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Abstract— The Eastern Dharwar Craton (EDC) is
composed of numerous granitoids from the Late
Neoarchean to Paleoproterozoic eras, the origin of
which remains uncertain. The Zaffergadh granitoids
within the Eastern Dharwar Craton (EDC) are the
subject of a petrological analysis in this study. The field
observations, concise microscopic analyses of
Zaffergadh granitoids, and exhaustive microstructural
assessments demonstrate a substantial divergence from
the igneous magmatic textures of origin to the modified
microstructures. The Zaffergadh granitoids under
investigation are identified by their distinct gneissic and
colossal characteristics. The mineralogy of Zaffergadh
granitoids is primarily composed of K-feldspar,
plagioclase, and quartz, with significant amounts of
mafic minerals, including biotite and amphibole. The
orthoclase and albite minerals exhibit a distinctive
perthitic texture. The study area has observed
significant characteristics of the poikilitic nature of
microcline and its replacement by plagioclase. The
results suggest that the rocks have experienced
metamorphism and deformation.

[. INTRODUCTION

The complex relationship between magma
emplacement and deformation during regional
shortening is a result of the challenges associated
with identifying melt-related deformation structures
and textures, as well as the potentially unclear
connection between regional structures and plutons '~
3. Furthermore, the analysis of these rocks in their
original condition is complicate by the concealed
influences of post-emplacement deformation and
metamorphism on magmatic deformation fabrics in
substantially altered terrains. In the southern Indian
Shield, the Eastern Dharwar Craton (EDC) is
composed of a variety of igneous materials, the
majority of which date back to the Neoarchean era *-
®, The deformation of partially crystallized granitoid
magmas is crucial for the understanding of rheology,
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magma dynamics, emplacement mechanisms,
ambient tectonic stress conditions, and associated
processes within the magma chamber ”$. Numerous
deformational processes may contribute to the
deformation of partially solidified magma, as
evidenced by numerous field observations and
petrographic investigations %!°. These consist of
suspension flow, granular flow, contact melting, melt
ejection by filter pressing, microscale shear zone
nucleation, and crystal plasticity ®!'. Our ongoing
investigation of granitoids from the Eastern Dharwar
Craton has revealed a diverse array of
microstructures that are linked to magmatic processes
and deformation. The objective of this investigation
is to investigate the grain-scale characteristics of the
Zaffergadh  granitoids, including hydrothermal
alteration microstructures that are critical to the
magmatic history of the granitoids, as well as the
timeline of magmatic to sub-magmatic deformation.
These characteristics range from magmatic to
deformation-related structures.

II. GEOLOGICAL CONTEXT

The Dharwar Craton of the Indian Shield is
comprised of the Eastern and Western Dharwar
cratons (Fig. 1), which exhibit significant differences
in basement age, characteristics, lithology,
prevalence of greenstone belts, crustal thickness, and
metamorphic intensity '>!3. Moreover, the Western
Dharwar Craton is deficient in alkaline magmatism
when contrasted with its eastern counterpart. The
Chitradurga shear zone, which is the prominent
mylonitic zone along the eastern margin of the
Chitradurga greenstone belt, is the point at which the
two blocks are knitted together (Fig. 1) '4. The
Dharwar Craton's Precambrian lithologies are
characterized by Archean tonalite—trondhjemite—
granodiorite  (TTG)-type gneisses, which are
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interspersed with two generations of greenstones and
extensive calc-alkaline granitoids of more recent
origin 3. Granitoids, including granite gneiss,
tonalite-trondhjemite-granodiorite (TTG), and syeno-
monzogranites, are present in the northeastern region
of the Eastern Dharwar Craton in southern India.
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Fig. 1 Geological map of the Dharwar Craton (after
Chardon et al. 2008).

