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Abstract

The Meghalaya Plateau including the Mikir Hills mainly comprises the Proterozoic granite gneiss, migmatites, metasediments, Cambrian granite
plutons, and Mesozoic-Tertiary cover rocks. Field relationships and magnetic susceptibility (MS) mapping of granite gneisses, granites and related rocks of
Meghalaya Plateau have been conducted in order to assess the redox series (magnetite, oxidized vs. ilmenite, reduced) nature of granites. The observed MS
values of Proterozoic granite gneisses and Cambrian granites largely correspond to magnetite (>3.0x 10~ ST unit) series (oxidized type) and a few to ilmenite
(<3.0x10” ST unit) series (reduced type) granites. The Cambrian granite plutons are dominated by magnetite series (>3.0x10” ST unit) series granites, which
appear to have inherited primarily from the infracrustal (igneous) sources. However, the observed highly oxidizing (magnetite series) condition of granites
from these plutons were most likely achieved during synchronous mixing and fractionation in open magma chamber, as evident from the presence of mafic to
hybrid microgranular enclaves, and accumulation of ferromagnesian minerals. Fine to medium grained leucocratic granites measure low MS values
(<3.0x10" ST unit) corresponding to ilmenite (reduced) series granite because of their evolved nature as being depleted in ferromagnesian (magnetic)
minerals. At places, a few Cambrian granites hosting the pyrite and chalcopyrite measure a relatively higher MS values as compared to the unmineralized

granites. Magnetite series granites are found to be reduced as ilmenite series close to its intrusive contacts with metasedimentary country-rocks.
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Introduction

Granites (sensu lato) are formed in varied tectonomagmatic
environments ranging from Archean to Phanerozoic and essentially
constitute an integral part of the continental crust. Granites are
commonly bimodal in nature, and in terms of alumina saturation
index (Shand, 1948) can be classified as metaluminous (I-type) and
peraluminous (S-type) granites derived from partial melting of
older igneous (infracrustal) and sedimentary source rocks
respectively (Chappell and White, 1974, 2001). Magnetic
susceptibility (MS) is a measure of magnetic properties of rock as
magnetic or ferromagnetic and weakly magnetic or paramagnetic
(Gregorova et al., 2003). The MS value of granites is used to
develop magnetite series (>3.0x10° SI unit) and ilmenite series
(<3.0x10” SI) granites (Ishihara, 1977; Ishihara et al., 2002)
corresponding to oxidized-type and reduced-type granites
respectively (Takagi and Tsukimura, 1997). The MS values
primarily indicate redox conditions (oxygen fugacity) of felsic
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melts commonly inherited from source regions (Ishihara, 1979). In
principle, magnetite and ilmenite series granites should be parallel
to the I-type and S-type granites respectively, however, S-type
magnetite series and I-type ilmenite series granites may also occur
(Takahashi et al., 1980). The alteration from magnetite series to
ilmenite series of granites or vice-versa may be because of changing
physico-chemical condition of magma chamber (Czamanske et al.,
1981, Carmichael, 1991), degassing or assimilation of wall-rocks in
situ (Takagi, 2004), enroute or deeper-derived lithological
assimilation, mafic-felsic magma mixing, and/or later tectonic
processes acted upon them (Kumar et al., 2005, 2006; Singh and
Kumar, 2005; Kumar and Rino, 2007; Kumar and Singh, 2008,
Kumar and Pathak, 2009, Kumar, 2010a-b; Kumar et al., 2010;
Anetsungla et al., 2018; Panwar and Kumar, 2022). The MS value is
therefore considered most powerful first-order discriminating
parameter and can be potentially used to evaluate relative redox
(magnetite vs. ilmenite series) conditions of granites and their likely
association with mineralization, if any.

The Meghalaya Plateau including the upland of Mikir Hills is

dominantly composed of Proterozoic granite gneiss (ca. 1900-1100
Ma), migmatites, granulites, metasediments, Cambrian granite
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Fig.1. (a) Location of study area (Meghalaya Plateau) in the NE India. (b) Geological map of Meghalaya Plateau including the Mikir Hills

(Mazumder, 1976; Ghoshetal., 1991).

plutons (ca. 560-475 Ma), and rocks of Mesozoic-Tertiary Groups
(Bidyananda and Deomurari, 2007; Chatterjee et al., 2007; Yin et
al., 2010; Majumdar and Dutta, 2016; Kumar et al., 2017a, b).
Cambrian granite plutons intrude the Proterozoic basement granite
gneisses and Shillong Group of rocks. Proterozoic granite gneisses
and Cambrian granites are texturally distinct. However, they exhibit
nearly identical mineral assemblages and geochemical features
showing strongly metaluminous to moderate peraluminous,
magnesian to ferroan, alkali-calcic to calc-alkaline, and transitional
I-A-type characters similar to the oxidized granites formed in a
post-collision tectonic environment (Kumar et al., 2022). The redox
series of the south Khasi pluton (Kumar et al., 2005), Kyrdem
pluton (Kumar and Singh, 2008) and Karbi Anglong Hills
(Anettsungla et al., 2018) has been assessed earlier based on
magnetic susceptibility measurements. In the present study, we
established the field relationships between the granites and
associated lithological units and conducted the MS mapping of
representative granite gneiss and granite outcrops covering a vast
area from the Meghalaya Plateau to evaluate the redox conditions of
granites. This analysis also aims to shed light on the magmatic and
tectonic processes that may have influenced the MS (redox state) of
the granites. Furthermore, we attempted to explore the
mineralization potential associated with granite magmatism based
on the observed MS values.

