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Abstract

The present study explores and characterizes the quartzites from the Ghattihosahalli Schist Belt for major
and trace elements, including REEs, in order to analyze their paleo-weathering and provenance
characteristics, as well as possible tectonic settings. A petrography and geochemical analysis of the
quartzite was conducted in order to determine the extent of paleo-weathering and its provenance.
Geochemical data plots like log (SiO2/Al203) vs. log (Fe203/K20) & log (SiO2/Al203) vs. log (Na20/K20)
categorize the quartzites as sub-arkose to sub-litharenite and fuchsite quartzites as arkose to litharenite.
Naz0 vs. K20 plot diagram shows quartz abundance in studied samples. Quartzite exhibits moderate to
intense chemical weathering based on CIW, CIA, PIA and A-CN-K plots, while fuchsite quartzite exhibits
semi-arid to semi-humid conditions. Chondrite normalized REE are fractionated in fuchsite quartzites and
quartzites with low HREE. Discriminant functions suggest that studied samples have been formed in
guartzose sedimentary fields. Plotting TiO2 vs. Ni indicates felsic provenance for the samples. Al203/SiO2
vs. Fe203+MgO and SiO:2 vs. K20/Na20 plots indicate quartzites occupied a passive margin tectonic setting.
The major and trace element ratios, patterns of REE normalized on chondrites and diagrams of normalized
multi-elements depicts that the studied quartzites are predominantly felsic with some mafic contribution.

Index Terms: Geochemistry, Provenance, Paleo-Weathering, Quartzites, REE, Tectonic Setting.

1. INTRODUCTION

The importance of sedimentary geochemistry has gained wide recognition in recent years
for its role in understanding clastic sedimentary suite evolution, provenance, and source
weathering. It has been shown in numerous studies that the chemical composition of the
clastic sedimentary rocks is influenced by a variety of factors, including the composition
of the source rock, the extent and duration of weathering, the method of transportation,
and post-depositional processes, such as diagenesis. According to Bhatia and Crook [1];
Roser and Korsch [2], the geochemical studies have revealed that ancient sediments
were deposited in tectonic settings. Considering the relatively small fractionation of rare
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earth elements and immobile trace elements by sedimentary processes and low grade
metamorphism, sediments are important indicators of the chemical composition of source
rocks [3], [4]. Further, Nesbitt and Young [5] and Fedo et al [6], have demonstrated that
the abundance of mobile elements may provide insights into ancient weathering regimes,
paleo environmental conditions, and other chemical processes that sediments and their
sources may have undergone in the past. The Archaean greenstone belt in the Indian
shield, sedimentary successions with clastic sedimentary rocks play an important role.
The greenstone belts of the Archean ages of the Dharwar Craton in South India allows
us to examine how an early sedimentary system evolved during a critical period in earth's
history [7]. As part of this study, we have attempted to understand the provenance,
weathering condition, tectonic setting of quartzites from the Ghattihosahalli schist belt of
western Dharwar craton, as well as the geochemistry of major, trace and rare earth
elements, thus attempting to constrain the composition of the source rocks as well as the
sedimentary setting.

2. GEOLOGICAL SETTINGS

The Ghattihosahalli schist belt (GHSB) is located on the western margin of the main
Chitradurga schist belt in Karnataka. The supracrustal belt in this area is one of the best
preserved in the state. This belt has a northwest trend and is linear. In the north, the belt
stretches for over 25 km, and in the south, it extends east of Talya for over 25 km. On the
west GHSB, the TTG Peninsular gneisses 3.1 Ga older than the belt [8] are poorly
defined, and on the east, the old Chitradurga belt 2.6 Ga older than the belt [9].
Radhakrishna and Sreenivasaiah [10] describe the volcanic-sedimentary sequence as
composed of ultramafic komatiites and amphibolites interlayered with fuchsite quartzite
and barite. Viswanatha et al [11] reported the first record of spinifex texture in India from
the serpentinite of this belt. The idealized upward stratigraphy of amphibolite, ultramafite
and fuchsite quartzite visualized for this belt by Narayana and Naqvi [12] is not borne out
by field evidences. The gneisses around the belt have abundant enclaves of amphibolites
and ultramafic rocks. Two major geological components can be found within the schist
belt. It was found in the western part of the area that the older components were found,
which belong to the Sargur group. The Bababudan group has younger components on
the eastern side of the belt, which make up the lower part of the Dharwar Supergroup.
The Sargur supracrustals within the Ghattihosahalli belt are primarily composed of meta-
ultramafics, mafics, and their associated subordinate metasediments arranged without
stratigraphic distinction. As part of Ghattihosahalli belt, the Sargur complex exhibits a
variety of metasediments associated with mafic and ultramafic rocks. Although the belt is
composed of 10-15% metasedimentary rocks, its association with sub-aqueous volcanic
rocks is very important for understanding Archaean sedimentation and volcanism [38].
The baryte occurs as thin lenses and bands of conformable but discontinuous structures
within  the quartzite near the metabasic and metaultramafic rocks
underneath. Chromiferous quartzite is the predominant horizon in which barite bands
occur. It is clear from the association of the metasediments in the field with the underlying
mafic-ultramafic flows as well as their petrographic characteristics that the metasediments
are volcanic exhalates [13].
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3. STUDY AREA

The Ghattihosahalli schist belt in Chitradurga taluk of the Chitradurga district, which is
part of the peninsular gneiss basement, is situated to the west of the younger Chitradurga
greenstone belt, Dharwar Supergroup. The rectangular area (Fig. 1) covers an area about
341Sqg kms and it forms the part of Survey of India toposheets No.:57 B/4, 57 B/8, 57 C/1
and C/5.

