of Maharashtra and Madhya
Pradesh [26,27], memoirs, and dossiers available on the
GSI portal (www.gsi.gov.in).

Table 1. Summarised distribution and characteristics of major mineral resources across the tectonic units of the Central
Indian Tectonic Zone (CITZ), compiled from key prospects and deposits.

Important Mineral

Mineral Belts Deposits and Host Rocks Nature of Alterations Ore Mineral Tentative
within CITZ P Characteristics. Mineralization Types Assemblages Ages (Ga)
Prospects Name
Gurhar Pahar, BIF, phyliite, ~Shear zone hosted |~
Mahakoshal Chakgnya dolomite of Agori Au associated with Seritisation ' Asp, Po, Ccp, Py, Paleoproterzoic
Belt (MB) Imaliya, Parsoi sulfides in quartz— sation, Au, Bi (1.9-1.7 Ga)
) . Dolomitisation,
Bagda Formations carbonate veins.
Bhuyari, Mouriya, VMS-types, Cshé?irtlitslz?ig?]n’
Koparpani, . massive and vein e .
Betul Belt Bhawaratekra, Rhyolites, type Zn-Cu—Pb Dolomitisation, Sp, Cu, Gn, Py, Po Paleoproterzoic
(BB) . metabasalts . . Fe-Mg-Ca (1.8-1.7 Ga)
Tarora, Biskhan, hosted in foliated ;
. . alteration, Fe-
Jangaldehri, rhyolites. Al alteration
Braunite-bixbyite-
hausmannite—
Kandri, hollandite-jacobsite
Sausar Belt Dongriburuzug,  Mica-schist and Syn-sedimentary assemblages; 1.9-1.8 (?)
(SB) Tirodi, Balaghat, carbonates  type, Stratiform Mn supergene 1.0-0.9 (?)
Ukwa enrichment forming
pyrolusite,
psilomelane
[30,31], while ref. [25] argued for north-directed

2. Geologic Setting of the CITZ

2.1. Regional Tectonic Framework

The Central Indian Tectonic Zone (CITZ) extends E—
W to ENE-WSW for >800 km, with a maximum width of
~400 km [9,28]. The lithotectonic assemblage comprises
a supracrustal belt, granulite terranes, mafic—ultramafic
bodies, TTG gneisses, charnockites, arc-related suites,
metacarbonates, BIFs and Mn formations, a high-
pressure and ultrahigh-temperature metamorphic belt,
and post-collisional K-rich granites [6,29].

Several crustal-scale parallel shear zones define the
CITZ: the Central Indian Shear (CIS), Gavilgarh—Tan
Shear Zone, Son—Narmada South Fault (SNSF), and
Son—Narmada North Fault (SNNF) (Figure 1b). The
Mahakoshal belt lies between the SNNF and SNSF, while
the Gavilgarh—Tan Shear Zone separates the Sausar and
Betul belt; the CIS forms the southern limit (Figure 1b).

The tectonic evolution of the CITZ remains debated.
Early models invoked southward subduction of the
northern block beneath the southern block along the CIS

subduction of the southern block beneath the northern
block at ~1500 Ma, forming the Ramakona—Katangi
granulite belt as an accretionary orogen. High-grade
metamorphic records from the Balaghat-Bhandara
granulites and Tirodi biotite gneiss suggest multiple
accretionary cycles with slab rollback [32]. More recently,
refs. [5-7] proposed a prolonged orogenic evolution
between 2.5 and 0.85 Ga, involving both the Bundelkhand
and Bastar cratons.

2.2. Geological Outlines of the Three Belts

2.2.1. Mahakoshal Belt

The Mahakoshal belt extends from Hoshangabad,
Madhya Pradesh, in the west to Palamau, Jharkhand, in
the east. The Mahakoshal belt is made up of
metavolcanic and metasedimentary rocks belonging to
the Sleemanabad (=Agori), Parsoi, and Dudhamaniya
formations in ascending order [26,33—-35] (Figure 2).
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The supracrustal sequence is dominated by
metasediments with subordinate metavolcanics mainly
of tholeiitic composition. The belt is also exposed to
granitoids, mafic—ultramafic intrusions, BIFs,
carbonatites, syenites, and lamprophyres [36,37]. This
supracrustal belt has been considered a rift setting [38]
and a. 2.1 Ga back-arc setting [39]. Volcanics of dacitic-
rhyolitic composition (~1.89 Ga) and associated alkaline
intrusions are also documented [12,40,41]. Granitoids
such as the Madanmahal granite (1.6-1.7 Ga [42] and
the Barambara—Jhirgadandi granites (1.75 Ga; U-Pb
SHRIMP zircon; [43] intruded into metasediments.
Structurally, the belt records multiple deformation events
and two distinct metamorphic phases M1-D1 (~1.9-1.8
Ga) and M2-D2 (~1.8—-1.7 Ga) [11]. These processes
play a key role in gold and graphite mineralization. Field
observations, petrographic analyses, and subsequent
electron microprobe studies confirm the occurrence of
gold associated with arsenopyrite and scorodite
(Figures 2c,d and 3a—c).

