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1. Introduction 
The geochemistry of clastic sedimentary rocks reflects the 
tectonic setting of the basin and also provides insights into 
the chemical environment of deposition (Maynard et al., 
1982; Bhatia and Crook, 1986; Roser and Korsch, 1986, 
1988; Erickson et al., 1992). Many workers have tried to 
provide a detailed geochemical analysis to interpret the 
source rock and depositional environments (Grout, 1925; 
Degens, 1965; Ernst, 1970; Fralic and Kronberg, 1997; 
Madhavaraju and Ramasamy, 2001; Armstrong-Altrin et 
al., 2004, 2013; Ramasamy et al., 2007; Kadir et al., 2013; 
Göz et al., 2014; Zaid and Gahtani, 2015). Major and trace 
element geochemistry of sedimentary rocks is considered 
as a valuable tool to identify the provenance and tectonic 
setting (Schoenborn and Fedo, 2011; Zhang et al., 2011; 
Concepcion et al., 2012; Srivastava et al., 2013; Young 
et al., 2013; Armstrong-Altrin et al., 2014). The trace 
element contents of sediments and sedimentary rocks 
have been widely used to investigate sediment provenance 
(Armstrong-Altrin et al., 2004, 2012; Nagarajan et al., 

2007a, 2007b; Madhavaraju et al., 2010; Moosavirad et al., 
2012; Yang et al., 2012; Külah et al., 2014; Madhavaraju, 
2015) and weathering intensity (Madhavaraju and 
Ramasamy, 2002; Selvaraj and Chen, 2006; Gupta et al., 
2012; Raza et al., 2012), and to understand the depositional 
environment (Gürel and Kadir, 2010; Jung et al., 2012; 
Madhavaraju and González-León, 2012; Verma and 
Armstrong-Altrin, 2013).

In this study, an attempt has been made to ascertain 
the major, trace, and rare earth elements (REEs) of the 
sedimentary rocks of the Kerur Formation. Dey et al. 
(2009) conducted a geochemical study on the sedimentary 
rocks of the Kaladgi-Badami Basin that mainly focused 
on the major and trace elements of sandstones to unravel 
the paleoweathering and provenance signatures. They 
found that these sandstones showed large variations in 
weathering history (including chemical index of alteration 
(CIA) values) and were derived from varied sources; 
however, they did not properly explain the variations in 
CIA values or the nature of the source rocks. In this paper, 
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we give special attention to the clastic rocks (DNR-58 core 
samples) of the Kerur Formation of Proterozoic age in an 
effort to determine the composition of sandstones of the 
Kerur Formation, evaluate the exact reasons for variations 
in paleoweathering, and deduce the nature of the source 
rocks.

2. Geology and stratigraphy
The area of the study lies within the well-known Proterozoic 
Karnataka-Kaladgi Basin (Figure 1), which covers an area 
of 8000 km2. The sediments occur in an east-west trending 
basin with irregular boundaries and are distributed in 
the northern districts of Karnataka, principally in the 
Belgaum, Bijapur, Dharwar, and Gulbarga districts. 
They are comparatively less disturbed shallow marine 
sediments, deposited over the eroded basement rocks of 
gneisses and schists and Archaean granites in the Kaladgi-
Badami Basin (after Jayaprakash et al., 1987; Table 1). 

The Badami Group overlies both the sediments of the 
Bagalkot Group and basement granitoids with a distinct 
angular unconformity and is marked by the presence of 
a conglomerate in the bottom-most part. The Badami 
Group includes two formations: the Kerur Formation and 

the Katageri Formation. The Kerur Formation consists 
of three members: the Kendur Conglomerate, the Cave 
Temple Arenite, and the Halgeri Shale. The Kendur 
Conglomerate is seen overlying the different rock types, 
namely granitoids, metasediments, and a few members 
of the underlying Bagalkot Group, thus representing the 
presence of a major unconformity prior to its deposition 
with a gradational contact conglomerate into the Cave 
Temple Arenites in Badami, where it is well developed, 
and forms flat-topped barren hillocks with vertical scarps; 
in other places, it occurs as small mounds and elevated 
grounds. The Halgeri Shale shows limited exposures and a 
thickness of less than 4 m; this member is well recognized 
around Halgeri and Belikhindi. Bottle green to greenish 
yellow in color, it is friable, silty shale with convolute 
laminations and is rich in micaceous minerals. 

The Katageri Formation is mainly divided into three 
distinct members: the Belikhindi Arenite, the Halkurki 
Shale, and the Konkankoppa Limestone. The Belikhindi 
Arenite is in sharp contact with the underlying Halgeri 
Shale Member. This unit has a peculiar geomorphic 
expression, forming smooth hills with a lighter tone 
and a thin soil cover that supports thorny bushes. The 

Figure 1. Geological map of the study area (after Jayaprakash et al., 1987; Dey et al., 2009).
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Halkurki Shale exhibits good exposures around Halkurki 
with a thickness of approximately 70 m. It is chocolate 
brown to dark brown in color and is finely laminated to 
distinctly bedded, with prominent fissility. This unit is in 
some places interlaminated with fine sandy matter and 
also bears some carbonates. Warping and local slumping 
of penecontemporaneous origin and minor faults are 
commonly observed in this member. The Konkankoppa 
Limestone shows a gradational contact with the underlying 
shale; beds around Konkankoppa are flaggy and medium-
bedded, suggesting a higher content of insoluble materials. 

It is bottle green, cream, buff, and pale gray in color with 
frequent shale partings, and fine color banding.
2.1. Lithology of the Badami Group in the Deshnur area
Type exposures are seen on two sides of the town of Badami, 
forming a chain of picturesque outcrop that extends from 
Gajendragad in the east to Gotak in the west. The Badami, 
as a younger group within the Kaladgi-Badami Basin, is 
separated by a clearly recognizable angular unconformity 
between Lower Bagalkot and the overlying Badami rocks.