Geological Map of Ghattihosahalli Schist Belt
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Fig 1: The Geological map of the study area with sample location (Adopted from
Bhukosh, GSI portal 2023)

4. MATERIALS AND METHODS

In order to conduct the research, desk studies, geological field mapping, sampling and
geochemical analyses were employed. For the purpose of conducting this study,
geological mapping was conducted at a scale of 1: 25,000. A random sample of big, fresh,
representative rocks from the field was collected for thin section analysis and
geochemical analysis. The major oxides of 15 samples were identified and analyzed by
using an XRF system from Bruker-AXS, Germany, equipped with a 4kW high power X-
ray Rh anode tube (60 kV, 170 mA) and by using standard procedures at the Wadia
Institute of Himalayan Geology, Dehradun, the SCIEX quadrupole type ICPMS 96, ELAN
DRC-e to analyze trace and REEs. The precision & accuracy of the analysis are within
the error levels of 5% and 10%, respectively, for major and trace analysis.
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5. GEOLOGICAL OCCURRENCE
5.1 Quartzite

Quartzite from the sargur group in Ghattihosahalli belt occur inter layered with
serpentinized ultramafic rocks. They are well exposed in the Ghattihosahalli and
kumminghatta village. In the quartzite layer, the sample collected is white to grayish in
color, medium to coarse in size, and consists primarily of quartz, muscovite, opaque
minerals, and kyanite, apatite, zircon, monazite, and xenotime in minor amounts. The
rock is associated baryte, located within a km SSE of Ghattihoshalli village in which baryte
interbedded with fuchsite quartzite (Fig. 2a) predominantly composed of quartz and
fuchsite mica. There is an interstratification of barite with the fuchsite quartzites. The
barite beds occur within mica schists and quartzites subparallel to the monocline
structure. A Quartzite from old worked quarry pit (Fig. 2b) found near the Kumminaghatta
village.

5.2 Fuchsite Quartzite

Fuchsite quartzite found near Kummanaghatta village (Fig. 2c) and the sample collected
(Fig. 2d) at an old mine operated for fuchsite quartzite appears in greenish color and
having a medium grain size which is foliated. Fuchsite, is characteristically present in
guartzite observed in the study area, is shown greenish colour which contains significant
amount of green fuchsite. The rock is composed almost of quartz and fuchsite. The rock
exhibiting bedding plane (S0) and cleavage relationship, and the strike of N50°W to S50°E
dipping 80°W. There are abundant sillimanite, kyanite, staurolite, and chloritoid deposits
in the fuchsite quartzites. The quartzite outcrop shows the folded structure in which the
right limbs and right limbs are dip in the same direction, is recognized as overturned fold
and it has plunge. The part of the limb portion was unfortunately mined-out (Fig.2e).

5.3 Quartzites from Bababudan Group

The Bababudan group is well exposed in the lower part of the Dharwar belt to the east of
Ghattihosahalli. Typical oligomict conglomerates are overlain by rhythmic sequences of
amygdular metabasalt and cross-bedded quartzites. In general, Bababudan rocks are in
sharp contact with Sargur-PGC rock. At various stratigraphic levels of the Bababudan
schist belt, quartzites associated with QPC and other quartzites can be found interbedded
with volcanic rocks. Quartzites of this type tend to be medium grained, compact, and
gray to brown in color. The cross bedded quartzite found near Neralakatte village in the
Lower Dharwar of Ghattihosahalli Schist Belt (Fig.2f). The Bababudan Group
metasedimentary sequences are found near Neralakatte village, southeast of Talya.
Quartzite layers that have recrystallized occur in association with mafic schist. In the
samples analyzed, quartz grains predominate with small grains of muscovite (<100 m) &
rarely chlorite and there is a minor amount of zircon and/or monazite. It has also been
observed that fine crystals of xenotime can be found locally [14].
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Fig 2: Field photograph of Baryte interbedded with fuchsite quartzite (a) located
at a km SSE of Ghattihoshalli village. A Quartzite from old worked quarry pit (b)

found near the Kumminaghatta village. Field photograph of Fuchsite quartzite
found near Kummanaghatta village (c), the sample of fuchsite quartzite collcted
(d) from old quarry pit. The quartzite outcrop shows the folded structure (e). The
guartzite found near Neralakatte village which exhibit a cross bedded structure (f)

6. PETROGRAPHY

Detailed petrographic and mineralogical features of the quartzites from the study area are
presented. About 9 samples of quartzites and 06 fuchsite quartzites were collected from
the study area and prepared into thin sections and examined on a polarizing microscope.

6.1 Quartzite

Petrographically, the rock is mainly made up of quartz and minor amount of opaque
minerals. Quartzite appears fine to medium grained. In which Quartz occurs as polygonal
aggregates, displaying triple junctions (Fig.3a). The edges of these quartz crystals are
mostly straight and stepwise. The polygonal quartz aggregates often display subgrains
and the larger grains exhibit typical undulose extinction. Some crystals pin the polygonal
guartz crystals, while smaller crystals of sericite/muscovite occur as inclusions within
these polygonal quartz aggregates (Fig.3b). In Fig.3c a band dominated by muscovite
can be observed. Recrystallization of quartz grains is observed while, quartz fragments
appears with elongation appearance (Fig.3d). The rock is dominated by quartz, and
muscovite with a preference orientation.
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6.2 Fuchsite Quartzite

Fuchsite quartzites are essentially made of quartz and Mica (Muscovite), where both the
minerals are aligned in such a way gives preferred orientation, in which quartz gains are
undergone for recrystallization (Fig. 3e & f). The emerald green color fuchsite mica is
pleochroic in nature from yellowish green to green and shows high interference color;
while muscovite (Ms) mica shows parallel extinction, are easy to recognize by their clear
color in plane-polarized light, with second order interference colors and perfect cleavage.

6.3 Fuchsite-Quartz Schist

The stretched quartz and micas with strong strain shadow is commonly noticed which
resembles as preferred orientation. As they have a preferred orientation and they are
nearly parallel to each other, they create a lepidoblastic texture (Fig. 3g & h).

