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Abstract

Thirty-six sediment samples from twelve soil profiles have been collected from Karewa deposits of south Kashmir with an
objective for evaluating weathering of the source area, palaeoclimate and environmental contamination. Chemical Index of
Alteration (CIA), Plagioclase Index of Alteration (PIA) and Chemical Index of Weathering (CIW) values of the sediments
averaged at 53.99, 68.6 and 72.53 indicating low to moderate degree of weathering. Higher values are observed in the samples
collected at top surface. The samples taken at 15 cm depth and 60 cm depth showed almost similar but lesser values than top
soil samples. A-CN-K and A-CNK-FM diagrams showed an almost similar contents for Al,O5, CaO, Na,0, K,0 and MgO
as those of upper crust, reflecting very poor to moderate weathering history. The ratio plots of SiO, vs Al,0; +K,0+Na,O
and CIA (molar) vs Al,O; indicate semi-arid climatic conditions with a mean annual precipitation of 846 mm per year
and mean annual paleo-temperature of 10.91 °C. Metal concentration in sediment samples ranged from 331.1 to 571 ppm
(Ba), 146 to 292 ppm (Zr), 82 to 587 ppm (Sr), 70 to 130 ppm (Cr), 58.9 to 120 ppm (Rb), 37.6 to 112 ppm (V) and 43 to
112 ppm (Zn). The enrichment ratio of 6 for As, 3 for Cr and 2 for Ni, Sb and Tb indicate the enrichment of these metals in
the sediment samples. The QoC plot of As, Ni, Co and Cr illustrated an anthropogenic source and Ba, Rb, Sr, Nb, and Ta

were mainly derived from geogenic sources with no evidence of anthropogenic contamination.
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Introduction

Geochemical investigations based on the chemical analy-
sis of sediments are used as an effective tool with multiple
applications (Grunsky et al. 2009). Such investigations were
initially used for mineral exploration, but their application
is now used for understanding the sedimentary processes
including weathering of the source rock and palaeoclimate
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along with environmental issues (Bhat 2017; Ranasinghe
et al. 2008; Grunsky et al. 2009).

Weathering is an important mechanism for elemental
fractionation away from the parental bedrock (Nesbitt and
Young 1982; McLennan 1989; McLennan et al. 1993). The
extent of fractionation depends upon a number of factors
including the nature of the bedrock (Gromet et al. 1984;
Viers et al. 2000). Local weathering conditions are gener-
ally associated with warm and humid climate. However, a
more arid climate is generally associated with relatively
weak chemical weathering (Nesbitt and Young 1982; Fedo
et al. 1995, 1997). Thus weathering processes transform
bedrocks into soils and ultimately into sediments. How-
ever, the original geochemical signatures of the source rock
may be retained (Bickle et al. 2005; Blum et al. 1998). The
relationship between climate and degree of weathering has
shown that low to moderate rainfall results in low loss of
labile elements and corresponds to lower CIA values in the
resulting sediments (Suttner and Dutta 1986; Goldberg and
Humayun 2010). Contrary to this, consistent rainfall will
continuously flush the weathering profile with unsaturated

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12665-019-8212-5&domain=pdf

278 Page2of11

Environmental Earth Sciences (2019) 78:278

fluids for hydrolysis, remove the products of ion exchange
and thus more parental material will be subjected to decom-
position over a period of time (Pham Tich Xuan et al. 2013;
Feng and Kerrich 1990; Ahmad et al. 2014; Verma et al.
2012; Bhat 2017). The trace elements such as Sc, Th, Zr, Cr,
Ni and Co are generally immobile during surficial processes
(Taylor and Mclennan 1985; Garrels and Mackenzie 1971),
and their abundances in sediments are useful indicators of
source composition (Suttner and Dutta 1986; Goldberg and
Humayun 2010; Sheikh et al. 2014; Saxena et al. 2015). Sed-
iment geochemistry gives a more comprehensive overview
of the processes that have operated during the production of
sediments (Jeelani and Shah 2006; Jin et al. 2006; Maynard
et al. 1982; Rashid et al. 2015).

In the natural environment, all known elements are pre-
sent at some level of concentration in humans, animals, veg-
etables and minerals, and their beneficial and harmful effects
appears to be present since evolution began (Niskavaara
et al. 1997). Well-known examples are Se toxicity and defi-
ciencies in China (Tan et al. 2002), As problem in Bangla-
desh (Nordstrom 2002) and West Bengal, India (Mukher-
jee et al. 2010), enrichment of U and other elements in the
‘sickness country’ in Kakadu, Australia (Selinus and Frank
2000). Recent geochemical baseline studies show that the
determination and explanation of natural background levels
(baseline data) of elements provide a useful tool for envi-
ronmental policy (Salminen et al. 2008; Selinus and Frank
2000; Adriano 2001).