The Deshnur area represents the western part of the 
Mesoproterozoic Kaladgi Basin, exposing sediments 

Table 1. Lithostratigraphy of the Kaladgi-Badami Basin (after Jayaprakash et al., 1987).

Age Group Subgroup Formation Member Thickness (m)

N
eo

pr
ot

er
oz

oi
c

Badami Group

Katageri Formation
Konkankoppa Limestone
Halkurki Shale
Belikhindi Arenite

85
69
39

Kerur Formation
Halgeri Shale
Cave Temple Arenite
Kendur Conglomerate

3
89
3

Angular unconformity

Pa
le

o-
M

es
op

ro
te

ro
zo

ic

Semiri
Subgroup

Hoskatti Formation Mallapur Intrusive
Dadanhatti Argillite

7
695

Arlikatti Formation
Lakshnhatti Dolomite
Keralmatti Hematite Schist
Niralkeri Chert-Breccia

87
42
39

Kundargi Formation
Govindkoppa Argillite
Muchkundi Quartzite
Bevinmatti Conglomerate

80
182
15

Disconformity

Bagalkot Group Lokapur Subgroup

Yadhalli Formation Argillite 58

Muddapur Formation
Bamanbudnal Dolomite
Petlur Limestone
Jalikatti Argillite

402
121
43

Yendigeri
Formation

Naganur Dolomite
Chiksellikere Limestone
Hebbal Argillite

93
93
166

Yargatti
Formation

Chitrabhanukot Dolomite
Muttalgeri Argillite
Mahakut chert-breccia

218
502
133

Ramdurg Formation
Manoli Argillite
Saundatti Quartzite
Salgundi Conglomerate

61
383
31

Nonconformity

Archaean                               Granitoids, gneisses, and metasediments
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of the Badami Group. In the Deshnur area, only the 
Kerur Formation with its lower two members, the 
Kendur Conglomerate and the Cave Temple Arenite, are 
represented. These sediments consist of coarse clastics of 
arenite and conglomerate, trending east-west with a 10° to 
20° dip north, and they rest nonconformably on basement 
rocks that consist of quartz-chlorite-sericite schist/
metabasic rock of the Chitradurga Group. In the Deshnur 
area, the unconformity surface is obscured by thick soil 
cover and a thin veneer of Deccan basalt toward the south, 
which is under soil cover.
2.2. Lithology of a DNR-58 core from the Deshnur area
During field studies undertaken from 2009 to 2012, the 
following three litho-units, with distinct lithological 
characters, were identified: lower conglomerate, followed 
by quartz arenite and upper conglomerate, from the 
bottom up. A thin unit of basal arenite is found only in the 
bore holes, sandwiched between lower conglomerate and 
schistose basement rocks. The Atomic Minerals Division 
(DAE) of the Government of India drilled several bore-
holes for uranium investigation. We collected samples 
from a DNR-58 core for geochemical studies (Figure 2) 
to understand the paleoweathering and provenance of the 
Kerur Formation.

The total depth of the core is 222.45 m (Figure 3). 
The basement is chlorite schist overlain by a sedimentary 
cover: basal arenite, then lower conglomerate followed by 
quartz arenite. The basement chlorite schist encloses pyrite 
minerals in dispersed forms. The basement is overlain by 
basal arenite rock interbedded with conglomerate and 
several thin bands of shale. The basal arenite is succeeded 
by lower conglomerate and then by quartz arenite. For 
the present study, samples were collected from depths of 
222.45 to 2 m. All the sample lithologies belong to the 
Kerur Formation. The basal unit observed in the core 
section is completely absent in the outcrop sequences. The 
lower conglomerate unit observed in the DNR-58 core can 
be correlated to the Kendur Conglomerate Member and 
the quartz arenite unit belongs to the Cave Temple Arenite 
Member. 

3. Materials and methods 
Thirty-four samples from the DNR-58 core were selected 
for geochemical analyses and were subsequently powdered 
in an agate mortar. Major elements were analyzed for 34 
samples using a Siemens SRS-3000 X-ray fluorescence 
spectrometer with an Rh-anode X-ray tube as a radiation 
source, at the Institute of Geology, National Autonomous 
University of Mexico (UNAM), Mexico. One gram of 
sample was heated to 1000 °C in a porcelain crucible for    

Figure 2. Location map of the study area. 
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1 h to measure the loss on ignition (LOI). The geochemical 
standard JGB1 (GSJ) was used to check data quality. 
Analytical accuracy was better than ±2% for SiO2, Fe2O3, 

CaO, and TiO2 and better than ±5% for Al2O3, MgO, Na2O, 
K2O, MnO, and P2O5. 

Trace elements and REEs were analyzed for 25 samples 
using an Agilent 7500ce inductively coupled plasma mass 
spectrometer (ICP-MS) at the Institute of Geology, UNAM, 
Mexico. The standard analytical procedures suggested 
by Eggins et al. (1997) were followed in this study. 

Geochemical standards GSR2 and OU8 (Govindaraju, 
1994) were used to monitor the analytical reproducibility. 
The analytical precision errors for Ba, Sc, Y, Sr, Cr, Zn, V, 
Zr, Nb, Rb, Zn, and Pb were better than ±5%, whereas the 
analytical accuracy errors for Cu, Ni, Th, and U were better 
than ±10%. The accuracy errors of REEs such as La, Ce, 
Pr, Nd, Sm, Eu, Dy, Ho, Er, and Yb were better than 5% 
and those of Gd, Tb, Tm, and Lu were better than ±10%. 
Chondrite values (Taylor and McLennan, 1985) were used 
for REE-normalized diagrams.  