Fig 3: Photomicrographs of Quartzite (a) is exhibiting granoblastic, interlocking
and suture texture which consists of quartz as major mineral which occurs as
polygonal aggregates, displaying triple junctions. The Muscovite occurs as
elongated crystals within quartzite (b). As they have a preferred orientation and
there are nearly parallel to each other, they create a lepidoblastic texture & (c)
showing granoblastic quartz with wavy extinction and light-green muscovite
crystals in a lepidoblastic texture. The recrystallisation is observed (d) while,
guartz fragments appears with elongation appearance. The photomicrographs of
Fuchsite quartzite observed under plane polarized (e) & under crossed nicol
condition (f) which is mainly composed of quartz and the emerald green color
fuchsite mica. The anhedral grains of quartz, distinctly bluish green coloured
scales and anhedral plates of fuchsite are aligned to produce a planar fabric (g) &

(h)
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7. RESULTS AND DISCUSSION
7.1Geochemical Characteristics

It is possible to obtain information about the composition of sedimentary rocks from a
geochemical analysis of source rocks, the weathering condition, history of transportation
and Conditions of deposit [15], [16]. A lot of research has been conducted on geochemical
characteristics in ancient and modern sediment in order to determine the source rocks,
provenance, and tectonic setting [1]. Different sedimentary suites have been classified
according to their tectonic settings using the major elemental geochemical parameters
[17].

7.2Major Element Geochemistry

The major oxide concentrations data of fuchsite quartzites & quartzites are given in Table
1. The fuchsite quartzites of the study area presents high SiO2 contents range from 79.69
to 88.9 wt% with an average value of 83.17wt%, Al203 (8.65-12.1 wt%, average value of
10.18 wt%) while the range and average content of other oxides in the fuchsite quartzites
are as follows; TiO2 (0.15-0.46 wt%, avg 0.31wt %), Fe20s3 (0.5-1.89wt%, avg 1.24wt%),
MnO (0.001-0.1wt%, avg 0.1wt%), MgO (0.05-0.68wt%, avg 0.47%), CaO (0.05-0.83
wt%, avg 0.33wt%), Na20 (0.24-0.66 wt%, avg 0.51wt%), K20 (1.15-5.21wt%, avg 3.21
wt%) and P20s contents (0.02-0.57 wt%, avg 0.25wt%). The quartzite shows higher value
of SiO2 (88.34-96.14wt%, avg 92.68wt%), Al2O3 (2.18-6.80 wt%, avg 3.90 wt%) depleted
in TiO2 (0.04-0.60 wt%, avg 0.21wt %), Fe20s3 (0.09-0.51wt%, avg 0.31wt%), MnO (0.01-
0.02wt%, avg 0.01wt%), MgO (0.05-0.26wt%, avg 0.10%), CaO (0.04-0.37 wt%, avg
0.13wt%), Na20 (0.20-0.37 wt%, avg 0.28wt%), K20 (0.28-2.15wt%, avg 1.04 wt%) and
P20s contents (0.01-0.26 wt%, avg 0.06wt%) contents.
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Table 1. Major Oxides (wt%) concentrations of fuchsite quartzites & quartzites from the Ghattihosahalli
Schist Belt area

Fuchsite Quartzites Quartzites

flf‘)mp'e GH-24 | GH-29 | KG-159 | GH-34 | KG-87 | GH-160 | NK-91 | KG-73 | NK-95 | GH-61 | NK-161 | NK-162 | NK-158 | KG-18 | KG-17
SiO; 88.90 | 79.96 |83.24 | 8265 |79.69 |8457 |9589 |89.79 |96.01 |92.69 | 9587 |88.34 |96.14 |89.78 | 89.59
TiO, 020 |032 |o046 037 |038 |0.15 0.06 |005 |006 |[004 |0.09 0.58 0.12 0.34 | 0.60
Al203 8.65 |981 |121 115 |9.89 |9.15 218 | 298 |266 |287 |223 6.7 2.19 6.53 | 6.80
Fe.03 000 |1.89 |1.63 0.5 1.85 | 1.56 033 |039 |047 |035 |021 0.09 0.32 051 |0.10
MnO 001 |0.001 |0.01 0.01 |0.001 |0.01 000 |001 |001 |[001 |[0.00 0.01 0.00 002 |0.02
MgO 005 |063 |o0.48 005 |068 |057 008 |011 |007 |011 |01 0.05 0.08 0.26 | 0.06
CaO 005 |043 |017 0.06 |041 |0.83 0.04 |009 |004 |014 |0.05 0.3 0.06 0.04 |0.37
NazO 0.66 | 057 |0.61 036 | 024 |0.63 026 |037 |025 [031 |02 0.52 0.21 020 |0.24
K20 136 |521 |115 492 |511 | 149 060 |165 |061 |[028 |0.59 1.98 0.63 0.89 |2.15
P20s 000 |057 |03 0.04 |059 |0.02 001 |004 |001 |004 |0.03 0.02 0.03 0.06 |0.26
Total 99.88 | 99.39 | 100.15 | 100.46 | 98.84 | 98.98 | 99.45 | 9548 | 100.19 | 96.84 | 99.37 | 9859 | 99.78 | 98.45 | 100.19
K2O/NazO 206 |914 |189 1367 | 2129 | 2.37 231 | 446 |244 |090 |295 3.81 3.00 4.45 | 8.96
K20+Naz0 202 |578 |1.76 528 |535 |212 0.86 |202 |086 |059 |0.79 2.50 0.84 1.09 | 2.39
K2O/Al203 016 | 053 |0.10 043 |052 |0.16 028 |055 |023 |010 |0.26 0.30 0.29 0.14 |0.32
Fe203 /MgO 0.00 |3.00 |3.40 10.00 | 2.72 | 2.74 413 |355 |671 |318 |210 1.80 4.00 196 | 1.67
Fe203+MgO 005 |252 |211 055 |253 |213 041 |050 |054 |[046 |0.31 0.14 0.40 077 |o0.16
Al203/TiO2 4325 | 3066 |26.30 |31.08 |26.03 |61.00 |36.33 |59.60 |44.33 |71.75 | 2478 | 1155 |1825 |19.21 |11.33
SiO2/Al20s 10.28 | 8.15 | 6.88 719 | 806 |9.24 43.99 |30.13 |36.09 |3230 |4299 |13.19 |[4390 |13.75 |13.18
Log(SiO2/Al203) | 1.01 | 091 | 0.84 086 |091 |097 164 |148 |156 |151 |1.63 1.12 1.64 114 | 112
Log(Na:O/K-0) | -0.31 |-0.96 |-0.28 |-1.14 |-1.33 |-037 |-0.36 |-065 |-0.39 |004 |-047 |-058 |-048 |-0.65 |-0.95
Log(Fe203/K-0) | 0.00 | -0.44 | 0.15 099 |-044 |0.02 026 |-063 |-011 |010 |-045 |-1.34 |-029 |-024 |-1.33
CIA 76.56 | 62.07 | 86.81 | 6598 | 61.01 |69.00 |6594 |54.75 |70.36 | 7470 |63.23 |6571 |61.47 |80.11 | 6857
PIA 85.92 | 92.16 |94.81 |91.07 |84.66 |7511 |76.26 |63.83 |81.30 |79.33 |8205 |7711 |79.76 | 9557 |90.95
ciw 88.03 | 9651 | 9532 | 9500 |9261 | 7856 |82.06 |81.50 |8526 |81.10 | 8650 |8320 |8512 |96.20 |93.86
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The major oxides have been used by a number of researchers in order to classify
terrigenous sediments geochemically. Mineral stability is measured by the ratio of the
SiO2/Al203 ratio and the Na20/K20 ratio, although the Fe203/K20 ratio gives a more
accurate indication of mineral stability [18].

