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ABSTRACT
Geochemical and mineralogical studies were carried out on

the sandstones of the Eocene Kopili Formation, Shillong Plateau
to evaluate paleo-weathering, provenance and tectonic setting. The
study area is located on the bank of the Lubha River along the
Badarpur-Jowai road section. The Kopili Formation is represented
by a sequence of alternation of shales and sandstones. The
sandstone beds are usually thin, fine grained, ferruginous and
mostly parallel laminated. The thickness of the sandstone beds
increases towards the top with decreasing numbers of shale beds.
Petrographically the sandstones are dominated by monocrystalline
and polycrystalline quartz followed by feldspar, mica and rock
fragments. The matrix content does not exceed 15% and hence the
sandstones can be classified as arenite. The Kopili sandstones are
classified as quartz arenite to sublitharenite, and arkose to
sublitharenite based on their petrographic and geochemical
parameters respectively. Arenitic composition and high SiO2/Al2O3
ratio indicate that the Kopili sandstones are highly mature. The
weathering indices mostly indicate low to moderate (except 49D
sample) degree of chemical weathering under arid to semi humid
climatic conditions. The major and trace element-based diagrams
and their ratios indicate that the Kopili sandstone received
sediments from felsic dominated source with minor contribution
from basic source rocks and are deposited in tectonically passive
margin setting.

INTRODUCTION
Geochemical study of clastic sedimentary rocks yields valuable

information about sediment generation, transportation, paleoclimate,
degree of weathering and tectonic setting (e.g., Nesbitt et al., 1980;
Nesbit and Young, 1982; Bhatia, 1983; Taylor and McLennan, 1985;
Bhatia and Crook, 1986; Roser and Korsch, 1986; Dabard, 1990;
McLennan et al., 1990, Armstrong-Altrin et al., 2004; Ghosh et al.,
2012; Hara et al., 2012, Armstrong-Altrin et al. 2013). The trace
element and REE distribution patterns are important in understanding
provenance and tectonic settings of sedimentary basins because of

their immobility and short residence time in seawater (Periasamy and
Venkateshwarlu, 2017). Major element distribution pattern in
sandstones also provide valuable information on tectonic setting, if
the bulk composition of the sediments is not altered (Bhatia, 1983;
Roser and Korsch, 1986; McLennan, 1989; Nesbitt and Young, 1989).
Tectonic discrimination diagrams of Bhatia (1983), and Roser and
Korsch (1986) have been in use for deciphering tectonic settings of
sedimentary basins. In addition to geochemical methods, detailed
petrographic methods have also been developed for studying
paleoclimate, provenance and tectonic evolution of sedimentary basins
(Crook, 1974; Dickinson and Suczek, 1979; Dickinson et al., 1983).
However, because of submicroscopic size of the mineral grains of
argillites and siltstones, the petrographic methods are mostly suitable
for sandstones only. This restriction does not apply to bulk chemical
data (Roser and Korsch, 1986).  The bulk geochemical data can
supplement petrographic analysis in understanding processes that
involved in generation of sediments and evolution of sedimentary
basins.

Evans (1932) classified Eocene shaly sequence overlying the
'Sylhet Limestone Stage' in the south Shillong plateau as Kopili
Alteration Stage. Both were originally part of the 'Nummulitic Series'
of Medlicott (1869). Chakraborty et al. (1974) and Bhandari et al.
(1973) based on lithological characters has considered it as a
Formation. The type section is present along the Kopili River section
near Khorungma (Evans, 1932). The exposures of the Kopili Formation
are present all over the south Shillong Plateau. It is also exposed along
the southern fringe of the Karbi Anglong Massif and present in the
subsurface of the Assam Shelf (Reddy et al., 1992). It gradationally
overlies the Sylhet Formation of Eocene age and conformably overlain
by the Barail Group of Oligocene age. It is generally considered as a
regressive sequence with the basal part of the formation considered to
be deposited under inner shelf environment that gave way to brackish
tide dominated environment in the upper part (Deshpande et al., 1993).
The underlying Sylhet Formation is generally considered as a major
transgressive phase in the Assam-Arakan Basin. The Kopili Formation
is primarily composed of alterations of shale and sandstone. The age



220 JOUR.GEOL.SOC.INDIA, VOL.98, FEB. 2022

of Kopili Formation is considered as late Eocene (Saxena and Trivedi,
2009).

Available literature on the Kopili exposures of the south Shillong
Plateau are mostly on its foraminifera and palynofossil assemblages
(Trivedi and Ranhotra, 2015; Samanta, 1968; Samanta, 1985; Dutta
and Jain, 1980; Sein and Sah, 1974; Tripathi and Singh, 1984). Based
on lithology of the subsurface shelf sequence of Assam Shelf, few
studies have been carried out on depositional model of the Kopili
Formation (Zaidi and Chakrabarti, 2006; Roy Moulik et al., 2009).
However, notable sedimentological and geochemical studies on the
sandstones of the Kopili Formation from the Shillong Plateau region
are still rare. The aim of the present study is to investigate on
provenance, weathering and tectonic setting of the Kopili Formation
and evolution of the south Shillong Shelf during upper Eocene time
by using petrography and, major and trace elements (including REEs)
geochemistry.

GEOLOGY OF THE STUDY AREA
The study area is a part of Jaintia hills district of Meghalaya and

bounded by 92°10'-92°25' E longitudes and 25°4'-25°12' N latitudes
(Fig. 1). The stratigraphic succession of the study area is shown in the
Table 1. The Kopili Formation is exposed on the bank of the Lubha
River along Jowai-Badarpur road section (Fig. 2) near Sonapur. The
Kopili Formation is the youngest formation of the Jaintia Group and
comprises of alternation of fine to very fine grained compact, massive
to laminated sandstone and splintery shale with thin streaks of coal.

At few places, fossiliferous limestone and marls are also present at
basal part. The study area rests on the monoclinal flexure of the Shillong
plateau in the vicinity of the Dawki fault. The Kopili Formation
conformably overlies the Prang Limestone Member of the Sylhet
Formation. The top part of the Formation is truncated by a fault that
runs along the Lubha River course which is possibly an offshoot of
the Dawki fault system (Fig. 2). On the other bank of the Lubha River
the top formation of the Oligocene Barail Group i.e., the Renji
Formation is exposed. Thus, the Kopili and the Renji Formations have
a faulted boundary. The beds of the Renji Formation are overturned,
as shown by the orientation of ripple marks and cross beddings. The
Kopili sandstone beds are usually thin (20-80cm), fine grained,
ferruginous and parallel laminated. The thickness of the sandstone
beds increases towards the top with decreasing numbers of shale beds.
Shales are brown to grey, occasionally iron stained, hard and splintery.
The rock beds have general dip of 30 to 56°  towards northwest. The
dip of the beds gradually decreases towards the north of the study area
with as the monoclinal flexure disappears.  The litholog of the Kopili
Formation as exposed along the road is shown in Fig. 3.

