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Two linear NE–SW trending belts of platformal orthoquartzite-carbonate sequence, namely, the East
Jahazpur Belt (EJB) and the West Jahazpur Belt (WJB), within a vast tract of slate–argillite–metagreywacke and subordinate metavolcanics of Hindoli Group (HG) together occur sandwiched between
Vindhyan sediments to the east and Banded Gneissic Complex-II (BGC-II) to the west, at the eastern
boundary of Aravalli Craton, Rajasthan, India. A NE–SW trending crustal-scale transpressive shear
separates this low-grade supracrustal sequence from the gneisses of older Mangalwar Complex (BGC-II)
to the west and the Great Boundary Fault (GBF) restricts it in the east against the Vindhyan rocks. A
lensoid body of strongly deformed and mylonitised Jahazpur Granite (JG), is the basement for the
supracrustal rocks and occupies the core of a SE verging D1-antiformal nappe deBned by the EJB
(Jahazpur Group-I) rocks. This large scale D1 thrust nappe structure in the EJB is manifested by stacking
of early recumbent folds in the carbonate and quartzite units and a prominent zone of brecciation and
ferruginisation all along the eastern margin of EJB. In the WJB (Jahazpur Group-II), D1 is represented
by large scale isoclinal reclined fold geometry, likely to be inCuenced by the major transpressive shear and
refolding at its western margin. D2 deformation phase, variably superposed over the D1 structures,
together controls the NE–SW disposition of Hindoli and Jahazpur rocks. Based on the structural patterns
and lithostratigraphic characters, we propose a revised stratigraphy of the Hindoli–Jahazpur rocks.
Whole rock Rb–Sr dating of the strongly deformed and mylonitised Jahazpur Granite constrained the age
of the tectono-metamorphic event that aAected these rocks. Two suites of mylonitised Jahazpur Granite
from two different localities yielded ages of 1423 ± 52 and 1393 ± 33 Ma, using Sector 54 TIMS. The
tectonism that resulted in folding, thrust nappe, shearing and mylonitisation involving basement JG of
Neoarchean age and the overlying Paleoproterozoic Jahazpur–Hindoli supracrustal sequences, therefore,
represents a Mesoproterozoic (*1.4 Ga) orogeny that is correlatable with the breaking-up of Columbian
Supercontinent along the eastern margin of the Aravalli craton.
Keywords. Jahazpur Granite; Hindoli–Jahazpur Group; thrust nappe; Rb–Sr dating; Mesoproterozoic
orogeny.
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1. Introduction
A vast tract of low-grade metasedimentary rocks
with thin lenses of volcanics occur at the easternmost part of Western Indian Craton of Rajasthan,
bordering the granites and gneisses of Mangalwar
Complex (BGC II of Heron 1917, 1953) in the west
(Bgure 1). These low-grade rocks, termed as
Hindoli Complex/Group, are separated from
Vindhyan sediments by Great Boundary Fault in
the east. Two linear, NW–SE trending belts of
quartzite–carbonates–ironstone–phyllites, named
as East Jahazpur Belt (EJB) and West Jahazpur
Belt (WJB), within the Hindoli rocks are known as
Jahazpur Group. The Jahazpur Granite, a linear
lensoid body of granite occurs in association with
the EJB (Bgure 2).
Opinions are widely divided on the stratigraphic
status of these Hindoli–Jahazpur rocks as authors
have varying views about (i) the intrusive relationship of the Jahazpur Granite with respect to
Hindoli metasediments, (ii) the absence of older
Hindoli foliation in Jahazpur rocks, and (iii) the
occurrence of unconformities represented by conglomerate horizons. According to Heron (1917),

Figure 1. Generalized geological map of Precambrian
Rajasthan showing study area (after Gupta et al. 1997).
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Bradshaw (1926), Coulson (1928) and Gupta
(1934), the metasediments of Hindoli group are
equivalent to Gwalior Series of Paleoproterozoic
Aravalli System. Based on their litho-character,
low metamorphic grade, absence of well deBned
intrusive relationship, Sharma and Roy (1986),
Sharma (1988), Roy (1988), Bose and Sharma
(1992) and Roy and Jhakhar (2002) considered
that the Hindoli rocks were deposited over Neoarchaean Jahazpur Granite. Therefore, these authors
assigned a Proterozoic status to these rocks. Many
consider Berach Granite and its equivalent Jahazpur Granite as the basement of the Hindoli rocks.
According to Bose and Sharma (1992), Bose et al.
(1996) and Deb et al. (2002), the basic and felsic
volcanics of Hindoli are coeval with the Proterozoic
Aravalli sequence.
On the contrary, some workers placed Hindoli
Group as a litho-tectonic component of the
Archaean Bhilwara Supergroup mainly on the
consideration that the Archaean Jahazpur Granite
is intrusive into the Hindoli Group (Rao 1967;
Sinha Roy 1985; Sinha Roy and Malhotra 1989;
Gupta et al. 1980, 1997; Sinha Roy et al. 1998;
Malhotra and Pandit 2000).
The stratigraphic status of Jahazpur Group of
rocks is also ambiguous. According to Gupta et al.
(1980, 1997), this group is equivalent to pre-Aravalli sequence, but Sinha Roy and Chore (1991)
considered them as Aravalli-equivalent sequence
which was deposited in ensialic pull-apart basins
within the Archaean Hindoli Group. The dolomitedominated sequences of Jahazpur belts were equated with Raialo Series by Heron (1917, 1953) and
were placed above the Hindoli Group of rocks.
Sinha Roy and Malhotra (1989) also reported the
presence of an older fabric in Hindoli metasediments that is absent in the younger Jahazpur rocks.
From the entire Hindoli–Jahazpur supracrustal
sequence, available isotopic age data is very
scanty. Deb et al. (2002) brought out zircon U–Pb
SHRIMP ages of the acid volcanics of Hindoli
Group yielding a wide age range of 3.2–1.8 Ga. The
Archaean (3.2 Ga) and Paleoproterozoic (1.8 Ga)
dates were interpreted as the age of older xenocrysts and the age of deposition of Hindoli volcanics, respectively. Recent geochronological work
yielded a SHRIMP zircon U–Pb age of *2.54 Ga
for the Jahazpur Granite (Dey et al. 2019) establishing the Neoarchean basement status of the
granite. Consequently, it also negates the idea that
the Jahazpur Granite is intrusive into the Hindoli
rocks.
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Figure 2. Geological map of Hindoli–Jahazpur Group of rocks (after Malhotra et al. 1989) showing tectonic boundaries on both
sides and geochronological sample locations.