These granitoids are accompanied by their
corresponding microgranular mafic enclaves and
dykes 37, The basement TTG rocks are dated to the
middle to late Archean, as demonstrated by *.
Subsequently, the Archean to Proterozoic granitic
formations are distinguished by Closepet granite 8.
The origin of these granitoids continues to be a
contentious issue due to the existence of varying
scholarly perspectives. Granitoid magmas are
primarily associated with intraplate, oceanic, and
collisional or subduction rifting environments '>!%2!,
Granitic magmatism is the most compelling evidence
for Earth's unique subduction zone magmatism, as it
is the result of the hydrous melting of the mantle 22,
According to the majority of geologists, the Eastern
Dharwar Craton's continental crust formation reached
its zenith between 2.7 and 2.5 billion years ago '>?!.
The Archean crust corridor is defined by five
lithotypes: (i) tonalite—trondhjemite—granodiorite
(TTG), which is primarily produced in the initial
stages; (ii) volcanic-sedimentary greenstone belt
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sequences; (iii) late-stage high-K biotite granitic
intrusions; (iv) sanukitoids; and (v) minor hybrid
granites 2?3, In general, the linear configuration of
the majority of schist belts in EDC (Gadwal schist
belt, Paddavuru schist belt, Ghanpur schist belt, and
Yerraballi schist belt ). The Zaffergadh granites,
which are situated within the Ghanpur schist band,
are visible as isolated intrusions within the granite
gneisses of the Peninsular Gneissic Complex (PGC-
II) of EDC (Fig. 1).

III. FIELD RELATIONSHIP

The Zaffergadh granitoids are composed of
granitoids that range from light gray to light pink in
color (Fig. 2a,b). These minerals are characterized by
equigranular hypidiomorphic textures and medium to
coarse particle diameters. The granitoids, which
range from light pink to grey, have coarse to medium
textures and exhibit gradational to diffusive
interactions with the basement and associated rock
types. The coarse-grained granitoids exhibit a basic
foliation of mafic minerals that is associated with
early-crystallized K-feldspar and biotite (Fig. 2b).
This region is characterized by the segregation of
mafic minerals within felsic bands. The darker
mineral bands, which exhibit platy or eclongated
morphology, are interspersed with the lighter bands.
Furthermore, felsic mush flow was observed in
granitoids that exhibited both brittle and ductile
deformation, suggesting the introduction of source
magma during the late to post-magmatic phases or
advanced magma evolution (Fig. 2c¢,d).

IV. PETROGRAPHY

A coarse to medium-grained, hypidiomorphic texture
is exhibited by the Zaffergadh granitoids.
Plagioclase, quartz, amphibole, and microcline or
orthoclase perthitic feldspar are the primary
constituents, with biotite serving as a secondary
component. The interleaving of magnetite with
hematite layers is the defining characteristic of
opaque phases. Apatite and calcite are notable
accessory phases, as well as garnet, diamond-shaped
sphene, zircon, and allanite. Zircon is acknowledged
as an inclusion in K-feldspar perthite and mafic
aggregates. Plagioclase demonstrates polysynthetic
twinning and microfractures that are occupied by
opaque minerals, quartz, and biotite (Fig. 3a). Fine-
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grained biotite and opaque minerals are present in
substantial plagioclase crystals, which are encircled
by subhedral quartz crystals (Fig. 3a). Quartz
granules were present in the microcline, which was
encircled by subhedral minerals (Fig. 3b). Flow
perthitic texture was occasionally observed in
conjunction with quartz and plagioclase (Fig. 3c).
The myrmekite texture is a result of the intergrowth
between quartz and plagioclase (Fig. 3d), while
plagioclase undergoes a transformation into sericite,
which influences both ductile and brittle deformation
through alteration (Fig. 3d). The presence of
secondary plagioclase in these granitoids suggests
that fluid activity has caused a change (Fig. 3d).

Fig. 2 Field photographs of Khammam granitoids: (a)
light pink coarse-grained granite exhibits magmatic
foliation. (b) the grey granite exposes alternate dark
and felsic bands. (c) the granites having magmatic
foliation with brittle deformation. (d) light pink
granites shows ductile deformation features.