The fuchsite quartzite samples plotted in log (SiO2/Al203) vs log (Na20O/K20) represent
arkose to litharenite, while quartzites plotted in the subarkose to sublitharenite field (Fig.
4a).

In addition, Binary plot by Heron [19] of log (SiO2/Al203) vs. log (Fe203/K20), Fuchsite
guartzite samples occupy the field arkose and litharenite and whereas the quartzite
samples occupies the field of subarkose, and few in litharenite and sublith arenite field
(Fig. 4b). Itis clear from the Na20 vs. K20 plot diagram by Crook [20], that the majority
of the samples studied are located in quartz rich field (Fig. 4c). Based on the K20/Al203
values, sedimental primary composition can be determined [21].

K20/Al203 values, for example, range from (0.3—-0.9) in feldspars and (0.0-0.3) in clay
minerals. According to the present study, the K2O/Al203 values of quartzites range from
0.10 to 0.55 (average 0.34), indicating that K-feldspars and micas are more abundant
than clay minerals in the provenance.

It is consistent with the petrographic interpretations of the studied quartzites that
K20/Na2O ratios are greater than one, indicating a dominance of feldspar over
plagioclase.
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Fig 4: Chemical classification diagrams of fuchsite quartzite & quartzite
discriminating according to logarithmic ratio of SiO2/Al203 vs. Na2O/K20 (Fig a:
Fields after Pettijohn et al., [18]), Fe203/K20 (Fig b: Fields after Herron, [19]) and

Na20 vs.K20 diagram (Fig c: Fields after Crook., [20])

7.3 Trace Element Geochemistry

Trace elements have distinct signatures that are primarily influenced by the minerals in
which they are contained. A majority of trace elements in clastic rocks can be found in
clay minerals, according to several researchers [3].

The presence of trace elements in sediments is generally well retained during weathering
and transportation. Consequently, analyzing the composition and content of trace
elements in sediments can be helpful in identifying a source rock's characteristics and
structural features [1], [16].

The trace element concentration data for fuchsite quartzites & quartzites are given in
Table 2.

The range and average value of selected trace elements in the studied samples are as
follows: For Fuchsite quartzites, Th (1.00 ppm), Ni (1ppm), Sr (58 - 75ppm, 68.33), Ba
(7980 - 8937 ppm, 8469.33), Rb (35 -48 ppm,41.16), Y (5 -7 ppm, 5.66), Zr (11 -
15ppm,12.5), Pb (6 - 11ppm,9), Zn(95 -110 ppm,104.16), V (98 - 110 ppm,104.33) and
Cr (570 -993ppm, 825.5) and where as for quartzites, Th (2-5.1ppm, 3.0), Ni (0.81-
2.21ppm, 1.55), Sr (7 -11.12ppm, 9.95), Ba (35 - 79ppm, 69.44), Rb (14 - 44ppm,19.65),
Y (2.85 - 15 ppm, 5.57), Zr (39 - 192ppm,68), Pb (1- 4ppm,2.62), Zn (4 -12 ppm, 8.7), V
(83-18 ppm,7.92) and Cr (28 -118ppm,54).
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Table 2: Geochemical data of trace elemental distribution in Quartzites from the