4. Results
4.1. Elemental variations
The major element compositions of the present study 
are given in Table 2. Using a geochemical classification 
diagram (Herron, 1988), the different lithologies are 
classified into litharenite, sublitharenite, subarkose, and 
quartz arenite (Figure 4). The arenites have a high SiO2 
concentration ranging from 79.72% to 98.07% (except 
one basal arenite sample that shows 53.51%). The lower 
conglomerate and basal arenite samples are higher 
in Al2O3 content (2.41% to 7.08%, 2.61% to 22.2%, 
respectively) than the quartz arenite (0.70% to 4.58%). 
The Fe2O3 content has a wide range in quartz arenite, lower 
conglomerate, and basal arenite (Table 2). The K2O/Al2O3 
ratios of terrigenous sedimentary rocks can be used as an 
indicator of the original composition of ancient sediments 
because the K2O/Al2O3 ratios for clay minerals and 
feldspars are different. K2O/Al2O3 ratios for clay minerals 
range from 0.0 to 0.3 and for feldspars range between 0.3 
and 0.9 (Cox and Lowe, 1995a). In the present study, the 
K2O/Al2O3 ratio varies as follows: basal arenite (0.61 ± 
0.33, n = 6), lower conglomerate (0.70 ± 0.11, n = 12), and 
quartz arenite (0.22 ± 0.03, n = 13), which suggests that 
basal arenite and lower conglomerate contain considerable 
amounts of feldspar grains. SiO2 shows significant negative 
correlations with Al2O3 (Figure 5), suggesting that most of 
the SiO2 is present as quartz grains.  

The concentrations of trace elements and their ratios 
are given in Table 3. The quartz arenite samples are lower 
in large ion lithophile elements (LILEs: Rb, Cs, Ba, and 
Sr) than in lower conglomerate and basal arenite (Figure 
6; Table 3). In comparison with upper continental crust 
(UCC), the quartz arenites are depleted in Co, Sr, Rb, Ba, 
and Nb. Sr is depleted in both lower conglomerate and 
basal arenite samples. Most of the transition trace elements 
(TTEs: Co, Ni, V, and Cr) and high field strength elements 
(HFSEs: Zr, Y, Nb, and Hf) show wide variations compared 
to UCC (Figure 6). Al2O3 and K2O are positively correlated 
with Rb, Ba, and Sr in the lower conglomerate (Al2O3: r = 
0.88, r = 0.73, r = 0.74, respectively; K2O: r = 0.98, r = 0.94, 
r = 0.96, respectively) and basal arenite (Al2O3: r = 0.99, r 
= 0.96, r = 0.91, respectively; K2O: r = 0.99, r = 0.98, r = 
0.95, respectively), suggesting that these trace elements are 

Figure 3. Lithostratigraphic section of the DNR-58 core.
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Figure 4. Geochemical classification of the clastic rocks of the Kerur Formation using log(SiO2/Al2O3) – log(Fe2O3/K2O) diagram (after 
Herron, 1988).

Figure 5. Variations of SiO2 versus Al2O3, Fe2O3, Na2O, K2O CaO, MgO, MnO, and TiO2 (wt.%) for clastic rocks of the Kerur Formation.
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largely fixed in the k-feldspar and clay minerals. However, 
the correlation of Al2O3 and K2O versus Rb, Ba, and Sr is 
poor or negative for quartz arenites (Al2O3: r = 0.25, r = 
0.09, r = –0.13, respectively; K2O: r = 0.17, r = –0.04, r = 
–0.28, respectively). This suggests that the distributions of 
these elements are not controlled by k-feldspar and clays 
in the quartz arenites.

The results of REE analysis are given in Table 4, and 
chondrite-normalized patterns are shown in Figure 7. 
ΣREE concentrations vary widely, which is characteristic 
of individual rock types, e.g., basal arenite (~7.84–74.98 
ppm; n = 4), lower conglomerate (~18.84–158.66 ppm; 
n = 9), and quartz arenite (~12.96–43.06 ppm; n = 9). 
All analyzed samples have ΣREE abundances less than 

Table 3. Trace element concentrations (ppm) in the clastic rocks of the Kerur Formation.

Lithology Quartz arenites Lower conglomerate
Depth (m) 2.0 8.4 13.8 35 52.8 58.8 64.8 70.55 73.1 77.5 87.75 97.8 115.8
Sc
V
Cr
Co
Ni
Cu
Zn
Rb
Sr
Y
Zr
Nb
Cs
Ba
Hf
Ta
Pb
Th
U

1.4
5.67
9.5
0.32
1.9
1.98
0.58
1.77
5.31
4.76
84
0.76
0.06
18
2.12
0.06
5.08
0.89
0.46

1.4
7.42
9.7
0.39
1.9
2.16
1.16
1.94
4.13
4.09
70
0.85
0.06
20
1.85
0.08
4.65
0.75
0.55

1.5
8.54
10.2
0.62
2.42
4.41
2.36
1.91
3.2
7.99
140
1.11
0.06
15
3.5
0.11
1.07
1.36
0.93

1.5
4.07
9.8
0.34
1.9
2.0
2.37
3.14
2.99
4.45
105
1.14
0.10
15
2.69
0.05
1.78
1.12
0.7

1.7
59.21
92.39
4.31
11.38
116
32.11
8.37
5.96
8.15
180
2.36
0.36
54
4.48
0.27
19.89
3.71
5.72

1.6
6.56
15.95
0.5
2.09
2.64
2.81
3.8
2.35
8.1
249
2.02
0.12
16
6.11
0.2
5.40
4.24
4.57

1.5
4.52
10.3
0.4
2.0
2.56
0.79
3.17
2.8
3.15
69
0.79
0.1
17
1.78
0.08
3.7
1.61
1.35

1.4
8.94
9.4
0.4
1.9
2.76
1.66
3.31
3.07
3.4
57
0.81
0.15
18
1.59
0.09
5.93
2.7
1.18

1.5
4.87
9.8
0.72
1.9
1.18
1.71
2.31
4.15
3.48
34
1.0
0.09
20
0.88
0.1
2.71
0.55
0.39

1.4
7.62
13.92
0.37
1.8
5.33
2.33
11.05
3.52
4.52
90
1.08
0.26
19
2.26
0.17
2.25
4.18
3.36

1.7
21.05
42.89
1.04
4.86
8.83
5.51
24.57
9.63
11.35
246
4.37
0.98
68
6.26
0.58
6.87
12.22
4.18

1.4
7.91
15.77
2.07
4.10
42.1
4.86
17.31
10.45
8.78
179
4.71
0.88
89
5.15
0.7
6.45
19.11
3.14

1.4
13.91
19.92
2.82
4.77
6.28
5.66
80.23
32.81
11.64
181
6.35
3.54
279
4.66
1.03
10.66
29.92
4.04

Table 3. Continued.