Geology, Geochronology and Petrology

The Precambrian cratonic block of the NE India forms an
integral deep-level crystalline complex of the Meghalaya Plateau
(erstwhile Shillong Plateau or Assam-Meghalaya Plateau) includ-
ing the Mikir Hills, which is tectonically separated from the rest of
the Indian Peninsula by a large-scale Garo-Rajmahal depression
(Evans, 1964). The Meghalaya Plateau forms a part of the NE
extremity of the Indian peninsular shield and is considered to be an
extension of discontinuous part of Central Indian Tectonic Zone
(CITZ), extended through Chotanagpur Gneissic Complex (Evans,
1964; Desikachar, 1974; Crawford, 1974). It is dominantly made up
of Basement Gneissic Complex and the overlying Proterozoic
metasediments of the Shillong Group. Cambrian granite
magmatism in the form of number of plutons and stocks intrudes the
Proterozoic metasedimentary sequences belonging to Shillong

Group and Basement Gneissic Complex of Meghalaya Plateau
(Mazumder, 1976). Mazumder (1976, 1986) provided a detailed
geological map of Neoproterozoic to Early Palacozoic granite
plutons. Maximum exposures of the granite plutons occur towards
the central and north eastern part of the plateau (Fig. 1a-b). Of these,
the Mylliem pluton is intrusive into the Shillong Group, the
Nongpoh, Rongjeng and Kyrdem plutons intrude within the
Basement Gneissic Complex, and the South Khasi pluton intrudes
both the Basement Gneissic Complex and Shillong Group.

The geochronological records of granites and granite gneisses
in the Meghalaya Plateau have been compiled by Kumar et al.
(2017a-b, 2022). Some granite plutons (ca. 1150-500 Ma) of
Meghalaya plateau (Ghosh et al., 1991, 1994) appear gradually
younging in age from southwest to northeast and emplaced as diapirs
at different crustal depths (3-5 kbar), probably reactivating the
Tyrsad-Barapani lineament as a result of mantle upwelling (Kumar,
1998). Rb-Sr dating of Basement Gneissic Complex (Ghosh et al.,
2005) and Pb-Pb detrital zircon dating of Shillong Group of rocks
suggested ages of 1530-1550 Ma (Mitra, 1988). The majority of
granite plutons belong to Early Palacozoic to Late Palacozoic
thermal events as have been documented based on whole-rock Rb-
Srand K-Ar dating from Kyrdem, Nongpoh, South Khasi, East Garo
Hills, and Goalpara regions (Crawford, 1969; Chimote et al., 1988;
Van Breemen et al., 1989; Kumar, 1990; Ghosh et al., 1991).
Proterozoic magmatic pulses are typically formed during ca. 1780-
1600 Ma (Kumar et al., 2017a-b), 1860—1400 Ma (Bidyananda and
Deomurari, 2007),and 1630-1110 Ma(Yinetal.,2010) based on U-
Pb zircon ages. Proterozoic granite gneiss and granites resulted from
therecycling of older Neoarchean crust (2630-2560 Ma), as evident
from the inherited zircon, during the assembly and breakup of the
Columbia supercontinent (Bidyananda and Deomurari, 2007,
Kumar et al., 2017b; Gogoi et al., 2019). Neoproterozoic granites
dated ca. 880-600 Ma and Cambrian granites formed during 580-
480 Ma, commonly intrude the Paleoproterozoic basement gneissic
complex (Ghosheral.,1991,1994,2005). However, the U-Pb zircon
ages from granite plutons suggest a relatively narrow timeframe for
the Cambrian plutonism ca. 535-506 Ma (Kumar et al., 2017a, b)
and 520430 Ma (Yin et al., 2010). There is a need for more
chronological records to provide meaningful insights into the
duration of Cambrian plutonism. The Cambrian plutons are derived
from recycling of Neoarchean (ca. 2560 Ma) and Proterozoic (ca.
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1750-1610 Ma) crustal sources during the assembly and growth of
the Gondwana supercontinent (Kumar et al., 2017a, b). Younger
granite plutons in the Meghalaya Plateau have been thought to have
formed during the Neoproterozoic-Cambrian period based on
whole-rock Rb-Sr isochron ages (Ghosh et al., 1994). However,
most of them belong to the Cambrian period (500-535 Ma), as
indicated by U-Pb zircon SHRIMP (Kumar et al., 2017a,b) and LA-
ICP-MS (Sadiq et al., 2018; Majumdar and Dutta, 2016) dating
methods. The age variation of the younger plutons may arise from
differences between the whole-rock isochron and U-Pb zircon
dating methods.

Proterozoic and Cambrian granites exhibit similar mineral
assemblages (biotite =amphibole - plagioclase - potassium feldspar
- quartz - zircon - magnetite - titanite - apatite £ ilmenite), but they
are texturally distinct. Microgranular enclaves are commonly found
in Cambrian plutons, whereas they are either absent or rare in
Proterozoic granites. Cambrian granites are medium- to coarse-
grained, inequigranular, hypidiomorphic, and frequently
porphyritic, and can range from undeformed to mildly deformed.
Proterozoic granites are also medium- to coarse-grained but are less
frequently porphyritic and can be mild to strongly deformed (Kumar
etal.,2022). Geochemically, the Proterozoic granites have a molar
Al1,0,/Ca0+Na,0+K,0 ratio (A/CNK) of 0.86-1.15 and a FeO/
(FeO+MgO) ratio of 0.60-0.93. On the other hand, the Cambrian
granites have a A/CNK ratio of 0.77-1.20 and a FeO/FeO+MgO
ratio of 0.56—0.90. Both types of granites are classified as high-K,
calc-alkaline to alkali-calcic, and largely metaluminous, formed
mainly in a post-collisional tectonic environment.

Analytical Method

A portable hand-held magnetic susceptibility (MS) meter
model SM-20 (Geofyzika, Brno), which operates at a frequency of
10 KHz and sensitivity of 1x10° ST unit, was used to obtain MS
values of granites directly from fresh rock outcrops. The MS meter
works within a temperature range of 10 to 60°C, and the measuring
time for each reading is less than three seconds per sample,
commonly performed in two steps. Firstly, the MS meter is placed
on a smooth rock surface larger than 60x60 mm, and the measure
button is pressed shortly. Secondly, the MS meter is taken at least 30
cm in the open air away from the rock surface and magnetic objects,
and then the measure button is again pressed shortly. The actual MS
value (x10” ST unit) is displayed. Thirty MS measurements saved in
the memory, manually noted or transferred on a laptop. The
obtained MS values were corrected using recommended factors for
the degree of rock surface unevenness: lmm = 1.07, 2mm = 1.15,
3mm=1.23,4mm = 1.32, 5Smm =1.41, 6mm = 1.51, 7mm = 1.61,
8mm = 1.72, 9mm = 1.84, 10mm = 1.96 (as given in the manual of
SM-20 MS Meter). In the present investigation, however, average
surface unevenness was noted at about 1.15 mm, and accordingly,
measured MS values were corrected and processed.