MATERIALS AND METHODS
A total of thirty-four (34) representative sandstone samples of

Kopili Formation were collected from the Jowai-Badarpur road
section that exposes along the bank of the Lubha river. All these samples
were studied under petrological microscope for petrographic
discrimination. The detrital frame work grains of the Kopili sandstone

Fig. 1. Location map of the study area.
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were counted with the swift automatic point counter fitted in the
petrographic microscope. About 300-500 grains were counted in each
thin section. The modal analysis results are given in the Table 2. The
nomenclature of the framework modes, their classification and
tabulation are as per standards prescribed in Krynine (1940), Folk
(1980), Basu et al. (1975) and Ingersoll et al. (1984).  The major
element analyses have been done for nineteen (19) samples with Philips
MagiX PRO (Model PW 2440) sequential wavelength dispersive X-
ray fluorescence spectrometer which is coupled with an automatic
sample changer (PW 2540). The analyses of trace and rare earth
elements of the same samples was performed by a high resolution
inductively coupled plasma mass spectrometer (HR - ICP - MS; Nu

Instruments Attom, UK) by following the in-house standard procedures
at CSIR-National Geophysical Research Institute, Hyderabad. Rock
standard GSR-4 was used to calibrate the instrument. Accuracy and
precision protocols for major and trace elements have been developed
by Krishna et al. (2007) and Satyanarayanan et al. (2014), respectively.
The results of the geochemical analyses are given in the Table 3 and 4.

PETROGRAPHY
Quartz is the most dominant mineral in monocrystalline and

polycrystalline forms (Fig. 4a & b) in the Kopili sandstones and its
amount varies from 69.20 to 90.47% (avg. 81.83%) (Table 2). Some
quartz grains show overgrowth (Fig. 4c). The proportion of feldspar
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Table 1. Stratigraphic succession of the study area (modified after Deshpande et al., 1993)

Group Formation Member Lithology Age

Feruginous and massive sandstone with thin shale and sandy
Barail Group Renji Formation shale interbeds. The sandstones are medium to fine grained, Late Oligocene

and show a coarsening upward sequence.

Kopili Formation Alternations of shales and hard and fine-grained sandstones. Late Eocene
Sandstones are ferruginous. Marl streaks are present at the base.

Prang Limestone Grey to greyish white, fossiliferous, massive and crystalline Late Eocene
Disang Group limestone. Sandy at the base.

Sylhet Formation Narpuh Sandstone Dirty white, coarse grained medium to coarse grained quartzose
sandstone. Calcareous grit and occasional thin limestone bands Early Eocene
at the base.

Base exposed outside study area

Fig. 2. Geological map of the study area.
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varies from 0.00 to 1.18% (avg. 0.45%) and represented by plagioclase
and microcline (Fig. 4d & e) (Table 2). Mica ranges from 0.55 to
7.29% (avg. 3.41%) and represented mostly by muscovite (Fig. 4f)
with a very minor fraction of biotite (Table 2). The percentage of rock
fragments varies from 1.48 to 19.6% (avg 6.37%) (Table 2).  The
majority of the rock fragments are metamorphic (Fig. 5a) followed by
sedimentary (Fig. 5b & c) and igneous rocks (Fig. 5d) in order of their
abundance. Sedimentary rock fragments are mostly represented by
shale fragments and cherts (Fig. 5b & c). Heavy minerals are mostly
represented by zircon and tourmaline (Fig. 5e & f). Presence of zircon
inclusions indicates their derivation from the plutonic igneous rock.
Most of the grains are cemented by silica. Ferruginous cement is also
common. Cementing material ranges from 1.84 to 8.53% by volume
(Table 2). The matrix content in the Kopili sandstone varies from 1.0
to 8.10% (Table 2). Since matrix abundance in the Kopili sandstones
does not exceed 15% by volume, they are classified as arenite (Pettijohn
et al., 1987). To classify the sandstone the percentages of framework
grains of the sandstones are plotted on the QFR (quartz-feldspar-rock
fragments) ternary diagram of Folk (1980) and Pettijohn (1975).
Triangular classification diagram indicates that the sandstones are
quartz arenite to sublitharenite (Fig. 6).
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Fig. 3. Litholog of the Kopili Formation exposed on the bank of Lubha
River, Jaintia Hills.
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Fig.4. Photomicrographs of the Kopili sandstones: (a) Monocrystalline
(Qzm) and polycrystalline quartz (Qzp), (b) Polycrystalline quartz
(Qzp), (c) Quartz overgrowth (Qzo), (d) Plagioclase feldspar (Pl), (e)
Microcline (Mc), (f) Muscovite (Ms).

Fig. 5. Photomicrographs of the Kopili sandstones: (a) Metamorphic
rock fragment (Rfm), (b) Sedimentary rock fragment (Rfs), (c) Chert
(Ch), (d) Igneous rock fragment (Rfi), (e) Zircon (Zrn) and (f)
Tourmaline (Tur).
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GEOCHEMISTRY
The Kopili sandstones are characterized with the high content of

SiO2 (72.67 - 96.99 wt %, avg. 86.28 wt%) followed by low content
of Al2O3 (1.38 - 13.96 wt%, avg. 5.72 wt%), TiO2 (0.18 - 1.03 wt%,
avg. 0.54 wt%), Fe2O3 (0.58 - 7.11 wt%, avg. 2.50 wt%), MgO (0.06
- 1.33 wt%, avg. 0.49 wt%), CaO (0.06 - 0.52 wt%, avg. 0.25 wt%),
Na2O (0.26-1.20 wt%, avg. 0.55 wt%), K2O (0.38 - 2.20 wt%, avg.
1.09 wt%) and P2O5 (0.02 - 0.29 wt%, avg. 0.11 wt%) (Table 3). The
higher content of SiO2, in comparison to the other major oxides,
classifies these sandstones as quartz rich to quartz-arenite type (76-
95wt%; Condie, 1993). The SiO2/Al2O3 (avg. 21.90 wt%) ratio
indicates highly mature nature of the Kopili sandstones. These
sandstones have higher SiO2/Al2O3 ratio than upper continental crust
(UCC, SiO2/Al2O3=4.38; Condie, 1993). The concentration of CaO,
Na2O, K2O, and K2O/Na2O ratio indicate dominance of K - feldspar
as compared to the plagioclase (Table 3). Major element geochemical
classification diagram of Pettijohn et al. (1972) classifies these
sandstones as arkose to sub-litharenite type (Fig. 7).