study area
Fuchsite Quartzites Quartzites

Sample | GH- | GH- | KG- | GH- | KG- | GH- | NK- | KG- | NK- | GH- | NK- | NK- | NK- | KG- | KG-
No 24 29 159 | 34 87 | 160 | 91 73 95 61 | 161 | 162 | 158 | 18 17
Ba 8937|8687 | 7980|8121 |8681 (8410 | 74 | 79 74 | 72 | 78 | 35 | 69 | 76 | 68
Rb 46 37 42 48 39 35 16 |13.09(15.78| 14 18 44 17 18 21
Sr 69 | 71 | 58 | 66 | 71 | 75 8 (947 | 11 9 7 15 8 11 |11.12
Y 6 5 7 6 5 5 4 (398|285 |333(343| 15 (455| 7 6
Zr 13 | 12 | 13 | 11 | 11 | 15 | 56 | 39 | 45 | 53 | 59 | 64 | 49 | 60 | 59
Nb * * * * * * 1 169 (231 (111|151 4 1.1 | 1.7 | 1.66
Th 1 1 1 1 1 1 2 |402|268 |27 |51 |26 (297| 3 2
Pb 10 8 11 | 10 9 6 3 2 3 3 3 * 1 4 2
Ga 7 7 6 7 7 6 2 (061(182| 15 2 12 |[6.76 | 3 2.89
Zn 108 | 110 | 106 | 98 | 108 | 95 12 11 (114|111 | 4 |1.21)| 8.7 9 10
Cu 5 5 6 4 5 5 3 4 3 3 5 |38 |265| 4 3
Ni 1 1 1 1 1 1 1 |076| 1.2 |081| 2 19 |221| 2 |213
Vv 103 | 110 | 102 | 104 | 109 | 98 6 (444 | 52 |57 3 18 16 7 6
Cr 993 | 797 | 912 | 874 | 807 | 570 | 28 | 37 | 42 | 31 | 85 |[118 | 83 | 33 | 29
Sc 2 2 1 3 2 1 2 |166 | 25 2 25729 |23 1 |262
Co * * * * * * * * * * * * * * *
U * * * * * * * * * * * * * * *

Co+Cr+Sc| 995 | 799 | 913 | 877 | 809 | 571 | 30 | 39 | 45 | 33 | 88 |121 | 85 | 34 | 32

) BDL: BELOW DETECTION LIMIT

Due to the higher proportion of potash feldspar in rocks of provenance, the studied
samples have high Rb contents. A low Rb/Sr ratio indicates that feldspar has been altered
and weathered either at the source or during transportation. It has been determined that
the Cr content of Fuchsite quartzites (570-993ppm) is higher than that of UCC and PAAS,
while the Cr content of quartzites (28-118ppm) is lower than that of UCC and PAAS.
Because of the presence of fuchsite in quartzite, the high concentration of Cr occurs.
Additionally, since these rocks are structurally overlain by bedded barytes and Ba-rich
fuchsite quartzite, the high Ba content can be observed in the form of barium feldspar
(celsian) and barite grains [22]. Normalized multi-element spider diagrams for trace
elements in upper continental crust (UCC) quartzites (Fig.5.a) show slight enhancement
of Cr and reduction of Rb, Ba, Th, Nb, Sr; on the other hand, Fuchsite quartzites (Fig.5.b)
exhibit slight improvement of Ba, Cr, V, and reduction of Sr, Th, and Rb.
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Fig 5: Upper continental crust trace element normalized plot for the studied (a)
guartzites and (b) Fuchsite Quartzite (UCC values after McLennan [39])

A shallow marine basin underlain by spinifex-textured komatiitic and basaltic volcanic
rocks deposited pelitic and semipelitic strata in the GHSB. Based on the preservation of
detrital chromite within Cr-bearing accessory minerals, it is suggested that it was
deposited in a granitoid-greenstone terrain with the clastic detritus [23]. During diagenetic
stages, the Ba content of white mica and sporadic barian K-feldspar may have increased
due to interactions with intra-formational Ba, Cr-bearing fluids rising from komatitic and
basaltic sub-seafloors [24].

7.4 Rare Earth Element Geochemistry

There is a general perception that rare earth elements (REEs) are immobile, as they
exhibit only minor changes as a result of sedimentation processes. Primary factors
responsible for controlling their presence in sediments are the abundance of these
elements in source rocks and weathering conditions in the provenance region. Both syn-
depositional and post-depositional processes are insignificant in altering the REE content
of sediments during transportation, deposition, and diagenesis [25], [26]. Research has
demonstrated that the relationship between provenance type, source rocks, and the
composition of sandstone is governed by plate tectonics [20], [27], [28], [29], [30].

The range and average concentration of selected rare earth elements in Fuchsite
quartzite is as follows: La (0.56 -0.75ppm, 0.65), Ce (0.69 -0.89ppm, 0.79), Nd (0.42 -
0.61 ppm, 0.51), Sm (0.28 - 0.34 ppm, 0.31), Eu (0.05 -0.08 ppm, 0.06), Gd (0.24-
0.31ppm, 0.27) and Yb (0.08 — 0.1ppm, 0.09), > REEs 3.00 -3.42 ppm, average 3.16 ppm;
and for quartzite La (1.68 -4ppm, 2.72), Ce (3.41 -6ppm, 4.74), Nd (1.11 — 2.8 ppm,
1.64), Sm (0.23-0.45 ppm, 0.33), Eu (0.08-0.14ppm, 0.10), Gd (0.23 — 0.58ppm, 0.37)
and Yb (0.27 — 0.38ppm, 0.31). > REEs 9.13 -15.68 ppm, average 11.72 ppm. The REE
data is presented in the Table 3.
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Table 3: Geochemical data showing Rare Earth elements in Quartzites from the

