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The first report on the chemical (Th—U-Pb) monazite age
of the Mul granite pluton, Western Bastar craton, central
India and its metallogenic significance
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Petrography and the geochemical attributes of the studied Mul granite pluton reveal mixed characteristics
of A-type and I-type within-plate granites consistent with an extensional tectonic environment. The
dominance of the primary biotite over the primary muscovite suggests its meta-aluminous nature. The
dating of monazite from the Mul granitoid pluton by the in situ Th-U-Pb electron probe micro analyser
chemical method indicates the tectonomagmatic event around 1602 + 27 Ma in the western Bastar
craton, Chandrapur district, Maharashtra. The age data possibly represent the emplacement of large
bodies of grey granite and attendant monazite crystallisation at ~1600 Ma. This monazite age implies
that Mesoproterozoic magmatism is coeval with the formation of the Pranhita Godavari rift in the eastern
flank in Maharashtra and associated with the copper and barite mineralisation in Thanewasna and the
adjoining areas.
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Monazite is a rare earth element-rich Th-U-total Pb method for the single-grain dating

orthophosphate mineral [(Ce, La, Th, Nd, Y)
POy4| and is a common accessory mineral in acid
igneous rocks as significant Th and U but negligible
common lead incorporation during crystallisation,
which both together make monazite suitable for
dating (Parrish 1990). Because of the negligi-
ble common Pb relative to radiogenic Pb, it can
be dated by total Pb methods such as electron
microprobe dating (Suzuki and Adachi 1991; Mon-
tel et al. 1994; Williams et al. 2007). The chemical

of monazite by an electron probe microanalyser
(EPMA) is a powerful technique for determining
reliable ages at moderate cost (Suzuki and Adachi
1991; Montel et al. 1994; Cocherie et al. 1998; Cat-
los et al. 2002), which can be applied to study
both igneous and metamorphic rocks. This method
has proved to be a valuable tool for geochronol-
ogists because of its low cost and high spatial
resolution (<5 pwm). The high spatial resolution
of the method allows carrying out a large number
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of analyses in a single monazite crystal. However,
this method is not reliable due to U-poor but Th-
rich monazites which can be easily dated if they
are sufficiently old so that a measurable quantity
of Pb has been accumulated. Since the granitoids
from the western Bastar craton (WBC) are Pro-
terozoic in age based on field characteristics and
contain rich UOy and Th, they are so appropri-
ate for the geochronology study by the EPMA
method.

Granitic intrusions make up a substantial com-
ponent of the continental crust in the Bastar
craton, central India. Among the Precambrian
granitic rocks of this craton, the granitic rocks
in the WBC are especially poorly understood,
unlike the granites of Malanjkhand, Dongargarh
and Paliam-Darba, which have been extensively
studied for their significant metallogenic endow-
ment. The granites in study area cover ~300 km?,
located in the Chandrapur district of Maharashtra,
WBC (figure 1A). This rock is spatially associated
with copper and barite mineralisation and named
as the Mul granite. Its geochemistry was well
studied by Sashidharan (2007), Mukherjee et al.
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(2007) and Dora (2012). However, the timing of
crystallisation of this important granite in WBC
is still unknown. In order to know the time of
crystallisation, we applied the in situ ‘chemical’
Th-U-Pb dating of monazite with the EPMA
to unravel the timing and metallogeny history
of the ‘Mul granite’ in the WBC, Chandrapur,
Maharashtra.

