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ABSTRACT

Singhbhum craton preserves the ecords of sedimentation,
magmatism, and tectono-thermal events from Mesoahaean to
Neoproterozoic.The Dhanjori Group (DG), located on the noth-
east margin of the Singhbhum craton, comprises of a variety of
rocks including quartz pebble conglomerate, quarite, schist, inter
layered with mafic to intermediate and rarely acidic lava flows,
tuff and agglomerate. Petography and geochemical characteristics
of the Dhanjori quartzite have been undetaken to interpret
paleoweathering and ppvenance characteristics.t8died quartzites
are made up of abundant quatz, feldspar, mica, and lithic
fragments.With the help of geochemical data, the studied quézites
are classified as quartz-agnites and sub-arkoses. In addition to
the A-CN-K plot, various chemical indices such as the chemical
index of weathering (CIW), chemical index of alteration (CIA),
and plagioclase index of alteration (PIA) indicate moderate to
intense chemical weathering of the mvenance undeisemi-humid
climatic conditions. Rare earth element (REE) chondrite
normalized patterns of the studied samples illustrate enriched
light rar e eatth elements (LREEs) (La/Sm, = 3.11 - 6.19), depleted
heavy rare eath elements (HREEs) (G¢/Yb, = 0.35 - 3.12) and
negative Eu anomaly (Eu/Eu* = 0.55 - 0.87, ~ 0.68). Such patterns
are similar to that of the upper continental crust (UCC). In the
discrimination function diagram, studied samples of the
Dhanjori Gr oup fall in quartzose sedimentary field. In addition,
La/Sc vs.Th/Co and La-Th-Sc diagrams, various ratios likeTh/Sc
(~0.61), La/Sc (~4.42), Th/Co (~0.03), La/Co (~@)1and Cr/Th
(~141.62) imply a mixed povenance forthe studied samples.
Hence, it has been inferred that the meta-sediments and ortho-
amphibolites of the oldermetamorphic group, Singhbhum granitoid
complex, as well as associateflr chaean metavolcanic suites,
would have acted as the mbable souce rocks for the studied
Dhanjori quartzites.

INTRODUCTION
Singhbhum craton (SC) (Fig.1) is one of the wasldéw

India

made up of migmatites, granites, gneissesTéte DG is considered

as younger to the Singhbhum Group (SG), by Dunn and Dey (1942)
and in the revised stratigraphic succession of Saha (1994). However
many other workers believe that the DG is older to the SG
(Mukhopadhyay1976; Basu, 1985; Gupta et al. 198B)e SC, an
Archaean craton of the Indian shield, conserves sedimentary records
of Mesoarchaean to Neoproterozoic period; howegeochemical
studies on sedimentary formations and relatidg¢baean upper crust
composition are scarc€he earlier research works have been carried
out to assess sedimentological and stratigraphic studies of the DG
(e.g. Mazumder and Sark&004; Mazumder2005; Bhattacharya
and Mahapatra, 2008; Mazumder et al., 2012; De et al., 2015). Hence,
the objective of the current work is to determine the provenance and
source area weathering characteristics of the quartzites of the
Paleoproterozoic Dhanjori Group. Such geochemical studies of the
Dhanjori Group of rocks may play a vital role in understanding the
early post-Archaean evolution of the Dhanjori Group and the evolution
of the Singhbhum craton.

GEOLOGICAL SETTING

The DG covers an area of around 80¢ krontains sedimentary
volcanic, and volcaniclastic rocks and show low grade green-schist
facies metamorphism (Gupta et al., 1985; Basu, 1985; Singh and Nim,
1998).The DG extends from Singpura to Narwapahar in the east-
west direction and dips towards the north (Figi)e DG lies
unconformably over therchaean nucleus and is conformably overlain
by the Chaibasa Formation (MukhopadhyE§76; Mazumder et al.,
2015; De et al., 2015). It comprises of siliciclastic, mafic to minor
felsic volcanic, and volcanoclastic rocks (De et al., 2015). Researchers
like Dunn and Dey (1942), Sarkar and Saha (1983) believed that the
DG is younger to the Chaibasa Formation, whereas Sarkar and Deb
(1971) and Mukhopadhyay (1976) stated that the normal stratigraphic
order is shown by the Dhanjori and Chaibasa successions. However
occurrences of 3.04-3.09 Ga old (Acharyya et al., 2010) U bearing
quartz-pebble-Cconglomerate at the bottom of the Dhanjori meta-
sediments (Sunil Kumar et al., 1998), PbAWR isochron ages of

Precambrian terrains that exhibit volcanism and sedimentation rangi2858 + 17; 2749 + 210 Ma obtained for the Dhanjori metavolcanic
in age from the Paleoarchaean to Neoproterozoic (Prabhakar aratks (Mishra and Johnson, 2005) and SmiNg model ages of
Bhattacharya, 2013; Nelson et al., 2014, De et al., 2015; Olierook 2460, 2498, 2517, 2519 Ma obtained for soda granitoids (Pandey et
al., 2019). The SC reveals adartract of Precambrian rocks covering al., 1986) perhaps points towards the older age of the Dhanjori Group,

about 50,000 kfnareas. In the SC, from south to north, threfedint
petrotectonic zones have been recognized: (1) soufkreitaean

which corroborates the observation of Mukhopadhyay (1976, 1988).
The Dhanjori Group is made of the lower formation (contains

nucleus composed of iron formations, granitoids, Neoarchaeajuartzites, phyllites, schist, and conglomerate) and upper formation
sedimentary formations (Mazumder et al., 2012) and newer doleri{eontains volcanic rocks, volcanoclastic rocks, quartzites, and phyllites)

dykes (Saha, 1994; Mir et al., 2@, b; Mir andAlvi, 2015), (2) North

(Gupta et al., 1985).

Singhbhum mobile belt, made up of Chandil, Dhalbhum, Dalma,
Chaibasa formations, and Dhanjori Group (Gupta and Basu, 200METHODOLOGY
Alvi et al., 2019), (3) Chotanagpur granite gneissic complex (CGGC) Studied samples of the Dhanjori Group were collected randomly
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from the scattered outcrops near Rukmini temple, Surda and Rakha
localities, Singhbhum craton, Jharkhand, eastern India. Out of 25
quartzite samples, 10 least altered or fresh samples were selected for
thin-sections and whole-rock geochemical analyi$ie.bulk samples

were broken and pulverized to -200 mesh dimensions using a ball
mill at the Department of Geologligarh Muslim University (AMU),