Results and Discussion

The subsequent section examines the field relations and
recorded magnetic MS values of the granite gneisses and granites in
the Meghalaya Plateau, including the Mikir Hills. Table 1
summarizes the average MS values (x10° SI) observed across
various outcrops, along with the inferred magnetite and ilmenite
granite series granites.
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Nongpoh Granite Pluton

The Nongpoh granites are biotite-rich porphyritic (K-
feldspar megacrysts) and medium to coarse-grained (Fig. 2a),
which intrude the Shillong Group of rocks as evident from the
presence of quartzite xenoliths near the marginal parts of the pluton.
These quartzites are partially melted in some places to produce a
flowage texture. A relatively homogenous medium to coarse-
grained and phenocryst-free granites measures very low MS values,
which commonly range between 0.34-0.64x10" SI unit. Biotites in
granitoids are segregated and appear as autolith. Quartzofeldspathic
veins of 2-3 cm wide cross-cut the granites and bear folded ductile
fabric of alternate bands of light and dark colour flowage structures,
giving rise to a paragneiss appearance (Fig.2b). The granites are
locally charged with pyrite and chalcopyrite mineralization. They
are intruded by cm-thick pegmatite veins having crystals of
tourmalines. Near the contact with pelitic country rocks, pegmatites
contain large crystals of biotite and garnet similar to those found in
pelitic country rocks. Approaching the basement granite gneiss of
the Guwahati region, the non-porphyritic variety of Nongpoh
granites is extensively intruded by tourmaline-bearing pegmatitic
veins, whereas porphyritic granites contain less frequent pegmatitic
veins. The MS value of porphyritic coarse-grained variety ranges
from 17.12 to 68.37x10” SI unit, with an average MS value of
39.01x10° SI unit (n=34) which belong to highly oxidized,
magnetite series granites (Table 1; Fig. 2¢c-d).

Although Nongpoh granites intrude the metasediments
(quartzite), they do not exhibit reduced MS value because of the fact
that quartzite is mainly comprised of quartz grains and partially
recrystallized silica, which will absolutely not affect the MS value.
However, in a few places, Nongpoh granites are relatively
homogenous, fine to medium-grained equigranular, and poor in
ferromagnesian minerals, which have shown highly reduced MS
values corresponding to the ilmenite series. These may represent
more evolved fraction (residual) of the Nongpoh granites and hence
measure low MS values (0.34-0.64x10” SI unit) being depleting in
ferromagnesian (orthomagnetic) minerals.

Mpylliem Granite Pluton

Mylliem pluton is a relatively small-sized granite pluton
compared to other Cambrian plutons, which is well exposed in and
around Mylliem village, referred herewith Mylliem granites.
Mylliem pluton is primarily composed of grey to pink, medium to
coarse grained porphyritic granites with ubiquitous K-feldspar
megacrysts or variable sizes. Although K-feldspar megacrysts are
common to almost in all young granite plutons, Mylliem pluton
contains uniformly and randomly oriented K-feldspar megacrysts
which are at places moderately to highly affected by potash
metasomatic fluids. Mylliem granites contain small to large sized
rounded, subrounded to ellipsoidal mafic to hybrid (K-feldspar
xenocrysts bearing) microgranular enclaves (Fig. 3a). Even some
small cm-sized hybrid microgranular enclaves contain mafic
microgranular enclaves giving rise to a feature of double or
composite enclaves. Locally crystals of K-feldspar and biotites are
segregated in such a manner that they together exhibit cumulate-
like texture. K-feldspar megacrysts of enclaves are morpho-
logically very identical to those present in the host granites but some
megacrysts have rounded to subrounded crystal outlines.
Occasionally, large grains of quartz ocelli can also be observed in
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the enclaves that are indeed partly dissolved, along with K-feldspar
megacrysts showing rounded crystal outlines, under high
temperature environment of hybrid melt, and hence are xenocrysts
(Kumar, 1995, 2010b, 2020). Both the enclaves and host granites
have pyrite and chalcopyrite mineralization (Fig 3b), similar to as
commonly found in the sulphide mineralization of porphyry origin.

Mylliem granites are also intruded by number of tourmaline-
bearing pegmatitic veins. The MS value of granites varies from 6.38
to 15.30 107 ST unit, which correspond to magnetite series granites
(Table 1; Fig. 3 c-d). The observed large variations in the MS value
of Mylliem granites may be due to the large modal variations of
ferromagnesian minerals. For instant, biotite rich granites have
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Fig.3. (a) Porphyritic (hybrid, xenocryst-bearing) microgranular enclave hosted in

the K-feldspar megacryst bearing porphyritic Mylliem granites (pink colour).