In the Bastar craton, the granite event (2500—
2200 Ma) was well noticed in Malanjkhand, Don-
gargaon and Kawadgaon-Paliam during the Paleo-
proterozoic era (Sarkar et al. 1981; Ramesh Babu
1993; Panigrahi et al. 2004; Stein et al. 2004).
The regional geological setting of the Bastar cra-
ton is provided by previous researchers (Crook-
shank 1963; Ramachandra 2004; Ramakrishnan
and Vaidyanadhan 2008). The granite-pegmatite
systems of the Bastar craton host polymetallic
Nb, Ta, Sn, Be and Li deposits, which are genet-
ically related to various granitic bodies, locally
called the Paliam, Darba (in the SE Bastar cra-
ton), Katekalyan (in the central Bastar craton) and
Kawadgaon (in the NW Bastar craton) granites
(Singh et al. 2017).
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Figure 1. Geological map of the Mul granite pluton, WBC.
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The oldest lithologies in the study area are
granitic gneisses, which are unclassified. The
gneisses contain metamorphosed enclaves of mafic
and ultramafic rocks at places. The second dom-
inant rock is charnockite, which occurs as large
patches within the TTG gneiss. Charnockite at
places is intruded by mafic—ultramafic rocks, mai-
nly comprising pyroxenite, gabbro variants and
anorthosite. The entire assemblages in turn are
intruded by an undeformed granite named as the
Mul granite (Dora et al. 2011) and has become the
basement for the overlying NW—-SE trending rift-
bounded Pakhal and Gondwana sediments, which
separate the northern Dharwar craton and the
southern as well as the south-WBC (Dora et al.
2017) (figure 1B). The granite in the study area
is exposed over about 300 km?. This rock also
occurs in the form of dykes, tongues and apophy-
ses all along the contact zone with the gneiss and
mafic rocks and also brought out mafic enclaves
indicating its intrusive nature. This rock is het-
erogeneous and three to four varieties (phases)
can be observed near Dugara, Phutana and Lal-
heti based on the mode of occurrence, colour,
texture, structure and cross-cutting relationships,
thus displaying a complex nature. They are (i)
dark medium-grained grey granite, (ii) pegma-
toidal granite and (iii) fine-grained equigranular
pink granite. These are massive in the northern
part while in the southern part, in contact with
the gneisses, they show crude foliation at places
probably inherited from gneiss. Several enclaves of
basement gneisses are seen in the granite espe-
cially near Bimbal and Dewada (figure 2A). Of
the two types, the grey granitoids are widespread
and form large-scale bodies, whereas the pink type
forms small-scale bodies of a limited areal extent.
It is likely that the grey and pink varieties of
granitoids represent a single episode of felsic mag-
matism; and the pink colour of granitoids has been
caused by flushing the post-magmatic fluids. The
well-preserved magmatic fabric and the absence of
a strong deformation-induced planar feature with
relatively unaltered mineralogy suggest late- to
post-tectonic emplacement.

Out of the three varieties of granites, chemical
dating of monazite from grey granite was carried
out at the EPMA Laboratory, Geological Survey
of India, NCEGR, Faridabad. Calibrations were
carried out at 20 kV and 20 nA. Pb M was
measured using Large polyethylene teraphthalate
and the peak counting time was 300 s with back-
ground measured on both sides. For uranium, the U
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Ma line was used in order to avoid interference with
the Th Ma line with a peak counting time of 200 s.
Thorium Ma peak was also counted for 200 s. Both
these elements were measured using a positron
emission tomography (PET) crystal. Standards
used for Pb, U and Th were PbS, UO5 and ThO,.
A synthetic silica-aluminium glass containing 4%
rare earth elements was used as the standard for
La, Ce, Nd, Pr, Sm, Ho, Dy and Gd. Further details
of the analytical procedure are given in Pant et al.
(2009, 2013). About 14 elements for monazite (P,
Si, La, Ce, Pr, Nd, Sm, Gd, Dy, Y, U, Th, Pb
and Ca) were analysed to check their structural
formulae and total concentration. For individual
spot ages, the formulation of Montel et al. (1996)
was followed, whereas the age probability plots and
unmixing of ages were obtained using the software
Isoplot3 (v.3.71.09.06.19nx) (Ludwig 2001). Uncer-
tainties in individual analyses in the data table and
in the weighted mean ages are quoted at the 95%
confidence level (figure 2). Representative monazite
chemical compositions are given in table 1.

The granite is coarse- to fine-grained and pre-
dominantly porphyritic in nature (figure 2A). It
is composed of quartz (28-35%), alkali feldspar
(15-30%), plagioclase (10-25%), biotite and horn-
blende (3-5%) as principal minerals. Secondary
minerals are represented by chlorite and sericite.
In addition, zircon, rutile, sphene, ilmenite, mag-
netite and monagzite are also present as accessories.
At places, the granite hosts subhedral monazite
crystals displaying a brown dotted pigmentation.
Plagioclase crystals are sub-euhedral and exhibit
albite twins. Some crystals underwent sericiti-
sation. Biotite occurs as elongated fine fibres,
mostly transformed into chlorite. Some biotite
fibres contain opaque inclusions while others are
resorbed by quartz. Generally, the rock exhibits
a hypidiomorphic granular texture (figure 2B)
and at places, perthite and myrmeketic textures,
along with a graphic intergrowth of quartz and
microcline, are also noticed. The dominance of
primary biotite over primary muscovite in the
granite suggests that it is meta-aluminous. The
granite shows minor post-crystallisation alteration
of feldspars to sericite, illite and kaolinite (the
last two minerals identified by X-ray diffraction),
and biotite to muscovite, hydrated muscovite and
chlorite.