2.2.2. Betul Belt

The Betul belt (BB) is a Precambrian gneiss—
supracrustal inlier and extends ~135 km ENE-WSW
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between Chicholi (west) and Chhindwara (east) (GSI,
2014) [26]. The BB is tectonically bounded by the
Sausar belt (south) and the Mahakoshal belt (north)
[16,21,44,45] (Figure 4).

The BB remains largely unexplored in terms of
geochronological constraints. Recently, ref. [6]
combined field observations with isotopic (Sr—Nd, U-
Pb zircon, CHIME monazite) and geochemical data to
reconstruct the geological evolution of the Betul belt
(2.2-0.85 Ga) and establish its links with Proterozoic
supercontinent cycles. This includes biotite gneisses
(~2.1 Ga), pillow basalts (~2.0 Ga), rhyolites (~1.7 Ga),
exhalites, quartzites, metapelites, and calc-silicates,
intruded by granites (~1.6 Ga) [6]; syenites, and mafic—
ultramafic bodies [22,46,47].Volcano-sedimentary
rocks in the eastern and central belt host VMS-type
base metal mineralization (Figure 4) [17,48,49] and
references therein) and metasediments with BIF and
graphite mineralization in the western part of the Betul
belt [20] (Figure 4). The rocks record three phases of
deformation and regional metamorphism from granulite
to amphibolite facies, overprinted locally by greenschist
facies [26,27,50,51].

Mahakoshal Belt
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Figure 2. (a) Regional geological map of the Mahakoshal Belt showing major lithotectonic units and gold prospects
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Scorodite

Figure 3. (a,b) Field exposures showing sheared metabasalt and mineralized quartz veins localized along the S, and
S, foliation planes within phyllites; (c) Drill core sample illustrating the alteration of arsenopyrite into porous, light bluish-

green scorodite within phyllitic host rock.
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Field photographs depicting key lithological variants and their spatial relationship with VMS-type mineralization in the
Betul Belt, Central Indian Tectonic Zone (CITZ).
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2.2.3. Sausar Belt

The Sausar Group forms an arcuate belt (~215 km
long, ~35 km wide) extending from Kachidhana
(Chhindwara District, MP) to Ukwa (Balaghat District,
MP), passing through Nagpur and Bhandara
(Maharashtra) (Figure 5) [27]. The general strike varies
from WNW-ESE (west) to E-W (central) and NE-SW
(east). The belt includes two major units: the Tirodi
biotite gneiss (TG) and the Sausar Group (SG) [23,52—
54]. The TBG is an Archean felsic gneiss complex with
enclaves of metabasic and granulite-facies rocks,
overlain unconformably by the Sausar Group, marked

Habitable Planet 2026, 2(1), 14-28

by a paleosol horizon of 2.5-2.2 Ga and basal
conglomerate [55]. The Sausar Group of
Palaeoproterozoic age comprises a thick sequence of
carbonate-quartzite-psammopelitic  rocks rich in
manganese-bearing rocks called gondites formed
during 2.2 to 1.8 Ga. The belt has undergone significant
polyphase deformation, resulting in complex fold
patterns and a general ENE-WSW alignment,
associated with Mn mineralization. Subsequent
deformation, metamorphism, and remobilisation took
place during Meso—Neoproterzoic the Meso-
Neoproterozoic period (1.5-1.4 Ga, 1.0-0.9 Ga, and
0.6-0.5 Ga) [55,56].
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Figure 5. (a) Regional geological map of the Sausar Belt showing the distribution of metasedimentary sequences and
basement gneisses modified after [26,27,52,54]. (b,c) Field photographs illustrating Mn mineralization hosted within
the Mansar mica schist and Lohangi marble units of the Sausar Belt, Central Indian Tectonic Zone (CITZ).