Please note the ubiquitous rounded to subrounded K-feldspar megacrysts armouring the enclave along its contact outline, mainly by the K-feldspar megacrysts. (b)
Localized pyrite (Py) and chalcopyrite (Ccp), shown by arrows, both in host granites and microgranular enclave. Note the fine-grained mafic nature of enclave with
partially diffused boundary apparently penetrated by the K-feldspar megacrysts. (c) All measured MS values correspond to magnetite series granites. (d) MS values of

Mylliem granites (MG) are also compared with those of associated country-rock bas
between the MG and GGn.

ement granite gneiss (GGn). Note that a small MS difference has been observed



JGSR, Vol.11, No.1, January 2026

Redox Series Assessment of Proterozoic Granite Gneiss and Cambrian Granite Plutons 115

Table 1: Magnetic susceptibility (MS) values (in x 10” ST unit) of Proterozoic granite gneiss and Cambrian granite plutons of the Meghalaya plateau including the
Mikir Hills, northeast India

Granite Average MS  Inferred granite
plutons/ Location Textural types Measured MS values Corrected MS values and range of  series(magnetite
Granite of granites (x107SI unit) (x107SI unit) MS value vs. ilmenite
Gneisses (x107SI unit)  series)
Nongpoh N25°50'63" Coarse grained 41.3, 39.0, 45.2, 40.3, 39.1 44.19,41.73, 48.36, 43.83 43.85 (n=5) Magnetite series
E91°52'49.7" porphyritic granites 39.0-45.2
N25°55'42.7" Coarse grained 40.1, 33.1, 39.2, 40.8, 46 .4, 4291, 35.42,41.94, 43.65, 39.83 (n=9) Magnetite series
E91°52'38.2" porphyritic granites 43.3,32.2,27.2,32.7 49.65, 46.33, 34.45,29.10, 34.99  29.10-49.65
N25°57'17.2" Coarse grained 32.2,31.3,37.5,31.3,49.2,40.1,  34.45,33.49,40.13, 33.49, 52.64, 43.57 (n=11) Magnetite series
E91°51'40.2" porphyritic granites 57.2,63.9, 34.0, 40.6, 30.6 4291, 61.20, 68.37, 36.38, 43.44, 32.74-68.37
32.74
N25°52'07.4" Medium grained 29.5,42.1,43.3,21.3,32.7,35.8, 31.57,45.05,46.33,22.79,34.99, 37.26 (n=11) Magnetite series
E91°52'59.6" equigranular granites  26.2, 39.4, 26.5, 37.8, 48.4 38.31, 28.03, 42.16, 28.36, 40.45, 22.79-51.79
51.79
Homogeneous, pheno- 0.60, 0.07, 0.32 0.64, 0.07, 0.34 0.35 (n=3) IImenite series
cryst free granites 0.34-0.64
N25°51'15.5" Coarse grained 37.9,33.7,35.3,39.3 40.55, 36.06, 37.77, 42.05 39.11 (n=5)  Magnetite series
E91°52'57.3" porphyritic granites 36.06-42.05
N25°49'56.6" Coarse grained 18.1,20.2, 25.3, 23.1, 24.6, 18.8,  19.37,21.61,27.07,24.71,26.32, 22.06 (n=15) Magnetite series
E91°52'44.8" porphyritic granites 22.9,20.2,18.4,23.5,19.6,20.6, 20.12,24.50,21.61,19.69,25.15, 17.12-27.07
20.6, 16.0, 17.3 20.97,22.04,22.04,17.12, 18.15
Rongjeng  N25°17'59.0" Coarse grained 8.10, 8.58,9.19, 7.22, 8.461, 8.67,9.18,9.83,7.72,9.05,9.82, 9.06 (n=7) Magnetite series
Basement  E91°55'59.8" equigranular granites  9.175, 8.54 9.14 7.72-9.83
gramte N25°18'01.1"  Coarse grained 9.76, 8.42,9.79, 8.15, 8.86, 8.25,  10.44,9.01, 10.48, 8.72, 9.48, 19.50 (n=7)  Magnetite series
neiss E91°56'00.1"  equigranular granites  8.89 8.83,9.5 8.72-10.48
Mylliem N25°18'45.28"  Coarse grained 10, 7.84,12.0 10.7, 8.39, 12.84 10.64 (n=3)  Magnetite series
E91°55'14.5" porphyritic granites 8.39-12.84
N25°27'04.4" Porphyritic (Biotite 14.3,12.6,12.36, 12.1, 13.2, 15.30, 13.48, 13.22,12.95, 14.12, 13.51(n=8) Magnetite series
E91°50'34.1" rich) granites 11.7,12.5,12.6 12.12, 13.38, 13.48 12.12-15.30
N2529'15.7" Porphyritic (Biotite 9.50, 8.74,9.49, 7.88, 5.89, 6.60,  10.17,9.35, 10.15, 8.43 8.47(n=8) Magnetite series
E91°49'23.4" rich) granites 7.48,7.66 6.38, 7.06, 8.00, 8.20 6.38-10.17
N25°27'38.8" Porphyritic granites 8.14,9.23,9.31, 10.1,9.26, 11.1,  8.71,9.88,9.96, 10.81, 9.91, 10.30 (n=10) Magnetite series
E91°49'48.3" (K-feldspar rich 8.90, 11.3,9.86, 9.09 11.88,9.52,12.09, 10.55, 9.73 8.71-12.09
megacryst)
Kylong N25°37'48.3" Equigranular granitess 48.5,44.7,47.1,47.4,52.8,55.1, 51.90, 47.83, 50.40, 50.72, 56.50, 52.39 (n=18) Magnetite series
E91°37'33.9" (garnet-bearing ) 58.2,45.5,43.4,53.2,52.9,49.8, 58.96, 62.27,48.69, 46.44, 56.92, 44.30-62.27
44.8,50,41.4,49.2,47.8,49.5 56.60, 53.29, 47.94, 53.50, 44.30,
52.64,51.15,52.97
N25°42'00.1" Equigranular granites ~ 35.5,29.5,31.7,28.5,39.3,31.7, 37.99,31.57, 33.92, 30.50, 42.05, 34.81 (n=7) Magnetite series
E91°36'04.1" (garnet-bearing) 31.5 33.92,33.71 30.50-42.05
N25°40'52.1" Equigranular granites  24.2, 25.5,27.4,25.8,25.5,25.7  28.89,27.28,29.32,27.61,27.29, 27.48 (n=6)  Magnetite series
E91°38'23.8" 27.50 27.28-29.32
N25°39'44.7" Equigranular granites ~ 28.6, 33.9, 31.7, 28.5, 31.9, 32.8,  30.60, 36.27, 33.92, 30.50, 34.13, 32.74 (n=8)  Magnetite series
E91°38'21.9" 33.5,23.9 35.09, 35.85, 25.57 25.57-36.27
N25°38'12.6" Equigranular granites  41.0, 25.0, 48.3, 46.8, 37.8,31.5,  43.87,26.75, 51.68, 50.08, 40.45, 44.43 (n=10) Magnetite series
E91°37'48.9" 32.6,44.4,50.6,42.4,56.3 33.71, 34.88,47.51, 54.14,45.37, 26.75-60.24
60.24
Mowdoh N25°39'11.4" Porphyritic granites 7.0,7.98,7.63,6.31,7.98, 6.94, 7.49, 8.54, 8.16, 6.75, 8.54,7.43, 8.01 (n=10) Magnetite series
E91°38'07.9" (leucocratic) 7.22,8.12,7.64, 8.04 7.73, 8.69, 8.17, 8.60 6.75-8.69
N25°41'44.1" Porphyritic granites 10.0,12.1,10.4,12.2,10.5, 15.2,  10.70, 12.95, 11.13, 13.05, 11.23, 12.67 (n=9)  Magnetite series
E91°36'09.6" (melanocratic) 13.8, 13.2, 9.20, 8.77(xenolith) 16.26, 14.77, 14.12,9.84 9.84-16.26
N25°41'37.0" Porphyritic granites 14.6,12.5,11.1, 14.4,12.2,9.64, 15.62,13.38, 11.88, 15.41, 13.05, 13.71 (n=9)  Magnetite series
E91°36'25.6" (melanocratic) 11.8,14.2, 149 10.31, 12.63, 15.19, 15.94 10.31-15.94
N25°4124.4" Equigranular granites  1.08, 0.192, 2.58, 4.41, 2.66, 1.16,0.21,2.76,4.72,2.85,0.79, 1.93 (n=9) Illmenite -
E91°36'34.7" 0.743, 1.25, 1.67, 1.66 1.34,1.79,1.78 0.21-4.72 Magnetite series
N25°41'06.6" Porphyritic granites 10.8, 10.0, 22.0, 10.5, 8.42, 12.3,  11.56, 10.7, 23.54, 11.24, 9.00, 14.23 (n=15) Magnetite series
E91°37'02.3" (mesocratic) 20.6, 18.5,9.04, 11.7, 18.4, 8.88,  13.16,22.04, 19.79,9.67, 12.52,  9.00-22.04
154, 11.1,11.8 19.69, 9.50, 16.48, 11.88, 12.63
Sindhuli N25°58'49.3" Porphyritic granites 15.2,15.0,16.3,14.2,14.4,16.2  16.26,16.05, 17.44, 15.19, 15.41, 16.28 (n=6)  Magnetite series
E91°14'48.9" 17.33 15.19-17.44