The Kopili sandstones are characterised by high content of
large ion lithophile elements (LILE) like Ba (105.14 - 274.17, avg.
152.13), Rb (26.80 - 76.53, avg. 39.80), Sr (29.93 - 63.34, avg. 40.98),
Cs (1.17 - 3.06, avg. 1.65), Th (8.09 - 21.51, avg. 13.77) and U (1.03
- 3.48, avg. 1.80) (Table 4). The strong positive correlation of K2O
with Rb (r=0.67), Sr (r=0.63), Ba (r=0.67), Th (r=0.44), U (r=0.57),

and Cs (r=0.67) indicate that the LILEs are mostly controlled by
alkali feldspar and clay minerals. In terms of transition trace elements
(TTEs), the Kopili sandstones have high content of Sc (4.67 - 10.29,
avg. 6.93), V (35.43 - 85.82, avg. 55.27), Cr (24.68 - 83.80, avg.
42.82) Co (3.14 - 9.90, avg. 6.53), and Ni (13.50 - 19.22, avg. 16.38)
(Table 4). During weathering the TTEs are mostly accommodated in
the clay bearing minerals. Al2O3 shows positive correlation with Sc
(r=0.55), V (r=0.62), Cr (r=0.62), Co (r=0.44) and Ni (r=0.44)
suggesting control of the clay-bearing minerals on the TTEs of the
Kopili sandstones.

High field strength elements (HFSEs) are preferentially partitioned
into melts during crystallization and anatexis (Feng and Kerrich, 1990),
and as a result, these elements are enriched in felsic rather than mafic
igneous rocks. Additionally, along with the REEs, they reflect
provenance compositions as a consequence of their immobile
behaviour (Taylor and McLennan, 1985). The Kopili sandstones
are characterised by moderate to enriched concentration of the
HFSEs (Zr=132.47 - 731.57, avg. 343.81; Hf=4.05 - 22.40, avg. 10.58;
Nb=6.90 - 20.29, avg. 11.16; and Y=13.34 - 34.54, avg. 19.78)
(Table 4).

REEs are not easily fractionated during sedimentation, sedimentary
REE patterns may provide an index to average provenance
compositions (McLenan, 1989). The chondrite normalised (Sun and
McDonough, 1989) REE patterns of the Kopili sandstones show LREE

Table 2. Results of petrographic modal analysis of the Kopili Formation sandstone (in volume  % of rocks)

Sample Qm Qp Qt Pl Mi F Cement Matrix R Mu Bi Mica Mis

1F 58.6 26.56 85.16 0.34 0.25 0.59 2.2 1.78 4.6 3.62 1.8 5.42 0.25
2F 57.06 26.26 83.32 0.23 0.23 0.46 1.86 1.96 6.49 5.6 0 5.6 0.31
3F 52.08 26.54 78.62 0.31 0.08 0.39 3.96 4.45 7.01 3.61 1.7 5.31 0.26
4F 57.25 29.59 86.84 0.8 0.36 1.16 3.46 2.92 3.82 1.22 0 1.22 0.58
5F 54.96 26.83 81.79 0.46 0 0.46 3.11 1.86 4.85 6.33 0.9 7.23 0.7
6F 50.52 28.18 77.7 0.56 0 0.56 3.36 3.33 9.81 4.68 0 4.68 0.56
7F 57.12 28.65 85.77 0.55 0.18 0.73 4.21 1.82 4.46 2.28 0 2.28 0.73
8F 53.91 34.37 88.28 0.76 0.38 1.14 4.73 1.89 2.07 1.06 0.26 1.32 0.57
9F 52.91 22.65 75.56 0.18 0 1.18 2.41 7.78 11.48 0.88 0 0.88 0.71
10F 50.16 26.83 76.99 0.71 0 0.71 8.53 1.53 10.06 1.82 0.36 2.18 0
11F 55.54 33.73 89.27 0.16 0.16 0.33 4.28 2.63 2 1.33 0 1.33 0.16
12F 54.5 33.07 87.57 0.49 0 0.49 3.61 2.43 2.77 3.1 0 3.1 0
13F 54.34 30.87 85.21 0.18 0.35 0.53 4.4 3.69 2.11 4.06 0 4.06 0
14F 56.62 32.92 89.54 0.31 0.15 0.46 2.23 1 3 3.77 0 3.77 0
15F 57.96 27.97 85.93 0.33 0 0.33 4.97 4.12 2.99 1.66 0 1.66 0
17F 50.52 29.7 80.22 0 0.16 0.16 5.8 4.42 4.12 4.55 0.57 5.12 0
19F 54.59 29.97 84.56 0.18 0 0.18 4.97 4.73 3.81 1.4 0 1.4 0.35
20F 56.52 28.83 85.35 0.18 0.18 0.36 2.04 2.48 7.56 1.65 0 1.65 0.55
21F 49.06 26.46 75.52 0.38 0 0.38 7.47 6.45 7.52 7.09 0 7.09 0.57
22F 53.84 26.23 80.07 0.18 0 0.18 7.02 5.27 3.93 4.36 2.8 7.16 0.37
23F 58.09 29.14 87.23 0.54 0 0.54 2.89 2.96 4.98 1.73 0.29 2.02 0.54
24F 62.72 27.31 90.03 0.37 0 0.37 4.8 2.59 1.48 0.55 0 0.55 0.18
25F 57.77 32.7 90.47 0 0 0 2.08 1.56 2.92 2.23 0.74 2.97 0
26F 49.79 25.44 75.23 0 0.19 0.19 6.67 3.99 6.44 6.57 0.72 7.29 0.19
27F 52.62 31.83 84.45 0 0 0 4.59 1.92 6.45 2.4 0 2.4 0.19
28F 52.38 30.67 83.05 0.19 0 0.19 3.09 4.28 4.9 3.49 0 3.49 0
29F 62.06 20.59 80.65 0.5 0.11 0.61 2.64 3.86 9.47 5.35 0 5.35 0.51
31F 54.57 27.58 82.15 0.32 0 0.32 2.11 4.67 7.97 2.78 0 2.78 0
15.2R 58.31 20.24 78.55 0.18 0 0.18 4.26 5.01 7.56 3.23 0.64 3.87 0.57
49D 57.97 20.29 78.26 0.38 0 0.38 3.54 5.09 8.06 3.74 0.74 4.48 0.19
22D 56.03 20.56 76.59 0.65 0 0.65 7.81 4.3 6.78 3.25 0 3.25 0.62
37D 53.4 17.2 70.6 0.31 0.09 0.4 6.9 8.1 10.2 2.2 0 2.2 0.2
42D 51.4 21 72.4 0.72 0.08 0.8 4.4 4.2 15.2 1.2 0 1.2 0
38D 50.1 19.1 69.2 0 0 0 2.2 7.2 19.6 1.6 0 1.6 0.2
Avg. 54.86 27.05 81.83 0.34 0.09 0.45 4.19 3.71 6.37 3.07 0.34 3.41 0.3
Min 49.06 17.2 69.2 0 0 0 1.86 1 1.48 0.88 0 0.55 0
Max 62.06 34.37 90.47 0.76 0.38 1.18 8.53 8.1 19.6 7.09 0.74 7.29 0.73