This paper attempts to develop a tectonostratigraphic framework of these low-grade supracrustal
sequences based on lithostratigraphic features and
structural data along with Rb–Sr whole rock
geochronology of the Jahazpur Granite. This would
put the stratigraphic status of the individual
lithotectonic units vis-a-vis deformation and
metamorphism, in the perspective of the orogenic
event that aAected this part of the Western Indian
Craton.
2. Disposition and lithology
2.1 Jahazpur Granite
The linear, lensoid Jahazpur Granite occurs only in
association with the EJB in a NE–SW disposition
that is parallel to the regional trend (Bgure 2). As
mentioned earlier, the granite is Neoarchaean
(2.54 Ga) in age equivalent to the 2.6 Ga Berach
Granite (Sinha-Roy 1985; Sinha Roy and Malhotra
1989; Sinha Roy et al. 1998; Malhotra and Pandit
2000; Dey et al. 2019). Field, petrographic and
structural characters of the granite are presented
together in this subchapter for giving a comprehensive account of the basement granite.
The granite is coarse to medium-grained, at
places porphyritic and dominantly leucocratic and
composed of quartz, K-feldspar, plagioclase and
biotite.
Ellipsoidal to amoeboid-shaped maBc microgranular enclaves (MME) of variable sizes having
embayed and diffused margin are recorded within
the granite at places (Bgure 3a), indicating mingling of this granite magma with a subordinate

maBc melt. Feldspar phenocrysts of granite are
present within MMEs.
Although an intrusive nature of the granite with
the Hindoli Group of rocks was reported by some
authors (Sinha Roy and Malhotra 1989; Malhotra
and Pandit 2000), Bnding of the present work is
different. Nowhere, Hindoli rocks are in contact
with the Jahazpur Granite. MaBc enclaves that are
cited by them as probable evidence of intrusive
relationship, perhaps represent contemporaneous
maBc melt that got mingled with the granite to
form MMEs since as mentioned earlier, outcrop
scale MMEs are commonly recorded at places
within the Jahazpur Granite. Evidences of any
other intrusive relationship like veins and tongues
of the granite, contact metamorphic features with
the adjacent rocks are absent.
Field study revealed that deformation aAected
the Jahazpur Granite in a heterogeneous manner as
nearly undeformed granite in the core part to
extremely deformed and mylonitised granite in the
marginal part was recorded in the study area.
Strong brecciation of the granite was also observed
at places.
However, at most of its outcrops, the granite
shows evidence of feeble to prominent ductile
deformation. Intensely deformed and mylonitised
portions of the granite are strongly foliated and
comprise ribboned quartz, strained and fractured
feldspar porphyroclasts, and subparallelly aligned
mica grains. S–C fabric, shear bands, grain size
reduction and neomineralization in the form of
sericite are commonly recorded in the granite.
Petrographic study of the Jahazpur Granite
reveals that the granite has a mineral assemblage
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Figure 3. (a) Field photo of ellipsoidal maBc microgranular enclaves (MME) with embayed and diffused margin in the granite at
places, indicating magma mingling with a maBc melt. (b) Field photo of mylonitic foliation and shear bands in deformed
Jahazpur Granite of Biramata area. (c) BSE image of Jahazpur granite showing alkali feldspar phenocrysts with perthite
intergrowth, mainly in the marginal part of the grains. (d) Photomicrograph showing recrystallization of smaller grains along the
margins of plagioclase phenocrysts, strong undulose extinction and incipient subgrain formation in quartz.

of quartz + plagioclase + alkali feldspar + biotite
with zircon, sphene and apatite as accessory minerals. The secondary minerals are chlorite, epidote
and sericite. From the relative abundance of
quartz, plagioclase and k-feldspar, the granite is
found to be granodioritic in composition. Both
plagioclase and k-feldspar occur as phenocryst in a
matrix of quartz, feldspars and biotite. Alkali
feldspars occur in two distinct modes. The phenocrysts of alkali feldspars are perthitic (Bgure 3c)
and at places transformed to sericite. Small,
anhedral, irregular-shaped alkali feldspar grains
occur along grain boundaries of quartz and plagioclase phenocrysts. These feldspars also contain
inclusions of biotite and quartz. Biotites are pleochroic from pale yellow to pale green to brown.
Biotite–sphene–epidote rich layers and elongated
quartz deBne the foliation. The secondary chlorites
at most of the places pseudomorphed the biotites.
Microstructural study further corroborates the
Bndings on deformation of the granite in Beld. In
the high strain domains of the granite, quartz
grains show pure crystal plastic deformation
forming elongated ribbons, whereas feldspars
behaved in a brittle–ductile manner. Extreme
undulose extinction, deformation bands and

strain-recovery features such as subgrain formation
and recrystallization were recorded in quartz
(Bgure 3d). Subgrains of quartz show preferred
orientation indicative of dynamic recrystallization.
On the other hand, in feldspars, both brittle features, e.g., microfaulting, intra-grain fracturing,
etc., and ductile features, e.g., undulose extinction,
deformation banding, Came perthite, Bne subgrains
and neomineralization of sericite around large
porphyroclasts were recorded. Presence of hydrous
Cuid has also played its role in enhancing the
ductility of the rock. From the complete ductile
behaviour of quartz and brittle–ductile behaviour
of feldspars, a temperature range belonging to
greenschist facies grade (C300 to \450C) can be
envisaged for the deformation of Jahazpur Granite.
2.2 Jahazpur Group
The two linear NE–SW trending Jahazpur belts,
EJB and WJB, occur in the central part and
western part of the study area, respectively
(Bgure 2). Based on the lithological similarities,
rocks of these two belts were put together as ‘Jahazpur Group’ in previous literature. However, as
the present study Bnds that rocks of these two belts
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have different stratigraphic status, in spite of their
lithological similarities and since the names
Jahazpur Group, EJB, WJB are entrenched in the
literature, the EJB and WJB rocks are also
described here as Jahazpur Group-I and Jahazpur
Group-II, respectively, to provide a proper stratigraphic connotation.
2.2.1 East Jahazpur Belt (Jahazpur Group-I)
East Jahazpur Belt (EJB) or Jahazpur Group-I
consists of oligomict conglomerate, claystone,
cherty quartzite and dolomitic marble. Oligomict,
quartz pebble conglomerate occurs as a consistent
1–5 m thick unit at the base of the EJB over the
Jahazpur Granite indicating a major unconformity
(Bgure 4a). The conglomerate consists of rounded
to elliptical quartz clasts within a siliceous matrix.
The conglomerate grades into a current bedded,
gritty quartzite unit in which stratigraphic
younging can be deciphered by the well preserved
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current beddings. The upper part of the quartzite
unit is often cherty. At places, the presence of
claystone pockets at the granite–quartzite boundary possibly indicates paleosol deposits (Sinha Roy
and Malhotra 1989; Malhotra and Pandit 2000).
The thick carbonate unit, overlying the quartzite,
is coffee brown in colour, hard, Bne-grained, wellbedded and composed of dolomite and siderite. It
often intercalates with narrow layers of cherty
quartzite. The quartzite–carbonate intercalated
units preserve excellent hummocky cross-stratiBcation (Bgure 4b). The foreset draping lamellae,
hummocks and swales, parallel beds and cross beds
are present in this chert–carbonate unit. According
to Pandit et al. (2003), Jahazpur carbonates show
similarity in C-isotopic characteristic with
Palaeoproterozoic carbonates of Aravalli Supergroup though the d13C excursion seen in Aravalli
carbonates, that are absent in Jahazpur Group.
Another litho-unit, earlier named as ironstone or
BIF (Malhotra 1998) in EJB, is found to be a

Figure 4. (a) Elongated elliptical quartz pebbles at the base of East Jahazpur Belt; oligomictic conglomerate with stretched
pebbles having long axis parallel to schistosity. (b) Hummocky cross-stratiBcations in cherty quartzite of East Jahazpur Belt.
(c) Old working for iron in the highly brecciated and ferruginised fault rock at the eastern boundary of EJB against the Hindoli
metasediments. (d) Polymict conglomerate at the base of the West Jahazpur Belt near Jawal. Subrounded assorted clasts in a
chloritic matrix. (e) Herringbone cross-stratiBcation in quartzite unit occurring above conglomerate bed of West Jahazpur Belt.
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brecciated and ferruginised horizon representing a
fault breccia (Bgure 4c) that occurs at the eastern
boundary of EJB against the Hindoli metasediments.
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these. The conglomerate–quartzite–marl–dolomite–
chert succession represents stable platformal
facies/depositional environment grading from
near-shore facies to deeper water facies below
CCD.