Over the recent past, geochemical mapping programme
have been carried out in Kashmir Valley but with a focus
on mineral exploration (Bhat and Bhat 2014; Mir and Mir
2015). The main goal of the present study is to examine
the effects of paleoweathering and climate in Karewa basin
of south Kashmir using selected major and trace elements.
In addition, the ER (enrichment ratio) and quantification of
contamination (QOC) for few metal contents have been eval-
uated to identify any potential environmental contamination
in the study area. A thorough knowledge on the bioavailabil-
ity of the trace elements, the environmental factors and the
geographical distribution are required in better understand-
ing the role of trace elements in the environment, necessi-
tated this study, first of its kind in a non-industrial and less
urbanized area of Western Himalaya.

Study area

The study area covers the parts of Shopian, Pulwama and
Budgam districts of south Kashmir, Jammu and Kashmir,
in Survey of India toposheet No. 43K/13 and 43K/14,
bound by latitudes 33°41'10"-34°00'00" and longitudes
74°45'00"-75°00'00" (Fig. 1). Geologically, the area is cov-
ered by the rocks of Karewa group, which are underlain by
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Permo-Triassic sequence and overlain by recent alluvium
(Bhatt 1975). The Plio-Pleistocene Karewas are commonly
divided into two lithologic units, the lower Karewas (Hirpur
Formation) and upper Karewas (Nagum and Dilpur forma-
tions) (Bhatt 1989; Singh 1982). Lower Karewas are gently
inclined and better exposed on the PirPanjal side. Upper
Karewas are better exposed on the Great Himalayan side
(Bhatt 1975, 1976; Singh 1982). The undifferentiated quater-
nary sediments include recent alluvium, alluvial tracts, flood
plains, river terraces, and talus and scree fans (Bhatt 1976).

Methodology

Twelve soil profiles of Karewa deposits from parts of Shop-
ian, Pulwama and Budgam districts of south Kashmir were
selected and studied for major oxides and trace elements. A
total of 36 samples have been collected from top surface,
15 cm and 60 cm depth, respectively. The samples collected
from stream sediment/slope wash at top surface represent the
A horizon samples of the soil profile. The samples collected
at 15 cm depth represent B horizon samples of the profile.
Similarly, the samples collected at 60 cm depth represent the
C horizon samples of the profile. After drying, each sample
was powdered and sieved through 120 micron mesh, coned
and quartered and submitted for chemical analysis. Major
oxides, Cr, Rb, Sr, Y, Zr, Nb, Ba, Ga, Sc, V, U, Th, Pb, Ni,
Co, Cu and Zn were analysed by XRF (Make and Model:
M/S Panalytical; MAGIX, 2.4 KW Sequential XRF Spec-
trometer). REE’s, Sn, In, Hf, Ta, Mo, W, Ge, Be were ana-
lysed by ICPMS (Make and Model: ICPMS—Perkin Elmer
Sciex ELAN-6100). As, Sb, Bi and Se were analysed by
VG-AAS, Li and Cs by F-AAS, Cd and Ag by GF-AAS
(Make and Model: VARIAN: AA Series and Perkin Elmer:
PE Series). Standard reference material GBW-07410 with
known element concentrations was analysed after each batch
of 20 samples for accuracy and duplicate samples after each
batch of 10 samples was analysed for repeatability. In addi-
tion, repeated analysis of 5% of stream sediment samples
were carried out to validate unambiguously the consistency
in sampling and the accuracy in the analysis.

Chemical weathering of sediments and soils has been
quantitatively estimated by calculating chemical index of
alteration (CIA), plagioclase index of alteration (PIA) and
chemical index of weathering (CIW) (Nesbitt and Young
1982; Harnois 1988; Fedo et al. 1995). The chemical index
of alteration (CIA) was calculated with the formula:

CIA = ([ALO;/ (ALO; +CaO % +Na,0 +K,0)] x100),

where CaO" is the amount of CaO incorporated in the sili-
cate fraction of the studied samples (Fedo et al. 1995). Quan-
titative measure of plagioclase weathering is estimated by
calculating PIA as follows:
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PIA = ([(ALO; -K,0)/ (AL,O; + CaO
+Na,0 - K,0)| x 100).