22°) Aligarh.A whole-rock major elemental and trace elemental (including
rare earth elements) analysis was performed by X-ray fluorescence
(XRF) spectrometer and inductively coupled plasma mass spectrometer
(ICP-MS) techniques respectively at the National Geophysical
Research Institute (NGRI), Hyderabad, Indiae analytical protocols

for data precision and accuracy are given by Krishna et al. (2007) and
Satyanarayanan et al. (2018) for XRF and ICP-MS, respectivady
solution was prepared by following the closed digestion method. 50
mg rock sample powder was dissolved in savillex vessels (closed
digestion vessel) containing 10 ml acid mixture of HF: HiG 7:3

ratio and these vessels were kept on a hot plate at 150°C for 48 hours
in closed conditiomAfter complete digestion, 2—3 drops of perchloric
acid (HCIQ) was added and the entire mixture was evaporated to
complete dryness until a crystalline paste was obtained. 10 ml of 1:1
HNO, was added to each vessel and these vessels were put on hot
plates at ~80°C for 10-15 minutédter addition of 5 ml of 1 ppm
rhodium solution as an internal standard, the volume was diluted to
250 ml with double distilled wateb ml of this solution was further
diluted to 50 ml for the preparation of the final solution. This solution
was used for the estimation of trace (including REEs) elements
using ICP-MS techniqueall the available data was standardized

I
86°20"

86°25 against the international reference rock standard GSR4 andi&2.

Fig.2. Simplified

geological map of the Dhanjori Group showingrecovery values of the analytes are listedable 5. The analytical

studied locations around Rakha, Rukniiemple and Surda (after precision for major oxides is (<4%) RSD and for trace elements
PK. Banerjee, 1982). and REEs, it is <5%.
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PETROGRAPHY Qt
The studied Dhanjori quartzites possess quartz as the predomin, (@)
phase, which occurs as common quartz (monocrystalline quartz) wi
undulose extinction and polycrystalline quartz (recrystallized an
stretched quartz, Fig.3a). In addition to quartz, some thin.-sectiol
also contain K-feldspar (microcline, Fig.3c) and plagioclase grain:
Plagioclases are often altered to micaceous minerals (sericite, Fig.3 Transitional
Mica occurs as muscovite and biotite (Fig.3d). The rock fragment ar Continenta
heavy mineral (zircon) are also present. Monocrystalline quartz hi
the inclusion of zircon (Fig.3e)he primary cementing material is
found to be iron and silicalhe modal mineralogy of the studied
quartzite samples have been determined by the point-counting meth
It is observed that monocrystalline quartz (Qm) ranges from 77.8 1
94.56% (average 87.6%) and polycrystalline quartz (Qp) ranges frogai?r':‘”“
1.3 to 17.9% (average 8.4%), feldspar is around 1 %, and lithi ©
fragment ranges from 1 to 2%. Mica “occurs as lath shaped or a tit
to laige elongated flakes” with its abundance ranging from 1.0 to 5.09
On the ternary diagrams of Dickinson (1985) like Qt-F-L and Qm-F
Lt, the studied samples plot in the craton interior and quartzose fie
(Figs. 4a and b).

Recycled
Orogen

RESULTS Qm
(b)

Major Element Geochemistry Craton

. . . . Interi
Geochemical data (including major and trace elements) of th nerior

Dhanjori quartzites are givenTable 1 and 2. Major oxide variations
are as Si9(90.60 — 97.84%; average 94.99 #),0, (0.12 — 4.56%; Transitional
average 1.67 %), E®, (0.13 — 2.74%; average 0.76%),0K(0.08— Continental

Basement
Uplift

Dissected Arc

Tranisional Arc

F Lt

Fig.4. (a) Qt—F—L diagram (Dickinson, 1985); @)m-F-Lt diagram
(Dickinson, 1985) for the , where, Qffotal Quartz (Qm+Qp),
Qm= monocrystalline Quartz, Qp= Polycrystalline quartz,Tetal
FeldsparL=Total Lithic Fragments, Lt= (L+Qp).

1.28%; average 0.45%), MgO (0.01-0.34%; average 0.15%) g@d Na
(0.02-0.12%; average 0.05%); CaO, M@, and BO, are in minor
amounts. In the Herromgeochemical plot (1988), the studied samples
fall in quartz-arenite and sub-arkose fields (Fig.Béhereas in the
Na,0 vs. KO diagram (Crook, 1974) most of the samples plot in
quartz-rich field (Fig.5b)The high value oAl ,O, in a few samples is

due to the presence of clay minerals and feldspafs. i& mainly
derived from the weathering of potash feldspar and riawAl ,O,/

Si0, (0.001-0.050) ratio indicates quartz enrichment in the sediments
whereas, low Ng/ K,0 (0.05-0.66) ratio indicates the dominance of
K-feldspars over plagioclase in the samples or presence of the
Fig.3. Microphotograph (under crossed-polarized light) of Dhanjorimicaceous mineralhe K,0/Al,O,values are applied to point out
Quartzite showing; (ajlomination of monocrystalline quartz (Qm) the primary compositions of sediments (Cox et. al., 1995). For example,
and polycrystalline quartz(Qpjb) Plagioclase altered into sericite K,0/Al,O, values in feldspars and clay minerals from (0.3 — 0.9) and
and coated iron cement; (K}eldspar (microcline) coated by iron (0.0 — 0.3) respectivelyn the case of studied Dhanjori quartzites,
and surrounded by monocrystalline quartz (Qua); Oriented  K,O/Al,O, values vary from 0.13 to 0.82 (average 0.34), which
mica (muscovite) embedded in monocrystalline quartz (Qm)indicates a prevalence of K-feldspars and micas over clay minerals in
(e) Monocrystalline quartz exhibiting inclusion of zircon (Zr). the provenance. Pearson correlationficieft (r) values are given in
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Table 1. Major oxides compositions (wt. %) of Dhanjori quartzite.