Condd. .........
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Table contd. .........
Granite Average MS  Inferred granite
plutons/ Location Textural types Measured MS values Corrected MS values and range of  series(magnetite
Granite of granites (x107SI unit) (x107SI unit) MS value vs. ilmenite
Gneisses
Guwahati ~ N25°50'07.2" Coarse grained grey 54.1, 64.0, 52.0, 56.5, 52.4,59.7,  57.89, 68.48, 55.64, 60.46, 56.07, 59.76 (n=8)  Magnetite series
granite E91°14'59.0" granites (slightly 55.6,52.5 63.88, 59.49, 56.18 55.64-68.48
gneiss
N25°58'49.3" Coarse grained grey 46.2,45.8,46.3,38.9,41.6,37.0, 49.43,49.01,49.54,41.62,44.51, 45.78 (n=8) Magnetite series
E91°14'48.9" granites (slightly 36.2,50.3 39.59, 38.73, 53.82 38.73-53.82
foliated)
N26°09'19.2" Coarse grained grey 19.2,16.4,15.8,19.5, 18.0 20.54, 17.55,16.91, 20.87,19.26  19.03 (n=5) Magnetite series
E91°40'43.8" granites (slightly 16.91-20.87
foliated)
Rongjeng  N25°39'34.5" Coarse grained 13.16, 18.39, 10.14, 11.62, 15.20, 14.08, 19.68, 10.85, 12.43, 16.26, 14.02 (n=8) Magnetite series
E90°49'11.0" porphyritic granites 9.86, 13.36, 13.11 10.55, 14.29, 14.03 10.55-19.68
N25°3928.9" Coarse grained 15.07,12.27, 8.47,10.92, 18.46,  16.12,13.13,9.07, 11.68, 19.75,  14.99 (n=12) Magnetite series
E90°49'04.4" porphyritic granites 11.74, 16.20, 18.92, 18.79, 17.49,  12.56, 17.33,20.24, 20.11, 18.71, 9.07-20.24
10.68,9.148 11.43,9.79
N25°3923.3" Coarse grained 16.26,16.03, 13.74, 14.14, 12.23, 17.39, 17.15, 14.70, 15.13, 13.09, 16.17 (n=13) Magnetite series
E90°48'55.7" porphyritic granites 14.85,16.19, 13.92, 14.74, 18.94, 15.89, 17.32, 14.89, 15.77,20.27, 13.09-20.27
14.76,16.77, 13.93 15.79, 17.94, 14.91
N25°39'15.8" Coarse grained 10.89,9.662, 13.36, 19.47,9.60,  11.65, 10.34, 14.29, 20.83, 10.28, 13.25 (n=10) Magnetite series
E90°48'51.3" porphyritic granites 8.85, 13.38, 12.06, 16.45, 10.09 9.47, 14.32, 12.90, 17.60, 10.79  9.47-20.83
N25°38'19.3" Coarse grained 10.35, 3.02, 8.20, 7.85, 6.12 11.07, 3.23, 8.78, 8.39, 6.55 7.60 (n=5) Magnetite series
E90°48'30.8" porphyritic granites 3.23-11.07
N25°37'55.9" Medium grained, 11.79,5.11, 1.385,4.23 12.62,5.47,1.45,4.53 6.12 (n=4) Ilmenite —
E90°47'59.0" grey; gneissic 1.45-12.62 Magnetite series
N25°36'35.0" Medium grained, 4.11, 8.34, 11.41, 3.31, 5.79, 4.40,8.93,12.21,3.55,6.19,3.84, 7.84 (n=13)  Magnetite series
E90°45'00.7" pink granites 3.59,5.35,3.31,11.68, 19.41, 5.72,3.54,12.49, 20.77, 8.25, 3.54-20.77
7.71,5.41,5.85 5.79, 6.26
N25°36'34.0" Medium grained, 7.390, 4.925, 17.19, 14.65, 15.84, 7.90, 5.27, 18.39, 15.68, 16.95, 13.29 (n=9)  Magnetite series
E90°45'59.6" grey granites 11.33,8.34, 15.14, 16.97 12.12,8.92, 16.19, 18.16 5.27-18.39
Songsak N25°39'15.0" Medium grained, 2.77,3.48,2.25,1.85,3.354.07, 2.96,3.72,2.41,1.98, 3.58,4.36, 3.22 (n=8) Ilmenite -
E90°36'46.4" pink granites 2.63,3.70 2.81,3.95 1.98-4.36 Magnetite series
N25°38'57.5" Medium grained, 1.866, 0.595, 1.366, 0.794, 0.734,  1.99, 0.64, 1.46, 0.85,0.79, 1.69, 1.45 (n=7) Ilmenite series
E90°36'07.4" pink granites 1.579,2.568 2.75 0.79-2.75
N25°38'40.3" Medium grained, 2.006, 1.669, 3.40, 2.93 2.15,1.79,3.64, 3.14 2.68 (n=4) Ilmenite series
E90°35'38.9" pink granites 1.79-3.64
N25°37'41.4" Medium grained, 3.083,3.331, 2.260 3.29,3.56,2.42 3.09 (n=3) Ilmenite -
E90°36'22.4" pink granites 2.42-3.56 Magnetite series
N25°32'40.3" Medium grained, 5.41,4.63,4.32,4.81,4.94,4.15, 5.79,4.95,4.62,5.15,5.29,4.44  5.04 (n=6) Magnetite series
E90°42'52.1" grey granites 2.02 4.44-5.79
N25°33'19.8" Medium grained, 15.58,6.13,4.77,5.94,5.90,5.27 6.56,5.10, 6.35, 6.31, 5.63 5.99 (n=5) Magnetite series
E90°43'03.1" grey granites 5.63-6.56