Lithology Lower conglomerate Basal arenite Schist
Depth (m) 127.8 150.2 157.5 162.35 168 171.45 177.1 181.4 185 188.65 200.65 222.45
Sc
V
Cr
Co
Ni
Cu
Zn
Rb
Sr
Y
Zr
Nb
Cs
Ba
Hf
Ta
Pb
Th
U

1.5
15.49
12.37
1.58
6.18
0.67
3.98
115.97
63.41
6.64
115
2.84
1.74
661
3.17
0.43
14.36
10.37
1.75

1.3
10.32
9.0
0.7
3.29
0.6
2.39
62.95
28.78
4.32
47
0.91
1.34
237
1.33
0.19
8.67
3.66
1.21

1.5
14.65
13.05
1.5
6.56
0.71
4.42
122.66
49.48
4.21
68
1.6
2.3
449
1.81
0.2
10.96
5.06
0.91

1.46
25.02
57.23
3.44
9.44
0.66
7.78
123.51
33.14
6.68
97
2.64
5.95
290
2.6
0.29
8.45
5.91
6.97

1.5
11.22
42.23
11.93
12.66
8.67
2.92
98.4
50.93
7.39
149
2.22
1.77
469
3.69
0.60
13.19
7.92
1.99

1.4
18.79
30.82
6.7
11.16
1.63
13.88
92.73
40.12
4.81
76
1.28
2.43
384
2.05
0.15
8.95
4.06
1.22

9.81
131.84
78.78
20.73
29.36
12.12
26.91
292.55
66.62
18.42
303
8.94
15.91
787
7.57
1.06
21.52
16.15
5.19

5.96
49.78
59.82
29.64
49.55
74.33
46.44
123.07
36
16.54
260
4.28
6.24
368
6.26
0.44
7.43
8.34
1.89

1.4
17.88
9.3
23.54
23.34
2.43
43.92
37.76
14.01
3.44
39
0.71
0.86
153
1.04
0.06
3.66
1.02
0.34

17.44
146.27
9.9
63.68
33.45
15.97
209.87
26.65
143.34
60.58
552
39.45
1.68
192
12.32
3.0
5.15
4.42
1.3

19.22
168.04
162.44
39.52
101.44
19.92
113.66
108.32
179.49
27.15
275
11.4
6.79
722
6.74
1.2
48.97
16.15
5.03

8.88
81.21
80.77
12.93
46.77
8.92
49.01
40.46
91.46
14.89
139
5.78
1.84
249
3.36
0.57
7.17
7.37
1.86
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the average UCC (~143; Taylor and McLennan, 1985). 
The REE patterns of the samples studied are light REE 
(LREE)-enriched (LaCN/SmCN = 7.73 ± 2.38, n = 25), with 
relatively flat heavy REE (HREE) (GdCN/YbCN = 2.61 ± 
0.67, n = 25) and a negative Eu anomaly (Eu/Eu* = 0.77 
± 0.38). The samples from lower conglomerate and basal 
arenite show negative or mildly positive Eu anomalies 
(Eu/Eu* = 0.38–1.10, 0.75–1.13, respectively), whereas 
quartz arenites display significant negative Eu anomalies 
(Eu/Eu* = 0.57–0.77). A small enrichment of HREEs in 
some samples of the Kerur Formation can be due to the 
inclusion of phases that retain HREEs (e.g., zircon). The 
correlation between ΣREE and Al2O3 for quartz arenite 
and lower conglomerate is not statistically significant (r 
= –0.21, r = –0.27, respectively), indicating that REEs are 
mainly concentrated in the accessory minerals rather than 
in clay minerals. On the other hand, basal arenites have 
significant correlation between ΣREE and Al2O3 contents 
(r = 0.72), suggesting that REEs are probably hosted by 
clay minerals.

5. Discussion
5.1. Paleoweathering
Chemical weathering strongly affects the major-element 
geochemistry and mineralogy of siliclastic sediments 

(Nesbitt and Young, 1982, 1984; Johnsson et al., 1988; 
McLennan et al., 1993, 2004; Fedo et al., 1995), where 
larger cations (Al2O3, Ba, Rb) remain fixed in the 
weathering profile preferentially over smaller cations (Ca, 
Na, Sr), which are selectively leached (Nesbitt et al., 1980). 
These chemical signatures are ultimately transferred to 
the sedimentary record (e.g., Nesbitt and Young, 1982; 
Wronkiewicz and Condie, 1987), thus providing a useful 
tool for monitoring source-area weathering conditions. 
Quantitative measures, such as the CIA (Nesbitt and 
Young, 1982), the plagioclase index of alteration (PIA) 
(Fedo et al., 1996), the chemical index of weathering 
(CIW) (Harnois, 1988), and the index of compositional 
variability (ICV) (Cox et al., 1995), are used to interpret 
the degree of chemical weathering and to trace the source 
rocks and provenance of sediments (Fedo et al., 1995; 
Cullers and Podkovyrov, 2000; Lamaskin et al., 2008; 
Dostal and Keppie, 2009). Among them, the CIA (Nesbitt 
and Young, 1982) is widely used to determine the degree 
of source-area weathering. The CIA values are determined 
using molecular proportion from the formula CIA = 
[Al2O3 / (Al2O3 + CaO* + Na2O + K2O)] × 100, where 
CaO* represents CaO associated with silicate phases. The 
CaO content in most of the samples studied is very low 
and therefore the total CaO content is used as CaO* in the 
calculation of the CIA value. Higher CIA values indicate 