Sample No U-1/RT  U-2/RT U-4/RT U-7/RT U-8/RT U-9/RT SU-6 SU-7 U-16/R U-19/R
SiO, 94.37 95.83 96.63 95.78 96.41 93.33 95.76 97.84 93.38 90.60
AlLO, 2.35 1.95 1.17 0.91 1.18 3.12 0.97 0.12 0.35 4.56
Fe,O, 0.35 0.16 0.35 1.09 0.13 0.43 0.82 0.43 2.74 1.14
MnO 0.00 0.00 0.00 0.02 0.00 0.01 0.00 0.00 0.00 0.01
MgO 0.1 0.03 0.01 0.32 0.08 0.28 0.19 0.06 0.04 0.34
CaO 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Na,0 0.04 0.04 0.03 0.02 0.06 0.07 0.07 0.05 0.04 0.12
KO 0.78 0.25 0.19 0.22 0.40 0.85 0.19 0.08 0.28 1.28
TiO, 0.09 0.03 0.03 0.07 0.06 0.13 0.03 0.02 1.25 0.23
P,Ox 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02
Total 98.11 98.31 98.41 98.45 98.32 98.24 98.05 98.61 98.10 98.31
CIA 71.73 84.78 81.78 76.00 68.29 74.41 74.34 41.44 47.47 73.86
Ciw 96.67 96.09 95.23 94.36 91.09 95.54 88.35 57.38 81.90 95.28
PIA 94.90 95.49 94.29 92.57 86.62 93.77 85.64 30.73 34.12 93.35
Al,O,/SiO, 0.02 0.02 0.01 0.01 0.01 0.03 0.01 0.00 0.00 0.05
K,0/Na,0 20.47 6.92 6.20 9.77 6.51 11.53 2.64 1.52 7.28 10.49
Na,0/K,0 0.05 0.14 0.16 0.10 0.15 0.09 0.38 0.66 0.14 0.10
K,O/AlLO, 0.33 0.13 0.16 0.24 0.34 0.27 0.20 0.62 0.82 0.28
AlL,OJ/TiO, 25.51 64.90 38.93 13.60 18.95 23.96 31.19 6.47 0.28 20.28
Table 2.Trace and rare earth element data in ppm for Dhanjori quartzite
Sample No U-1/RT  U-2/RT U-4/RT U-7/RT U-8/RT U-9/RT SU-6 SU-7 U-16/R  U-19/R
Sc 1.31 0.63 0.95 1.42 1.18 1.60 0.90 0.58 10.62 4.73
\% 20.94 3.84 484  27.92 3.83 7.33 3.63 3.66 16.21 34.32
Cr 147.26 61.24 49.06 44.27 27.63 83.77 875 12.03 23.77 181.63
Co 42.66 97.93 180.07 53.73 102.03 24.64 141.62 104.42 183.97 43.90
Ni 12.65 22.82 28.10 27.12 21.65 9.58 14.63 17.07 27.09 52.36
Cu 24.83 9.90 12.22 20.28 10.33 9.59 18.44 16.53 14.60 71.18
Zn 1.97 1.44 5.84 3.19 2.22 1.51 1.92 10.65 3.58 2.34
Ga 1.78 0.96 1.08 1.55 1.20 1.67 1.31 0.79 1.55 4.39
Rb 23.06 10.46 8.51 10.10 12.19 14.10 6.02 3.93 11.81 43.65
Sr 3.25 451 6.12 4.73 4.23 4.70 4.28 5.34 6.40 8.66
Y 5.84 1.63 4.95 3.94 2.33 7.23 1.08 0.87 14.08 13.13
Zr 165.36  16.81 37.31 38.92 8.05 458.48 5.75 2.55 588.96 130.94
Nb 3.05 1.71 3.15 1.83 1.1 3.27 0.79 413 29.48 3.1
Cs 0.71 0.30 0.28 0.33 0.40 0.17 0.26 0.27 0.23 1.12
Ba 88.32 42.22 62.28 44.60 48.94 64.08 21.99 18.15 40.3123.90
Hf 4.63 0.54 1.35 1.09 0.27 13.28 0.20 0.07 18.96 3.84
Ta 3.37 1.84 3.17 2.89 1.20 1.15 3.17 14.84 4.54 2.99
Pb 4.29 4.11 12.09 10.01 7.10 7.36 4.78 444 11.42 8.48
Th 0.90 0.09 0.93 0.58 0.21 2.24 0.10 0.12 17.38 1.84
U 0.71 0.36 1.28 2.13 0.59 0.90 0.66 0.66 4.38 151
La 14.16 4.32 4.39 4.14 6.17 3.91 3.59 2.00 4.25 16.51
Ce 6.49 3.56 7.06 5.44 11.88 7.83 10.60 6.43 7.83  26.89
Pr 3.15 0.60 0.77 1.02 1.34 0.91 0.86 0.47 0.98 4.45
Nd 11.08 1.93 2.85 3.75 4.74 3.28 3.04 1.72 3.67 16.18
Sm 1.77 0.44 0.63 0.78 0.83 0.66 0.54 0.32 0.84 3.35
Eu 0.36 0.08 0.13 0.21 0.18 0.14 0.10 0.06 0.28 0.55
Gd 1.40 0.36 0.65 0.70 0.66 0.74 0.40 0.25 1.28 2.89
Tb 0.23 0.06 0.14 0.13 0.10 0.17 0.06 0.04 0.33 0.51
Dy 1.14 0.35 0.84 0.78 0.51 1.12 0.25 0.19 2.33 2.72
Ho 0.24 0.08 0.19 0.17 01 0.28 0.05 0.04 0.58 0.55
Er 0.62 0.21 0.54 0.46 0.28 0.90 0.1 0.09 1.85 1.41
Tm 0.10 0.04 0.09 0.07 0.05 0.16 0.01 0.01 0.34 0.21
Yb 0.75 0.31 0.71 0.55 0.37 1.32 0.10 0.09 2.99 1.63
Lu 0.13 0.06 0.12 0.09 0.06 0.23 0.02 0.01 0.54 0.27
>REE 41.62 12.38 19.10 18.30 27.27 21.62 19.7211.71  28.10 78.12
Zr/Sc 126.00 26.76 39.15 27.47 6.84 287.04 6.39 436 55.45 27.68
Th/Sc 0.68 0.15 0.98 0.41 0.18 1.40 0.1 0.21 1.64 0.39
La/Sc 10.79 6.88 4.61 2.92 5.25 2.45 3.98 3.42 0.40 3.49
Th/Co 0.02 0.00 0.01 0.01 0.00 0.09 0.00 0.00 0.09 0.04
Th/U 1.26 0.26 0.73 0.27 0.36 2.49 0.14 0.19 3.97 1.22
La/Co 0.33 0.04 0.02 0.08 0.06 0.16 0.03 0.02 0.02 0.38
Cr/Th 164.12 666.25 52.64 76.62 129.94 37.44 92.00 97.26 1.37  98.55
Co/Th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
U/Th 0.79 3.89 1.38 3.69 2.79 0.40 6.96 5.33 0.25 0.82
Eu/Eu* 0.69 0.60 0.63 0.87 0.76 0.60 0.63 0.63 0.81 0.55
LREE/HREE 11.95 10.28 6.30 7.12 17.50 418 32.20 24.45 2.13 9.69
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Fig.5. (a) log (SIQ/AILQ,) vs. log (FO,/K,0) diagram by Herron
(1988) and(b) Na,0 vs. K,O diagram by Crook (1974) for the
classification of studied Dhanjori quartzites.

Table 4.The Al O, exhibits a negative correlation against S[0=

—0.785, significance level (P) = 0.007)] as expected because of Si(
andAl ,O, contents in sedimentary rocks are controlled by quartz anc

aluminous clay phases respectivélyhereas, positive correlations
betweenAl ,O, and KO (r = 0.937, P= 0.0001) andAl ,O,
and NgO (r = 0.709, P = 0.022) is due to K-bearing minerals
The low concentrations of CaO (0.01%),,840.02 — 0.12%Al .0,
(0.12 — 4.56%) are compatible with the low plagioclase conten

The SiQ/AILQ, is > 10, which suggests highly mature nature of

sediments.