Similarly, the chemical index of weathering was calcu-
lated with the formula:

CIW = AlL,0;/ (Al,O; + CaO + Na,0) x 100.

The PIA values of the studied sediments are compara-
ble to the calculated values of CIW (Harnois 1988) which
does not include K,O. Optimum fresh value for CIA and

CIW is <50 and optimum weathered value for CIA and
CIW is 100.

Correlation of soil elemental composition and ratios
provides a robust estimation of palaeo-rainfall and palaeo-
temperature (Marbut 1935; Sheldon et al. 2002). Maynard
(1992) proposed formulae for calculation of precipitation
based on the premise that alkalis and alkaline earth (Ca,
Mg, Na, K) are discriminated against Al. The palaeo-pre-
cipitation has been calculated using the following formula:

P (mean annual precipitation) = 14.265(CIA-K) — 37.632
(Maynard 1992; Sheldon et al. 2002).
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Similarly, the mean annual temperature has been esti-
mated using the formula:

T (mean annual temperature) =— 18.51 (S)+17.2989
(Sheldon et al. 2002),

where S is the molecular ration of Na,O and K,O to
Al O;.

The environmental impact of metals and the pollution
level in the sediments have been estimated by parameters
including enrichment ratio (ER) and quantification of con-
tamination (QoC) (Simex and Helz 1981; Asaah et al. 2006;
George et al. 2016).

The enrichment ratio (ER) is calculated as:

ER = Cn/Bn,
where Cn is the concentration of an element measured in a
sample and Bn is the background or baseline concentration.
An enrichment ratio, ER of 1 indicates that the soil or sedi-
ment is neither enriched nor depleted in a particular element
relative to the average crustal concentration. On the other
hand an ER of > 1 or< 1 is an indication of enrichment or
depletion.

Similarly, the quantification of contamination is calcu-
lated using the equation:

QoC (%) = [(X = Xc)/X] = 100,

where X is the average concentration of the metal in the sam-
ple under investigation, and Xc is the average concentration
of the metal in background (Asaah et al. 20006).

Results

The statistical analysis of major, trace and REE’s of the sedi-
ment samples along with comparison to UCC is shown in
Table 1. Major elemental analysis depicts that sediment sam-
ples are rich in SiO, followed by Al,O3, Fe,0;, CaO, MgO,
K,0, Na,0, P,05, TiO, and MnO. SiO, being the dominant
oxide makes up nearly 60% of the oxide composition of the
samples, ranging from 37.1 to 66.1 Wt% with an average
of 58 Wt %. SiO, is followed by Al,O; with concentration
ranging from 9.4 to 14.4 wt% at an average of 12.86 wt%.
The concentration of Fe,0; ranges from 4.8 to 6.5 wt% at an
average of 5.6 wt%. CaO content ranges from 1.2 to 17.6 wt%
at an average of 5.2 wt%. The concentration of MgO, K20
and Na,O is low and decreases from former to latter. The
rest of the oxides are very less in concentration making less
than 1% of the total oxide composition. Average major oxides
of the samples are plotted against the profile depth (Fig. 2).
Si0,, Al,03 and K,O decreases from bottom to top of the
profile, whereas CaO and MgO increase from bottom to top
of the profile. From bottom to top, Fe,0;, Na,O and TiO, first
increase and then decrease, whereas MnO and P,05 concen-
trations initially decrease and then increase up the profile.
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The dominance of heavy metals in the sediment samples
is in the following order: Ba>Zr> Sr>Cr>Rb>V >7n
>Ni>Y > Cu>Pb>Ga. In particular, the average Ba con-
centration is 460 ppm, Zr and Sr about 200 ppm, Cr and Rb
near 100 ppm. The concentration of the other trace elements
is less than 50 ppm. The lower detection limit (LDL) of Ba
is 50 ppm, Zr, Sr, V, Y and Ga (5 ppm), Cr (15 ppm), Rb
(3 ppm), Zn (10 ppm), Ni and Pb (2 ppm) and Cu (1 ppm),
respectively (Bhat 2017). The concentration of Ba, Cr, Cu,
Ni, Rb, Th, V, Zn, Sb and Be decreases from bottom to top
of the profile whereas, Sc, St, Ta and U increases from bot-
tom to top of the profile. Co, Y, Zr, Li, Hf and W clearly
deviate from their variation trends from bottom to top of the
profile. The concentration of the trace elements first shows
a decrease and then increases towards the top of the profile
whereas Ga, Nb, Cd and As showed an opposite trend from
bottom to top of the depth profile (Table 2).