2.2.2 West Jahazpur Belt (Jahazpur Group-II)
West Jahazpur Belt (WJB) or Jahazpur Group-II
consists of polymict conglomerate, quartzite,
impure carbonates/dolomite and grey to purple
phyllite. According to Malhotra (1998), the complete lithostratigraphy of the erstwhile Jahazpur
Group is preserved in the WJB.
The belt starts with a polymict conglomerate
(Bgure 4d) unit at its base over the Hindoli
metasediments. The conglomerate unit of WJB is
best exposed in the hill range of Jawal. At Jawal, at
the major D2 fold closure, the conglomerate unit is
nearly 50-m thick which narrows down along the
NE strike direction. The conglomerate is texturally
and mineralogically immature. Near the base, the
conglomerate is clast-dominated consisting of
clasts of mostly chert, psammopelites and quartz
veins lying often in greenish coloured schistose
chloritic and occasionally arenaceous matrix.
Malhotra (1998) and Malhotra and Pandit (2000)
have reported the polymictic nature of this conglomerate based on the presence of clasts of granite, grey slate, variegated phyllite, quartz schist,
quartzite and vein quartz. The clasts are subangular to elliptical and the size range varies from
a few mm to 25 cm in length. The long axes of the
elliptical clasts are parallel to the schistosity of
matrix. The size of the clasts decreases (max size up
to 3 cm) and the conglomerate becomes more
matrix-dominated towards the top, at the upper part
of the hill. In the matrix-dominated conglomerate,
herring-bone cross-stratiBcation (Bgure 4e), trough
cross strata and graded bedding clearly indicate
younging towards the WJB from the Hindoli Group.
Bedding in this conglomerate is deBned by alternating clast-free and clasts-dominated layer. The conglomerate grades into quartzite which also contains
cross-stratiBcation. Thin slaty laminae are present
within the quartzite. The quartzite unit is followed
by thick units of dolomite, cherty quartzite, marl/
impure carbonate, talc schist and phyllite. Cherty
quartzite is interbanded with carbonates and often
with thin phyllitic laminae. Thin intercalations of
ferruginous alteration zones were also recorded at the
margins of cherty quartzite with the marly sediments. Brecciation is also commonly observed along

2.3 Hindoli Group
Hindoli Group of rocks dominantly comprise
pelites intercalating with thinner bands of psammopelites (greywacke), metamorphosed to lowgrade greenschist facies grade having rare and
scanty occurrence of calc-schist and syn-sedimentary maBc and felsic volcanics. The metapelites
comprise slate, phyllite, mica schist, etc. The Bnegrained, grey, khaki grey to purple coloured,
strongly foliated slate and phyllite with mediumgrained metagreywacke are the dominant lithounits of the Hindoli Group. Cross-laminations
(Bgure 5a), load casts, cuspate–lobate structures
(Bgure 5b), and convolute laminations are noted in
these metasediments. Occasional development of
garnet in the metapelitic schists are noted from the
central part of the area, to the west of EJB. Thin
bands of impure carbonates alternate with mica
schist exposed to the west of Luhari Kalan. These
carbonates/marl of Hindoli Group are Bne to
coarse-grained consisting of randomly oriented
green amphibole needles in a carbonate and feldspar rich matrix. Metagreywackes are coarsegrained, relatively hard and form linear, low lying,
discontinuous mounds within the overall plain
phyllitic country.
The maBc and felsic meta-volcanics, exposed as
thin linear bands, near Ronija, Kachola and Munsipura and other areas, are interbanded with the
metasediments. The maBc volcanics are greenish to
reddish grey in colour, Bne-grained and strongly
altered. The felsic volcanics are dark grey coloured,
very Bne-grained, hard, compact, massive, or with
a crude foliation and composed of small (up to
1 cm) phenocrysts/clasts of quartz in a silica-rich
quartzo-feldspathic matrix.
The thick succession of argillite and greywacke
containing convolute lamination, ball and pillowlike structure and load casts indicate deeper water
turbidite facies.
The geochemical characteristics of Hindoli
metasediments indicate a tonalitic source composition (Saxena et al. 2009). The present study also
corroborates the observation that the grade of
metamorphism of Hindoli rocks has a marginal but
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Figure 5. (a) Field photo of cross-lamination in metagreywacke unit of Hindoli Group, east of Hindoli. (b) Field photo of ball and
pillow like load structure in low-grade pelitic–psammopelitic intercalation in Hindoli Group, southeast of Hindoli. Both (a) and
(b) primary structures helped in determining the younging direction.

discernible increase from SE to NW (Sinha Roy
and Malhotra 1989). A thick sequence of very Bnegrained low-grade sericite–muscovite–chlorite- rich
slate to phyllite (without garnet) is exposed to the
east of EJB, whereas small garnet porphyroblasts
with coarsening of grain size (schist) appeared in
Hindoli rocks west of the EJB. The stable mineral
assemblages of biotite, muscovite, alkali feldspar,
quartz ± garnet and complete absence of chloritoid and kyanite indicate a low to medium P/T
metamorphism of low Fe-pelites of Hindoli Group
in greenschist facies grade.
3. Structure and deformation history
Two dominant phases of deformation with a later
cross folding phase are mainly recorded in the rocks
of both Hindoli and Jahazpur groups. There has
been report of presence of a pre-Jahazpur fabric in
Hindoli rocks (Sinha Roy 1985; Sinha Roy and
Malhotra 1989; Malhotra and Pandit 2000), but
the present work did not record any such fabric,
neither in Beld nor in microstructural study. All
the deformation phases aAected both the groups of
rocks.
The macroscopic, mesoscopic and microscopic
studies of the structural features related to each of
these two major phases of deformation are described separately below.
3.1 Structures related to early (D1) deformation
phase
The early deformation phase (D1) is manifested by
very tight to isoclinal, noncylindrical mesoscopic
folds (F1) with a very high amplitude/wavelength
ratio and a prominent schistosity (S1), observed in