Trace and Rare Earth Element Geochemisty

Table 3. Range of elemental ratios of Dhanjori quartzite compared with the
ratios derived from felsic rocks, mafic rocks and upper continental crust.

Elemental

ratio

Dhanjori
quartzite

Ranges in
sediments

from felsic
sources

Ranges in
sediments Continental

from mafic
sources

Upper

Crust?

Eu/Eu*
La/Sc
Th/Sc
La/Co
Th/Co
Cr/Th

0.55-0.87
0.40-10.79

0.11-1.40

0.02-0.38
0.0006-0.09
1.37-666.25

0.40-0.94
2.50-16.3
0.84-20.5

1.80-13.8
0.67-19.4
4.00-15.0

0.71-0.95
0.43-0.86
0.05-0.22

0.14-0.38
0.04-1.40
25-500

0.63
2.21
0.79
1.76
0.63
7.76

ICullers et al (1988); Cullers (2000); Cullers and Podkovyrov (2000).
2McLennan (2001)Taylor and McLennan (1985).

A few lage ion lithophile elements (LILES) such as Rb (3.93-43.65,
average 14.38), Sr (3.25-8.66, average 5.22), Ba (18.15-123.90,
average 55.48)[h (0.09-17.38, average 2.44), and U (0.36— 4.38,
average 1.32) show variations. Such a high Rb contents in the studied
samples reflect the presence of high proportion of K-feldspar in the
rocks of provenance. Upper continental crust (UCC) normalized multi-
element spider diagram of trace elements (Fig.6) shows enhancement
of Zr, Rb, U,Y, and Hf and reduction of KTh, Nb, and SrThe
depletion of Sr suggests a minor enrichment of plagioclase, this is
further verified by negative Eu-anomaly of studied samples. Zr
enrichment is attributed to the abundance of zircon mineral, which
implies the dominance of silicic rocks in the source terréire
chondrite normalized REE diagram (Fig.7) show slight enrichment of
light-REE (LREE) with negative Ce anomalyhich indicates
oxidizing environment (LgSm= 3.11 to 6.19; average 4.17) and
flat heavy-REE (HREE) (GdYb, = 0.35to 3.12; average 1.34) pattern
with negative Eu anomaly (0.55 to 0.87; average 0/6Bjgh LREE

and a low HREE may be attributed to the quartz dilufitve. efect is
further accompanied by lowREE ranging from 1.71 — 78.12 ppm
(average 27.29) and is lower than the average UG®I¢T and
McLennan, 1985).
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Fig.6. Upper continental crust trace element normalized plot for the
studied Dhanjori quartzites §ylor and McLennan, 1985).

The ranges of some transitional elements in the studied samples

are Sc (0.58-10.62, average 2.39), Cr (8.75-181.63, average 63.947.
Ni (9.58-52.36, average 23.31), avid3.66-34.32, average 12.65).
In addition to these trace elements, REEs show negative correlatip
against SiQ(Table 4) which indicates a decrease in elementa|
abundance with quartz dilutioAl ,O, is positively correlated with
K,O (r=0.937, P =0.0001), Rb (r = 0.864, P = 0.001), Ba (r = 0.875,
P =0.001), and Cs (r =0.719, P = 0.019) suggesting that these elemeér
are fixed in K-rich clays. Rb and Ba show a strong correlation against
K,O (r=10.919, P = 0.0002 and r = 0.905, P = 0.0003 respectively),
indicating that K-feldspars and clay minerals (i.e. kaolinite or illite

Sample/Chondrite

N
T
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— — U7

e U-4RT
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host these elements (Ujvari et al., 2008). The positive relationship
Al O, with Cr (r = 0.893, P= 0.001) andV (r = 0.499, P= 0.142)

Fig.7.Chondrite normalized @ylor and McLennan, 1985) rare earth

suggests that these elements are controlled by alumina-silicate phasdsment (REE) pattern for the studied Dhanjori quartzites.
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Table 4.Correlation codicient (r) and significance level (P) of the Dhanjori quartzite (number of sample, n = 10).