10 10

0 1

1

10

nt
in

en
ta

l C
ru

st

1

10

nt
in

en
ta

l C
ru

st

Quartz arenite Basal arenitea c

0 001

0.01

0.1

R
oc

k/
U

pp
er

 C
on

0 01

0.1

R
oc

k/
U

pp
er

 C
o

0.001
Co Ni Cr V Sr Rb Ba Pb Zr Y Nb Hf Th U

10

en
ta

l

0.01
Co Ni Cr V Sr Rb Ba Pb Zr Y Nb Hf Th U

10

C
ru

stLower conglomerate Schistb d

0.1

1

ck
/U

pp
er

 C
on

tin
e

C
ru

st

1

pe
r 

C
on

tin
en

ta
l C

0.01

0.1

Co Ni Cr V Sr Rb Ba Pb Zr Y Nb Hf Th U

R
oc

0.1
Co Ni Cr V Sr Rb Ba Pb Zr Y Nb Hf Th U

R
oc

k/
U

pp

Figure 6. a) UCC-normalized trace elements diagram for quartz arenite of the Kerur Formation, b) UCC-normalized trace 
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intense chemical weathering (Nesbitt and Young, 1982; 
Fedo et al., 1995), whereas low CIA values suggest the near 
absence of chemical alteration and therefore might reflect 
cool and/or arid conditions (Fedo et al., 1995).

The CIA values vary from 58 to 95. For each lithology 
the CIA values vary as follows: basal arenite (61–74), lower 
conglomerate (58–90), and quartz arenite (81–95). During 
the initial stage of weathering, the sediments derived 
from the various igneous rocks (trend lines 1–5; Figure 8) 
mainly plot parallel to the A-CN line because Na2O and 
CaO are leached out from the earlier dissolved plagioclase. 
Increasing weathering intensity of the source rocks leads 
to the destruction of plagioclase. This resulted in the loss 
of Ca and Na from plagioclase feldspar and the resulted 
sediments plot closer to the A-K axis (e.g., Descourvieres 
et al., 2011; Misra and Sen, 2012; Raza et al., 2012). 
Likewise, the intensely weathered samples plot nearer to 
apex A, suggesting the abundance of kaolinite and gibbsite 
over primary minerals such as feldspar. Interestingly, 
samples of basal arenite, lower conglomerate, and quartz 
arenite are clustered at two points. In the A-CN-K 
diagram, quartz arenites and few lower conglomerate 

samples plot closer to apex A, indicating that these 
sediments underwent intense chemical weathering in the 
source region. However, most of the lower conglomerate 
and basal arenite samples follow the A-K trend line and 
plot between k-feldspar and muscovite fields, implying 
that their source area experienced moderate intensity of 
chemical weathering. This is also supported by PIA values 
(Fedo et al., 1995), which are obtained using the following 
equation (molecular proportion): PIA = [Al2O3 – K2O)/
(Al2O3 + CaO* + Na2O - K2O)] × 100. The PIA values are 
more or less similar to CIA values. 

In the A-CN-K compositional space, each lithology 
exhibits a wide range of CIA values, and the observed 
compositional diversity is interpreted to reflect temporal 
variations in the balance between erosion and chemical 
weathering. Because the degree of weathering is chiefly a 
function of climate and tectonic-uplift rates (Wronkiewicz 
and Condie, 1987), increased chemical weathering 
intensity might reflect a decrease in tectonic activity and/
or a change in climate toward warm and humid conditions 
(Jacobson et al., 2003). Therefore, weathering indices of 
sedimentary rocks can provide useful information about 

Table 4. Rare earth element concentrations (ppm) and their ratios in the clastic rocks of the Kerur Formation.

Lithology Quartz arenites Lower conglomerate
Depth (m) 2.0 8.4 13.8 35 52.8 58.8 64.8 70.55 73.1 77.5 87.75 97.8 115.8
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Th/U
La/Th
La/Co
Th/Co
La/Sc
Th/Sc
Th/Cr
Rb/Sr
Cr/Th
SLREE/SHREE
SREE
(La/Yb)cn
(La/Sm)cn
(Gd/Yb)cn
Eu/Eu*

8.62
13.68
1.72
7.22
1.21
0.25
1.07
0.16
0.80
0.16
0.54
0.08
0.62
0.10
1.94
9.70
26.66
2.75
6.16
0.64
0.09
0.33
10.68
9.18
36.23
9.35
4.50
1.39
0.68

3.41
6.89
0.73
2.84
0.60
0.15
0.69
0.12
0.68
0.14
0.44
0.07
0.49
0.08
1.35
4.56
8.72
1.91
2.44
0.54
0.08
0.47
12.94
5.35
17.34
4.68
3.56
1.14
0.72

5.37
9.58
0.90
3.22
0.69
0.20
0.97
0.20
1.26
0.29
1.03
0.16
1.18
0.19
1.46
3.96
8.70
2.20
3.58
0.90
0.13
0.60
7.52
3.74
25.25
3.09
4.87
0.67
0.75

2.63
5.55
0.55
2.19
0.50
0.13
0.57
0.11
0.64
0.13
0.44
0.06
0.46
0.07
1.60
2.34
7.84
3.35
1.75
0.75
0.11
1.05
8.73
4.60
14.01
3.88
3.33
1.01
0.77

9.44
18.53
1.73
6.62
1.40
0.31
1.36
0.23
1.25
0.26
0.81
0.12
0.86
0.13
0.65
2.54
2.19
0.86
5.56
2.19
0.04
1.40
24.88
7.50
43.06
7.44
4.26
1.29
0.69

4.15
8.85
0.92
3.54
0.91
0.23
1.14
0.20
1.13
0.24
0.79
0.12
0.87
0.15
0.93
0.98
8.24
8.43
2.59
2.65
0.27
1.62
3.76
3.96
23.24
3.23
2.87
1.07
0.68