3. Regional Metallogeny

3.1. Metallogeny in the Mahakoshal Belt (MB)

Gold and graphite mineralization typically occur in
quartz—carbonate veins localized along shear and
dilational zones within folded and sheared volcanics,
volcaniclastic, and metasedimentary sequences of the
Agori and Parsoi formations (Figure 2) [15,35,57]. Gold
mineralization occurs in three geological conditions: (1)
syngenetic type with BIF in the eastern part, i.e.,
Sonkuswa; (2) epigenetic type with phyllites in the
central part (Gurhar Pahar, Bagada), and (3) dolomite-
hosted in the western part (Imaliya) [16,35,57,58].
Surface indications of mineralization are rare, but
specks, blebs, thin bands, and stringers of arsenopyrite
and scorodite occur in oxidized quartz veins along
fractures in the Chakariya, Gurhar Pahar, Bagada, and
Nawanagar areas (Figures 2 and 3). Scorodite forms

light yellow-green grains that weather to limonite,
marking secondary dispersion haloes (Figure 3d). GSI
[26] has established resources at Gurhar Pahar (7.29
Mt @ 1.03 g/t Au), Chakariya (0.137 Mt @ 1.81 g/t Au),
and Imaliya (0.35 Mt @ 1.13 g/t Au) [35].

3.2. Metallogeny in Betul Belt (BB)

Sulfide mineralization and syn-volcanic
hydrothermal alteration in the Betul belt are linked to
submarine bimodal volcanism [17,19,49,59]. Felsic
volcaniclastics serve as the main host rocks in most
deposits. Alteration zones have been metamorphosed to
middle to upper-amphibolite facies, resulting in diverse
metamorphic mineral assemblages, such as phlogopite-
biotite-chlorite-garnet-gahnite-sericite (Figure 4). The
BB exhibits approximately 2051 + 80 Ma (Sm—Nd) age
for pillowed basalt and about 1715+10 Ma (U-Pb
zircon) for rhyolite [6]. A Pb model age of roughly 1800
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Ma has been reported from galena in VMS
mineralization at Bhuyari [19]. Extensive exploration
between 1990 and 2005 identified rhyolite-hosted Zn—

Cu—Pb mineralization at Mouriya, Ghisi (west),
Dehalwara, Banskhapa-Pipariya, Koparpani,
Bhawaratekra, Tarora (central), and Biskhan,

Jangaldehri, Borkhap, Bhuyari (east) [18,19,60-62].

The base metal mineralization is exposed in the
eastern and central parts of this belt, whereas graphite
deposits are mainly concentrated in the suprarustals of
the western part of the Betul inlier, specifically in
Chiklar-Gauthana-Tikari,  Golighat-Junewani, and
Bhopali areas [20]. Mafic—ultramafic magmatism
occurs at Padhar, Ghoradongri, and Mordongri,
producing pyroxenite, gabbro, and diorite intrusives,
which are associated with Ni-PGE mineralization
[6,22,47,63,64]. The BB was intruded by two distinct
phases of granite (1.6 Ga and 0.9 Ga), the younger one
is associated with REE mineralization [6].

3.3. Metallogeny in Sausar Belt (SB)

The SB hosts India’s largest and richest Mn ore
deposits within low- to high-grade metamorphosed
Sausar Group metasediments [52,53,65]. Major
deposits include Mansar, Tirodi, Dongri Buzurg,
Bharweli, and Chikla, distributed over >200 km strike
length. Manganese occurs conformably within the
Mansar (pelitic) and Lohangi (calcareous) formations,
co-folded with gondite rocks (Figure 5). Mn ores occur
as oxides, carbonate—oxide lenses, and silicate admix-
tures. Mineralogically, they comprise braunite, bixbyite,
hausmannite, hollandite, jacobsite, vredenburgite,
pyrolusite, cryptomelane, and psilomelane [65].
Supergene enrichment produced pyrolusite, rhodonite,
and cryptomelane—psilomelane assemblages [56]. The
Sausar sediments were deposited in a stable shelf
setting, with Mn carbonates diagenetically derived from
oxides under evaporitic conditions, while silicate
admixtures reflect detrital influx [53,65]. REE
mineralization has been documented in the late-stage
granites and associated pegmatites [23].