Sio, ALO, Fe,0, MnO MgO CaO Na,0 K,0 TiO, P,0, Sc \% Cr Co Ni Cu Zn Ga Rb Sr Zr
Sio, 1.000
AlLO, -0.785 1.000
0.007
Fe,0, -0459  -0.177  1.000
0.182 0.625
MnO -0.102 0.057 0.133 1.000
0.779 0.876 0.713
MgO -0.572 0.592 0.093 0.71 1.000
0.083 0.071 0.798 0.021
CaO -0.730 0.855 -0.055 0.376 0.640 1.000
0.016 0.001 0.881 0.284 0.046
Na,0 -0.655 0.709 0.021 -0.164 0.549 0.453 1.000
0.040 0.022 0.954 0.651 0.100 0.189
K,0 -0.866 0.937 0.005 0.059 0.596 0.810 0.733 1.000
0.001  0.0001 0.989 0.872 0.0690  0.005 0.016
TiO, -0420 -0.191 0915 -0.131  -0.181 -0.056 -0.056 0.009 1.000
0.227 0.596 0.0002 0.718 0.616 0.878 0.878 0.980
P,0, -0.773 0.556 0.527 0.369 0.553 0.569 0.389 0.571 0.333 1.000
0.009 0.095 0.17 0.294 0.097 0.086 0.266 0.085 0.347
Sc -0.578  -0.015 0.932 -0.095 -0.031 0.071 0.128 0.182 0.971 0.518 1.000
0.080 0.967 0.0001 0.794 0.932 0.846 0.724 0.615 0.0000 0.126
\Y -0.691 0.499 0.435 0.568 0.645 0.575 0.279 0.605 0.229 0.895 0.394 1.000
0.027 0.142 0.209 0.087 0.044 0.082 0.436 0.063 0.52@.0005 0.260
Cr -0.745 0.893  -0.091 0.080 0.456 0.764 0.497 0.905 -0.103 0.633 0.064 0.683 1.000
0.013 0.001 0.803 0.826 0.185 0.0101 0.144  0.0003 0.776 0.049 0.861 0.030
Co 0.381 -0.662 0.364 -0.525  -0.697 -0.800  -0.350 -0.660 0.428 -0.238 0.337 -0.462 -0.639 1.000
0.278 0.037 0.302 0.119 0.025 0.006 0.321 0.038 0.218 0.509 0.341 0.178 0.047
Ni -0.527 0.426 0.347 0.076 0.294 0.323 0.450 0.403 0.205 0.836 0.405 0.641 0.446 0.024 1.000
0.116 0.220 0.326 0.834 0.410 0.362 0.192 0.248 0.570 0.003 0.245 0.046 0.196 0.947
Cu -0.71 0.690 0.206  0.115 0.571 0.495 0.728 0.730 0.018 0.817 0.246 0.772 0.7470.371 0.788 1.000
0.021 0.027 0.567 0.752 0.084 0.146 0.017 0.017 0.961 0.004 0.493 0.009 0.013 0.291 0.007
Zn 0.529 -0.523  -0.026 -0.187 -0.379  -0.591 -0.226  -0.463  -0.052 -0.285  -0.091 -0.239  -0.381326 -0.024 -0.114 1.000
0.116 0.121 0.944 0.605 0.280 0.072 0.530 0.178 0.887 0.425 0.803 0.506 0.277 0.357 0.948 0.754
Ga -0.875 0.809 0.271 0.155 0.658 0.657 0.775 0.863 0.129 0.845 0.353 0.791 0.8aB437 0.754 0.950 -0.319 1.000
0.001 0.005 0.449 0.670 0.039 0.039 0.009 0.001 0.722 0.002 0.317 0.007 0.005 0.206 000a@0  0.368
Rb -0.850 0.864 0.127 0.051 0.517 0.720 0.691 0.919 0.076 0.772 0.283 0.758 0.948506 0.680 0.899 -0.374 0.953 1.000
0.002 0.001 0.726 0.889 0.125 0.019 0.0290.0002 0.835 0.009 0.428 0.01  0.0002 0.135 0.031 0.0004  0.287 0.0000
Sr -0.563 0.375 0.471 -0.101 0.241 0.209 0.545 0.389 0.365 0.709 0.540 0.463 0.329 0.146 0.872 0.700 0.192 0.695 0.565 1.000
0.090 0.286 0.170 0.782 0.503 0.561 0.103 0.266 0.300 0.022 0.107 0.178 0.353 0.687 0.001 0.024 0.595 0.026 0.089
Y -0.855 0.441 0.732 0.002 0.264 0.425 0.372 0.604 0.746 0.726 0.856 0.637 0.5a@8013 0.565 0.539 -0.222 0.689 0.652 0.684
0.002 0.203 0.016 0.995 0.462 0.221 0.290 0.065 0.013 0.017 0.002 0.048 0.134 0.971 0.088 0.108 0.537 0.028 0.041
zr -0.572 0.126 0.663 -0.026 0.072 0.263 0.067 0.305 0.796 0.204 0.758 0.1790.114 0.029 -0.078  -0.062 -0.221 0.164 0.142 0.198 1.000
0.084 0.728 0.037 0.944 0.843 0.462 0.854 0.391 0.006 0.57D.011 0.621 0.753 0.936 0.830 0.865 0.540 0.650 0.695 0.583
Nb -0.287  -0.312 0.880 -0.181  -0.303 -0.175  -0.173 -0.114 0.984 0.223 0.927 0.128 -0.196 0.502 0.119  -0.090 0.088 -0.005 -0.050 0.314 0.772
0.422 0.380 0.0008 0.617 0.395 0.629 0.633 0.753 0.0000 0.535 0.0001 0.724 0.587 0.139 0.744 0.806 0.809 0.990 0.891 0.377
Cs -0.637 0.719 0.004 0.019 0.408 0.530 0.605 0.772-0.084 0.693 0.121 0.730 0.858 -0.451 0.671 0.917 -0.221 0.869 0.935 0.471 0.442 -0.147
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a Table 4. Contd....
8 Sio, AlLO, FeO, MnO MgO CaO Na,0 K,0 TiO, P,0, Sc \% Cr Co Ni Cu Zn Ga Rb Sr Y Zr
Z 0.048 0.019 0.990 0.959 0.241 0.115 0.064 0.009 0.818 0.026 0.738 0.017 0.002 0.191 0.03@.0002 0.539 0.001 0.0001 0.170 0.201 0.686
:% Ba -0.771 0.875 -0.019 0.044 0.440 0.704 0.532 0.905 -0.023 0.670 0.160 0.688 0.952 -0.501 0.581 0.761 -0.380 0.848 0.939 0.468 0.610 0.146
< 0.009 0.001 0.958 0.905 0.203 0.023 0.114 0.0003 0.949 0.034 0.658 0.028 0.0000 0.140 0.078 0.011 0.278 0.002 0.0001 0.172 0.061 0.688
!Q Hf -0.555 0.085 0.698 -0.045 0.035 0.222 0.046 0.266 0.832 0.209 0.791 0.171 0.080 0.08®.057 -0.070 -0.201 0.149 0.122 0.217 0.753 0.998
9 0.096 0.815 0.025 0.901 0.924 0.537 0.900 0.457 0.003 0.562 0.006 0.637 0.827 0.813 0.875 0.847 0.578 0.681 0.736 0.547 0.@002
'Z Ta 0.412 -0.458 0.045 -0.173 -0.287 -0.484 -0.101 -0.363 0.002 -0.239 -0.034 -0.162 -0.300 0.170 -0.102 -0.013 0.915 -0.237 -0.286 0.112  -0.207 -0.162
> 0.237 0.183 0.902 0.633 0.422 0.156 0.781 0.302 0.996 0.506 0.925 0.655 0.400 0.639 0.779 0.91D2 0.510 0.423 0.758 0.565 0.655