V. DISCUSSION

Granitic terrains are characterized by a high degree of
diversity, which includes solid-state structures that
are the result of deformation, exclusively magmatic
foliations, and magmatic structures 6. The
Zaffergadh Granitoids are foliated by the surrounding
granites, contain mafic magmatic enclaves, and
exhibit moderate deformation. The alignment of
mafic magmatic enclaves with the foliation suggests
that magmatic flow occurred as magma globules
(Fig. 2¢). The granites that exhibit foliation indicate a
magmatic flow mechanism (Fig. 2a,b). Fractures and
elongation are observed in the granites (Fig. 2c,d),
which suggests solid-state deformation. The
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Fig. 3 Photomicrographs of Khammam granitoids:
(a) twinned plagioclase and fractures filled by mafic
mineral and subhedral quartz grains, (b) quartz grains
hosted microcline, (¢) flame perthite surrounded by
recrystallized minerals, (d) intergrowth between
quartz and plagioclase and plagioclase altered to
sericite.

Zaffergadh  granitoids are  petrographically
distinguished by medium to coarse-grained textures,
which are characterized by both equigranular and
inequigranular forms. In the solid state, plagioclase
frequently exhibits distortion and is characterized by
characteristic fissures and inclusions (Fig. 3a,c) %%,
The interaction of feldspar with fluid at sub-solidus
temperatures is the cause of the coarse, incoherent,
irregular, and hazy appearance of Perthite (Fig. 3c)
2829 This results in the substitution of albite for
perthite at crystal margins or along fractures and
cleavages during post-magmatic phases. K-feldspar is
composed of subhedral quartz crystals and frequently
exhibits a flaming perthite pattern (Fig. 3c). Solid-
state deformation has been observed in flame perthite
3031 Diffuse deformation zones in perthite contain
small anhedral crystals of quartz and albite. 3>¢ have
all indicated that the microstructures of this
interstitial mineral assemblage, which exhibit
myrmekite texture and subgrains in albite (Fig. 3d),
underwent subsolidus ductile deformation at elevated
temperatures.

VI. CONCLUSIONS

The Zaffergadh granitoids, which are situated on the
northeastern margin of the Eastern Dharwar craton,
demonstrate notable magmatic—solid-state flow
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characteristics. The Zaffergadh granitoids exhibit
parallel foliation, which indicates a distinct alignment
of feldspar and biotite, thereby supporting the
magmatic flow process. The effects of solid-state
deformation typically superimpose on the magmatic
foliation. Additional evidence for solid-state
deformation is provided by the petrographic
characteristics, which include myrmekite textures and
fractured and flow perthite formations. However,
transitions between these states are anticipated to
occur during magma cooling, particularly during
regional deformation known as sub-magmatic.
Evidence for the "end-member" conditions of
magmatic and solid-state flow is frequently observed.
This research suggests that deformation occurred in
the newly formed crystals, crystal slurry, and ambient
liquids during the transition from magmatic to sub-
magmatic environments.

VII. ACKNOWLEDGMENTS

The authors are grateful to the Head of the
Department of Geology at Osmania University,
Hyderabad, for providing petrography facilities. This
investigation is a component of the Ph.D. thesis of
the first author. Additionally, we would like to extend
our gratitude to N. Srinu, B. Thirupathi and Dr. B.
Naveen for their support during the fieldwork and
petrographic study.

REFERENCES

[1]. Hibbard, M. J. Petrographic classification of
crystal morphology. J. Geol. 102, 571-581
(1994).

[2]. Paterson, S. R., Vernon, R. H. & Tobisch, O. T.
A review of criteria for the identification of
magmatic and tectonic foliations in granitoids.
J. Struct. Geol. 11, 349-363 (1989).

[3]. Vernon, R. H. Electronic Geosciences (2000)
5:2 Review of Microstructural Evidence of
Magmatic and Solid-State Flow. (2000).

[4]. Chadwick, B., Vasudev, V. N. & Hegde, G. V.
The Dharwar craton, southern India, interpreted
as the result of Late Archaean oblique
convergence. Precambrian Res. 99, 91-111
(2000).

[5]. Chalapathi Rao, N. V., Dongre, A. N. & Kale,
V. S. An alternate perspective on the opening
and closing of the intracratonic Purana basins in

IJIRT 182542

[6].