Habitable Planet 2026, 2(1), 14-28

4. Discussion

4.1. Crustal Evolution of the CITZ

The CITZ records a protracted polyphase
evolution marked by multiple cycles of volcanism,
sedimentation, deformation, metamorphism, and
magmatism throughout the Proterozoic [5-7,66-68].
The earliest, approximately 2.16 Ga granitoid gneisses
display arc-related geochemical signatures, suggesting
Paleoproterozoic subduction-related magmatism that
occurred alongside early collision between the
Bundelkhand and Bastar cratons [6,33,42]. Older
inherited zircons (2.73-2.53 Ga) indicate involvement
of Archean Bundelkhand crust [69]. Seismic and
magnetotelluric  studies support the northward
subduction of Bastar beneath Bundelkhand [70].
Subduction- related mafic volcanism (2.08—-1.84 Ga)
and related sediments of the Betul and Mahakoshal
belt formed in arc-back- arc settings [39,47,64]. A later
rifting phase (~1.80-1.67 Ga) is recorded by rhyolite
and A-type granites, such as the Morkha granite, in the
Betul belt [6]. Closure of the Betul basin around 1.6—
1.5 Ga was marked by continent—continent collision,
along with ultramafic—mafic magmatism in the Padhar—
Mordongri area [47]. Regional metamorphism at
approximately 1.32-1.40 Ga developed in the CITZ
[68]. This phase also involved granulite
exhumation driven by crustal thickening and rapid
decompression. The overlying Sausar supracrustals
were deposited on the combined cratonic basement.
The Neoproterozoic period is characterized by
the emplacement of Navegaon granite (1.07-
095 Ga) [6]. and Sausar granites, which
occurred concurrently with peak metamorphism
of Sausar sediments [66-68]. This event
correlates with the approximately 1.1.0-0.9 Ga
Sausar Orogeny, although it is not well documented in
the Mahakoshal belt [25]. The CITZ reflects the result of
complex tectonic processes involving crustal thinning,
rifting, and passive margin development, followed by
accretion, convergence, and continent—continent
collision, broadly correlating with the Columbia and
Rhodinia supercontinent cycles (Figure 6).
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4.2. Metallogeny within the CITZ

The CITZ records a long tectonic history from
Paleoproterozoic subduction—collision to Neoproterozoic
extension, marked by multiple orogenic, magmatic, and
metamorphic  events that generated diverse
mineralization styles (Au, graphite, Fe, Mn, VMS, Ni—
PGE, REE, Figure 6). These episodes fostered
favorable mineral systems and drove regional
hydrothermal fluid circulation along brittle to brittle—
ductile shear zones in all three belts. Though timing is

poorly constrained for mineralization events, available
geochronology indicates that craton convergence and
subsequent felsic-mafic magmatism were the main
fluid drivers, leading to varied mineral systems. A few
key deposits and their likely origins within the CITZ are
discussed below:

4.2.1. Metallogenesis of Orogenic Gold in the
Mahakoshal Belt

Gold mineralization in the Mahakoshal belt occurs
mainly in sheared quartz—carbonate veins with
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sulfides, hosted in metavolcanic-metasedimentary
rocks of the Agori and Parsoi formations [14,26,35,57].
Sulfides include pyrite, pyrrhotite, arsenopyrite,
sphalerite, and minor bismuth. Mineralization is linked
to ~1.89 Ga Parsoi metavolcanics [41] granitic activity,
deformation, and metamorphism between 1.9-1.7 Ga
[11], suggesting Fe—graphite—gold deposition at 1.9—
1.8 Ga. This coincides with the Bundelkhand—Bastar
craton collision, providing crustal-scale fluid pathways
and structural traps within the CITZ during the
Columbia assembly. Regional studies [15,16,35,57]
confirm structurally controlled orogenic-type
mineralization. Globally, gold peaks show at 2.75-2.55
Ga (Kenorland; [71-73] and 2.16-2.03 Ga (Birimian)
[74] (Figure 6). The 1.9-1.8 Ga Mahakoshal event
represents Columbia-related localized orogenic gold
mineralization (Figure 6).

4.2.2. Genesis of BIF and Mn in the Mahakoshal and
Betul Belt

Iron formations of the Mahakoshal supracrustal
belt occur in a volcano-sedimentary rift basin (Nair et
al., 1995 [33]), with deposits located at Kochita, Jhoko,
Bhainsahiya, Kosomhar, Charki, Umreha, and Nimoura
[75]. Their interlayering with ~1.89 Ga metavolcanics
and phyllites suggests a syn-volcanic setting, later
modified by hydrothermal activity. Comparable
BIF/hematite—magnetite quartzites occur in the
Ranipur Formation, Betul belt. Globally, major BIF
deposition peaked at 2.6—2.4 Ga during Kenorland and
the Great Oxidation Event (GOE; ~2.4 Ga).
Mahakoshal BIFs (~1.9—-1.8 Ga) formed during waning
GOE stages, producing small, restricted basin deposits
[71] (Figure 6).