Fifteen analyses were carried out on a
single grain in order to delineate the age differ-
ence between the core and rim of monazite, if
any. However, uniform ages were obtained from
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A. Field exposure of medium grained grey granite in Mul area
B. Back scattered electron (BSE) image of granite showing the locations of monazite and its textural

relationship with other silicates

C. Spot analysis of monazite grain showing age of Mul granite.

D. Pbo vs ThO2 plot of analytical data of monazite grains Mul granite

E. Histogram of age data of Mul granite showing peak around 1600 Ma
F. Weighted average plot with 2 sigma errors of the monazite showing 1602 Ma age in Mul granite.

Figure 2. Field and petrographic description of the Mul granite, WBC.

the rim and core portions of this monazite grain.
The ThO, concentrations of the analysed monazite
grains range from 6.12 to 10.27 wt%, while UO,
concentrations vary from 0.18 to 0.31 wt%, and
those of PbO lie between 0.45 and 0.80 wt%

(table 1). Despite these variations in single grains
(core to rim) largely uniform PbO/ThO*, ratios
were recorded, within the range of 1632-1534 Ma,
suggesting monazite formation in a single thermal
event (figure 2B-F). Cores and rim analyses were
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Table 1. Microprobe analysis of ThO2, UO2> and PbO of the monazite from the Mul granite, WBC, central India.

Analysis Analytical Age 2-sigma error
no. points ThO» Y203 PbO U0, (Ma) (Ma)
1 1/1 6.125 0.416 0.458 0.181 1549 87
2 1/2 8.995 0.526 0.699 0.279 1599 89
3 2/1 8.076 0.492 0.620 0.246 1584 89
4 2/2 7.279 0.489 0.564 0.236 1588 89
5 2/3 7.147 0.461 0.559 0.221 1609 90
6 2/4 7.111 0.464 0.557 0.244 1595 90
7 2/5 8.035 0.492 0.625 0.257 1596 89
8 3/3 10.274 0.426 0.805 0.314 1614 90
9 3/4 8.160 0.501 0.636 0.265 1597 90
10 3/5 8.344 0.493 0.649 0.245 1609 90
11 4/1 7.123 0.574 0.562 0.272 1587 90
12 4/4 8.012 0.554 0.651 0.278 1649 93
13 5/2 7.537 0.540 0.600 0.284 1603 91
14 6/1 7.857 0.509 0.617 0.248 1612 90
15 6/3 7.827 0.520 0.627 0.250 1641 92

acquired for each grain analysed. The results are
presented in figure 2(C-F) and show an example
of the spot size analysis and age.

The EPMA results define the age of 1602+27 Ma
for Mul granites indicating the time of its emplace-
ment. The younger ages (1560-1625 Ma) may
be related to further evolution and crystallisa-
tion of mineralised granite. Mul granitoid exhibits
signatures of the I- and A-type within-plate gran-
ites (Sashidharan 2007; Dora 2012). These anal-
ogous geochemical and geochronological charac-
teristics of the granite suggest a prominent and
widespread early Mesoproterozoic thermal event
in the WBC and the mixed I- and A-type nature
of this magmatism further implies that these plu-
tons were emplaced in a region undergoing crustal
extension. This thermal event is correlated with
the extensive magmatism that occurred in the
WBC at around 1600-1500 Ma which might have
played a significant role in metallogeny. During this
period, the emplacement of the Mul granite into
basement rocks may cause K-metasomatisim and
generated a thermal gradient for driving hydrother-
mal fluid circulation and also leached K, Fe, Cu
and Au, and contributed to the overall metal con-
tent. Granite formation during 1602 Ma, faulting
took place under an extensional condition during
crustal thinning and the hanging wall became a
provenance for sedimentary supply and the foot
wall became a platform for the deposition of
Penganga sediments. After the Mul granite for-
mation and Pakhal sedimentation, quartz—chlorite

veins, representing the late stage of hydrothermal
solution, were injected along the regional linea-
ment, shear zone, forming copper, gold and barite
mineralisation (Dora and Randive 2015), which
might have further enriched due to the remobili-
sation during the periodic reactivation of the shear
zone and the basin—margin fault. Subsequent to
faulting and shearing, hydrothermal brecciation
developed due to the fracture propagation by the
intense quartz vein formation associated with base
metal and barite mineralisation, hosted by the
granite.