Qm= Monocrystalline quartz, Qp= Polycrystalline quartz, Qt= Total qrtz, Pl= Plagioclage, Mi= Microcline, F= Total  Feldspar,  R= Rock
fragments, Mu= Muscovite, Bi= Biotite, Mis= Miscellaneous
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Table 3. Major element composition of the Kopili Formation sandstone. Major oxides are in wt%.

Sample 5F 6F 8F 9F 10F 11F 12F 15F 17F 19F 21F 22F 24F 22D 37D 38D 42D 49D 15.2R Avg. Min. Max.

SiO2 83.51 84.81 94.11 86.31 96.99 94.65 92.20 88.96 94.03 92.98 72.67 72.91 83.85 84.07 82.49 80.01 82.78 86.81 85.23 86.28 72.67 96.99
Al2O3 5.90 5.85 2.40 7.14 1.38 2.10 3.31 4.79 3.08 3.25 11.78 13.96 6.99 6.89 5.91 9.90 4.74 3.32 6.08 5.72 1.38 13.96
Fe2O3 4.82 2.49 1.20 2.48 0.58 1.06 1.12 1.88 1.08 1.34 7.11 3.82 3.12 3.10 3.99 2.64 2.27 0.68 2.64 2.50 0.58 7.11
MnO 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.04 0.02 0.02 0.02 0.02 0.02 0.14 0.01 0.01 0.02 0.01 0.14
MgO 0.29 0.29 0.23 0.32 0.10 0.21 0.25 0.22 0.14 0.20 1.17 0.80 0.38 1.08 1.03 1.02 1.33 0.06 0.25 0.49 0.06 1.33
CaO 0.24 0.31 0.20 0.17 0.06 0.19 0.21 0.23 0.11 0.21 0.26 0.22 0.31 0.52 0.48 0.35 0.20 0.42 0.08 0.25 0.06 0.52
Na2O 0.30 0.48 0.40 0.36 0.27 0.26 0.41 0.52 0.35 0.46 0.74 0.73 0.50 0.86 1.20 0.80 0.58 0.87 0.45 0.55 0.26 1.20
K2O 1.01 0.84 0.76 1.03 0.38 0.53 0.62 0.74 0.65 0.71 1.40 2.20 0.84 1.18 1.48 1.53 1.30 2.19 1.23 1.09 0.38 2.20
TiO2 0.57 0.46 0.34 0.65 0.18 0.38 0.47 0.45 0.21 0.43 0.85 1.03 0.66 0.99 0.73 0.41 0.70 0.44 0.32 0.54 0.18 1.03
P2O5 0.18 0.08 0.03 0.07 0.02 0.05 0.07 0.07 0.06 0.05 0.16 0.11 0.09 0.17 0.16 0.13 0.14 0.11 0.29 0.11 0.02 0.29
LOI 2.69 3.59 0.30 2.18 0.02 0.46 1.06 1.29 0.25 0.30 3.78 3.00 1.90 1.09 1.20 1.50 1.80 3.10 1.45 1.63 0.02 3.78

Na2O/K2O 0.30 0.57 0.53 0.35 0.71 0.49 0.66 0.70 0.54 0.65 0.53 0.33 0.60 0.73 0.81 0.52 0.45 0.40 0.37 0.54 0.30 0.81
Sio2/Al2O3 14.15 14.50 39.21 12.09 70.28 45.07 27.85 18.57 30.53 28.61 6.17 5.22 12.00 12.20 13.96 8.08 17.46 26.15 14.02 21.90 5.22 70.28
Fe2O3/K2O 4.77 2.96 1.58 2.41 1.53 2.00 1.81 2.54 1.66 1.89 5.08 1.74 3.71 2.63 2.70 1.73 1.75 0.31 2.15 2.36 0.31 5.08
K2O/Al2O3 0.17 0.14 0.32 0.14 0.28 0.25 0.19 0.15 0.21 0.22 0.12 0.16 0.12 0.17 0.25 0.15 0.27 0.66 0.20 0.22 0.12 0.66
TiO2/Al2O3 0.10 0.08 0.14 0.09 0.13 0.18 0.14 0.09 0.07 0.13 0.07 0.07 0.09 0.14 0.12 0.04 0.15 0.13 0.05 0.11 0.04 0.18
Fe2O3/Al2O3 0.82 0.43 0.50 0.35 0.42 0.50 0.34 0.39 0.35 0.41 0.60 0.27 0.45 0.45 0.68 0.27 0.48 0.20 0.43 0.44 0.20 0.82
Al2O3/TiO2 10.35 12.72 7.06 10.98 7.67 5.53 7.04 10.64 14.67 7.56 13.86 13.55 10.59 6.96 8.10 24.15 6.77 7.55 19.00 10.78 5.53 24.15
K2O/Na2O 3.37 1.75 1.90 2.86 1.41 2.04 1.51 1.42 1.86 1.54 1.89 3.01 1.68 1.37 1.23 1.91 2.24 2.52 2.73 2.01 1.23 3.37