4.2.3. Metallogenesis of Graphite-V in the Betul and
Mahakoshal Belt

Graphite mineralization (>8% FC) with vanadium
occurs in the western Betul belt along the Sonaghati
shear zone (Chiklar—Gauthana-Tikari, Golighat—
Junewani, Bhopali), linked to carbonaceous sediment
deposition in shelf-basin settings [20]. Shale, chert,
and limestone preserved organic matter, later
recrystallized to graphite during ca. 2.1-2.0 Ga
collisional orogeny under progressive P—T conditions.
Globally, major graphite mineralization formed during
Archean—Paleoproterozoic high-grade metamorphism,
with smaller events in later orogenies. Within CITZ,
graphite also occurs in ca. 1.9 Ga carbonaceous
phyllites of the Agori Formation, Mahakoshal belt [21],
reflecting syngenetic sedimentary precursors modified
epigenetically during orogenesis (Figure 6).

4.2.4. Metallogenesis of VMS deposits in the Betul Belt
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Volcanic-hosted massive sulfide (VMS)
mineralization in the Betul belt formed at ~1.8 Ga within
submarine volcano-sedimentary basins in a back-arc
rift setting [6,19]. Bimodal felsic volcanics, cherts, and
carbonaceous rocks record synvolcanic hydrothermal
circulation, where seawater-derived fluids leached Zn—
Cu—Pb-Fe and deposited stratiform to stratabound
sphalerite—chalcopyrite—galena lenses at Bhuyari,
Mourya, Bhawaratekra, etc. Subsequent deformation
and metamorphism modified ore textures [17]. Detailed
studies include refs. [17-19,44,45 49]. Globally, such
VMS systems characterize submarine hydrothermal
activity in extensional settings [71,76] with Betul
representing a Paleoproterozoic similarity within CITZ
metallogeny (Figure 6).

4.2.5. Genesis of Mn deposits in the Sausar and
Mahakoshal Belt

Manganese deposits of the Sausar belt formed in a
Paleoproterozoic basin, where Mn-rich chemical
sediments of the Mansar—Lohangi Formation
accumulated under oxygen-deficient to mildly oxidizing
conditions. The Satpura orogeny metamorphosed these
to amphibolite—granulite facies, producing high-grade
assemblages (spessartine, manganocummingtonite,
braunite, hausmannite, bixbyite). Structural
deformation upgraded ores into lenticular, folded, and
shear-controlled bodies across M.P. and Maharashtra
[53,65]. Mn prospects also occur with Fe in the Agori
Formation, Mahakoshal belt. Globally, Mn deposition
shifted from pre-GOE carbonates to post-GOE
shales/oolitic types [71,77]. Sausar Mn deposits fit the
Paleoproterozoic Mn metallogenic window, coeval with
Mahakoshal (~1.9 Ga) within CITZ.

4.2.6. Metallogenesis of Critical Metals (Ni-PGE-REE)

Critical metals include Ni-PGE-REE mineralization
that occurs in mafic-ultramafic intrusions and
associated tectono-magmatic events within CITZ. In
the Mahakoshal belt, lamproite and carbonatite from
the Chitrangi region, Jungel valley provide favorable
settings for Ni-REE mineralization, related to
Paleoproterozoic rift-controlled magmatism [78]. The
Betul belt records multiphase mafic—ultramafic and
granite intrusions emplaced within a Proterozoic
volcano-sedimentary sequence, where disseminated
sulfide mineralization carries Ni—Cu with significant
PGE and REE associations, suggesting mantle-
derived arc magmatism linked to Columbian
supercontinent cycles [22,47] (Figures 4 and 5). In the
Sausar Belt, extensive granitic and alkaline
magmatism, along with associated hydrothermal
activity, is well documented. Rare Earth Element (REE)
mineralization occurs in late phase granite and
pegmatites formed during the final collision between
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the Bastar and Bundelkhand cratons in the time of the
Rodinia supercontinent [23] (Figure 5).