2.86
5.34
0.51
1.85
0.43
0.09
0.47
0.08
0.47
0.10
0.31
0.05
0.33
0.05
1.19
1.78
7.17
4.02
1.91
1.07
0.16
1.13
6.41
5.89
12.96
5.81
4.23
1.14
0.64

4.12
6.42
0.60
2.20
0.53
0.10
0.54
0.09
0.51
0.10
0.33
0.05
0.35
0.06
2.28
1.52
10.24
6.72
2.94
1.93
0.29
1.08
3.48
6.83
16.01
7.98
4.90
1.25
0.57

4.07
6.46
0.71
2.65
0.55
0.13
0.60
0.10
0.58
0.12
0.40
0.06
0.43
0.07
1.42
7.37
5.68
0.77
2.71
0.37
0.06
0.56
17.76
6.10
16.94
6.39
4.63
1.12
0.71

3.99
7.68
0.78
2.92
0.65
0.11
0.70
0.13
0.71
0.14
0.45
0.06
0.45
0.07
1.24
0.95
10.70
11.21
2.85
2.98
0.30
3.14
3.33
5.90
18.84
6.02
3.88
1.26
0.49

25.35
42.65
4.18
15.86
2.93
0.43
2.53
0.40
1.85
0.37
1.13
0.17
1.24
0.20
2.92
2.07
24.43
11.78
14.92
7.19
0.29
2.55
3.51
11.56
99.28
13.86
5.44
1.66
0.49

25.50
39.73
3.66
13.24
2.42
0.28
2.13
0.31
1.45
0.28
0.87
0.14
0.94
0.15
6.09
1.32
12.16
9.22
18.00
13.65
1.21
1.66
0.83
13.45
90.80
18.16
6.56
1.84
0.38

35.93
72.18
7.48
28.22
4.99
0.61
3.86
0.47
1.90
0.36
1.12
0.17
1.20
0.19
7.40
1.20
12.76
10.63
25.66
21.37
1.50
2.45
0.67
16.08
158.66
20.31
4.53
2.61
0.42
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tectonic activity and climatic conditions in the source 
area. In this study, most of the samples show moderate to 
high CIA values, which are interpreted to reflect a steady 
state of weathering, probably under tropical to subtropical 
conditions (Nesbitt et al., 1997).

Sedimentary recycling can be identified using Rb/
Sr ratios, where Sr easily leaches compared to Rb and 
this leads to a significant increase in the Rb/Sr ratio, 
and high ratios have been interpreted to be indicators of 
strong weathering and sediment recycling (McLennan 
et al., 1993). The Rb/Sr ratios of the basal arenite, lower 
conglomerate, and quartz arenites (0.33 to 1.62, 1.66 to 
3.73, and 2.31 to 4.39, respectively) are higher than the 
average PAAS value (0.80; Taylor and McLennan, 1985). 
The high CIA values and Rb/Sr ratios suggest moderate to 
intense weathering in the source region.
5.2. Hydraulic sorting
Hydraulic sorting might lead to a significant difference 
in REE concentrations in sediments and sedimentary 
rocks with different mineral contents and grain-sized 
variations (e.g., Cullers et al., 1975, 1979; Gromet et al., 
1984; McLennan, 1989; Singh, 2009; Wu et al., 2013). 

The ΣREE content in the clastic rocks is affected by size 
sorting, and the ΣREE content decreases steadily with 
an increase in grain size (Cullers and Stone, 1991). Three 
major factors associated with sedimentary sorting that 
affect REE patterns in clastic rocks are grain size contrast, 
general mineralogy, and heavy mineral fractionation. A 
strong assumption about the sorting processes during 
sedimentation is that fine-grained sediments tend to have 
a relative abundance of REE, as found in their source 
region (Haskin et al., 1966; McCulloch and Wasserburg, 
1978; McLennan and Taylor, 1982; McLennan et al., 1990; 
Cullers, 1995).

In the present study, different lithologies show large 
variations in ΣREE content that might be due to either 
grain size variations or the inclusion of heavy mineral 
fractions. The sedimentary rocks studied show large 
variations in grain size; for example, conglomerate 
samples show coarse-grained sediments, whereas arenites 
show fine- to medium-grained fractions. If the observed 
variations in ΣREE contents in these sedimentary rocks are 
largely due to grain-size variations, then the conglomerate 

Table 4. (Continued).  

Lithology Lower conglomerate Basal arenite Schist
Depth (m) 127.8 150.2 157.5 162.35 168 171.45 177.1 181.4 185 188.65 200.65 222.45
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Th/U
La/Th
La/Co
Th/Co
La/Sc
Th/Sc
Th/Cr
Rb/Sr
Cr/Th
SLREE/SHREE
SREE
(La/Yb)cn
(La/Sm)cn
(Gd/Yb)cn
Eu/Eu*

11.47
16.86
1.72
6.32
1.22
0.34
1.18
0.19
1.03
0.20
0.65
0.10
0.72
0.12
5.91
1.11
7.25
6.55
7.65
6.91
0.84
1.83
1.19
8.96
42.14
10.73
5.94
1.32
0.88

2.40
5.40
0.62
2.48
0.63
0.21
0.65
0.12
0.67
0.13
0.42
0.06
0.42
0.07
3.02
0.66
3.40
5.20
1.84
2.81
0.41
2.19
2.46
4.56
14.27
3.84
2.38
1.24
0.99

7.63
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Figure 8. A-CN-K diagram showing the weathering trend of the Kerur 
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Figure 7. a) Chondrite-normalized REE patterns for quartz arenite samples, b) chondrite-normalized REE patterns 
for lower conglomerate of the Kerur Formation, c) chondrite-normalized REE patterns for basal arenite, d) chondrite-
normalized REE patterns for basement schist rock.
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units should show lower ΣREE content than the arenites, 
but many conglomerate samples show elevated ΣREE 
content compared to the fine-grained lithologies. As 
such, the variations in ΣREE content in these litho-units 
might not be due to grain-size variations. The inclusions 
of small portions of heavy minerals can drastically change 
the ΣREE contents in the sedimentary rocks. Thus, the 
sedimentary rocks studied indicate the presence of various 
proportions of heavy minerals (zircon, tourmaline, rutile, 
garnet, magnetite, and ilmenite). The petrographic study 
of conglomerate and quartz arenite samples reveals the 
presence of heavy minerals in them. 

