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Abstract

Gneissic rocks exposed in and around the Arjungarh of Central Rajasthan exhibits various geological signatures that attract many geologist and
researchers for detail investigation. The present paper focused on the petrography and geochemistry of gneiss rocks of Arjungarh, Rajsamand. As in
other areas of the BGC, gneiss was the main rock exposure found in the reported area. They were coarse-grained, light colored rock exhibiting well augen
gneissic characteristics. The rock is mainly composed of quartz, feldspar, hornblende, biotite, and other opaque minerals. The rock was alumina rich and
also high in potash content. There was also a pronounced negative Eu anomaly which suggests both K-feldspar and plagioclase were not removed in the
differentiation sequence. Based on the geochemical analyses and interpretation, augen gneiss was found to be originated from granite to granodioritic
igneous parentage of calc-alkaline composition in the tectonic setting of within plate granite.
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Introduction

The study area lies in the Toposheet No. 45K/2 between
longitude east 74°05’°00” to 74°09°00” and latitude north 25°38'20”
to 25°40’40” (Figure 1). The rocks exposed in and around the
Arjungarh area are Banded Gneissic Complex (BGC) which occupies
a large tract of the Central Mewar (Udaipur and part of Bhilwara).
Gupta [1] has grouped the rocks of Arjungarh, as Paragneiss
Complex, with the Aravalli System and are referred to as basement
rock-suite. The BGC cratonic region is dominantly gneissic to
migmatitic with amphibolites and metasediments of amphibolites/
granulite facies intruded by late Archean granites (Untala, Gingla,
Berach etc) and rare ultramafics. Among the gneissic rocks, grey
coloured biotite gneisses are dominant with leucocratic bands as a
result of which the name Banded Gneissic Complex is appropriately
given by Gupta [1] and Heron [2]. Hackett [3] described the geology
of the Aravalli Mountain Belt and the adjoining area in the north
western part of the Indian Peninsular Shield in western India.
Gupta [1] and Heron [2] systematically surveyed the area and gave
the basic geological information. Gupta et al.,, [4], has grouped the
Sandmata complex under Bhilwara Supergroup which is equivalent
to the oldest stratigraphic unit, the Banded Gneissic Complex of
Heron [2,5]. These basement rocks are having polymetamorphic
nature and are characterized by amphibolites to granulite facies
grade of metamorphism in association with mafic and felsic ortho-

gneisses, and meta-sedimentary rocks [6-16]. The granitic plutons
from the BGC were dated at 2.9Ga by Rb/Sr isotopic systematics
[17]. The tonalitic grey gneiss from east of Udaipur yielded age
of 3.3Ga [18]. And single Zircon grains gave 3.23-2.89Ga by
evaporation method (?**’Pb/?°Pb) for these gneisses [19] . The 3.3Ga
old gneisses of the BGC simply represent a nucleus of the Rajasthan
craton. However some BGC rocks as at Sarara, are not Archean in
age and their disturbed dates gave scattered ages (Proterozoic) but
these BGC rocks are definitely overlain by the Palaeoproterozoic
Aravalli Supergroup, with an erosional unconformity between
them [20]. From this similar occurrence of BGC inliers we cannot
consider only the isotopic ages but also to consider the geological
setting of the rocks [21]. The BGC is generally thought to be an
Archean basement terrain that was partially reworked during the
Paleoproterozoic. Laser Ablation ICP-MS zircon U-Pb study of felsic
orthogneissses and metapelites reveals that the metasediments in
the Sandmata Complex have Proterozoic, rather than mid-Archaean
protoliths [22].

Field Occurrences

The gneissic rocks cover more than two third of the study area
(Figure 2a) and in fact constitute the BGC in the Rajasthan. The
gneissic rocks on the way from Dhapra to Khirniya village become
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banded with dark streaks of biotite-sillimanite in the quartzo-
feldspathic matrix. The presence of garnet gives red to reddish
brown patchy appearance to the rock near Khirniya village. There
are several pegmatitic and granitic veins in those rocks mainly
near Khirniya village and on the way from Thana to Dhapra village.
In the paragneiss small lensoid bodies containing enderbite and
also metanorite are found. In Khirniya village, the migmatites are

Petrography

intruded by quartz veins which show both concordant as well as
discordant relationships. Migmatite are usually banded gneisses
formed when the schist and the augen gneisses alternate on the
scale of centimeter to meter [23] as seen in the village Khirniya.
These rocks may grade into schists or augen gneisses at places. On
the way towards Bateri, two generations of folding are present in
migmatite.
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Figure 2a: Showing the panoramic view of Arjungarh, Rajasthan.
Figure 2b: Biotite Laths oriented along a preferred direction and K-feldspar -plagioclase intergrowth showing exsolution.
Figure 2c: Granules of plagioclase ,K-feldspar and quartz, myrmekitic texture shown by intergrowth of quartz adjacent to

plagioclase.

Figure 2d: Quartz, K-feldspar, plagioclase granules showing mortar texture. Epidote surround the granules are formed by

reaction:
PlagioclasetH20=Epidote.

Figure 2e: Laths of biotite and secondary muscovite oriented in a preferred orientation in granules of K-feldspar and plagioclase.
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Hand specimen and thin section studies of the selected rocks
samples had been carried out with special attention to orientation
pattern and grain contact relationships of minerals in the rock
assemblages. Grain contact study of the mineral are of special
significance in illustrating problem of equilibrium [7,9,11-14, 24-30].
In the investigated area they are medium to coarse grained, light grey
to dark colour, composed mostly of quartz, feldspar and biotite with
or without minor hornblende (Figure 2b). Besides these epidote,
garnet, apatite, secondary muscovite may also occur all varying in
amounts, that give rise to schistose and gneissic/migmatites (Figure
2c).Insome places K-feldspar and plagioclase porphyroblast may give
rise to “augen structure”. Muscovite occurs only in the hornblende -
free gneiss and sometimes in the augen gneiss.