[7].

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

peninsular India. J. Geol. Soc. India 86, 118—
119 (2015).

Chalapathi Rao, N. V. & Srivastava, R. K. A
new find of boninite dyke from the
Palacoproterozoic Dongargarh Super group:
Inference for a fossil subduction zone in the
Archaean of the Bastar craton, Central India.
Neues Jahrb. fur Mineral. Abhandlungen 186,
271-282 (2009).

Barros, C. E. M., Barbey, P. & Boullier, A. M.
Role of magma pressure, tectonic stress and
crystallization progress in the emplacement of
syntectonic granites. The A-type Estrela granite
complex (Carajas Mineral Province, Brazil).
Tectonophysics 343, 93—109 (2001).

Sarkar, G. et al. Grain-scale anatomy of the
Implications for the
interplay of magmatic to sub-magmatic
deformation mechanisms. J. Earth Syst. Sci.
128, (2019).

DELL’ANGELO, L. N. & TULLIS, I
Experimental deformation of partially melted
granitic aggregates. J. Metamorph. Geol. 6,
495-515 (1988).

Rutter, E. H. & Neumann, D. H. K.
Experimental deformation of partially molten
Westerly granite under fluid-absent conditions,
with implications for the extraction of granitic
magmas. J. Geophys. Res. 100, (1995).

Park, Y. & Means, W. D. Direct observation of
deformation processes in crystal mushes. J.
Struct. Geol. 18, 847-858 (1996).

Jayananda, M., Santosh, M. & Aadhiseshan, K.
R. Formation of Archean (3600-2500 Ma)
continental crust in the Dharwar Craton,
southern India. Farth-Science Rev. 181, 12-42
(2018).

Ramakrishnan, M., Vaidyanadhan, R. Geology
of India. (Geological Society of India,
Bangalore., 2008).

Chardon, D., Jayananda, M., Chetty, T. R. K. &
Peucat, J. J. Precambrian continental strain and
shear zone patterns: South Indian case. J.
Geophys. Res. Solid Earth 113, 1-16 (2008).
Prabhakar, B. C., Jayananda, M., Shareef, M. &
Kano, T. Petrology and geochemistry of late
archaean granitoids in the northern part of
Eastern Dharwar Craton, Southern India:
transitional  geodynamic

Bundelkhand granite:

Implications  for

2446



[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

IJIRT 182542

© July 2025 | IJIRT | Volume 12 Issue 2 | ISSN: 2349-6002

setting. J. Geol. Soc. India 74,299-317 (2009).
Ashok, C., Babu, E. V. S. S. K, Dash, S. &
Santhosh, G. H. N. V. Redox Condition and
Mineralogical Evidence of the Magma Mixing
Origin of the Mafic Microgranular Enclaves
(MMEs) from Sircilla Granite Pluton (SGP),
Eastern Dharwar Craton (EDC), India. J. Geol.
Soc. India 98, 1237-1243 (2022).

Raju, B. V., Asokan, A. D., Pandey, R,
Panicker, A. G. & Mohan, M. R. Neoarchean
crust-mantle interactions from the Eastern
Dharwar Craton: Insights from mineral
chemistry of the Nizamabad granites, southern
India. J. Earth Syst. Sci. 131, (2022).
Jayananda, M., Martin, H., Peucat, J. J. &
Mahabaleswar, B. Late Archaean crust-mantle
interactions: geochemistry of LREE-enriched
mantle derived magmas. Example of the
Closepet batholith, southern India. Contrib. to
Mineral. Petrol. 119, 314-329 (1995).
Manikyamba, C. & Kerrich, R. Eastern
Dharwar Craton, India: Continental lithosphere
growth by accretion of diverse plume and arc
terranes. Geosci. Front. 3,225-240 (2012).
Moyen, J. F. et al. Collision vs. subduction-
related magmatism: Two contrasting ways of
granite formation and implications for crustal
growth. Lithos 277, 154-177 (2017).
Jayananda, M. et al. Multi-stage crustal growth
and Neoarchean geodynamics in the Eastern
Dharwar Craton, southern India. Gondwana
Res. 78, 228-260 (2020).