Cox et al. (1995) proposed a new formula, the ICV, to 
understand the geochemical variability due to hydraulic 
sorting. Rock-forming minerals such as k-feldspars, 
plagioclase, amphiboles, and pyroxenes display higher 
ICV values (>0.84), whereas alteration products such as 
kaolinite, illite, and muscovite show lower values (<0.84; 
Cox et al., 1995; Cullers, 2000). For the Kerur Formation, 
the ICV values vary between 0.26 and 1.44. For each 
lithology the ICV values vary as follows: basal arenite 
(0.75–1.44), lower conglomerate (0.30–1.34), and quartz 
arenite (0.26–1.37), indicating that these rocks contain 
unequal proportions of both clay minerals and nonclay 
silicate minerals.

A statistically significant positive correlation of Zr with 
Yb (r = 0.72, r = 0.95, r = 0.99, respectively) and HREEs 
(r = 0.80, r = 0.89, r = 0.99, respectively) for the basal 
arenite, lower conglomerate, and quartz arenite suggests 
that the HREE fractionation is controlled mainly by the 
concentration of zircon mineral. The basal arenite, lower 
conglomerate, and quartz arenite show wide variations in 
Zr and Hf contents. McLennan et al. (1993) observed that 
the Th/Sc ratio is a sensitive index of the bulk composition 
of the provenance, and the Zr/Sc ratio is a useful index 
of zircon enrichment. In the Zr/Sc versus Th/Sc diagram 
(Figure 9), the samples are plotted to identify the role of 
heavy mineral concentrations during sediment sorting. 
In this diagram (Figure 9), the studied samples display 
two compositional trends with some samples plotting 
along Trend 1, which is indicative of a minimal influence 
of mineral sorting. Samples plotting along Trend 2 are 
indicative of zircon enrichment by sediment recycling and 
sorting. This suggests that the geochemical compositions 
of lower conglomerate and quartz arenite are exaggerated 
by sorting effects. 
5.3. Provenance
The geochemical signatures of clastic sediments have been 
used to determine provenance (Taylor and McLennan, 
1985; Cullers, 1995; Madhavaraju and Ramasamy, 2002; 
Armstrong-Altrin et al., 2004, 2013; Al-Juboury and Al-
Hadidy, 2009; Perri et al., 2011; Shadan and Hosseini-
Barzi, 2013; Madhavaraju, 2015). Elements concentrated 

in mafic (Sc, Cr, and Co) and in silicic (La, Th, and REE) 
sediments, REE patterns, and the size of the Eu anomaly 
have been used widely to understand the provenance 
signatures’ interpretation (e.g., Shynu et al., 2011). REEs 
and certain trace elements (Th, Sc, and Cr) can provide an 
insight into the provenance and are thus useful to constrain 
the average source-area composition (e.g., Taylor and 
McLennan, 1985; Floyd et al., 1989; McLennan et al., 1993; 
Fedo et al., 1996; Cullers and Berendsen, 1998). 

Al2O3/TiO2 ratios in clastic sediments can be used to 
identify the source rock composition (Garcia et al., 1994; 
Andersson et al., 2004). The Al in igneous rocks resides 
mostly in feldspars and Ti in mafic minerals (e.g., olivine, 
pyroxene, hornblende, biotite, and ilmenite) and the 
Al2O3/TiO2 ratios increase from 3 to 8 in mafic igneous 
rocks, from 8 to 21 in intermediate igneous rocks, and 
from 21 to 70 in felsic igneous rocks (Hayashi et al., 1997). 
In general, the variation in the Al2O3/TiO2 ratio (12 to 252) 
suggests that the samples were derived from intermediate 
to felsic source rocks. However, two samples from lower 
conglomerate and two samples from quartz arenite show 
a low Al2O3/TiO2 ratio (Table 2), which may be due to 
increasing sediment maturity and/or the presence of 
a significant amount of TiO2-rich minerals (ilmenite, 
anatase, brookite, and rutile).

The abundance of Cr and Ni in siliciclastic sediments 
is considered as a useful indicator in provenance studies. 
The higher concentration of Cr and Ni (Cr: >150 ppm, 
Ni: >100 ppm) and low ratios of Cr/Ni (1.3–1.5) suggest 
the ultramafic signatures of the source rocks (Garver et 
al., 1996). In the present study, the samples studied show 
low Cr and Ni content (Cr: 9.00–92.39 ppm, Ni: 1.8–49.55 
ppm) when compared with ultramafic source rocks. In 
addition, they also show wide variations in the Cr/Th ratio, 
which ranges from 0.67 to 24.88, with an average of 7.11. 
The Cr and Ni contents and Cr/Th ratio observed in the 
sedimentary rocks strongly support the felsic nature of 
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the source rocks. In addition, the Cr/V ratio is an index 
of the enrichment of Cr over the other ferromagnesian 
trace elements, whereas Y/Ni monitors the general level of 
ferromagnesian trace elements (Ni) compared to a proxy 
for HREEs (Y). Mafic sources have high ferromagnesian 
abundances; such a provenance would result in a decrease 
in Y/Ni (e.g., Hiscott, 1984; McLennan et al., 1993). The 
Cr/V vs. Y/Ni diagram (Hiscott, 1984) indicates the lack 
of mafic detritus input for the studied samples (Figure 10).