Hindoli as well as in Jahazpur rocks. At most
places, S1 is found subparallel to S0, except at the
F1 hinges. However, at most of the places, the
original orientation of the S1 which tentatively had
a NE–SW/ENE–WSW strike and a subhorizontal
to gentle dip due NW has been grossly modiBed by
the strong later (D2) deformation.
The present work reports for the Brst time the
presence of a large scale near-recumbent F1-fold
(nappe) deBned by the quartzite and the carbonate
units in the EJB (Jahazpur Group-I), although the
late phase (D2) of deformation has marginally
modiBed it. The basement Jahazpur Granite
occupies the core of this antiformal near-recumbent
fold. Very well-developed tight to isoclinal, mesoscopic to outcrop-scale folds with recumbent to
gentle northwesterly dipping axial planar geometry
(Bgure 6a and b) observed in the bedded quartzites
and carbonates and subhorizontal to gently westerly dipping schistosity in the Hindoli metapelites
manifest the recumbent nature of the early fold
phase (Bgure 6c). Top-to-east thrusting of the EJB
along its eastern contact over the Hindoli
metasediments in the east is evident by stacking of
such recumbent folds and by the presence of a zone
of brecciation and ferruginisation along the contact
(Bgure 4c). On the contrary, the western contact of
the EJB with the Hindoli rocks to its west is normal and the primary sedimentary structures indicate westward younging. The top-to-east thrusting
of the EJB and the overlying Hindoli metasediments exposed comparatively deeper part of the
Hindoli metasediments, to the west of EJB as
metapelitic schist ± garnet is recorded in this part
as compared to Bne-grained slates and phyllites to
its east.
In the WJB (Jahazpur Group-II), mappable
scale, northerly closing F1 hinge, deBned by major
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Figure 6. (a) Outcrop scale recumbent folding in quartzite unit and (b) recumbent folding in impure dolomite unit of EJB.
(c) Isoclinal near-recumbent F1 folds in metagreywacke–argillite intercalation sequence with gentle westerly dipping S1
schistposity in Hindoli Group east of EJB. (d) Downdip striping (bedding–schistosity intersection) lineation on the S1 axial
planar cleavage in quartzite at the major F1 reclined fold closure of West Jahazpur belt near Dhanola. (e) BSE image of
crenulated S1 schistosity deBned by muscovite and biotite in metapelitic schist of Hindoli Group. (f) Garnet porphyroblast in
Hindoli metapelite; inclusion trails deBning S1 schistosity within garnet occurs at a high angle with the external schistosity (S2);
note the quartz ribbons parallel to schistosity and recrystallized quartz grains at pressure shadow zones of garnet. (g) BSE image
of crenulated S1 schistosity abutting against the garnet porphyroblsts in Hindoli metasediments. (h) BSE image of mica schist
showing chlorite porphyroblasts which are folded and fractured.

quartzite bands are recorded in Dhanola and
Jahazpur (Bgure 2). Prominent fold axis lineation/
bedding–schistosity intersection lineation having
nearly steep downdip (due NW) plunge (Bgure 6d)
on the NE–SW striking and steep NW dipping
S1-schistosity, indicates a near reclined geometry of
the large F1 fold in WJB. The reclined geometry is
likely to be inCuenced by large-scale secondgeneration refolding (truncated Type-II refolding
as envisaged by Sinha Roy 1985) and the major
crustal-scale, transpressional, boundary shear zone
that had a thrust component adjacent to the
western contact of WJB with higher grade
Mangalwar Complex.

Microstructural study revealed that S1-schistosity is deBned by very closely spaced, subparallel
arrangement of muscovite, biotite, chlorite and
Cattened quartz (Bgure 6e) in the metapelites of
Hindoli Group. Porphyroblastic garnet contains
straight inclusions of quartz and opaques indicating their growth during syn- to late-D1 stage. The
inclusion trails in garnet deBned by quartz grains
are at a high angle with the external S2-cleavage
(Bgure 6f). The crenulations of schistosity also abut
against the garnet porphyroblasts (Bgure 6g).
Chlorite is also syn- to late-D1 and occurs as porphyroblasts forming over the micaceous matrix.
The porphyroblasts are full of inclusions of quartz
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and are disposed parallel to the S1-schistosity and
at angles with the S2-cleavage. Chlorite porphyroblasts are also deformed showing development
of S2-spaced cleavage planes along which microdisplacement is recorded (Bgure 6h). Where S2
is intensely developed, remnant S1 can only be
observed as Si-trails within the D1 garnet
porphyroblast.
In the quartz mica schists of Jahazpur Group,
the schistosity is deBned by subparallel arrangement of Bner mica grains and Cattened quartz.
3.2 Structures related to late (D2) deformation
phase
The second phase of deformation (D2) is represented by a prominent and pervasive S2 cleavage
and tight to rarely isoclinal, inclined to overturned,
F2 mesoscopic folds (Bgure 7a and b) and refolds
(Bgure 7c) in bedding. Folding of the early schistosity (S1) into F2-folds having similar geometry is
also commonly recorded.
The S2 cleavage, generally a closely spaced
crenulation cleavage in rock types of both the
groups, often grades into a continuous penetrative
cleavage parallel to the axial planes of the F2 folds.
The S2 cleavage generally strikes ENE–WSW with
variations up to NE–SW and dips moderately to
steeply due NW.
Microstructural study also indicates the presence
of two sets of fabrics in rocks of both the groups.
The S1 schistosity is crenulated by later deformation (Bgure 7d). Parallel orientation of muscovite
(± biotite) and Cattened quartz deBnes the S2
crenulation cleavage. The S2 cleavage domain and
microlithon domain are well-deBned having relict
microfold-hinges, developed over early schistosity,
occasionally preserved in the microlithons. This
indicates the transposed nature of the S2 cleavage
(Bgure 7e). Symmetric strain shadows, paralleling
the S2 claeavage, occupied by quartz, biotite, etc.,
occur on both sides of the garnet porphyroblasts in
the Hindoli metapelites. This prominent fabric is
also observed in the deformed Jahazpur Granite
(described in section 2.1). In the Biramata area,
the prominent mylonitic foliation, is found nearly
subparallel to the S2 cleavage.
From the stereographic plots, the mean S2
cleavage strikes 62 and dips at an angle of 76 due
NW (Bgure 7f). The spread of the S2 data is mainly
due to the broad F3 warps and fanning.
Stereographic plots indicate that the F2 fold axes
in Jahazpur and Hindoli rocks have a widely
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variable axial orientation, lying on the S2-axial
planar cleavage (Bgure 7g and h). Axial planar
data of F2 minor folds (strike: 62 and dip: 72)
matches well with the S2 cleavage data (Bgure 7i).
Superposition of F1 and F2, mainly of type-III,
were recorded at places, especially in the metapelites of Hindoli Group and the impure carbonate–chert intercalation unit of Jahazpur Group. A
major F2 closure is recorded at the southern end of
the WJB near Jawal (Bgure 2).
The West Jahazpur Belt (WJB) has been considered as a large-scale type-II interference pattern
belonging to the second generation whose western
F1 arm was severed along the major NE–SW
trending sheared contact with Mangalwar Complex
(Sinha Roy 1985; Malhotra and Pandit 2000).
According to these authors, the tight isoclinal fold
closure of reclined nature at Dhanola and Jahazpur
represents the early phase of folding and the gently
northwesterly plunging major closure at Jawal
represents the late fold phase. However, we Bnd
this model a little conjectural. But, it is also not
possible to term it as simple Type-III interference
because in such cases, the refolding should have
been nearly coaxial. Here, the early fold at Dhanola
is near reclined having steep plunge towards NW,
whereas the late fold axis (F2) at Jawal is gentle to
moderately plunging due NE. We rather envisage
that there is additional complexity due to thrust
movement along the adjacent western marginal
shear that perhaps modiBed the Dhanola fold hinge
of an otherwise nearly type-III interference pattern
as we record it in the EJB. A detailed work on the
western boundary shear zone might solve the issue.
At the major F2 closure at Jawal, very welldeveloped cross-bedding and graded bedding
clearly indicate younging direction from the Hindoli Group of rocks to the WJB (Jahazpur GroupII) rocks.
The crustal-scale tectonic discontinuity between
the amphibolite grade Mangalwar Complex to the
west and the greenschist grade Hindoli–Jahazpur
rocks to the east, is a major transpressional shear
zone in which a NE–SW striking and steep northwesterly dipping prominent mylonitic foliation and
inclined to sub-horizontal stretching lineation were
recorded in the sheared Hindoli metapelites. Updip
(thrust) movement is evidenced by the overriding
of the higher grade Mangalwar rocks against the
low-grade Jahazpur–Hindoli rocks, whereas presence of sinistral strike-slip movement has also been
recorded at many places on plan view along this
major shear zone. Microstructural study also
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Figure 7. (a) Overturned F2 mesoscopic fold in quartzite of EJB. (b) Mesoscopic F2 inclined fold in Hindoli metapelites.
(c) Isoclinal recumbent F1 fold refolded by steep F2 inclined fold in quartzite of EJB. (d) BSE image of mica schist of Hindoli
Group, showing S2 crenulation cleavage developed along the limbs of the F2 microfolds deBned by early S1 schistosity.
(e) Microphotograph showing transposed nature of S2 cleavage; note the relict fold hinges developed on earlier schistosity (S1)
occurring between cleavage domains in metapelitic schist of Hindoli Group. (f) Stereoplot of S2 cleavages from Jahazpur and
Hindoli rocks; the mean orientation is 62/76NW; n = 94. (g) Stereoplot of minor F2 fold axis from East Jahazpur Belt; preferred
orientation is 48 towards 263; n = 33. (h) Stereoplot of fold axis of minor folds present in Hindoli Group; n = 14; preferred
orientation is 35 towards 245. (i) Pole plotting of axial planes of minor F2 folds of East Jahazpur belt; n = 23; preferred
orientation 242/72NW. (j) Microphotograph showing S-C fabric in the sheared metasediments of Hindoli Group at the western
sheared contact with Mangalwar Complex.
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conBrmed the presence of a low-grade sinistral
shear zone at the western boundary of the Hindoli
metasediments (Bgure 7j).
The D3 phase of deformation is in general feeble
and resulted in broad warps and at places widely
spaced cleavages across the regional trend of the
belts.