g Pb -0.230 -0.081 0.543 0.202 0.068 -0.066 -0.139 -0.018 0.491 0.404 0.530 0.310 -0.061 0.384 0.474 0.067 0.054 0.181 0.070 0.538 0.571 0.380
T 0.523 0.823 0.105 0.575 0.851 0.856 0.701 0.961 0.150 0.240.115 0.383 0.866 0.273 0.166 0.853 0.883 0.618 0.847 0.109 0.085 0.279
§ Th -0.376 -0.230 0.899 -0.142 -0.217 -0.094 -0.110 -0.036 0.995 0.275 0.950 0.172 -0.147 0.458 0.145 -0.055 -0.026  0.063 0.010 0.332 0.721 0.818
[ 0.285 0.522 0.0004 0.696 0.547 0.797 0.763 0.922 0.0000 0.441  0.0000 0.635 0.686 0.183 0.689 0.880 0.944 0.863 0.978 0.349 0.017 0.004
U -0.368 -0.240 0.951 0.183 0.001 -0.067 -0.168 -0.059 0.913 0.479 0.908 0.417 -0.120 0.393 0.336 0.077 0.022 0.167 0.058 0.439 0.732 0.682
0.295 0.504 0.0000 0.613 0.998 0.854 0.643 0.871 0.0002 0.161 .0003 0.231 0.742 0.261 0.342 0.832 0.951 0.644 0.875 0.205 0.016 0.030
La -0.688 0.749 0.0002 -0.018 0.354 0.570 0.518 0.829 -0.022 0.624 0.151 0.704 0.918 -0.476 0.513 0.806 -0.363 0.814 0.929 0.319 0.494 0.006
0.028 0.013 0.999 0.960 0.315 0.085 0.126 0.003 0.951 0.054 0.677 0.028002 0.164 0.130 0.005 0.303 0.004 0.0001 0.369 0.146 0.988
Ce -0.688 0.662 0.170 -0.079 0.516 0.404 0.896 0.718 0.050 0.629 0.272 0.529 0.5720.229 0.746 0.886 -0.186 0.899 0.821 0.719 0.521 -0.013
0.028 0.037 0.638 0.829 0.127 0.2470.0004 0.019 0.890 0.052 0.447 0.116 0.084 0.524 0.013 0.0006 0.606 0.0004 0.004 0.019 0.123 0.972
Pr -0.740 0.762 0.076 0.040 0.460 0.580 0.615 0.857 0.009 0.685 0.203 0.758 0.941491 0.579 0.882 -0.322 0.889 0.959 0.419 0.546 0.032
0.014 0.01 0.835 0.914 0.181 0.079 0.059 0.002 0.979 0.029 0.5750.01  0.0004 0.150 0.080 0.0007 0.364 0.0006 0.0000 0.229 0.102 0.930
Nd -0.749 0.759 0.096 0.045 0.469 0.576 0.622 0.857 0.024 0.699 0.220 0.768 0.89¥7481 0.596 0.891 -0.311 0.899 0.962 0.443 0.564 0.042
0.013 0.01 0.792 0.901 0.172 0.081 0.055 0.002 0.947 0.025 0.541 0.0020004 0.160 0.069 0.0005 0.381 0.0004 0.0000 0.200 0.090 0.908
Sm -0.798 0.778 0.171 0.059 0.504 0.600 0.672 0.858 0.079 0.784 0.291 0.794 0.818435 0.710 0.939 -0.290 0.954 0.982 0.581 0.632 0.071
0.006 0.008 0.637 0.871 0.137 0.067 0.034 0.002 0.829 0.007 0.414 0.0m6008 0.209 0.021 0.0001 0.416 0.0000 0.0000 0.078 0.050 0.845
Eu -0.823 0.657 0.370 0.134 0.457 0.562 0.522 0.799 0.295 0.821 0.481 0.867 0.84B357 0.686 0.858 -0.317 0.904 0.934 0.551 0.758 0.244
0.003 0.039 0.293 0.712 0.184 0.091 0.122 0.006 0.407 0.004 0.160 0.001 0.004311 0.028 0.002 0.372 0.0003 0.0001 0.099 0.011 0.496
Gd -0.878 0.726 0.375 0.043 0.465 0.583 0.636 0.838 0.304 0.841 0.504 0.812 0.82B321 0.744 0.899 -0.282 0.953 0.959 0.680 0.803 0.281
0.0008 0.018 0.286 0.906 0.176 0.077 0.048 0.003 0.393 0.002 0.137 0.004 0.003 0.366 0@0004 0.431 0.0000 0.0000 0.031 0.005 0.432
Tb -0.908 0.632 0.555 0.031 0.400 0.539 0.552 0.769 0.513 0.845 0.686 0.783 0.721193 0.723 0.796 -0.264 0.890 0.874 0.729 0.928 0.484
0.0003 0.050 0.096 0.933 0.253 0.108 0.098 0.009 0.130 0.002 0.029 0.007 0.018 0.592 0.018 0.006 @48D6 0.0009 0.017 0.0001 0.157
Dy -0.891 0.528 0.675 0.024 0.333 0.483 0.463 0.679 0.658 0.807 0.801 0.722 0.6@1088 0.669 0.675 -0.241 0.797 0.765 0.731 0.983 0.627
0.001 0.117 0.032 0.948 0.346 0.157 0.177 0.031 0.039 0.005 0.005 0.018 0.064 0.809 0.035 0.032 0.503 0.006 0.010 00 ()0%) 0.052
Ho -0.859 0.440 0.741 0.008 0.268 0.432 0.382 0.604 0.751 0.743 0.864 0.651 0.5@8016 0.586 0.556 -0.231 0.701 0.664 0.690 0.999 0.730
0.002 0.203 0.014 0.982 0.453 0.212 0.276 0.064 0.012 0.014 0.001 0.042 0.134 0.964 0.075 0.095 0.521 0.024 0.036 0.0y 0.016
Er -0.806 0.343 0.787 -0.007 0.198 0.373 0.293 0.516 0.824 0.662 0.906 0.566 0.402 0.054 0.492 0.420216 0.590 0.550 0.633 0.990 0.814
0.005 0.331 0.007 0.984 0.583 0.289 0.411 0.127 0.003 0.037 0.0003 0.088 0.249 0.883 0.149 0.218 0.549 0.072 0.099 0.050.0000 0.004
™™ -0.749 0.253 0.817 -0.032 0.126 0.310 0.220 0.431 0.876 0.591 0.932 0.490 0.308 0.121 0.419 0.328200 0.494 0.453 0.580 0.966 0.858
0.013 0.480 0.004 0.931 0.728 0.383 0.542 0.214 0.001 0.0720001 0.151 0.387 0.739 0.229 0.362 0.580 0.146 0.189 0.070.0000 0.002
Yb -0.708 0.195 0.831 -0.047 0.080 0.269 0.171 0.374 0.903 0.541 0.942 0.438 0.246 0.163 0.369 0.286188 0.430 0.388 0.543 0.944 0.879
0.022 0.590 0.003 0.898 0.826 0.453 0.636 0.28®.0003 0.106  0.0000 0.206 0.494 0.653 0.294 0.476 0.602 0.215 0.268 0.106.0000 0.001
Lu -0.684 0.162 0.838 -0.064 0.048 0.241 0.146 0.343 0.918 0.514 0.948 0.409 0.215 0.189 0.341 0.222181 0.395 0.355 0.520 0.930 0.887
0.029 0.655 0.003 0.860 0.896 0.502 0.687 0.33D.0002 0.129  0.0000 0.241 0.552 0.601 0.334 0.538 0.617 0.258 0.314 0.126.0001 0.001