study area
Fuchsite Quartzites Quartzites

sample No GH- | GH- | KG- | GH- | KG- | GH- | NK- | KG-| NK- | GH- | NK- | NK- | NK- | KG- | KG-

24 | 29 | 159 | 34 | 87 | 160 | 91 73 | 95 | 61 | 161 | 162 | 158 18 17
La 0.66|0.58|0.75|0.67|061|068| 3.00 | 168| 233 | 2.7 | 1.85 4 29 | 24 | 37
Ce 083(0.71]089,081|0.73|/082| 435 | 3.8 | 5.72 | 341 ]| 41 6 5.1 5.23 b}
Pr 015013 011]0.15|0.14|016| 05 | 043| 063 | 047| 051 | 0.6 | 04 1 048
Nd 039|049 032037048036 1.51 | 151 189 | 149| 149 | 28 | 162 | 142 | 1.11
Sm 0.67|058|061|059|063|068| 032 | 023| 0.28 |029| 036 | 0.38 | 0.33 | 045 | 0.22
Eu 012]013]012]0.13|0.14|011]| 0.1 | 0.04| 0.08 |004| 013 | 019 | 0.11 | 0.18 | 0.14
Gd 032036033 | 0.3 |{0.38]0.29| 039 | 0.34| 021 |027| 033 | 04 | 0.37 | 0.56 | 042
Th 0.01]0.02|0.01|0.01|0.02|0.01| 006 | 0.03| 0.05 | 0.06| 0.07 | 0.05 | 0.05 | 0.05 | 0.04
Dy 0.06| 0.05]| 0.05|0.06|0.05|0.05| 042 | 041| 035 |029| 042 | 051 | 0.44 | 047 | 0.39
Ho 0.02]0.02]0.02]0.02|0.02]|0.02]| 0.09 | 0.07| 0.05 | 0.07| 0.08 | 008 | 0.09 | 0.1 | 0.08
Er 0.05|0.04|0.04 | 0.04|0.05|0.05| 029 | 021| 032 |028| 027 | 03 | 0.3 | 0.35 | 0.28
Tm 0.01]0.01]0.01]0.01|0.01]0.01]| 004 | 002| 004 |0.04| 0.05| 005 | 0.04 | 0.03 | 0.02
Yb 01(01]009| 01| 01(008]| 033 029 027 |027| 037 | 0.34 | 0.31 | 0.38 | 0.29
Lu 0.11]0.13]012|0.11]0.11]0.12| 0.05 | 0.03| 0.03 | 0.04| 0.05 | 0.04 | 0.06 | 0.04 | 0.03
SREE 35 (3.35|347 337|347 (344 |11.45|9.09| 1225/ 9.72 | 10.08 | 15.74 | 12.12 | 12.66 | 12.2
SYLREE 3141298|313|3.02|3.11| 3.1 |10.17 | 8.03| 11.14 | 8.67 | 6.25 | 14.37 | 10.83 | 11.24 | 11.07
YHREE 0.36] 037|034 |035|0.36|034| 128 | 1.06| 111 | 1.05| 131 | 1.37 | 1.29 | 142 | 1.13
SYLREE/SHREE | 8.72 | 8.05|9.21 | 863|864 |9.12| 7.95 | 7.58| 10.04 | 8.26 | 4.77 | 1049 | 840 | 7.92 | 9.80
Average 025/024]025/024|1025|025| 082 |065| 088 (069 072 | 112 | 087 | 090 | 0.87
Eu/Eu* 079/ 087|082 |094|087|0.76| 0.87 | 044 | 1.01 | 044 | 115 | 149 | 096 | 1.10 | 1.41
(La/Sm)N 062|063]|077|071|061|063| 590 | 460| 524 | 586| 3.23 | 6.63 | 5.53 | 3.36 | 10.59
(La/Yb)N 4.46(392|563|453|412(574| 6.14 | 391 | 583 |6.76| 3.38 | 795 | 6.32 | 4.27 | 862
(Gd/Yb)N 259(292|297|243|3.08|294| 096 | 095| 063 |081| 0.72 | 085 | 0.97 | 1.19 | 1.17

The Chondrite normalized REE are fractionated in fuchsite quartzites and quartzites with
low HREE (Fig.6a & 6b). (La/Sm) N values having range of 1.07-1.53 in fuchsite quartzite
and 3.23 - 6.85 in quartzite. (Gd/Yb) N values range between 1.95-2.94 in fuchsite
guartzite and 0.69-1.24 in quartzite, which are related to LREE enrichment in the fuchsite
quartzite and quartzite. The fractionated REE value of (La/Yb) N varies between 3.92 and
6.17 in fuchsite quartzite, and 3.38 to 8.62 in quartzite. Fuchsite quartzite and quartzite
exhibit a Eu anomaly between 0.57 and 0.83 and 0.75 to 1.31, which may be caused by
the presence of felsic igneous rocks depleted in Eu, such as granite, in the provenance.
An enrichment of LREE has been observed in quartzites with almost fractionated HREE,
which is likely related to the presence of monazite, zircon, and xenotime grains observed
in the petrographic analysis. The relative fractionation of REE in Archean quartzite
combined with a depleted HREE indicates that mafic and ultramafic rocks were present
at the source.
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Fig 6: Chondrite normalized (Taylor and McLennan [3]) rare earth element (REE)
pattern for the studied (a) Fuchsite quartzites & (b) quartzites

8. PALEO-WEATHERING

Chemical weathering is influenced by climate and tectonic uplift, which determine its
rate/intensity and extent. A-CN-K ternary plots and chemical indices of alteration (CIA)
can be used to determine the weathering and diagenesis of sedimentary rocks, as well
as the climatic conditions at the time of formation [6], [31]. [42], The chemical index of
alteration is used to determine the extent of chemical alteration of the provenance by
using the equation: CIA = [Al203/(Al203+Ca0*+Na20+K20)]x100 in molecular
proportions, CaO* symbolize the Ca of silicate fraction. The range and average of
chemical weathering index values for the studied samples (Fuchsite quartzites 61.01 -
86.81, avg.70.24; Quartzites 54.75 - 86.39, avg. 67.90) indicate general chemical
weathering to be moderate to moderately intense. The samples were plotted onto a
triangular diagram of Al203-CaO*+Na20-K20 (A-CN-K) (Fig.7a) to determine the
provenance and weathering trends. As a result of the study, most samples fall near the
corner of Al203, indicating that chemical weathering is moderate to high. As shown in the
diagram, Fuchsite Quartzite and Quartzite samples plotted along the A-K line nearby the
muscovite-illite region, which illustrate that weathering trend of granite, granodiorite, and
tonalite along the plagioclase -K-feldspar line. An analysis of the trend lines and points
on the A-CN-K diagram reveals the origin of the sedimentary suites. It has been found
that the majority of the samples studied have a granite source and few samples that fall
between granodiorite and tonalite sources. The chemical index of weathering (CIW) is
calculated using the equation CIW = [Al203/ (Al203 +Ca0O*+Na20)] x100. The samples of
Fuchsite quartzites exhibit values range from 78.56 to 96.51 (average 91) and quartzites
exhibit values range from 81.10 to 99 (average 86.40), further indicating moderate to
severe weathering conditions were experienced by the source terrain of the studied
samples. Chemical weathering can also be determined by using PIA [6] in molecular
proportions, which can be calculated by the equation, PIA= (Al203-K20)/ (Al203+CaO*+
Na2-0O-K20)x100. Fuchsite quartzite has a PIA range of 75.11 to 92.16 (average 87.29),