The following mineral assemblages were observed from the
area:

1.  Plagioclase-muscovite-
No.K16).

k-feldspar-quartz (Sample

2.  Biotite-plagioclase-quartz-K-feldspar-Al-silicate (Sample
No. K5).

3.  Biotite-quartz-K-feldspar-plagioclase (Sample No. K20).

4.  Plagioclase-muscovite-k-feldspar- biotite-quartz (Sample
No K18).

5. Plagioclase-quartz-k-feldspar-biotite (Sample No K20).

6. K-feldspar-biotite- plagioclase-garnet-kyanite (Sample
No12).

7. K-feldspar-garnet-quartz ( Sample NoK13).

Gneisses show granoblastic mosaic texture and K-feldspar and
occasionally plagioclase and quartz shows porphyroclastic texture.
Foliation and compositional layering is conspicuous. In augen gneiss
plagioclase crystals are sub-idioblastic and define porphyroblastic
texture. Sub-idioblastic laths of biotite are oriented in a preferred
orientation. In migmatitic varieties, plagioclase in the schistose
portion occur as small prisms and are equant with a dimensional
orientation, biotite sometimes interleaved with muscovite. Quartz,
microcline, and plagioclase also show mortar structure. Quartz
intergrowth with the adjacent plagioclase gives myrmekite texture
(Figure 2d). Some, samples shows perthitic texture, as well as
graphic texture. Accessory minerals like chlorite, magnetite, rutile
and apatite are seldom encountered. Muscovite present probably
represents a re-crystallized product after metamorphism. Large
plagioclase crystals with bent or faulted lamellae and sometimes
even marginal granulation are evident of post crystalline
deformation . The microcline, quartz and plagioclase showing
mosaic structure seems to have re-crystallized simultaneously
(Figure 2e).

Geochemistry and Petrogenesis

Geochemical data on major and trace elements were used to
find out the precursor of these rocks. The major oxides (SiO,, TiO,,
Al O, Ca0, Fe 0, MgO, MnO, Na,0,K,0 and ons) and trace elements
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were determined by using SIEMENS SRS 3000 sequential X-ray
Fluorescence Spectrometer (XRF) at Wadia Institute of Himalayan
Geology, Dehradun. Calculated values for major oxides for four
selected gneiss assemblages are presented in the Table 1. The
compositional ranges for major elements are displayed in Harker
variation diagrams (Figure 3). The Si0, contents of gneiss ranges
from 46.67% to 75.38 % averaging at 64.74%. With increasing SiO,
content FeO'and MgO decreases markedly from 16.39 to 0.73% and
6.07 to 0.28% respectively. The Al O, content ranges from 11.99 to
22.41%. The K,0 varies from 3.6 to 7.0 % and averages at 5.80%
while Na,O ranges from 0.35 to 3.32% with an average of 1.88%.
The CaO content ranges from 0.36 to2.78% averaging at 1.39%. The
variation diagram from the trace element data of the selected four
are given in Figure 4.

Table 1: Calculated values and CIPW norms from the ma-
jor oxides of gneissic rocks from Arjungarh area, District
Rajsamand, Rajasthan.

Sample No K5 K13 K16 K20
Na,0/AL,3 0.02 0.16 0.21 0.14
K,0/AL0, 0.16 0.38 0.29 0.58
Si0,/AlL0, 2.08 4.94 442 6.29
K,0/Na,0 10.29 2.36 1.38 4.14
CIPW Norms

Q 21.15 25.2 30.09 36.92

Or 21.27 29.78 27.01 41.37

Ab 2.96 18.11 28.09 14.3

An 1.52 11.31 8.13 291

C 17.38 0.27 2.64 0.57

Hy 15.12 6.65 0.7 0.97

1l 0.32 0.13 0.02 0.02
Hem 16.39 5.67 0.73 2.07
Ap 0.09 0.88 0.23 0.09

Ru 1.66 1.25 0.07 0.47
An% 34 384 224 16.9

The system anorthite (An)-albite (Ab)-orthoclase (Or) showing
the field of different granitic composition, (Figure 5) all the selected
four samples falls in the field of granodiorite to granite field [31].
The discrimination plot between Y+Nb and Rb [32] (Figure 6)
shows that one sample falls at WPG and two samples at Volcanic
Arc Granite and another sample falls under syn-collisional granite.
The discrimination plot between Y versus Nb (Figure 7); [32]
also shows three of the sample fall under syn-collisional granite
and Volcanic Arc Granite and one sample falls under Within Plate
Granite.
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Figure 3: Harker diagram for four samples selected of gneiss of Arjungarh and nearby area, District Rajsamand, Rajasthan.

rock is granite to granodioritic in nature. They may be the product
of partial melting of oceanic crust during subduction which is
supported by the discrimination diagram of Y versus Nb as well
as the discrimination diagram of Y+Nb versus Rb. These indicate

Conclusion

On the basis of above field observation and analysis, it is clear
that the gneiss of the study area are the most dominant rock type

cover more than two third of the study area. These rocks may progressive partial melting and fractional crystallization of the

grade into augen gneisses or migmatite at places and their parent parent rock.
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Figure 4: Variation diagram of four selected samples of gneiss of Arjungarh and nearby area, District Rajsamand, Rajasthan.

Figure 5: The system anorthite (An)-albite (Ab)-orthoclase (Or) showing the field of different granitic composition of the selected
four samples of gneiss from Arjungarh area, District Rajsamand, Rajasthan [31].
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