Tce



DISCUSSION

Provenance

Several authors have used geochemistry (including REEs, HFSE
andTTEs) of sedimentary rocks to know their source character (e.c

Cullers et al., 1988aylor and McLennan, 198Brmstrong-Altrin et

al., 2004; Mir et al., 2015). In the discrimination function diagrame\.;
(after Roser and Korsch, 1988), studied samples of the Dhanjori Groi
fall in quartzose sedimentary field (Fig.8a). Roser (2000) stated th E
the recycled material of felsic igneous rocks does not plot in the igneo
fields; howeversuch sediments do plot in the quartzose field. Zr vs
TiO, diagram (Hayashi et al. 1997; Fig.8b) shows that the analyze

samples plot in the felsic and mafic fielAscording to Hayashi et al.

(1997),A1 ,O,/TiO, ratio ranges from (3 to 8), (8 to 21) and (21 to 7)

in mafic, intermediate, and felsic igneous rocks respectivepyesent

samplesAl ,O,/TiO, value ranges from 6.47-64.90 (except sample

No. U-16/R = 0.28). Hence, high values®§O,/TiO, indicate felsic
igneous rocks are the dominated source for Dhanjori quaAkj@,/

TiO, values of studied quartzites are computed in the following

equation of Hayashi et al. (1997)

SIO, (Wt. %) = 39.34 + 1.2578 (AD,/TO,) — 0.0109 (AJO,/
TiO,)2.

Therefore, the derived Sj@ontents (39.69 to 75.06, average 60.31

wt. %) from the equation implies felsic igneous rocks as the source
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Fig.9. (a) ALO, vs.TiO, diagram (after Ekosse, 2001),a({l La/Sc
vs. Th/Co diagram (after Cullers, 2002)for the studied Dhanjori
quartzites.

studied quartzite#\l ,O, vs.TiO, plot had been used by Ekosse (2001)
to differentiate between granite and basaltic source rocks; such a plot
supports the presence of mixed provenance for the studied Dhanjori
quartzite (Fig.9a). Furthgka/Sc vsTh/Co (after Cullers, 2002) plot
also supports mixed (felsic plus mafic) provenance (Fig.9b) for the
studied samples. Furthermore, some useful trace elemental ratios of
analyzed samples indicate that these are felsic, mafic, and upper
continental crust derived sediments. Furthatios like Eu/Eu*
(~ 0.68), La/Sc (~ 4.42)Th/Sc (~ 0.61), La/Co (~ 01}, Th/Co
(~ 0.03) and Cr/Th (~ 141.62) also suggest that studied samples have
been derived from mixed (felsic plus mafic) source rockbI@ 3).

The triangular diagram of La-Th-Scgflor and McLennan, 1985)
is utilized to determine the nature of the sourtbe average
compositions of the granite, TT@ndesite, basalt, komatiite (Condie,
1993), and UCC (@ylor and McLennan, 1985) are used for the
assessment of the provenance characteristics of the studied samples.
The studied samples when plotted on La-Th-Sc ternary diagram, show
close association withiTG, granite, UCC and andesite compositions
(Fig.10); such an association implies that the sediments for the
studied samples have been derived from the source that had major
amounts of felsic and minor amounts of mafic rocks. From the above
discussion, it is concluded that mixed (felsic plus mafic) provenance
is suggested for the studied samples of the Dhanjori Gitwegpoorly

Fig.8. (a) Discriminant function plot (Roser and Korsch, 1988) andnixed source is also suggested by earlier workers like De et al. (2015)
(b) TiO,-Zr plot (Hayashi et al., 1997) for the studied Dhanjorifor the Dhanjori Group. Since the Dhanjori Group is surrounded

quartzites.
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in the east by the Older Metamorphic Group (OMG) and in the

JOUR.GEOL.SOC.INDIAYOL.97, MARCH 2021



ol ¢
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Basalt
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Fig.10.La-Sc-Th plot for the studied Dhanjori quartzites; UCC values
are taken fronfaylor and McLennan, 1985; Granite, Basaftdesite,
TTG and Komatiite are after Condie, 1993. Passivgiméeld (Bhatia
and Crook, 1986).

south by the Singhbhum granitoid complex (SBGC), both of ther
older than the Dhanjori GroufTherefore, it is inferred that the
metasediments and ortho-amphibolites of Q&i@ghbhum granitoid
complex (SBGC), and associatAdchaean metavolcanic suites
may have been the probable source areas for the studied Dhan,
quartzites.

Table 5. The recovery values (%) of the analytes

Analyte GSR-4 GSR-4 SD Recovery
(CV) (ov) values (%)
Sc 4.20 4.26 0.07 101.45
\ 33.00 32.59 0.15 98.77
Cr 20.00 19.92 0.19 99.60
Co 6.40 6.39 0.03 99.91
Ni 16.60 16.85 0.21 101.52
Cu 19.00 19.06 0.15 100.30
Zn 20.00 20.15 0.10 100.76
Ga 5.30 5.43 0.18 102.37
Rb 29.00 28.71 0.07 99.00
Sr 58.00 57.61 0.13 99.33
Y 21.50 20.99 0.08 97.60
Zr 214.00 209.72 1.79 98.00
Nb 5.90 5.77 0.06 97.85
Cs 1.80 1.86 0.05 103.40
Ba 143.00 14439 2.23 100.97
La 21.00 20.79 0.30 99.02
Ce 48.00 48.11 0.67 100.22
Pr 5.40 5.36 0.08 99.26
Nd 21.00 20.88 0.21 99.42
Sm 4.70 4.68 0.07 99.48
Eu 1.02 1.03 0.02 101.05
Gd 4.50 4.56 0.06 101.41
Tb 0.79 0.79 0.01 99.93
Dy 4.10 4.06 0.03 99.04
Ho 0.75 0.75 0.02 100.02
Er 2.00 1.97 0.02 98.52
Tm 0.32 0.31 0.01 97.63
Yb 1.92 1.92 0.02 100.14
Lu 0.30 0.29 0.00 97.33
Hf 6.60 6.52 0.18 98.77
Ta 0.42 0.41 0.01 98.69
Pb 7.60 7.63 0.03 100.45
Th 7.00 6.87 0.07 98.15
U 2.10 2.08 0.01 99.04

JOUR.GEOL.SOC.INDIAYOL.97, MARCH 2021

Paleoweathering

The degree of separation of mobile elements (like Ca, Na, & K)
against immobile ones (likd & Ti) depends on the composition and
strength of the parent rock, climatic conditions, and time (Nesbitt and
Young, 1982)The chemical index of alteration (CIA) by Nesbitt and
Young (1982) is utilized to calculate the intensity of chemical alteration
of the provenance by the following equation: CIA = [@l/
(Al,0,+Ca0*+Na0+K,0)] x 100 in molar proportions CaO*
symbolize the Ca of silicate fraction. In the present work, CaO* is
rectified by the method of McLennan (1993)\ccording to this
method, CaO* is equal to CaO when CaO is lesser thgd kad
when CaO is greater than J@athen CaO* is supposed to be equal to
Na,0. For unweathered rocks, CIA values are <50 to nearly 100 for
highly altered products (initial 50 to 60, moderate 60 to 80 and severe
>80; Fedo et al., 1995 he studied samples show Clalues ranging
from 41.44 t0 84.78 (average 69.41) which suggests moderate to intense

AlO3
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B r L]
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75 sy i
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&
=  Moderateky .é'e O
- weatehered é? Biotite
o
—50 Plagioclase * K-Feldspar
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weathered
— 25
Hornblende
Clinopyroxene Natural Waters
—0 { f - K70
Ca0+NayO

OMTG (Saha et al., 1984)