Jan 2024 | 46



Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and Technology Edition)
ISSN: 1671-5497

E-Publication: Online Open Access

Vol: 43 Issue: 01-2024

DOI: 10.5281/zenodo.10489952

whereas quartzites have a PIA range of 63.83 to 98.83 (average 81.05), indicating a high
proportion of plagioclase alteration. According to the AK-C-N ternary diagram (Fig.7b),
Quartzite and Fuchsite quartzites belong to the oligoclase and albite fields. Based on the
results, it appears that plagioclase has been altered nearly completely in the majority of
samples. According to the CIA and PIA of the samples in study area, there is a moderate
level of chemical alteration and a high level of PIA for these samples. Based on the CIA,
PIA, CIW and A-CN-K diagrams, it appears the studied samples have undergone
moderate to high chemical weathering. Based on the bivariate plot of SiO2 vs.
Al203+K20+ Na20 proposed by Suttner and Dutta [32], the climatic conditions for
guartzite formation were identified (Fig. 7c). It is evident from the plot that the studied
guartzite samples are from a source that has been exposed to semi humid climate
environment, whereas the fuchsite quartzite samples originate from a source that has
experienced semiarid to semi humid climate environment.
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Fig 7: (a) A-CN-K (Al203-CaO*+Na20-K20) ternary diagram (Nesbitt & Young [42])
and the arrow shows the trend of weathering and alteration (Condie [40]) was
used in which majority of the quartzite samples cluster along the A-K line. (b) The
guartzites samples occupy the fields of alkali feldspar in the AK—-C-N ternary
diagram (Fedo et al., [6]). (c) Chemical maturity of the fuchsite quartzites and
guartzites of the study area was depicted from the bivariate plot of SiO2 vs. Al20O3
+ K20 + Na20 (Field after Suttner & Dutta, [32])
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9. PROVENANCE

In the context of determining provenance, geochemistry provides important information,
particularly for fine-grained sedimentary rocks [16]. The values plotted on discrimination
function diagram after Roser and Korsch [2] which shows that the studied samples are
part of the quartzose sedimentary field (Fig.8a). As shown in the diagram of Zr versus
TiO2 used by Hayashi et al [33], Fig.8b, the analyzed samples belong to the felsic and
mafic zones. It has been reported by Hayashi et al [33] that the Al2Os/TiO2 ratio for mafic
igneous rocks varies from 3 to 8, for intermediate igneous rocks varies from 8 to 21, and
for felsic igneous rocks varies from 21 to 70. For the studied samples, Al203/TiO2 value
ranges from 11.33-71.75. Thus, the high values of Al203/TiOz2 ratio indicative of felsic
igneous rocks are the source of these samples. In the equation of Hayashi et al [33] SiO2
(%)=39.34+1.2578*(Al203/Ti02)-0.0109*(Al203/TiO2)?, the Al203/TiO2 values of quartzites
are calculated. As a result of the equation, computed SiO2 contents ranging from 52.20
to 73.47 wt%, with an average of 66.26wt% and is attributed to felsic igneous rocks as
the source of the studied samples.
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Fig 8: (a) Possible provenance for quartzites and fuchsite quartzites, are
depicting through discriminant function, DF-1 vs. DF-2 plot (Roser & Korsch [2])
DF1= (-1.773xTiOz2) + (0.607xAl203) + (0.76xFe203) - (1.5xMgO) + (0.616xCa0) +
(0.509xNa20) - (1.224xK20) - 9.09; DF2= (0.445xTiO2) + (0.07xAl203) - (0.25xFe203) -
(1.142xMgO) + (0.438xCa0) + (1.475xNaz0) + (1.426xK20) - 6.861. (b) TiO2-Zr plot
(Hayashi et al., [33]) for the studied quartzites

It is evident from the TiO2/Ni ratio (Fig. 9a) that the studied quartzites are of felsic origin
[34]. In the Th/Sc vs. Sc plot, studied quartzites are likely to occur in the vicinity of
sandstone and granite, as well as away from basalt, andesite, and komatiite (Fig. 9b).
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Fig 9: (a) TiO2vs.Ni diagram is selected for identifying the provenance for studied
quartzites (Floyd et al., [34]); (b) Th/Sc vs. Sc binary plot of quartzites falling
within the sandstone (Values of UCC from McLennan [39] and sandstone,
andesite, basalt and komatiite fields are from Condie [40])

As determined by the ratios Eu/Eu*, La/Sc, Th/Sc, and Cr/Th of fuchsite quartzite, it has
average values of 0.66, 0.45, 0.67, and 825.50, while quartzite has average values of
0.93, 1.31, 1.52, and 18.43 respectively. Thus which is also implies that studied samples
are likely to be derived from felsic and mafic rock sources (Table 4).

Table 4: Range of elemental ratios of Fuchsite quartzite & quartzite compared
with the ratios derived from felsic rocks, mafic rocks and upper continental crust

. Ranges in Ranges in Upper
EIementaI Fuchs!te Quartzite sediments from sediments from continental
ratio guartzite . @ . @ ®)
felsic sources mafic sources crust
0.57-0.83 0.75-1.31
* - -
Eu/Eu (~0.66) (~0.93) 0.40-0.94 0.71-0.95 0.63
0.22-0.75 0.93-2.40
La/Sc (~0.45) (~1.31) 2.50-16.3 0.43-0.86 2.21
0.33-1.0 0.76-3.0
Th/Sc (~ 0.67) (~1.52) 0.84-20.5 0.05-0.22 0.79
La/Co - - 1.80-13.8 0.14-0.38 1.76
Th/Co - - 0.67-19.4 0.04-1.40 0.63
570-993 9.20-45.38
Cr/Th (~825.50) (~18.43) 4.00-15.0 25-500 7.76

@Cullers et al [43]; Cullers [44]; Cullers and Podkovyrov [45]; ®)McLennan [39]; Taylor
and McLennan[3].