4.3. Tectonic Controls on Metallogeny in the CITZ and
their Global Significance

The CITZ preserves a multiphase record of
tectono-magmatic and metamorphic events recognized
through field, petrographic, geochemical, isotopic, and
geochronological studies, many synchronous with
global orogenic cycles [5-7]. U-Pb zircon ages from
Betul granite gneiss (central part of CITZ) indicate
intracrustal melting at ca. 2.16 Ga, with inherited 2.72
Ga components suggesting felsic  protoliths
comparable to Bundelkhand gneisses [6,47]. This
supports prolonged amalgamation of Bundelkhand and
Bastar cratons via northward subduction [12,25,42]
(Figure 7). Subsequent arc-related volcanism at ca. 2.0
Ga in the Betul and Mahakoshal belt reflects
Paleoproterozoic accretionary processes linked to
Columbia assembly [39,79,80]. Iron formations in the
Betul-Mahakoshal belt (1.90-1.80 Ga) and gold
metallogeny in Mahakoshal coincide with the Columbia
assembly and multi-source fluid-induced hydrothermal
systems, matching a few deposits in the Trans-Hudson
orogen, Baltic Shield, and North Australia [73]. Late
Paleoproterozoic magmatism (1.8-1.65 Ga), including
rhyolites and anorogenic granites in the Betul belt
associated with VMS deposits, reflects the Columbia
breakup and matches the Capricorn Orogeny in
Western Australia [81,82]. Mafic intrusions in the
Padhar complex (1.32—1.24 Ga; [6] with minor Ni-PGE
highlight crustal extension during Columbia breakup
[22,47,67]. Late-stage alkaline granites (1.07-0.95 Ga)
reported from Betul and Sausar correspond to the
Rodinia assembly [6,9,66-68,83]. The ca. 1.07 Ga
Grenvillian imprint in Betul and Sausar parallels
Canada, Eastern Ghats, and Rayner Complex [84],
marking the final India—Antarctica—Australia suturing
[6,11,55]. These orogens share similar tectonic
characteristics, including thrusting, crustal-scale shear
zones, and syn-collisional magmatism associated with
REE metallogeny noticed in the Sausar and Betul belt
[23,85,86]. Thus, the CITZ preserves a 2.16-0.95 Ga
history of accretion, collision, rifting, plume activity, and
late orogenesis, controlling the distribution of Fe, Mn,
base, and precious metal deposits, more comparable
to the Bryah—Padbury basins of the Capricorn Orogen
(Figure 7) [81].
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(CITZ), modified after [6].

4. Summary and Conclusions

The Central Indian Tectonic Zone (CITZ) marks a
major Proterozoic suture between the Bundelkhand
and Bastar cratons, forming a metallogenically rich belt
whose geological evolution is closely tied to global
cycles of supercontinent assembly, breakup, and
crustal reworking. Integrated studies covering field
geology, petrography, mineral and bulk rock
geochemistry, fluid inclusion analysis, stable isotope
systematics, and geochronology from key lithounits
lead to several important conclusions about regional
metallogeny. The Central Indian Tectonic Zone records
the earliest suturing between the North Indian Craton
(NIC) and South Indian Craton (SIC) around 2.10 to
2.00 Ga (Figure 7), following an initial accretionary
phase (>2.16 Ga) and subsequent subduction-related
arc magmatism between 2.00 and 1.80 Ga. Mineral
systems linked with sedimentary and volcanic
processes within the zone are associated with ocean-
floor  magmatism, basin development, and
hydrothermal exhalation. Structurally controlled lode
systems formed under compressional conditions,
including orogenic gold and polymetallic sulfide
deposits in the Mahakoshal Belt, graphite deposits in
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Betul, BIF-hosted iron in Mahakoshal, and manganese
deposits in the Sausar Belt. Later extensional tectonics
between 1.80 and 1.60 Ga triggered rhyolitic volcanism
and the emplacement of A-type granites, leading to
VMS-style sulfide mineralization. Shallow marine
sedimentation in the Sausar basin promoted
manganese accumulation, which was later enriched by
Meso- to Neoproterozoic metamorphism and
hydrothermal alteration. Post-collisional extension
(~0.95-0.93 Ga) was characterized by alkaline
magmatism and associated REE mineralization. These
tectono-magmatic events align with the assembly and
breakup of the Columbia and Rodinia supercontinents
and the Grenvillian orogeny, highlighting the Central
Indian Tectonic Zone’s importance as a key node in the
global Precambrian crustal evolution and metallogeny.
In summary, the zone represents a major
polyphase metallogenic belt offering vital insights into
the relationship  between  orogenic  activity,
supercontinent cycles, and mineralization patterns in
central India, underscoring the need for ongoing
exploration, research, and resource assessment.
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