4. Geochemistry and Rb–Sr isotopic studies
of Jahazpur Granite
4.1 Geochemistry
Major element analysis of the granite samples was
carried out in XRF instrument (Panalytical

Table 1. Major oxide, trace and REE analyses of samples of Jahazpur Granite from Itunda area.
Major oxides
(in wt.%)

Sample no.
ITU/GR/1

67.78
SiO2
TiO2
0.33
Al2O3
14.23
Fe2O3 (T)
3.47
MnO
0.06
MgO
1.90
CaO
2.38
Na2O
3.96
K2O
3.12
P2O5
0.11
L.O.I
2.18
Total
99.52
ACNK
1.50
Trace element (ppm)
Sr
244
Ba
805
Rb
70
Nb
11
Y
23
Zr
153
Th
10
Sn
5.46
Hf
4.07
Ta
1.02
Mo
0.52
Ge
0.83
Be
1.88
U
1.89
REE (ppm)
La
28.59
Ce
53.25
Pr
6.65
Nd
24.16
Eu
1.72
Sm
4.83
Gd
4.03
Tb
0.66
Dy
3.52
Ho
0.64
Er
1.83
Tm
\0.50
Yb
1.83
Lu
\0.50

ITU/GR/2

ITU/GR/3

ITU/GR/5

ITU/GR/8

ITU/GR/10

ITU/GR/12

65.55
0.69
14.90
5.11
0.06
2.28
1.38
2.93
4.32
0.20
2.12
99.54
1.73

67.55
0.30
14.72
2.27
0.04
1.65
2.08
4.27
4.32
0.10
2.47
99.77
1.38

71.04
0.30
11.75
3.84
0.05
1.47
2.24
3.61
3.55
0.13
1.80
99.78
1.25

71.16
0.22
12.21
3.55
0.05
1.13
2.20
3.31
4.69
0.09
1.59
100.0
1.20

72.40
0.30
11.74
3.21
0.05
1.42
1.85
3.59
3.21
0.11
1.43
99.31
1.36

72.15
0.35
11.55
3.57
0.05
1.22
2.04
3.48
3.21
0.09
1.48
99.19
1.32

125
781
129
13
20
256
15
1.32
9.56
0.89
0.55
0.66
1.96
122

157
1053
77
13
24
172
20
5.01
4.54
2.14
\0.50
0.46
2.13
3.96

242
709
179
12
22
188
25
47.60
4.74
1.36
\0.50
0.68
2.06
8.87

300
906
156
6
27
178
35
5.69
5.43
1.43
0.72
0.69
1.76
8.73

274
738
163
3
16
194
20
5.41
4.81
0.50
\0.50
0.57
2.12
4.38

282
699
150
15
26
201
25
4.63
5.65
3.04
\0.50
0.55
2.30
7.34

84.39
156.39
15.06
52.24
1.63
9.12
8.82
0.74
3.03
0.52
1.70
\0.50
1.23
\0.50

51.29
95.25
9.89
35.32
1.66
6.36
5.62
0.65
3.30
0.61
1.80
\0.50
1.70
\0.50

47.60
88.60
9.38
33.20
1.45
6.19
5.20
0.71
3.68
0.68
1.89
\0.50
1.76
\0.50

56.12
103.80
10.90
38.40
1.75
7.29
6.60
0.82
4.35
0.76
2.19
\0.50
1.97
\0.50

46.05
84.71
8.35
29.04
1.28
5.63
4.72
0.52
2.35
\0.50
1.20
\0.50
1.01
\0.50

43.12
80.00
8.91
30.97
1.40
6.19
4.86
0.70
3.78
0.66
1.91
\0.50
1.87
\0.50
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Table 2. Major oxide and REE analyses of samples of Jahazpur Granite from Biramata area.
Major oxides
(in wt.%)
SiO2
TiO2
Al2O3
Fe2O3
MnO
MgO
CaO
Na2O
K2O
P2O5
L.O.I
Total
ACNK
REE (ppm)
La
Ce
Pr
Nd
Eu
Sm
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu

Sample no.
BMT/1

BMT/2

BMT/3

BMT/4

BMT/5

BMT/6

68.24
0.28
15.12
2.43
0.04
1.76
2.17
3.24
4.55
0.09
2.40
100.0
1.52

67.2
0.3
15.07
2.88
0.05
1.93
2.03
3.28
4.85
0.1
2.53
100.0
1.48

68.31
0.3
13.35
3.06
0.06
1.9
3.11
4.3
2.95
0.11
2.81
100.0
1.29

67.7
0.32
14.61
2.71
0.04
1.93
2.21
3.49
4.62
0.11
2.46
100.0
1.42

69.04
0.25
14.3
1.94
0.04
1.53
2.24
3.79
4.59
0.09
2.55
100.0
1.35

67.14
0.31
14.52
2.79
0.05
1.9
2.49
2.74
4.97
0.1
3.29
100.0
1.43

34.73
65.05
6.69
21.22
0.88
4.36
3.73
\0.5
2.28
\0.5
1.15
\0.5
1.26
\0.5

32.65
60.62
6.36
20.02
0.81
4.16
3.56
\0.5
2.42
\0.5
1.36
\0.5
1.65
\0.5

38.07
71.25
7.34
23.45
0.91
4.70
4.09
\0.5
2.99
\0.5
1.81
\0.5
2.28
\0.5

35.17
64.45
6.72
22.33
0.83
4.28
3.55
\0.5
2.16
\0.5
1.13
\0.5
1.31
\0.5

26.95
49.63
5.27
17.10
0.64
3.25
2.68
\0.5
1.72
\0.5
0.93
\0.5
1.01
\0.5

32.41
60.82
6.26
21.52
0.80
3.93
3.31
\0.5
1.99
\0.5
1.0
\0.5
1.08
\0.5

Zetium) and the trace and Rare Earth Elements
(REE) were analysed using a PerkinElmar SCIEX
ELAN(R)DRCTM-e ICP-MS at the Central
Chemical Laboratory, Geological Survey of India,
Kolkata. Three to Bve kg of each sample was collected from the Beld, from fresh rock outcrops
devoid of veins and alterations. Homogenized
sample of 200 g was pulverised to\75 l in tungsten
carbide pulveriser. For XRF, the analytical accuracy was checked by GSD series reference materials
(GSD-6, GSD-7 and GSD-9) and by running
duplicate samples for ICPMS analysis, and GSD-6
was used in XRF analysis. Good analytical precision in terms of relative standard deviation was
obtained. The major oxide, trace element and REE
analytical results of the samples are furnished in
tables 1–3.
The samples of Jahazpur Granite from three
different locations within the study area, namely
Itunda, Biremata and Devli (tables 1–3), do not