Devaraju and Ananthamurthy [35] concluded that the essential elements required for the
formation of fuchsite either existed within the sediment itself, possibly within the
hydrolyzed/shaly matter of the sandstone, or were partially or completely supplied to the
rock through volcanic exhalation that is believed to have been a key factor in the formation
of the close related barite beds. Chromiferous quartzites in the Sargur Group are largely
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metamorphosed sediments deriving from silica, with ultramafic rocks enclaved within
them.

10. TECTONIC SETTING

Geochemical characteristics of sediments are closely related to the provenance of the
sediments as well as the tectonic environment in which they were formed. Several
parameters have been extensively studied in order to interpret the tectonic setting of
sediments and sedimentary rocks, including major oxides, traces, and REE. The
composition of major elements has been used to discriminate sedimentary basins based
on their tectonic setting [17], [36]. An illustration of the tectonic setting of quartzite can be
obtained using common discrimination diagrams, such as Al203/SiO2 vs. Fe203 + MgO
and TiOz2 vs. Fe203 + MgO after Bhatia [17]. It is evident from the diagram of Al203/SiO2
versus Fe203+MgO that all of the samples are located near the passive margin (Fig. 10a),
whereas in TiOz vs. Fe203+MgO plot, most of the samples are located in the vicinity of
the passive margin and few are located near to the active continental margin
field (Fig. 10b). On the basis of Roser and Korsch's [36] plot of SiO2 vs. K20/Na20, all
quartzites are located in passive margin settings (Fig. 10c). In the ternary diagram of
Ca0-N20-K20 after Bhatia, [17] (Fig.10d) & in the SiO2/20-K20+Naz20-TiO2+Fe203+MgO
diagram after Kroonenberg [37] (Fig.10e), the majority of quartzite samples are plotted in
the passive margin setting.
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Fig 10: (a) The studied samples fall close to the passive margin tectonic setting
as seen in the plot of Fe203 + MgO vs. Al203/SiO2 (Bhatia [17]). (b) Fe203+MgO vs.
TiO2 plot was used for depicting the tectonic setting of studied quartzites
(Bhatia, [17]). (c) K2O/Na20 vs SiOz plot of quartzites depicting predominant
passive margin setting (Roser and Korsch, [36]). (d) Ternary diagram CaO-N20-
K20 (Bhatia [17]); (e) SiO2/20-K20 +Na20-TiO2 +Fe203(t)+ MgO (Kroonberg, [37])
Ternary plot showing most of the samples of these units fall in a passive margin
setting; OlA-Oceanic Island Arc; CIA-Continental Island Arc; PM-Passive Margin;
ACM-Active Continental Margin

Trace element compositions of quartzite are presented in Table-2. The plot of Zr vs. Y
variation diagram, in which samples of the quartzite cluster separately (Fig. 11a). The
samples of Quartzites show a high Zr/Y value range from 4.27 to 17.20, while fuchsite
guartzites display a low value range from 1.83 to 3.0. A positive correlation is observed
between Th/Sc vs. Sc plot for the studied quartzites (Fig.11b). The binary plots Eu/Eu*
versus Zr/Y, Th/Sc, and (La/Sm) N illustrate the scattering distribution of all studied
samples. On binary plots, the quartzite samples are plotted Eu/Eu* vs. Zr/Y, Eu/Eu* vs.
Th/Sc, and Eu/Eu* vs. (La/Sm) N, which depicts that all the samples have scattered
patterns. (Fig. 11c, d & e). Thus, using the major and trace elements along with
discriminate functions, the data suggests that the samples studied in the area were
formed by passive margin tectonics.
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Eu/Eu*, (d) Th/Sc vs. Eu/Eu*, (e) Lan /Smn vs. EU/Eu*

11. CONCLUSION

Geochemical analysis of the studied quartzites shows that they have been subjected to
moderate to severe chemical weathering. Different chemical indices, such as the CIW,
CIA, and PIA, demonstrate moderate to intense chemical weathering under semi-humid
climatic conditions for quartzite and semi-arid to semi-humid conditions for fuchsite
guartzite. Based on the petro graphical and geochemical studies, it shows that the
quartzite samples are classified as sub-arkose to sub-litharenite. In contrast, the fuchsite
guartzite samples are classified as arkose to litharenite. In accordance with the major
oxides data, trace element data, and REE data, it seems that the studied quartzites have
been mainly the source of felsic igneous rocks with minor contributions from mafic rocks.
Using discrimination function diagrams, geochemical data show that studied samples are
part of a quartzose sedimentary field. As indicated by the Th/Sc vs Sc diagram, studied
quartzites and fuchsite quartzites are located close to sandstone and granite, and are
distant from basalt, andesite, and komatiite. In addition, the trace element signatures of
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the suspected source materials have also been confirmed by their trace elemental
signatures, which include high levels of La, Ce, Th/Sc, La/Sc, Zr/Sc, and Cr/Th ratio.

Geochemical data indicate that the studied fuchsite quartzite and quartzite are of mixed
provenance. Additionally, tectonic plot studies show quartzite and fuchsite quartzitewere
deposited along a passive margin, excluding a few samples on the active margin. The
REE profile shows that the sediments were probably derived from a mix of felsic and
mafic terrains associated with Archaean metavolcanic terrain enriched with LREE and a
slight negative Ce anomaly, as well as flat HREE and a slight negative Eu anomaly. It is
concluded from this that the major element ratios (SiO2/Al20, K2O/Naz0), trace elements,
and normalized REE patterns indicate that these quartzites are predominantly derived
from felsic and mafic sources.
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