Granitic activities in the Bastar craton were
studied by many authors for metallogeny
(Singh et al. 1991; Paul et al. 2007; Singh et al.
2017). Rb-Sr whole rock determinations for the
Dongargarh granite have yielded ages of 2466 and
2270 Ma (Sarkar et al. 1981). Malanjkhand pink
granitoid yielded 2490 + 8 by Re—Os (Stein et al.
2004) and the grey granitoid Malanjkhand by U-
Pb yielded 2478 £ 9 (Panigrahi et al. 2004) but
our report of 1602 + 27 Ma by the EPMA tech-
nique is the new age of granite formation in the
WBC. This bracketed age is more or less matching
with the age of the Mosbani and Rakha granite
(copper event) in the Singhbhum craton (1.6-
1.4 Ga) (Rao et al. 1979; Pandey et al. 1986;
Sarkar et al. 1986) and also corroborates with the
main events of global metallogeny of iron oxide cop-
per gold (IOCG) (Kaur and Chaudhri 2014); how-
ever, the details are beyond the scope of this short
communication.
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This first report on the age of monazite by
EPMA from the Mul granite, WBC possibly indi-
cates the timing of its emplacement and atten-
dant IOCG metallogeny during the subsequent
hydrothermal phase. These data are consistent
with mineralisation being the result of the
hydrothermal fluid and alteration during a period
of extensional tectonics during the initiation of
the Godavari rift. Understanding the timing of
granite-induced mineralisation through the mon-
azite age in the Thanewasna region provides
information on the correlation and planning of
further exploration work with hydrothermal ore
deposits related to the boundary of the Palaeo-
Mesoproterozoic granitic rocks of the WBC and
elsewhere.

Acknowledgements

We thank Shri. S Natesan, additional director gen-
eral and HOD, Geological Survey of India (GSI),
Nagpur, for his kind encouragement and permis-
sion to publish this short paper as rapid communi-
cation. We also extend our sincere thanks to Prof.
N V C Rao, the chief editor of the Journal of Farth
System Science and esteemed anonymous reviewers
for their insightful reviews and useful suggestions.
We also thank the internal GSI reviewer Shri. R
Vijay Kumar, director, and Shri. Pravir Pankaj,
superintending geologist, GSI, Nagpur, for their
valuable suggestions that helped in improving the

paper.

References

Catlos E J, Gilley L D and Harrison T M 2002 Interpreta-
tion of monazite ages obtained via in situ analysis; Chem.
Geol. 188 193-215.

Cocherie A, Legendre O, Peucat J J and Kouamelan A N
1998 Geochronology of polygenetic monazites constrained
by in situ electron microprobe Th—U-total lead determina-
tion: Implications for lead behavior in monazite; Geochim.
Cosmochim. Acta 62 2475-2497.

Crookshank H 1963 Geology of southern Bastar and Jeypore
from the Bailadila range to the Eastern Ghats; GSI Mem.
87 1-150.

Dora M L 2012 Host rock characteristics, control and gen-
esis of copper-barite mineralization in Thanewasna area,
Chandrapur district, Maharashtra; RT'M University, Nag-
pur, unpublished PhD Thesis, 220p.

Dora M L and Randive K R 2015 Chloritisation along the
Thanewasna shear zone, Western Bastar Craton, Central
India: Its genetic linkage to Cu—Au mineralization; Ore
Geol. Rev. 70 151-172.

J. Earth Syst. Sci. (2019) 128:124

Dora M L, Nair K K K and Sasidharan K 2011 Occurrence
of platinum group minerals in the Western Bastar Cra-
ton, Chandrapur district, Maharashtra; Curr. Sci. 100(3)
339-404.

Dora M L, Randive K R, Ramachandra H M and Suresh
G 2017 Iron oxide—copper—gold (IOCG) mineralization
at Thanewasna, Western Bastar Craton; Curr. Sci.
112(112) 1045-1050.

Kaur P and Chaudhri N 2014 Metallogeny associated
with the Palaeo-Mesoproterozoic Columbia superconti-
nent cycle: A synthesis of major metallic deposits; Ore
Geol. Rev. 56 415-422.

Ludwig K R 2001 Ludwig, squid 1.02: A user manual; Berke-
ley Geochronol. Center Spec. Publ. 12 19.

Montel J M, Veschambre M and Nicollet C 1994 Datation
de la monazite a‘ la microsonde e’lectronique; C.R. Acad.
Sci. Paris 318 1489-1495.

Montel J M, Foret S, Veschambre M, Nicollet C and Provost
A 1996 Electron microprobe dating of monazite; Chem.
Geol. 131 37-53.

Mukherjee M K, Jeere D S, Tripathy S K and Singh A K 2007
Thematic mapping of gneiss-granulite terrain, Western
Bastar Craton, Chandrapur district, Maharashtra, FSP-
2004-07; Geological Survey of India Record 140.