show any major variation and indicate a homogeneity of chemical composition. The granite ranges in SiO2 content between 63.60 and 72.40 wt.%.
In the alkali vs. silica diagram of Irving and Bargar
(1971), samples fall in the sub-alkaline Beld
(Bgure 8a). The AFM diagram of the granite
samples shows a common trend in the calc-alkaline
Beld (Bgure 8b) with Biramata samples showing
slightly more evolved trend. In the Alkali–Lime
Index of Peacock (1931) and A/CNK plot of Shand
(1943), the granite samples plot in the calcic and
peraluminous Belds, respectively (Bgure 8c, d). In
the trace element diagrams of Y vs. Nb and
Y + Nb vs. Rb of Pearce et al. (1984), all the
samples show a volcanic arc aDnity (Bgure 8e and
f). The chondrite normalized REE plots (with reference to C1 chondrite; Sun and McDonoug 1989)
depict moderate total REE content, prominent
LREE enrichment and fractionation and Cat
HREE pattern for all granitic samples from the
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Table 3. Major oxide, trace and REE analyses of samples of Jahazpur Granite from Devli area.
Major oxides
(in wt.%)

Sample no.
DVL/1

65.03
SiO2
TiO2
0.49
Al2O3
14.24
Fe2O3
4.35
MnO
0.06
MgO
1.85
CaO
0.31
Na2O
1.92
K2O
1.83
P2O5
0.10
L.O.I
0.40
Total
90.58
ACNK
3.51
Trace elements (in ppm)
Sr
412
Ba
683
Rb
142
Nb
11
Y
21
Zr
182
Th
25
REE (ppm)
La
34.58
Ce
62.82
Pr
6.93
Nd
24.32
Eu
1.50
Sm
4.68
Gd
4.54
Tb
0.53
Dy
2.39
Ho
\0.50
Er
1.40
Tm
\0.50
Yb
1.33
Lu
\0.50

DVL/3

DVL/5

DVL/6

DVL/8

DVL/10

63.60
0.55
13.94
4.78
0.07
1.87
0.35
2.01
1.89
0.14
2.25
91.45
3.28

68.78
0.33
11.36
3.87
0.06
2.03
3.23
3.64
3.48
0.14
3.27
99.19
1.01

68.68
0.37
11.75
4.06
0.07
2.06
3.03
3.44
3.43
0.14
2.69
99.72
1.19

70.48
0.34
11.68
3.75
0.06
2.02
2.85
3.78
2.65
0.14
2.30
100.00
1.23

70.35
0.30
11.85
3.39
0.06
1.88
2.58
3.43
3.21
0.14
2.21
99.4
1.29

428
772
158
10
20
180
25

384
791
170
17
28
167
20

397
873
177
13
18
147
10

392
660
153
10
18
161
20

428
817
178
10
19
153
20

45.41
81.87
8.32
29.76
1.49
5.37
5.75
0.60
2.58
\0.50
1.56
\0.50
1.39
\0.50

53.15
97.32
10.74
37.32
1.76
6.90
6.31
0.80
3.90
0.70
2.17
\0.50
1.97
\0.50

66.67
121.71
13.40
47.15
2.31
8.68
7.76
0.97
4.74
0.87
2.72
\0.50
2.48
\0.50

40.21
73.04
7.60
26.79
1.32
5.08
4.84
0.56
2.55
\0.50
1.48
\0.50
1.38
\0.50

36.58
66.31
7.38
26.25
1.83
4.91
4.75
0.60
2.83
\0.50
1.62
\0.50
1.62
\0.50

three locations (Bgure 8g(i–iii)). Samples from all
three areas show negative Eu-anomaly, although
those from the Biramata area show stronger negative Eu-anomaly than the rest. The major and
trace element analyses of Jahazpur Granite characterize the granite as an evolved and differentiated one having calc-alkaline and volcanic arc
aDnity. The negative Eu-anomalies, moderate
total REE content and LREE enrichment
(LaN/LuN = 5.7–18.0) also point to an island arc
setting (Cullers and Graf 1984) and differentiated

nature of the granite. Out of the three areas, two
locations were selected for sampling for
geochronological purposes.
4.2 Rb–Sr geochronology
4.2.1 Sampling and analytical technique
Two suites of the Jahazpur Granite from Itunda
(25370 5800 N; 75230 53.700 E) and Biramata (25340
1500 N; 75190 52.200 E) were collected for whole-rock
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Figure 8. Petrochemical plots of Jahazpur Granite for samples collected from three different locations, Devli, Itunda and
Biramata: (a) SiO2 vs. [Na2O + K2O] plot indicating subalkaline nature of the granitic rocks of Jahazpur (Irvine and Bargar
1971); (b) AFM diagram ([Na2O + K2O]–FeOt–MgO) showing calc-alkaline aDnity; (c) Alkali index diagram of Peacock (1931)
showing the calcic nature; (d) A/CNK [molar ratio Al2O3/(CaO + Na2O + K2O)] vs. A/NK [molar ratio Al2O3/(Na2O + K2O)]
(Shand 1943) indicating peraluminous nature; (e) Nb vs. Y diagram and (f) Y + Nb vs. Rb diagram of Pearce et al. (1984)
showing cluster in VAG Beld and (g) Chondrite normalized REE diagrams of the Granite (i) Itunda, (ii) Devli and (iii) Biramata
areas.

Rb–Sr dating. The Jahazpur Granite from both the
areas exhibits prominent deformation indicated by
the presence of mylonitic foliation. The Itunda
suite comprised six samples, whereas the Biramata
suite comprised Bve samples covering maximum
modal variation.