OMG Muscovite-quartzite (Saha et al., 1984)

OMG (Cummingtonite-magnetite-quazrtzite (Saha et al., 1984)
SG Phase I (Saha et al., 1984)

SG Phase II (Saha et al., 1984)

SG Phase III (Saha et al., 1984)

%000

Fig.11. Al ,O,~(CaO+Ng0)-K,0 (A-CN-K) diagram for the studied
Dhanjori quartzites (after Nesbitt aiYdung 1984). OMTG: Older
metamorphic tonalite gneiss, OMG: older metamorphic group, SG:
Singhbhum granite.
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Fig.12. SiO, vs. Al,O,+K,0+Na,0 plot for the studied Dhanjori

quartzites (Suttner and Dutta, 1986).
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weathering conditions (except two samples whose CIA value is less Formation, southern India: implications for provenance, weathering, and
than 50)To note the weathering trends and provenance nature, studied tectonic setting. JouSediment. Res.X4(2), pp.285-297.

samples have been plotted on a triangular diaghdp®,— Banerjee, H’(..(1982)_ Srangra_phy petrology and geochem'lstry of some
(CaO+Ng0)-K,0 (A-CN-K) (Nesbitt androung, 1984). In this Precambrian basic volcanic and associated rocks of Singhbhum district

. ; . Bihar and Mayurbhanj and Koenjhar districts, Orissa. Mem. Geol. Surv
diagram, most of the studied samples fall neaAth®, corner which India, V111, pp.58.

implies moderate to high degrees of chemical weathering of thgasuA. (1985) Sructure and stratigraphy in and around SE-part of Dhanjori
provenance (Fig). Chemical index of weathering (CIW), which Basin, Singhbhum, BihaRec. Geol. Sundndia, v113, pp.59-67.
excludes K-metasomatism possibilitycalculated from the equation Bhatia, M.R. and Crook, K.A.W(1986)Trace element characteristics of
as CIW=T[Al O (Al ,O, + CaO+ Na,0)] x 100 (Harnois, 1988). The greywackes and tectonic settling discriminations of sedimentary basins.
studied samples exhibit values of CIW ranging from 57.38 to 96.67 Contrib. Mineral. Petrol.,.92, pp.181-193.

(average 89.19) which further indicates that the source terrain of tff@attacharya, H.N. and Mahapatra, S. (2008) Evolution of the Proterozoic
studied samples have experienced moderate to severe weathering"'ft Mamin sediments North Singhbhum Mobile Belt, Jharkhand—Orissa,
conditions. Such weathering degrees are also supported by tEe India. Precambrian Res..162, pp.302-316.

. " . ondie, K.C. (1993) Chemical composition and evolution of the upper
plagioclase index of alteration PIA= [(/; - KO)(AI,O; + Cal continental crust: contrasting results from surface samples and shales.
+Na,0 — K,0)] x 100; (Fedo et al. 1995) which ranges from 30.731t0  cpemical Geol., \L04(1-4), pp.1-37.

95.49 (average 80.15) for the studied samples. Like the CIA, CIV¢ox, R., Lowe, D.R. and Cullers, R.L. (199E)e influence of sediment
PIA, andA—CN-K ternary diagram, the Rb/Sr ratio (0.70-7.10) of  recycling and basement composition on evolution of mudrock chemistry
studied samples too suggests moderate to intense chemical weathering.in the south-western Unitedees. Geochim. CosmochiActa, v59(14),

The strength of chemical weathering depends on the climate and Pp.2919-2940. o 5 S

tectonic uplift (Wonkiewicz and Condie, 1987). SJOS.A|203+ Crook, KA (1974)The S|gn|f|cance of compositional variation in flysch
K,0+Na,0 plot is used to determine the climatic conditions of theC arenites (graywackes). Lithogenesis and gemecmnm pp'.304'310'

. S . ullers, R.L., BasuA. and SuttnerL.J. (1988) Geochemical signature of
studied Dhar_ljorl quarItZIt.es (Suttner.and Dutta 1986. plot shows . provenance in sand-size material in soils and stream sediments near the
that the studied Dhanjori Group sediment samples have been derived 1opacco Root batholith, Montana, USA. Chemical GedlQ), pp.335-
from a source that has experienced semi-humid climatic conditions 348.

(Fig.12).These results corroborate with the conclusions of De et aGullers, R.L. (2000¥he geochemistry of shales, siltstones and sandstones of
(2015). De et al. (2015) have also suggested moderate to severe Pennsylvanian Permian age, Colorado, USA: implications for provenance

chemical weathering of the Dhanjori Group. and metamorphic studies. Lithos5¥, pp.181-203.
Cullers, R.L. and Podkovyrow.N. (2000) Geochemistry of the
CONCLUSION Mesoproterozoic Lakhanda shales in south eastakutia, Russia:

. . implications for mineralogical and provenance control, and recycling.
Based on petrography and geochemical charattterstudied Precambrian Res.,A04(1), pp.77-93.

quartzite samples of I?hanjori Group are categorizeq into quartz'?ren.@allers, R.L (2002) Implications of elemental concentrations for provenance,
and s_ub-arkgsé’.he h'gh quartz abyndance of studied sgmples infers  redox conditions, and metamorphic studies of shales and limestones near
sluggish upliftment in an association of strong weathering of source pueblo, CO, USA. Chemical Geol.191, pp.305-327.
terrain and deposition in the stable platform. Calculated values of tie, S., MazumderR., Ohta,T., Hegner E., Yamada, K., Chiarenzelli, J.,
geochemical indices like CIA, CIWand PlAinfer that the source Altermann,W., Bhattacharyya]. andArima, M. (2015) Geochemistry
terrain of the studied Samples of the Dhanjori Group have experienced and Nd iSOtOpiF characteristics of the Pal.eo.prot.ero.zoic metasedimentary
moderate to intense chemical weathering under the humid to semi- rocks qf the Singhbhum Craton.and their |mp||cat|ons for provenance,
humid climatic conditions. In addition to La/Sé/Sc, La/CoTh/Co ~ __ Paleoclimate and paleo weathering. Precambrian RES6,pp.62-78.
i the REE file Showi ich tin LREE with fi Dickinson,W. R. (1985) Interpreting provenance relations from detrital modes
ratios, the . promie s °W'”9 enric men n W'_ rlega V€ " of sandstones. IrProvenance of arenites, Springbordrecht, pp.333-
Ce anomalies and flat HREE with negative Eu anomaly indicates the 3gq
derivation of the sediments for the studied sample of the Dhanjoiunn, J.A. and DeyA.K. (1942) The geology and petrology of Eastern
Group from the mixed source (felsic plus mafic) probably from the  Singhbhum and surrounding areas. Mem. Geol. .Sndia, v69(2),
OMG, SBGC, and associatédchaean metavolcanic terrains. pp.281-456.
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