CIA 74.43 72.08 56.51 77.95 58.83 60.89 65.68 69.75 67.52 62.99 78.58 77.78 75.25 65.42 57.02 73.26 63.46 42.06 73.25 66.98 42.06 78.58
CIW 86.37 81.20 70.13 88.78 71.37 73.07 75.80 78.99 79.87 74.04 87.45 89.71 83.44 74.47 67.48 83.52 78.24 60.19 87.28 78.49 60.19 89.71
PIA 83.77 78.48 60.64 86.97 63.61 66.34 71.39 75.78 75.37 68.52 85.85 87.84 81.42 70.37 60.18 80.83 71.63 30.05 84.27 72.81 30.05 87.84
ICV 0.24 0.20 0.37 0.20 0.31 0.30 0.23 0.20 0.25 0.27 0.23 0.24 0.18 0.27 0.36 0.23 0.37 0.75 0.26 0.29 0.18 0.75
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Table 4. Trace element and REE composition of the Kopili Formation sandstone. The concentrations of trace elements in ppm. Eu/Eu*: EuN/(SmN × GdN)1/2. REE normalizing values are from after (Sun and
McDonough, 1989).

Sample no 5F 6F 8F 9F 10F 11F 12F 14F 15F 17F 19F 22F 24F 37D 42D Avg. Min. Max.

Sc 6.22 6.07 7.08 7.94 7.00 6.45 7.63 5.88 4.96 8.55 4.67 10.29 6.81 7.91 6.49 6.93 4.67 10.29
V 53.25 51.98 52.61 62.05 52.30 50.02 61.91 46.13 37.99 70.05 35.43 85.82 54.27 62.71 52.51 55.27 35.43 85.82
Cr 33.80 31.53 32.66 58.21 32.10 43.77 56.56 31.85 29.32 59.09 24.68 83.80 34.38 53.22 37.32 42.82 24.68 83.80
Co 3.14 6.89 5.01 5.96 5.95 6.14 8.10 6.50 6.31 8.30 6.38 9.90 6.70 7.33 5.32 6.53 3.14 9.90
Ni 13.50 17.74 15.62 18.18 16.68 16.47 16.99 15.27 14.76 17.50 15.31 19.22 15.77 17.46 15.25 16.38 13.50 19.22
Cu 18.25 26.61 22.43 16.79 24.52 17.67 20.40 18.46 18.54 20.31 18.98 22.25 18.38 21.48 18.10 20.21 16.79 26.61
Zn 35.35 118.87 77.11 45.78 97.99 51.01 190.58 49.29 56.24 183.63 38.26 324.92 42.33 157.98 42.90 100.82 35.35 324.92
Ga 7.55 7.01 7.28 9.44 7.15 7.73 9.68 6.67 6.02 10.33 5.87 13.35 7.32 9.41 7.53 8.16 5.87 13.35
Rb 38.11 33.66 35.88 40.85 34.77 33.82 51.66 29.04 26.80 53.90 27.95 76.53 31.28 48.37 34.41 39.80 26.80 76.53
Sr 39.25 39.66 39.45 41.13 39.55 35.53 46.64 31.81 29.93 48.52 43.96 63.34 33.69 46.14 36.16 40.98 29.93 63.34
Y 13.61 13.34 13.47 26.10 13.41 21.53 25.75 16.67 16.96 25.46 19.17 34.54 16.38 23.16 17.18 19.78 13.34 34.54
Zr 204.95 132.47 168.71 689.83 150.59 442.31 463.18 237.69 194.78 506.08 203.57 731.57 280.59 441.49 309.28 343.81 132.47 731.57
Nb 9.67 7.65 8.66 12.85 8.16 10.40 14.12 9.77 7.95 15.94 6.90 20.29 11.59 12.95 10.55 11.16 6.90 20.29
Cs 1.58 1.39 1.48 1.68 1.43 1.42 2.11 1.19 1.17 2.13 1.50 3.06 1.21 1.97 1.41 1.65 1.17 3.06
Ba 144.42 131.79 138.10 155.55 134.94 130.35 189.65 115.28 105.14 199.79 124.10 274.17 125.41 179.82 133.39 152.13 105.14 274.17
Hf 6.43 4.05 5.24 21.23 4.64 13.58 14.17 7.37 5.94 15.60 6.16 22.40 8.81 13.54 9.61 10.58 4.05 22.40
Ta 1.07 0.23 0.65 0.61 0.44 0.59 1.38 0.59 0.57 1.40 0.50 2.18 0.61 1.07 0.76 0.84 0.23 2.18
Pb 12.93 23.22 18.07 50.00 20.64 33.66 21.56 15.11 17.33 19.35 12.50 25.79 12.90 26.70 19.83 21.97 12.50 50.00
Th 9.50 8.09 8.79 21.51 8.44 17.76 17.69 12.63 14.02 16.30 10.49 21.36 11.25 15.85 12.84 13.77 8.09 21.51
U 1.20 1.03 1.11 2.70 1.07 2.03 2.42 1.37 1.36 2.43 1.73 3.48 1.38 2.19 1.54 1.80 1.03 3.48
La 27.86 27.24 27.55 49.36 27.39 39.53 39.62 28.80 29.70 38.71 25.29 49.54 27.89 38.82 31.76 33.94 25.29 49.54
Ce 57.97 57.63 57.80 105.22 57.72 83.99 81.33 59.61 62.75 78.18 55.22 99.90 56.46 80.54 66.14 70.70 55.22 105.22
Pr 7.03 7.00 7.01 12.63 7.00 10.09 9.62 7.20 7.55 9.26 6.44 11.68 6.84 9.59 7.99 8.46 6.44 12.63
Nd 26.22 26.91 26.22 46.97 26.56 37.43 35.31 27.03 27.89 34.45 24.48 42.74 26.17 35.58 29.94 31.59 24.48 46.97
Sm 4.91 5.09 5.00 8.59 5.04 6.87 6.36 5.10 5.14 6.32 4.85 7.58 5.05 6.50 5.61 5.87 4.85 8.59
Eu 0.95 0.98 0.96 1.36 0.97 1.11 1.12 0.95 0.86 1.21 0.94 1.37 1.05 1.15 1.03 1.07 0.86 1.37
Gd 3.40 3.76 3.58 6.18 3.67 5.16 5.21 4.09 4.15 5.16 4.33 6.27 4.04 5.03 4.20 4.55 3.40 6.27
Tb 0.54 0.57 0.55 0.99 0.56 0.83 0.89 0.67 0.68 0.89 0.73 1.10 0.67 0.83 0.68 0.75 0.54 1.10
Dy 2.60 2.74 2.67 4.96 2.70 4.15 4.75 3.30 3.34 4.72 3.67 6.17 3.27 4.34 3.34 3.78 2.60 6.17
Ho 0.50 0.50 0.70 0.95 0.60 0.79 0.95 0.63 0.63 0.95 0.69 1.26 0.63 0.88 0.64 0.75 0.50 1.26
Er 1.40 1.34 1.37 2.72 1.35 2.21 2.69 1.71 1.70 2.70 1.85 3.68 1.72 2.41 1.78 2.04 1.34 3.68
Tm 0.22 0.21 0.21 0.45 0.21 0.36 0.44 0.27 0.27 0.44 0.29 0.62 0.26 0.40 0.28 0.33 0.21 0.62
Yb 1.46 1.34 1.40 3.01 1.37 2.33 2.87 1.67 1.65 2.90 1.77 4.10 1.70 2.60 1.83 2.13 1.34 4.10
Lu 0.22 0.21 0.21 0.47 0.21 0.37 0.45 0.27 0.26 0.46 0.28 0.65 0.28 0.41 0.29 0.34 0.21 0.65