The dominance of rare earth elements in the sediment
samples are in the following order: Ce>La>Nd>Pr>Sm>
Gd>Dy>Er> Yb>Tb>Eu. The concentration of Ce ranges
from 55.8 to 117.8 ppm with an average of 80.91 ppm. The
concentration of La ranges from 29.8 to 55.4 ppm with an
average of 41.27 ppm. The concentration of Nd ranges from
24.7 to 48.9 ppm with an average of 35.9 ppm. The concen-
tration of other REE’s is less than 10 ppm. The concentration
of Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu exhibits an increasing
trend from bottom to top of the profile, however, La, Ce, Pr,
Nd and Sm first decreases and then sharply increases from
bottom to top of the profile (Fig. 3).

Discussion
Weathering of the source area and palaeoclimate

The CIA has been developed by Nesbitt and Young, 1982
for palaeoclimatic reconstruction at early proterozoic sedi-
ments of Huronian Supergroup, and is the most widely
used chemical index to determine the degree of weathering
of source area. The CIA values of fresh rocks and miner-
als are consistently near 50. The samples with CIA values
below 60 display low chemical weathering, between 60
and 80 indicate moderate chemical weathering and more
than 80 exhibit extreme chemical weathering (Fedo et al.
1995). CIA values of the studied sediment samples vary
from 31.6 to 74.6 with an average value of 53.99 indicating
low to moderate degree of weathering. Higher CIA values
are found in the samples collected at top surface and the
samples taken at 15 cm depth and 60 cm depth showed
almost similar values of CIA but lower than the samples
collected at the top of the profile (Fig. 2). Thus, the chemi-
cal weathering rates are higher at the surface and decreases
with increasing depth (Bhat 2017).
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Table 1 Statistical results of major oxides and trace elements of samples of study area and comparison with UCC (Wedepohl 1995)

Units Top soil (n=12) Sample at 15 cm depth (n=12) Samples at 60 cm depth (n=12) uccC