MS values < 3.0x10” SI units: Ilmenite series; MS values > 3.0x10” SI units: Magnetite series (After Ishihara, 1990; Ishihara et al., 2002)

recorded relatively higher MS value ranging from 10.17 to
15.30x10° SI units than those of K-feldspar megacrysts bearing
granitoids which recorded MS values in the range of 8.71-12.09 x
107 SI units. The presence of mafic to hybrid microgranular
enclaves in the granites also enhances the oxidation state of magma
chamber thereby increasing the MS value more akin to an open
system and dominance of ferromagnesian (orthomagnetic)
minerals and Fe-Ti oxides (Kumar 2010a; Kumar ez al., 2006).

Rongjeng Basement Granite Gneiss

The basement granite gneiss is exposed mainly to and around
the Mawparan and Myllat localities. Itis overlain by a conglomerate
horizon (Fig. 4a) and then followed by homogenous massive
quartzites. Porphyritic Mylliem granites intrude the quartzite.

Granite gneiss is medium-grained, equigranular and records a
relatively narrow range of MS values ranging from 7.72 to
10.48x10™ SI units with an average MS value of 9.28x10™ SI unit
(n=14). Granite gneiss of the Rongjeng area measured substantially
lower MS values compared to the granite gneiss exposed in and
around the Guwahati area; however, for both MS values correspond
to magnetite series granites (Fig.4b).

Kylong Granite Pluton

Granites of Kylong pluton are medium to coarse-grained,
equigranular garnet-bearing granites (Fig.5a). A very few platy,
angular xenoliths of amphibolite hosted in granites can be observed
(Fig. 5b), which have reduced the MS values of granites close to its
contact outline of host granites. Kylong granites are associated with
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Magnetite
series

100%

A narrow MS variation from 7.72 to 10.48 x 10 S|
with an average MS of 9.28 x 1073 S| (n=14).

magnetite series granites. Note a very narrow range of variation in the MS values for the granite gneisses.

granulites, which are sometimes mineralized. The MS value of
granites ranges from 25.57 to 62.27 x 10~ ST units, with an average
MS value of 38.37 (n=50), corresponding to magnetite series
granites. Mineralized parts of the granites observed at two outcrops
measure substantially high MS values ranging from 44.30 to 62.27
%107 SI unit with an average MS value of 52.39x10-3 (n=18) and
from 30.50 to 42.05x10-3 SI unit with average MS value of 34.81x
10° (n=07), which are highly oxidized as compared to rest of the
granite outcrops (Fig. 5 c-d). The medium-grained granites are
more mafic and mineralized than the coarse-grained Kylong
granites and, therefore, measure anomalously high MS values. The
reduction of Kylong granites close to the contact with amphibolitic
xenoliths could be due to the marginal reaction between them that
lowered the MS values.

Mowdow Granite Pluton

Granites forming the Mowdow pluton are well exposed
between the Sindhuli and the Kylong localities. Mowdow granites

are melanocratic to leucocratic, medium to coarse-grained and
porphyritic. Elongated porphyritic (felsic phenocrysts or
xenocrysts bearing) microgranular enclave can be observed in the
porphyritic Mowdow granites, which appeared to follow the
magmatic flowage as exhibited by crudely aligned phenocrysts of
host and enclave in the direction of enclave elongation (Fig. 6a),
which indicate coeval nature of enclave and host magma (Vernon et
al., 1988; Kumar, 2010b). Mowdow granites intrude the arkosic
sandstone country rocks. As a result, potash-rich devolatised fluids
metasomatized and stained the granites as pink (Fig.6b). Mesocratic
coarse-grained porphyritic variety of granites contains xenoliths of
amphibolites, granulites and a few porphyritic (hybrid)
microgranular enclaves (Fig. 6b). MS value ranges from 9.00 to
22.04 x 107 ST units belonging to magnetite series granites (81%).
MS value of granites has reduced to a larger degree near the
intrusive contacts with country rocks (Fig. 6¢c-d), which reduced
and correspond to ilmenite series granites (19%) where granites
become pinkish evolving a hydrothermal system and form the
tourmaline-bearing pegmatite system. Almost uniform MS values