ΣLREE 128.34 128.60 128.12 230.31 128.36 184.18 178.55 132.77 138.04 173.28 121.55 219.07 127.50 177.20 146.67 156.17 121.55 230.31
ΣHREE 6.94 6.91 7.11 13.57 7.01 11.04 13.05 8.52 8.51 13.06 9.28 17.59 8.52 11.88 8.83 10.12 6.91 17.59
LREE/HREE 18.50 18.61 18.02 16.98 18.31 16.69 13.68 15.59 16.22 13.27 13.10 12.45 14.96 14.92 16.60 15.86 12.45 18.61
Eu/Eu* 0.71 0.68 0.69 0.57 0.69 0.57 0.59 0.64 0.57 0.65 0.63 0.61 0.71 0.61 0.65 0.64 0.57 0.71
(La/Sm)N 3.66 3.45 3.56 3.71 3.51 3.71 4.02 3.65 3.73 3.95 3.37 4.22 3.57 3.86 3.65 3.71 3.37 4.22
(Gd/Yb)N 1.93 2.32 2.12 1.70 2.22 1.83 1.50 2.03 2.08 1.47 2.02 1.27 1.97 1.60 1.90 1.86 1.27 2.32
(La/Yb)N 13.69 14.58 14.12 11.76 14.34 12.17 9.90 12.37 12.91 9.57 10.25 8.67 11.77 10.71 12.45 11.95 8.67 14.58
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enrichment (La/SmN=3.37 - 4.22, avg. 3.71) and HREE depletion
(Gd/YbN=1.27 - 2.32, avg. 1.86) coupled with negative Eu anomaly
(Eu/Eu*=0.57 - 0.71, avg. 0.64) (Table 4; Fig. 8).  The strong positive
correlation of ΣREE with Al2O3 (r= 0.50) and Zr (r= 0.97) and negative
correlation with SiO2 (r= -0.34) are related with the quartz dilution
effect. The positive correlation of ΣREE is also observed with K2O,
TiO2, and Nb that indicate REEs are controlled by clay bearing
minerals, zircon and rutile.

In UCC normalised (Taylor and McLennan, 1985) multi-element
spider diagram, the sandstones are mostly found depleted in all major
oxides (except SiO2 and TiO2). Depletion of LILE like Rb, Sr, and
Ba (except Th and U) and TTEs is also observed while REEs are
showing nearly similar pattern with UCC (Fig. 9).  Based on these
interpretations it is suggested that the Kopili sandstones are basically
derived from the upper continental crust and the depletion and
enrichment is related to the variable rate of chemical weathering.

HYDRAULIC SORTING
Sedimentary processes like hydraulic sorting (grain size effect)

may significantly modify the mineral abundances and consequently
the concentrations of many elements. Clay minerals which are major
hosts of many elements are preferentially accumulated in the finer
fraction during hydrological/sedimentary processes. In the following
discussion, we evaluate the sorting effect by synthesizing geochemical
composition of the Kopili sandstones. The detrital modes of the Kopili
sandstones suggest more mature nature which is further corroborated

by their mean SiO2/Al2O3 ratio (avg. 21.90). If it is due to the quartz
dilution effect, then studied sandstones should contain lower
concentrations of ΣREE. However, it is opposite which may occur
due to fractionation of heavy minerals (i.e., zircon, monazite, apatite,
sphene, and allanite) and feldspars through hydraulic sorting. The
Th/Sc versus Zr/Sc diagram (McLennan et al., 1993) (Fig. 10) is
considered a better tool to constrain the sorting effect on clastic
sedimentary rocks. In this diagram samples plotting to the right of the
composition line are considered to be enriched in zircon (McLennan
et al. 1993). The Kopili sandstone samples in this diagram plot
exclusively on zircon enrichment trend line with minor sorting effect.

DISCUSSION

Paleo-weathering

The intensity of chemical weathering in source area plays an
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Fig. 6. Triangular classification Plots of Kopili sandstones (after Folk,
1980).

Fig. 7. Bivariate plot of log (Na2O/K2O) vs. log (SiO2/Al2O3) of Kopili
sandstones (Pettijohn et al., 1972).

Fig. 8. Chondrite normalised REE patterns of the Kopili sandstones
(Sun and McDonough, 1989).

Fig. 9. UCC normalized multielement pattern in Kopili sandstones
(Taylor and McLennan 1985).

Fig. 10. Th/Sc versus Zr/Sc plot of Kopili Formation sandstones (after
McLennan et al., 1993).
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important role to change the mineralogical as well as chemical
composition of the clastic rocks (Nesbitt et al., 1996). Various
weathering indices like Chemical Index of Alteration (CIA= [Al2O3/
(Al2O3 + CaO* + Na2O + K2O)] *100), Chemical Index of Weathering
(CIW= [Al2O3/ (Al2O3 + CaO* + Na2O)] *100), Plagioclase Index of
Alteration (PIA= [(Al2O3 - K2O)/ (Al2O3 + CaO* + Na2O - K2O)]
*100), and A - CN - K ternary diagram are useful to decipher the
intensity of chemical weathering (Nesbitt and Young, 1984, 1989,
Fatima and Khan, 2012; Khan and Khan, 2015, 2016; Absar et al.,
2016; Khan et al., 2019, 2020). The CIA calculation has been done
with the formula of Nesbitt et al. (1996), and CaO* represents CaO
in silicate fractions. The range and average of the CIA and CIW
(Table 3), suggest mostly low to moderate degree of chemical
weathering (except 49D sample) for the Kopili sandstones. The
intensity of the chemical weathering can also be estimated using the
Plagioclase Index of Alteration (PIA). Unweathered plagioclase has a
PIA value of 50. The PIA values for the studied samples (Table 3),
also justify the above observation.