Moyen, J. F. The composite Archaean grey
gneisses:  Petrological  significance, and
evidence for a non-unique tectonic setting for
Archaean crustal growth. Lithos 123, 21-36
(2011).

Laurent, O., Martin, H., Moyen, J. F. &
Doucelance, R. The diversity and evolution of
late-Archean granitoids: Evidence for the onset
of ‘modern-style’ plate tectonics between 3.0
and 2.5 Ga. Lithos vol. 205 208-235 at
https://doi.org/10.1016/j.1ithos.2014.06.012
(2014).

Mohan, M. R., Asokan, A. D. & Wilde, S. A.
Crustal growth of the eastern dharwar craton: A
neoarchean collisional orogeny? Geol. Soc.
Spec. Publ. 489, 51-77 (2020).

Nagamma, J., Ratnakar, J., Ajay kumar, A. &

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

Ashok, C. H. Geochemical studies of hybrid
granite from Madugulapalli Eastern
Dharwar Craton, Southern India: Implications
for crustal mixing. Acta Geochim. 42, 9-23
(2023).

CHOUKROUNE, P. & GAPAIS, D. Strain
pattern in the Aar Granite (Central Alps):
orthogneiss developed by bulk inhomogeneous
flattening. Strain Patterns in Rocks 5, 411-418
(1983).

BELL, T. H. & JOHNSON, S. E. The role of
deformation partitioning in the deformation and
recrystallization of plagioclase and K-feldspar

area,

in the Woodroffe Thrust mylonite zone, central
Australia. J. Metamorph. Geol. 7, 151-168
(1989).

Abart, R., Petrishcheva, E., KdBner, S. & Milke,
R. Perthite microstructure in magmatic alkali
feldspar with oscillatory zoning; Weinsberg
Granite, Upper Austria. Mineral. Petrol. 97,
251-263 (2009).

Brown, W. L. & Parsons, I. Nucleation on
perthite-perthite boundaries and exsolution
mechanisms in alkali feldspars. Phys. Chem.
Miner. 10, 55-61 (1983).

PRYER, L. L. & ROBIN, P. -Y F. Retrograde
metamorphic reactions in deforming granites
and the origin of flame perthite. J. Metamorph.
Geol. 13, 645-658 (1995).

Pryer, L. L. & Robin, P. Y. F. Differential stress
control on the growth and orientation of flame
perthite: A palacostress-direction indicator. J.
Struct. Geol. 18, 1151-1166 (1996).

De Bresser, J. H. P. On the mechanism of
dislocation creep of calcite at high temperature:
Inferences experimentally measured
pressure sensitivity and strain rate sensitivity of
flow stress. J. Geophys. Res. Solid Earth 107,
ECV 4-1-ECV 4-16 (2002).

Fazio, E., Fiannacca, P., Russo, D. &
Cirrincione, R. Submagmatic to solid-state
deformation  microstructures recorded in
cooling granitoids during exhumation of late-

from

variscan crust in north-eastern sicily. Geosci.
10, 1-29 (2020).

Olivier, V. Uranium mineralization
associated with late magmatic ductile to brittle
deformation and Na—Ca metasomatism of the
Pan-African A-type Zabili syntectonic pluton

et al

2447



[35].

[36].

IJIRT 182542

© July 2025 | IJIRT | Volume 12 Issue 2 | ISSN: 2349-6002

(Mayo-Kebbi massif, SW Chad). Miner. Depos.
56, 1297-1319 (2021).

Sensarma, S., Matin, A., Paul, D., Madhesiya,
A. K. & Sarkar, G. Evolution of a crustal-scale
silicic to intermediate tectono-magmatic
system: The ~2600-2300 MaBundelkhand
granitoid, India. Precambrian Res. 352, 105951
(2021).

Sheikh, J. M. et al. Nepheline syenite intrusions
from the Rengali Province, eastern India:
Integrating geological setting, microstructures,
and geochronological observations on their
syntectonic emplacement. Precambrian Res.
346, 105802 (2020).

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

2448