= {d)

(c) 50

Magnetite Series
100%

[

MS {1079 SI unit)

Mineralized

K&(n=7)

KG(n=6) KGin=8) KG(n=10) KG(n=18)

Fig.5. (a) Coarse-grained equigranular, mafic-rich Kylong granites measuring substantially high MS values as compared to other studied granite plutons, (b) Platy
xenolith of amphibolite hosted in the Kylong granites, and the reduction of MS values of host granite has been noted close to the contact with the xenolith. Note the
garnet grains (Gt) in the Kylong granites. (c) The Kylong granites correspond to highly oxidized magnetite series granites, (d) Mineralized zone of Kylong granites

records substantially high MS value.
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Fig.6. (a) Dark coloured, elongated, porphyritic microgranular enclaves hosted in the porphyritic (K-feldspar bearing) Mowdow granites. (b) Mowdow granites
intrude the arkosic sandstone country rocks. (c) Magnetite series granites are 81% whereas ilmenite series granites are 19% together forming the whole of the Mowdow
granite (MwG) pluton. (d) Mineralized zone records highest MS value whereas granites near the intrusive contacts are highly reduced to ilmenite series.

for the granites were recorded in the central part of the pluton.
Moving towards the southwest, close to the Kylong pluton, the MS
value increased gradually.

The dominance of fine grains of mafic minerals towards the
pluton margin is primarily due to the rapid cooling at an early stage
of fractional crystallization. This process significantly influences
the mineral composition, leading to the increasing content of mafic
minerals near the margin and hence records higher MS values. As
magma crystallizes, a thermal gradient is established from the
margin to the core of the pluton. This results in a finer-grained
margin that transitions into a coarser-grained core. During magma
differentiation, the minerals that crystallize early in the sequence
render the margin rich in mafic minerals. At the same time, more
siliceous residuals become depleted in mafic components in the
core of the pluton.

The leucocratic variety of Mowdow granites can be classified
into porphyritic and non-porphyritic types. The porphyritic leuco-
granites are free from the country-rock xenoliths and exhibit
lower magnetic susceptibility (MS) values, ranging from 6.75 to
8.69 x 107 SI units. In contrast, the non-porphyritic pink Mowdow
granites, which intrude into the arkosic quartzite, show highly
reduced MS values that range from 0.21 to 4.72 x 10” SI units, with
anaverage of 1.93x10” ST units (n=9). For the melanocratic porphy-
ritic Mowdow granites with K-feldspar megacrysts, moderate MS
values were recorded, ranging from 9.84 to 16.26 x 10~ ST units, with
anaverage MS value of 12.67 x 10~ STunits (n=18).

Sindhuli Granite Pluton Associated with Guwahati Granite
Gneiss

Sindhuli granites are primarily found in the Boko and
Patherkhanang localities. However, most parts of these regions are
covered with dense vegetation (forest), which makes the access for
the MS measurements difficult. The Sindhuli granites intrude the
Guwahati granite gneiss, characterized as grey, coarse-grained,

equigranular, and foliated moderately. The pink variety of Sindhuli
granites is notably coarse-grained and porphyritic, characterized by
K-feldspar megacrysts. It contains a few cognates and cumulates of
early-formed mafic minerals, which may be present in the form of
mafic schlierens (Fig. 7a, b). However, these cognates appear to be
dismembered lithological blocks from the early mafic crust by the
intruding granites.

The magnetic susceptibility (MS) values of the granites range
from 15.19 to 17.44 x 10 SI units, with an average MS value of
16.28 x 10” SI units (n=6). The Sindhuli granites exhibit textural
features similar to those of the Mylliem granites, although they lack
the mafic to hybrid microgranular enclaves found in the latter. The
MS values of the Sindhuli granites correspond to the oxidized-type
magnetite granites, consistent with those recorded for other
Cambrian granites in the Meghalaya Plateau.

Guwahati Granite Gneiss

Granite gneiss exposed in and around Guwahati is
equigranular, grey, and moderately foliated, which is intruded by
coarse-grained porphyritic variety of Sindhuli granites. At places,
granite gneiss consists of a few cm-sized microgranular enclaves
(Fig. 8a), and the MS value ranges from 38.73 to 68.48 x 10° SI
(n=16; Table 1) which exclusively correspond to magnetite series
granites (Fig. 8b). However, at some outcrops exposed in the
Guwahati region, relatively lower MS values of granite gneiss were
recorded, which range from 16.91 t0 20.87x10” ST unit (Fig. 7d).

The recorded high MS value near the Boko area might have
become elevated because of the mingling and mixing of mafic and
felsic magmas, which is evident by the occurrence of hybrid
microgranular enclaves. However, a low MS value was observed
close to the Guwahati region, where the granitic gneiss is cross-cut
by a number of pegmatitic and aplitic veins. Although there is a high
fluctuation in the MS values, they still belong to magnetite series
granites (Fig. 7¢).
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Fig.7. (a) Mafic schlierens and mafic aggregates of early crystallized mafic minerals, forming the cognate or autolith, hosted in the porphyritic (K-feldspar bearing)
Sindhuli granites, (b) Sindhuli granites contain the mafic schlierens showing magmatic flowage, (c) Sindhuli granites exclusively belong to magnetite series granites,
and (d) Granitic gneiss (GGn) measures substantially higher MS values as compared to the Sindhuli granites (SG).