The La/Sc versus Th/Co bivariate plot is more useful 
to understand the source rock information of the clastic 
rocks (Cullers, 2002). In the present study, most of the 
samples fall in the felsic field rather than the mafic field, 
which strongly supports the felsic nature of the source 
rocks (Figure 11). In addition, La-Th-Sc triangular 
diagrams can provide information regarding the source 
rock characteristics (McLennan and Taylor, 1991; Cullers, 
2002). In this diagram, most of the samples plot near the 
granite and granodiorite fields (Figure 12), suggesting 
that the sedimentary rocks were mainly derived from the 
granite and granodioritic rocks of the source region. 

The REE patterns and the size of the Eu anomalies in 
the sediments provide useful information regarding source 
rock characteristics (Taylor and McLennan, 1985), since 
mafic igneous rocks have low LREE/HREE ratios and little 
or no negative Eu anomalies, whereas felsic igneous rocks 
have higher LREE/HREE ratios and negative Eu anomalies 
(Cullers, 1994a, 1994b). In the present study, most of 
the sedimentary rocks show higher LREE/HREE ratios 
and negative Eu anomalies, whereas few samples show a 
positive Eu anomaly, which suggests the felsic nature of the 
source rocks. The low positive Eu anomaly in few samples 
is likely due to inclusion of more feldspar in these samples. 

Elemental ratios such as La/Sc, Th/Sc, La/Co, Th/Co, 
Th/Cr, Cr/Th, and Eu/Eu* show remarkable variations 
in felsic and mafic rocks, which are highly useful in 
unravelling the provenance signatures of the sedimentary 

rocks (Wronkiewicz and Condie, 1987, 1989, 1990; 
Cullers et al., 1988; Cullers, 1994b, 1995; Cox et al., 
1995; Armstrong-Altrin et al., 2004; Nagarajan et al., 
2007a, 2007b, 2011; Madhavaraju and Lee, 2009, 2010; 
Madhavaraju et al., 2010, 2015). The La/Sc, La/Co, Th/Co, 
Th/Cr, Cr/Th, and Th/Sc ratios of the sedimentary rocks 
in this study have been compared with felsic and mafic 
rocks (fine fraction) and UCC values (Table 5) to discover 
the source rock characteristics. It suggests that these rocks 
were derived from felsic source rocks. 

The intracratonic Kaladgi basin had considerable 
asymmetry between the northern and southern margins 
in terms of source composition and tectonics (Dey et 
al., 2009). During the initial stage, the northern part of 
the basin received more arkosic sediments from K-rich 
granitoids, whereas the southern part received highly 
weathered source materials from Archaean K-rich 
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granitoids, TTG gneisses, and greenstones (Dey et al., 
2009). As a result, REE patterns of the present study are 
compared with Dharwar Craton granitoids (an average of 
11 granites and granodiorites samples; Jayananda et al., 
2000) and basement schist from the Kaladgi-Badami Basin 
to find out the source rocks (Figure 13). Dharwar Craton 
granitoids show a higher concentration of ΣREE content 
than the Kerur Formation sedimentary rocks, which 
is mainly due to their quartzose nature and high SiO2 
concentration; however, the shape of the REE patterns 
and the size of the Eu anomaly of the Kerur Formation are 
similar to Dharwar Craton granitoids and Kaladgi-Badami 
Basin schist, suggesting that the Archaean Dharwar Craton 
and basement schist contributed sediments to the Kerur 
Formation.  

6. Conclusion
The percentage of SiO2 is higher in quartz arenite (87.2%–
98.1%) than in lower conglomerate (79.8%–95.9%) and 
basal arenite (53.5%–90.5%). The K2O/Al2O3 ratio varies 
significantly between basal arenite (0.61 ± 0.33), lower 
conglomerate (0.70 ± 0.11), and quartz arenite (0.22 ± 0.03), 

which suggests that basal arenite and lower conglomerate 
contain considerable amounts of feldspar grains. The REE 
patterns of the samples studied are LREE-enriched with 
relatively flat HREE and a negative Eu anomaly. The CIA 
values of the studied samples suggest that the source region 
experienced moderate to intense chemical weathering. 
In the A-CN-K diagram, many samples followed the 
weathering trend (A-CN line), whereas some followed the 
A-K trend. The low Cr and Ni contents and high Cr/Ni ratio 
suggest an absence of ultramafic rocks in the provenance. 
The REE patterns, trace elemental concentrations, La/Sc 
versus Th/Co plot, and La-Th-Sc triangular plot suggest 
that these sediments were mainly derived from felsic 
rocks. Furthermore, La/Sc, Th/Sc, La/Co, Cr/Th, Eu/Eu*, 
and La/Lu ratios compared with sediments derived from 
felsic and mafic sources also revealed that Proterozoic 
clastic sediments received sediments mainly from felsic 
rocks rather than mafic terrains. 
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Table 5. Range of elemental ratios of the Kerur Formation compared to the ratios in similar fractions derived from felsic rocks, mafic 
rocks, and upper continental crust.

Elemental ratio Range of sandstones
from Kerur Formation1

Range of sediment 
from felsic sources2

Range of sediment 
from mafic sources2

Upper continental 
crust (UCC)3

Eu/Eu*
(La/Lu)cn
La/Sc
Th/Sc
La/Co
Th/Co
Cr/Th

0.38–1.13
2.66–19.86
1.02–25.66
0.25–21.37
0.06–26.66
0.04–11.78
0.67–24.88

0.40–0.94
3.00–27.0
2.50–16.3
0.84–20.5
1.80–13.8
0.67–19.4
4.0–15.0

0.71–0.95
1.10–7.0
0.43–0.86
0.05–0.22
0.14–0.38
0.04–1.10
25–500

0.63
9.73
2.21
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0.63
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Figure 13. REE patterns of the present study compared with the 
granitoids from the Dharwar Craton and basement schist from 
the Kaladgi-Badami Basin to find out the source  rocks of the 
Kerur Formation (G: granitoids, Jayananda et al., 2000).

1This study.
2Cullers, 1994b, 2000; Cullers and Podkovyrov, 2000; Cullers et al., 1988.
3Taylor and McLennan, 1985; McLennan, 2001.
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