The A - CN - K ternary diagram is also useful to identify the
provenance composition and weathering trend (Nesbitt and Young,
1984; Fedo et al., 1995). Weathering leads to removal of CaO, Na2O
and K2O and the weathering trend moves parallel to the A - CN and
A - K line that depends upon the intensity of leaching of CaO, Na2O
and K2O. Majority of the samples in A - CN - K ternary diagram
(Fig.  11) are plotted on 2 to 5 weathering trend line which indicate
low to moderate degree of chemical weathering in arid to semi-
humid climatic conditions. The SiO2 versus (Al2O3 + K2O + Na2O)
diagram (Fig. 12) discriminates between humid and arid climates and,
show degree of chemical maturity (Suttner and Dutta, 1986). The
plotting pattern of the Kopili sandstone samples in this diagram
indicates humid climatic condition and high degree of chemical
maturity.

Provenance
The chemical composition of sedimentary rocks is controlled by a

complex set of parameters namely erosion, transport and deposition.
The principal first-order parameters include source rock composition,
modification by chemical weathering, mechanical disaggregation and
abrasion, authigenic inputs, hydraulic sorting, and diagenesis
(Johnsson, 1993; Walsh et al., 2016). For example, alkali and alkaline
earth elements, such as K, Na, Ca and Sr may be transported as
dissolved species and their abundances in sedimentary rocks may not
reflect their abundances in source terrain (Sheldon et al., 2002). The
petrographic modes, A - CN - K ternary diagram, immobile elements
and their ratios (including REEs) are helpful in identification of the
provenance or source rock characteristics. Variable range of Al2O3/
TiO2 ratio occurs in mafic igneous rocks (3 - 8), intermediate igneous
rocks (8 - 21) and felsic igneous rocks (21 - 70) (Hayashi et al., 1997).
The range and average of Al2O3 / TiO2 ratio of the Kopili sandstone
(5.53 - 24.15, avg. 10.78) (Table 3) suggests intermediate igneous
rock type provenance. The TiO2 versus Zr binary diagram (Fig. 13)
also indicate felsic dominant source rocks for the Kopili sandstones
(Hayashi et al., 1997). The plot of CIA verses ICV weathering indices
has been used to interpret the source rock characteristics (Potter et al.,
2005) (Fig. 14). The fields in this diagram are based on the weathering
trends of the most abundant crustal igneous rocks i.e., basalt, granite
and andesite. The Kopili sandstones are mostly plotted in the granite
trend line field, which suggests their derivation from granitic source
rocks. The major element-based discrimination diagram of Roser and
Korsch (1988) is also useful to decipher the source rock characteristics.
The plotting pattern in this diagram supports the above observation
(Fig. 15).

The ratios of Th/Sc and Zr/ Sc indicates compositional variation
in mineral, sorting extent and content of heavy mineral in sediments
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�Fig. 11. Ternary plot of A-CN-K for Kopili sandstones (after Nesbitt
and Young, 1984). Arrows 1 to 6 express compositional trend of initial
weathering profile of various rock types, 1-Gabbro, 2-Tonalite, 3-
diorite, 4-granodiorite, 5-granite, and 6-advance weathering trend.

Fig. 12. Plot of Al2O3 + K2O + Na2O versus SiO2 of Kopili sandstones
(after Suttner and Dutta, 1986).

Fig. 13. The TiO2 versus Zr binary diagram for the Kopili sandstones.

(McLennan et al., 1993). Plot of Th/Sc versus Zr/Sc (Fig. 10) reflects
derivation of Kopili sandstones from granitic (felsic) source and the
recycled sediments. Enrichment of Zr may be because of the
composition of the source and interchange of hydraulic sorting.

The REE pattern with their ratios and magnitude of Eu anomaly is
also useful to decipher the provenance of the sedimentary rocks
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(McLennan et al., 1990). The Kopili sandstones are characterized by
enriched LREE pattern (La/SmN =3.37 - 4.22, avg. 3.71) with flat or
depleted HREE pattern (Gd/YbN =1.27 - 2.32, avg. 1.86) and negative
Eu anomaly (0.57 - 0.71, avg. 0.64). The felsic igneous rocks have
high La/YbN ratio and negative Eu anomaly while mafic igneous rocks
are characterized with low La/YbN ratio with positive or nearly positive
Eu anomaly (McLennan et al., 1990). Various trace element ratios of
the Kopili sandstones are compared with coarse grained felsic and
mafic source rocks of Cullers (2000) and, Cullers and Podkovyrov
(2000) (Table 5). It indicates that the Kopili sandstones are mostly
felsic in nature with minor contribution of mafic source rocks.

Based on the source rock composition it has been suggested that
sandstones of Kopili Formation received sediments from felsic
dominant source with small contribution from mafic source rocks.
The most probable source may be the Shillong Plateau granites and
basalts. The generalized paleocurrent directions from north to south
of the studied formation also indicate Shillong Plateau as the main
source for the Kopili sandstones. In order to identify the source rock
components, the chondrite normalized REE based provenance
modelling is considered a valuable tool (e.g., Hofmann, 2005; Roddaz
et al., 2007). In this provenance modelling it is necessary that mass
balance should be taken into consideration. It is known that pelitic

rocks (shale) and sandstones include 70 and 30%, respectively of the
total mass of sediments (Mackenzie and Garrels, 1971; Taylor and
McLennan, 1985), consequently a mixture of 70% shale and 30%
sandstone is taken as model composition, but because of unavailability
of the shale data only sandstone REE data has been utilized. As probable
source rocks, Sylhet Trap Basalts (STB) from Shillong plateau (Hussain
et al., 2020), Mylliem Granitoids (MG) (Ray et al., 2011) and Diorite
(D) around Umsopri of Ri-bhoi district (Gogoi and Bhagabaty, 2018)
have been selected for provenance modeling. Based on REE
provenance modeling it has been found that Kopili  sandstones received
sediments in the proportion of 0.1% STB: 0.5 % MG: 0.4 % D. The
further authentication of this proportion can be done by dating detrital
zircon grains.