Granites of East Garo Hills

In the East Garo Hills, the Rongjeng and Songsak granite
plutons are intrusive into the Meghalaya Gneissic Complex (MGC).
The MGC comprised the granite gneiss, migmatites, augen gneiss,
biotite gneiss, granulites, and mafic-ultramafic rocks. Banded
Magnetite Quartzite (BMQ) also occurs near the Dobu area. The
Rongjeng granites occur as sporadic outcrops exposed from the
Rongjeng village to the Darugiri transect in the south. The granites
exposed around Rongjeng village are composed of grey to pink,
coarse-grained porphyritic granites with ubiquitous anhedral to
subhedral K-feldspar megacrysts (Fig. 9a). The K-feldspar
megacrysts are randomly oriented and at places moderately affected
by potash metasomatic fluids giving rise to a pinkish hue. Locally,
the K-feldspar and biotite crystals crudely define the gneissosity
(Fig. 9b). The MS value of coarse-grained porphyritic variety
ranges from 3.23 to 20.83x10°SI unit, which corresponds to
magnetite series granites (Fig. 9c-d) with an average value of 13.21
x107ST unit (n=48). In contrast, the MS value of medium-grained
grey to pink granites varies from 1.45 to 20.77x10°SI unit with an
average MS value of 9.08 x10° SI unit (n=26). About 3% of

medium-grained granite gneiss yielded the MS values
corresponding to ilmenite series (reduced type) granites.

In the Songsak area, the granites are represented by grey to
pink, medium to coarse-grained granites (Fig. 10a), which are
occasionally cut across by the pink-coloured quartzofeldspathic
veins (Fig. 10b). The abundant K-feldspar crystals impart pink to
the granites because of a high degree of potash metasomatism.
Measured MS values are comparatively lower for the pink-coloured
granites ranging from 0.79 to 4.36 x10”SI unit with an average MS
value of 2.61x10°SI unit (n=22) corresponding mostly to ilmenite
series granites (Table 1). While for the grey variety, the MS value
ranges from 4.44 to 6.56x10" ST unit with an average MS value of
5.52x107°ST unit (n=11) corresponding to magnetite series granites
(Table 1). Overall, the Songsak granites correspond to ilmenite
(19%) and magnetite (81%) granite series granites (Fig. 10c-d),
which are reduced-type and oxidized-type granites, respectively.
Low MS values were noted for the intensely pink-coloured granites
and still lowered MS values were observed for the granites adjacent
to the pegmatitic veins. The observed reduction in the MS values is
caused by the potash metasomatism, which eroded out the magnetic
properties of the granites.

(b)

Magnetite
series

100%

Fig.8. (a) Guwahati granite gneiss is medium-grained equigranular consists of cm-sized microgranular enclave. (b) The MS values of Guwahati granite gneiss

exclusively correspond to magnetite series granites. See text for detailed explanation.
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Fig.9. (a): Coarse-grained porphyritic Rongjeng granites containing pink-coloured anhedral to subhedral K-feldspar megacrysts. (b): Pink Rongjeng granites exhibit
gneissic character. (¢) Relative proportion of magnetite series granites (97%) to ilmenite series granites (3%). (d) Medium-grained Rongjeng granite gneiss (R1 to R6)

recorded the high to low MS values.

Conclusions

In the Meghalaya Plateau, the Cambrian granite plutons of
variable dimensions intrude the Basement granite gneisses and
Shillong Group of rocks. Mafic microgranular enclaves hosted in
some Cambrian granite plutons indicate the involvement of mafic-
felsic magma mixing in the crustal growth of Meghalaya plateau.
These granite bodies probably represent fracture-controlled
diapiric plutons formed by a protracted thermal event related to
mantle upwelling during Pan-African orogeny. Based on available
age data of the granitoid pluton of Meghalaya by various authors,

the granitic magma emplacement might have occurred at several
stages, leading to varied degrees of crustal-mantle interaction,
assimilation, and metasomatism. This is very well reflected in the
oxidised magnetite series and reduced ilmenite series nature of
granites and granite gneisses.

Most of the Meghalaya plateau granite plutons and basement
granite gneiss belong to magnetite series (oxidised type) granites.
Substantially high MS values have been recorded for the Nongpoh
and Kylong granites and basement granite gneiss of the Guwahati
region. However, 5%, 19%, 3% and 19% of MS values were
measured for the Nongpoh, Mowdow, Rongjeng and Songsak

Magnetite

81%

—ir— Max

0 - i 5 . "
S1(n=8) S2(n=7) S3(n=4) S4(n=3) S6{n=6) S7(n=6)

Hydrothermally metasomatized

- - -

Fig.10. (a) Medium-grained grey to pink Songsak granites. (b) Medium-grained intensely pink Songsak granites cut across by the pink coloured pegmatitic vein. (c)
Relative proportion of magnetite series (81%) to ilmenite series (19%) granites. (d) Hydrothermally metasomatized Songsak granites yielded low MS values.
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plutons belonging to the ilmenite series (reduced type) granites.
Although Nongpoh granites intrude the metasediments (quartzite),
they do not exhibit a noticeable reduction in MS value because
quartzite mainly comprises quartz grains, and partially assimilated
silica did not reduce the MS value. However, in a few places,
Nongpoh granites are relatively fine to medium-grained
equigranular in texture, showing highly reduced MS values
corresponding to the ilmenite (reduced type) granite series. These
may represent evolved (residual) parts of the Nongpoh granites and
hence measured the low MS values (0.059-0.071x10-3 SI unit)
being depleting in ferromagnesian minerals.

Most of the reduced (ilmenite series) MS values of studied
granites have been observed either close to the intrusive contacts
with country rocks or where hydrothermal or potash metasomatic
fluids have significantly affected the granites. In relatively fresh
granite outcrops, the variations in MS values are governed mainly
by the modal mineral variations of orthomagnetic (magnetite) and
ferromagnesian (amphibole and biotite) minerals. Mineralised and
mafic-felsic magma mixing (hybridizing) systems have been
recognized in some granites of the Meghalaya Plateau because of
the prevailing oxidising environment, which is more akin to an open
system. The occurrence of microgranular enclaves in granites
suggests the mingling of mafic to hybrid magma in the relatively
cooler host granite melts. Zones of hybridisation and mineralisation
in granites have recorded higher MS values than the enclave-free
and unmineralized granites of the Meghalaya Plateau.
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