Pandey B K, Gupta J N, Lall Y and Mahadevan T M 1986
Rb-Sr isochron and Sm-Nd model ages for soda granites
from Singhbhum Shear Zone, Bihar and their bearing on
crustal evolution; Indian J. Farth Sci. 13 17-128.

Panigrahi M K, Mishra K C, Bream B and Naik R K 2004
Age of granitic activity associated with copper molyb-
denum mineralization at Malanjkhand, Central India;
Miner. Depos. 39 670-677.

Pant N C, Kundu A, Joshi S, Dey A, Bhandari A and Joshi A
2009 Chemical dating of monazite: Testing of an analytical
protocol against independently dated standards; Indian J.
Geosci. 63 311-318.

Pant N C, Kundu A, D’souza M J and Saikia A 2013
Petrology of the Neoproterozoic granulites from Central
Dronning Maud Land, East Antarctica — Implications for
southward extension of East African Orogen (EAO); Pre-
camb. Res. 227 389-408.

Parrish R R 1990 U-Pb dating of monazite and its appli-
cation to geological problems; Can. J. Farth Sci. 27
1435-1450.

Paul D C, Mishra B and Bemhardt H-J 2007 Mineralogy and
geochemistry of pegmatite-hosted Sn-, Ta-Nb-, and Zr-Hf-
bearing minerals from the southeastern part of the Bastar-
Malkanjgiri pegmatite belt, central India; Ore Geol. Rev.
30 30-55.

Ramachandra H M 2004 A review of terrane evolution in the
Precambrian Dharwar and Bastar craton; GSI Spec. Publ.
84 1-21.

Ramakrishnan M and Vaidyanadhan R 2008 Geology of
India; Geological Society of India, Bangalore 1 556p.
ISBN No: 978-81-85867-98-4.

Ramesh Babu P V 1993 Tin and rare metal pegmatites of
the Bastar-Koraput Pegmatite Belt, Madhya Pradesh and
Orissa, India: Characterisation and classification; J. Geol.
Soc. India 42(2) 180-190.

Rao N K, Aggrawal S K and Rao G V U 1979 Lead iso-
tope ratio of uraninites and age of mineralisation in the
Singhbhum Shear Zone; J. Geol. Soc. India 20 124-127.



J. Earth Syst. Sci. (2019) 128:124

Sarkar S N, Gopalan K and Trivedi J R 1981 New data on
Geochronology of Precambrian of Bhandara-Durg region,
Central India; J. Farth Sci. 6 32-35.

Sarkar S N, Ghose D and Lambert R J S 1986 Rubidium-
strontium and lead isotopic studies on the soda granites
from Mosabani, Singhbhum copper belt, Eastern India;
Indian J. Earth. Sci. 13 101-116.

Sashidharan K 2007 Petrology and geochemistry of Mul
granite pluton, Western Bastar Craton, Chandrapur dis-
trict, Maharashtra; Gond. Geol. Magz. 10 45-54.

Singh Y, Rai S D, Sinha R P and Kaul R 1991 Lithium
pegmatites in parts of Bastar craton, central India; Ezplo-
ration Res. Atomic Miner. 4 93-108.

Singh Y, Pandit P S C, Bagora S and Jain P K 2017 Min-
eralogy, geochemistry, and genesis of co-genetic granite-
pegmatite-hosted rare metal and rare earth deposits of
the Kawadgaon Area, Bastar Craton, Central India; J.

Corresponding editor: N V CHALAPATHI RAO

Page Tof 7 124

Geol. Soc. India 89(2), 115-130. https://doi.org/10.1007/
512594-017-0574-2.

Stein H J, Hannah J L, Zimmerman A, Markey R J, Sarkar
S C and Pal A B 2004 A 2.5 Ga porphyry Cu-Mo—Au
deposit at Malanjkhand, central India: Implications for
late Archean continental assembly; Precamb. Res. 134
189-226.

Suzuki K and Adachi M 1991 Precambrian provenance and
Silurian metamorphism of the Tsubonasawa paragneiss in
the South Kitakami terrane, Northeast Japan, revealed by
the chemical Th—U-total leadisochron ages of monazite,
zircon and xenotime; Geochem. J. 25 357-376.

Williams M L, Jercinovic M J and Hetherington C J
2007 Microprobe monazite geochronology: Understand-
ing geologic processes by integrating composition
and chronology; Annu. Rev. Earth Planet. Sci. 35
137-175.