Tectonic Setting
Triangular plot of Qm-F-Rt (after Dickinson and Suczek, 1979)

depicts that Kopili sandstone were originated from recycled orogen
(Fig. 16). The chemical composition of the clastic mostly depends on
the source area characteristics and their geological setting (Bhatia,
1983; Bhatia and Crook, 1986). Roser and Korsch (1986) have
developed tectonic discrimination diagram based on major element
geochemistry (Fig. 17). The majority of the samples in this diagram
are plotted in the passive margin field indicating derivation of the
sediments from adjoining stable continental or rifted margin. Various
plots have been proposed to determine tectonic settings using some
particular trace elements like Th, La, Y, Sc, Cr, Co and Zr rather than
major elements as these trace elements are more stable than major
elements under depositional condition (Bhatia and Crook, 1986; Roser
and Korsch, 1985; Tailor and McLennan, 1985). In the plot Sc/Cr
versus La/Y (Fig 18; Bhatia and Crook, 1986) the Kopili sandstones
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Table 5.  Range of elemental ratios in sandstone samples of the Kopili
Formation compared with the range of ratios in similar fractions derived from
felsic and basic rocks. (Standard’s data source Cullers, 2000; Cullers and
Podkovyrov, 2002), and Upper Continental Crust (UCC) (Condie, 2003).

Elemental Coarse Fraction UCC Kopili
ratios Range of sediments from Sandstone

Felsic sources Basic sources

Eu/Eu* 0.40–0.94 0.71–0.95 0.76 0.57–0.71
La/Sc 2.5–16.3 0.43–0.86 2.21 3.89–6.22
Th/Sc 0.84–20.5 0.05–0.22 0.79 1.21–2.83
La/Co 1.8–13.8 0.14–0.38 1.76 3.95–8.87
Th/Co 0.67–19.4 0.04–1.4 0.63 1.17–3.61
Cr/Th 4.0-15.0 25-500 7.76 2.09–3.92
(La/Lu)N 3.0-27.0 1.10-17.0 9.73 8.17–14.06Fig. 14. Chemical Index of Alteration (CIA) versus Index of Chemical

Variation (ICV) plot for the Kopili sandstones (Potter et al., 2005).

Fig.15. Discriminant function diagram for the Kopili sandstones (Roser
and Korsch, 1988); Discriminant function 1= (-1.773 TiO2)+
(0.607Al2O3)+ (0.760 Fe2O3)+ (1.500 MgO) + (0.616 CaO)+
(0.509Na2O)+(-1.224 K2O)+ (-9.090); Discriminant function
2=(0.445TiO2)+ (0.070 Al2O3)+ (-0.250 Fe2O3)+ (-1.142 MgO)+(0.438
CaO)+ (1.475 Na2O)+ (-1.426 K2O)+ (-6.861).

Fig. 16. Triangular plots of Qm-F-Rt showing tectono-provenance of
the Kopili Sandstones (after Dickinson and Suczek 1979)
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show some scattering but most of the samples fall within the passive
continental margin.  In the major element-based discrimination diagram
of Verma and Armstrong-Altrin (2013) for high silica-rich sediments
(Fig. 19), the majority of the studied Kopili samples are plotted in the
rift-related environment (except one sample). The trace element based
ternary diagrams i.e., Th-Co-Zr/10 and Th - Sc - Zr/10 (Bhatia and
Crook 1986, Fig. 20a & b) diagrams also support the major element-
based observation.

CONCLUSION
� Kopili sandstones are classified as quartz arenite to sublitharenite

and arkose to sublitharenite as per petrography and major
element geochemistry respectively. The sandstones are highly
matured.

� Weathering indices, CIA, CIW, PIA and A - CN - K diagram
characterized Kopili sandstones as low to moderately weathered
(except 49D sample) under arid to semi humid climatic
conditions.

� The major element-based discrimination function diagrams, trace
elements (including REEs) and their ratios (Eu/Eu*, La/Sc, Th/

�

�

� �

� �

Fig. 18. Bivariate plot of K2O/Na2O vs SiO2 of the Kopili sandstones
showing Tectonic setting (after Roser and Korsch, 1986).

�

Fig.17. Bivariate plot of Sc/Cr vs La/Y of the Kopili sandstones
showing tectonic setting (after Bhatia and Crook, 1986).

Fig.19. Discrimination diagram for the silica rich Kopili sediments
(Verma and Armstrong - Altrin, 2013); DF1(Arc-Rift-Col)m1=(0.263×
ln (TiO2/SiO2)adj)+ (0.604× ln (Al2O3/SiO2) adj)+ (-1.725× ln (Fe2O3/
SiO2) adj)+ (0.660× ln (MnO/SiO2) adj)+ (2.191× ln (MgO/SiO2)
adj)+ (0.144× ln (CaO/SiO2) adj)+ (-1.304× ln (Na2O/SiO2) adj)+
(0.054× ln (K2O/SiO2) adj)+ (-0.330× ln (P2O5/SiO2) adj)+ 1.588;
DF2 (Arc-Rift-Col)m1=(-1.196× ln (TiO2/SiO2) adj)+ (1.064×
ln(Al2O3/SiO2) adj)+ (0.303× ln (Fe2O3/SiO2) adj)+ (0.436× ln (MnO/
SiO2) adj)+ (0.838× ln (MgO/SiO2) adj)+ (-0.407× ln (CaO/SiO2) adj)+
(1.021× ln (Na2O/SiO2) adj)+ (-1.706× ln (K2O/SiO2) adj)+(-0.126×
ln (P2O5/SiO2) adj)- 1.068.

Fig. 20. (a), (b). Tectonic setting discrimination plots for the Kopili
sandstones (after Bhatia and Crook,1986); OIA- oceanic island arc;
CIA- continental island arc; ACM- active continental margin; PM-
passive margin.

(a)

(b)
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Sc, Th/Co, La/Co and Th/Cr) indicate felsic dominant source
for the Kopili sandstone.

� Based on detrital modes and major and trace element diagrams
it has been suggested that the Kopili sandstone is deposited in a
passive continental margin setting.
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