Samples from each rock suite were scanned for
Rb, Sr abundance before taking up for isotopic
studies. The Rb, Sr abundance of each whole-rock
samples were determined relative to International
whole-rock standards following the procedure
(Kikkert 1983) on pressed powder pellets using an
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Table 4. Results of isotopic analyses of Jahazpur granite from Itunda area.
Sl.
no.
1
2
3
4
5
6

Sample no.
ITU/GR/1
ITU/GR/2
ITU/GR/5
ITU/GR/6
ITU/GR/8
ITU/GR/10

87

Rb/86Sr

%ERR

0.84247
2.3133
1.7622
1.5709
1.52293
1.7075

2
2
2
2
2
2

87

Sr/86Sr

0.7433962
0.7733101
0.7624497
0.75852
0.7576246
0.7611502

%SE
0.0874
0.0076
0.0462
0.0591
0.045
0.013

Table 5. Results of isotopic analyses of Jahazpur granite from Biramata area.
Sl.
no.
1
2
3
4
5
6

Sample
no.
BMT/1
BMT/2
BMT/3
BMT/4
BMT/5
BMT/6

87

Rb/86Sr

%ERR

1.6857
1.8577
0.7792
1.8329
2.13186
1.7499

automated sequential PW 2424 X-ray spectrometer (M/S Philips, Holland) at G&IG Division,
Geological Survey of India, Kolkata. 87Rb/86Sr
ratios were calculated from Rb/Sr ratios. The
precision is ± 2% (2r) based on multiple analyses.
Strontium was separated by conventional ionexchange chromatography and strontium isotopic
ratios were measured using an automated
MICROMASS 54R single collector Thermal
Ionization Mass Spectrometer (TIMS) at GSI,
Kolkata. During the present work, the 87Sr/86Sr
ratio of 0.71024 ± 4 was obtained on the NBS-987
Sr-standard. The uncertainty of individual
87
Sr/86Sr run precision is given for each sample. In
general, the precision was better than 0.02%. Total
reagent blank Sr was measured around 10–15 ng.
The Rb–Sr isochron ages were calculated by using
ISOPLOT programme of Ludwig (1988) and using
87
Rb decay constant of 1.42 9 1011 a1 (Steiger
and Jager 1977). All errors are quoted at 2 SE*
levels.

4.2.2 Results of isotopic analysis
The 87Rb/86Sr ratios and the corresponding
Sr/86Sr isotopic ratios for the two suites of
Jahazpur Granite are given in tables 4 and 5.

87

4.2.2.1 Itunda suite: Six samples of Jahazpur
granite belonging to Itunda suite were analysed for

2
2
2
2
2
2

87

Sr/86Sr

0.7613065
0.7693611
0.7451955
0.7661563
0.7726912
0.7641477

%SE
0.0072
0.0109
0.0056
0.0072
0.0035
0.0069

87

Sr/86Sr ratio. The 87Rb/86Sr ratio varies from
0.84247 to 2.3133 (table 4). 87Sr/86Sr ratio of this
granite ranges between 0.7433962 and 0.7733101.
Regression of isotopic data yielded an isochron age
of 1423 ± 52 Ma with initial 87Sr/86Sr ratio
0.7264 ± 0.0012 and MSWD of 0.24 (Bgure 9a).
4.2.2.2 Biramata suite: Six samples of Jahazpur
Granite collected from Biramata area were analysed for 87Sr/86Sr ratio. The 87Rb/86Sr ratio varies
from 0.7792 to 2.13186. The present day 87Sr/86Sr
ratio of granite of Biramata area ranges from
0.7451955 to 0.7726912 (table 5). Regression of
isotopic data of samples yields an errochron age of
1434 ± 280 Ma with 18 MSWD and high ISr of
0.7288 ± 0.0070. However, when Bve samples are
regressed, it yields a well-constrained isochron age
of 1393 ± 33 Ma (MSWD = 1.4) (Bgure 9b).
The whole rock Rb–Sr age of *1400 Ma for the
two suites of the intensely deformed Jahazpur
Granite from Itunda and Biramata indicates the
age of resetting of the whole rock Rb–Sr systematics due to later tectonic event that has aAected
the Jahazpur Granite as well as the overlying
supracrustal units of EJB (Jahazpur Group-I),
Hindoli Group and WJB (Jahazpur Group-II).
Since both suites of granite show evidences of
intense deformation and mylonitisation, dynamic
recrystallization and neomineralization induced by
the brittle–ductile transition deformation in the
granite are the dominant process by which the
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Figure 9. Whole rock Rb–Sr isochron of Jahazpur Granite
from (a) Itunda, N = 6. (b) Biramata, N = 5.

whole rock Rb–Sr system got re-equilibrated
during the major tectonic event.
5. Discussion
Based on the study of Beld relations and structural
features, the Jahazpur Granite is found to be the
oldest litho-unit in the study area. A 2.54 Ga
crystallization age of the granite reported by Dey
et al. 2019 using SHRIMP zircon U–Pb dating that
correlates it with the Berach Granite (*2.6 Ga,
Crawford 1970) in age and also supports the
basement status of the Jahazpur Granite. This also
rules out the possibility of the granite being
intrusive into volcano-sedimentary Hindoli Group
(Sinha Roy and Malhotra 1989; Malhotra 1998)
since a Paleoproterozoic age (*1.8 Ga) of the
Hindoli volcanics was obtained by zircon U–Pb
dating (Deb et al. 2002). Absence of any contact
metamorphism, intrusive tongues, veins or
apophyses, and any contact with the Hindoli rocks
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also substantiate the fact that the granite does not
have intrusive relation with the Hindoli Group of
rocks. Presence of many MMEs of various shapes
and sizes are suggestive of magma mingling of a
maBc melt with the voluminous granitic melt.
The rocks of the EJB (Jahazpur Group-I) overlie
the Jahazpur Granite with a prominent basal oligomict conglomerate-quartzite unit having wellrounded quartz pebbles, consistently present over
the granite signifying the presence of a profound
nonconformity. The quartzite unit is followed up
by the deposition of impure dolomite–chert–ferruginised carbonate units towards the direction of
younging.
Present study reveals that the Jahazpur Granite
occupies the core of a large-scale recumbent F1fold (nappe) that is superposed by eastward
inclined to overturned F2-folding in the EJB
(Bgure 10a). The eastern contact of the EJB (Jahazpur Group-I) with the Hindoli metasediments
to its east is thrusted with a top-to-east movement
as evident from the presence of stacking of
recumbent folds in the quartzites and carbonates of
EJB, gentle northwesterly to subhorizontal early
foliation and the presence of a major zone of
brecciation and ferruginisation along the thrusted
contact. However, the Hindoli metasediments
occurring to the west of the EJB, overlie the EJB
without any stratigraphic or tectonic break
between the two. This implies that the EJB is older
than the Hindoli rocks. The thrusting caused
exposing deeper part of Hindoli rocks to the west of
EJB compared to the Hindoli rocks east of it,
resulting in a minor but discernible increase in
metamorphic grade of Hindoli rocks to the northwest of EJB.
On the other hand, in the western part, the WJB
(Jahazpur Group-II) rocks start with a polymict
conglomerate unit at its base over the Hindoli rocks
indicating that the WJB rocks unconformably
overlie Hindoli metasediments (Bgure 10b). The
direction of younging, evidenced by the primary
structures could clearly be deciphered to be from
Hindoli rocks towards WJB rocks. However, the
polymict, ill-sorted nature of the conglomerate
having chloritic matrix does not signify a profound
time gap between the older Hindoli Group and the
WJB. Major F1 fold closures having reclined
geometry recorded in the marker quartzite bands
near Jahazpur and Dhanola and the major synclinal F2 closure near Jawal together deBne the
overall geometry of the WJB that is considered
severed along its sheared western contact with the
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Figure 10. Schematic cross-section of (a) East Jahazpur Belt along line A–B (of geological map in Bgure 2) showing D1 nappe and
D2 overturned folding and (b) West Jahazpur Belt along line C–D (of geological map in Bgure 2) showing D2 overturned syncline
and crustal scale shear between older Mangalwar Complex and Hindoli–Jahazpur rocks.

Mangalwar Gneisses. The crustal-scale high strain
zone at the contact between Mangalwar Complex
in the west and Hindoli–Jahazpur rocks in the east
represents a major transpressive shear along which
the higher grade Mangalwar rocks overrode the
low-grade Hindoli–Jahazpur rocks.
The overall structural signature in the Jahazpur
Group-I, Jahazpur Group-II and the Hindoli Group
of rocks do not show any significant difference. All
the three litho-packages show two prominent
phases of deformation with a later phase of cross
folding. The D1 phase gave rise to tight isoclinal
folding and a prominent S1-schistosity, the largescale folds of the D1 generation being recumbent
(in EJB) to be reclined (in WJB), whereas the D2
phase gave rise to eastward inclined to overturned
folding and a penetrative steep to moderate westerly dipping S2-crenulation cleavage. No pre-Jahazpur fabric could be recorded in the Hindoli
metasediments, either in Beld or in microsections.
Zones dominated by simple shear component represented by the thrust and shear zone and domains
dominated mainly by pure shear component manifested by development of schistosity, cleavage and
folds deBne the overall structural pattern of the
area.
In its east, the deformed and metamorphosed
rocks of Hindoli Group are separated from the

marginally deformed and unmetamorphosed
platformal Vindhyan sediments by the Great
Boundary Fault (GBF). Deep seismic reCection
studies across the Aravalli–Delhi Fold Belt indicated that the Paleoproterozoic (*1750 Ma) collisional orogeny of the Mewar and Bundelkhand
cratonic blocks resulted in the development of NW
dipping thick-skinned thrusting along the GBF and
along the crustal-scale shear zone at the western
boundary of Mangalwar Complex, having Hindoli
rocks sandwiched between these two tectonic discontinuities (Rajendra Prasad et al. 1998; Rajendra
Prasad and Rao 2006; Mandal et al. 2018). Some
opined that the GBF is a pre-Vindhyan feature,
formed initially as a normal fault that has been
reactivated numerous times in geologic history
(Verma 1996). Folding of Vindhyan sedimentary
units in the vicinity of the GBF trace suggests its
repeated activation during the Vindhyan deposition. In this context, the deformation and lowgrade metamorphism of the Hindoli–Jahazpur
rocks represent a tectono-thermal event limited
within these two major tectonic discontinuities and
might have triggered reactivation along these
tectonic fronts.
Rb–Sr whole-rock age of *1400 Ma, determined
from two suites of the deformed granite, one from
Itunda and another from Biramata, represents the
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deformation and metamorphic age of the granite
and not its crystallization age. Dynamic recrystallization and neomineralization induced by ductile deformation in the mylonitised granite reequilibrated the whole rock Rb–Sr system during
the major tectonic event. The closure temperature
of the Rb–Sr whole-rock system for felsic rocks is
generally considered to be 700C, but it falls to
around 450C, as a result of action of Cuids, especially H2O. Faure (1986) and Attendorn and
Bowen (1997) pointed out that Sr-isotopic
homogenization takes place under metamorphism.
As a result, this Mesoproterozoic age of
*1400 Ma represents a younger tectono-thermal
event that aAected both the Neoarchaean basement Jahazpur Granite and the overlying Paleoproterozoic supracrustal sequences. Complete
absence of detrital zircon of this age range from
nearby Vindhyans indicates that this was only a
tectono-metamorphic event, devoid of magmatism.
From the available geochronological data and
metamorphic P–T history from Aravalli Craton,
Verma and Greiling (1995); Bhowmick et al.
(2010); Basak and Ghosh (2011); Santosh (2012)
and Wang et al. (2018) proposed accretionary
orogenesis models for the evolution of Aravalli–Delhi Fold Belt. In most of these models, Hindoli–Jahazpur Group was considered to be
equivalent to Aravalli Supergroup. However, the
available data show that the Aravalli Basin opened
up around 2.4–2.2 Ga (Delwara maBc volcanism)
and ended up with the Aravalli subduction orogeny
at 1.8 Ga forming the Aravalli Fold Belt (Sarkar
et al. 1989). The developments of wide accretionary
belt, imbrications, extrusion of high-grade granulites during this orogeny are linked with amalgamation of supercontinent Columbia (Zhao et al.
2002). In these proposed models, the 1.72 Ga is
marked as crustal extension, magmatic underplating, granulite metamorphism, formation of Mangalwar and Delhi Basin, and is correlated with
break-up of Columbia. Roy et al. (2005) based on
single zircon Pb–Pb age of granulites from Sandmata area, considered that granulite metamorphism and exhumation occurred in Aravalli Craton
over an age range between 1725 and 1621 Ma
triggering the rift basin opening stages of the Delhi
Orogenic cycle that culminated at c. 1450 Ma. The
closing of Delhi Basin and formation of present day
architecture of Aravalli–Delhi Fold Belt was Bnally
attained during Grenvillian Orogeny at 1.0 Ga
(Bhowmick et al. 2010). The Paleoproterozoic deposition of thick greywackes-volcano-sedimentary
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sequence of Hindoli–Jahazpur around 1.8 Ga,
therefore, was initiated at the beginning of breaking up of Columbian Supercontinent and their
deformation and metamorphism *1.4 Ga continued in between ADFB and Great Boundary Fault
(GBF).
There is no major record of magmatism during
1400 Ma from ADFB. However, this Mesoproterozoic event is mainly reported from metamorphic monazites from metapelites of Pur-Banera,
monazite growth over 1.8 Ga schist of Mangalwar
Complex (Ojha et al. 2016) and from other metapelitic enclaves of MC (Basak et al. 2016) occurring
in the vicinity of Hindoli–Jahazpur area. Ojha et al.
(2016) even correlated this 1.4 Ga age with the
break-up of Columbia Supercontinent. The 1.4 Ga
age of the deformation and metamorphism of the
Jahzpur Granite also represent the major Mesoproterozoic orogenic event aAecting the Neoarchaean granite and the overlying Palaeoproterozoic
Hindoli–Jahazpur rocks at the eastern margin of
the Aravalli Fold Belt.
6. Conclusion
The present study, in a nutshell, brings out the
following concluding points:
• The strongly deformed and mylonitised
Neoarchean Jahazpur Granite (2.54 Ga) is the
basement and oldest litho-unit in the low-grade
Hindoli–Jahazpur litho-package at the eastern
boundary of Aravalli Craton.
• The East Jahazpur Belt (EJB) or Jahazpur
Group-I represents a major early recumbent
nappe structure, thrusting over the Hindoli
metasediments in the east. Stacking of recumbent folds along with brecciation and ferruginisation along the tectonic eastern contact of EJB
manifest a top-to-east thrusting in a brittleductile regime.
• East Jahazpur Belt (EJB) or Jahazpur Group-I
and West Jahazpur Belt (WJB) or Jahazpur
Group-II are not time equivalents, despite having similar litho-package of quartzite–carbonate
units. The younger cover sequences that overlie
the basement Jahazpur Granite with a profound
nonconformity are the rocks of Jahazpur GroupI (EJB), followed upward by Hindoli Group and
Jahazpur Group-II (WJB) in chronological
succession.
• The Neoarchaean calc-alkaline Jahazpur Granite and the Palaeoproterozoic (*1800 Ma)
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Hindoli–Jahazpur sequences are aAected by a
major tectono-thermal event at *1400 Ma that
has also been reported from adjacent Mangalwar
Complex, Pur Banera Group and Bundelkhand
Craton and can be considered as an imprint of
the break-up of the Columbian Supercontinent
in Western Indian Craton.
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