Min Max Aver St. Dev Min Max Aver St. Dev  Min Max  Aver St. Dev

Sio, Wt (%) 58.2 66.1 62.4 2.1 37.3 65.2 57.8 7.6 53.1  64.1 57.8 4.0 66
Al O, 12.4 14.2 13.2 0.5 94 14.2 12.8 1.3 12.1 144 13.1 0.7 15.2
Fe,04 4.8 6.2 5.5 0.4 4.9 6.4 5.6 0.4 5.0 6.5 5.9 0.5 5
CaO 1.2 5.0 24 1.0 1.2 17.6 52 4.6 1.4 8.3 49 2.6 4.2
MgO 2.0 2.8 2.2 0.2 1.9 39 2.5 0.5 2.1 3.6 2.5 0.4 2.2
Na,O 1.1 14 1.2 0.1 1.1 1.3 1.2 0.1 1.0 1.6 1.2 0.2 3.9
K,O 2.3 2.6 2.5 0.1 14 2.7 2.2 0.4 1.7 2.6 2.3 0.3 34
MnO 0.0 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.1 0.1 0.1 0.0 0.08
TiO, 0.7 0.8 0.8 0.0 0.7 0.9 0.8 0.1 0.7 1.0 0.8 0.1 0.5
P,0; 0.1 0.4 0.2 0.1 0.1 0.5 0.2 0.1 0.1 0.3 0.2 0.1 -
CIA 58.4 74.1 68.5 8.0 31.6 74.6 62.3 14.6 51.0 733 60.5 11.2 -
PIA 61.1 83.1 75.1 11.1 29.7 83.4 66.7 17.9 512 809 63.65 14.6 -
CIwW 66.3 85.7 78.7 9.8 332 85.9 70.4 27.0 549 83.6 67.6 143 -
Ba (ppm) 4530 571.0 5013 313 331.1 493.8 4408 47.0 380 517 4533  40.8 550
Co 12.0 22.0 17.7 2.9 15.0 23.0 17.0 2.5 13.0 19.0 16.2 2.0 10
Cr 87.0 130.0 1112 105 70.0 121.0  102.0 13.9 85.0 124 103.1 132 35
Cu 23.0 42.0 29.2 53 20.0 27.0 229 2.4 21.0 31.0 24.9 2.9 25
Ga 17.0 21.0 19.3 1.3 17.0 22.0 19.8 1.7 18.0 220 20.3 1.3 17
Nb 13.0 18.0 15.8 1.1 12.0 25.0 17.1 33 13.0 250 17.5 32 -
Ni 33.0 48.0 40.8 4.4 13.0 47.0 35.8 9.6 28.0 46.0 37.3 6.7 20
Pb 11.0 27.0 22.7 5.9 23.8 28.9 26.4 1.5 23.0 293 26.5 1.7 -
Rb 96.0 120.0 109.2 7.2 58.9 116.2 94.2 17.5 66.4 118 95.1 164 112
Sc 12.0 19.0 14.5 22 11.0 40.0 19.9 7.8 13.0  26.0 19.9 5.0 11
Sr 93.0 128.0 1103 109 82.0 587.0 1658 137.3 91.0 206 1325 354 350
Th 9.0 19.0 12.1 2.6 4.6 14.2 10.6 3.1 6.6 14.9 11.1 2.5 10.7
v 64.0 112.0 89.7 137 37.6 105.3 80.7 18.1 545 111 844 19.1 60
Y 26.0 35.0 29.7 2.9 18.8 31.5 27.1 3.6 234 315 26.6 2.6 -
Zn 56.0 112.0 80.2 149 43.0 76.0 63.1 10.1 54.0 820 683 104 71
As 04 22.6 9.7 1.3 05 11 8.29 1.8 6.2 15 996 29 1.5
Zr 1720 291.0 2342 320 146.0  292.0 226.3 37.1 173 239 207.8  22.1 190
La 29.8 48.7 41.0 4.9 333 554 42.3 6.9 347  46.6 39.7 34 30
Ce 55.8 117.8 820 174 62.2 103.1 79.9 12.9 65.1 875 74.8 6.3 64
Pr 6.4 10.3 8.9 1.1 7.2 12.2 9.3 1.6 7.6 10.2 8.8 0.8 7.1
Nd 24.7 41.0 35.7 4.3 29.0 48.9 37.3 6.2 304  41.1 35.1 3.0 26
Sm 4.5 7.6 6.8 0.9 5.5 9.3 7.1 1.2 5.7 8.0 6.7 0.6 4.5
Eu 0.9 1.5 13 0.2 1.1 1.9 1.4 0.2 1.1 1.7 1.4 0.2 0.88
Gd 3.8 6.8 5.9 0.8 5.0 8.2 6.2 1.0 52 7.3 59 0.6 3.8
Tb 0.9 1.7 14 0.2 1.2 2.0 1.5 0.3 1.2 1.8 1.5 0.2 0.64
Dy 3.6 6.5 5.7 0.8 4.7 8.0 6.1 1.0 5.0 7.3 59 0.6 3.5
Ho 0.7 1.2 1.1 0.2 0.9 1.5 1.1 0.2 0.9 1.4 1.1 0.1 0.8
Er 2.1 3.7 32 0.4 2.7 44 34 0.5 2.8 4.1 33 0.4 2.3
Tm 0.3 0.6 0.5 0.1 0.4 0.6 0.5 0.1 0.4 0.6 0.5 0.0 0.33
Yb 2.0 3.6 3.1 0.4 2.5 39 33 0.5 2.7 3.7 3.1 0.3 2.2
Lu 0.3 0.5 0.5 0.1 0.4 0.6 0.5 0.1 0.4 0.6 0.5 0.0 0.32

The degree of the chemical weathering is also esti-
mated using the plagioclase index of alteration (Fedo et al.
1995; Nesbitt et al. 1980; Nath et al. 1997) in molecular

proportions. Very high PIA values indicate that most of the
plagioclase has been converted to clay minerals. This, in
turn, accords with data obtained using the CIW index. The

@ Springer



278 Page6of11

Environmental Earth Sciences (2019) 78:278

Si02
50 60

70125 13
0 L T

1

AlLOs
135 55

Fe203

-
r o

CaO0

J

K20
11 12 13 2

25

10 -

20 -

30

Depth (Cm)

40

50 4

60 4

MnO

01 0

PEE———

P20s

IS R

10 2

MgO
25

TiO2

3075 08

i

0.85

1

CIA

PIA

CIw

05 50 60 70 50 60 70 60 70 80

;S

Fig.2 Down depth variation of major oxides, CIA, PIA and CIW (%) in sediments of Karewa deposits of south Kashmir

~

Table 2 Average enrichment
ratio (ER) and average

Enrichment ratio (ER)

Quantification of contamination (QoC)

quantification of contamination Top soil Samples at Samples at Top soil Samples at Samples at

(QoC) of samples 15 cm depth 60 cm depth 15 cm depth 60 cm depth
As 6.6 5.5 6.7 84.9 81.9 84.9
Ba 0.9 0.8 0.8 -9.7 —24.8 -213
Rb 0.9 0.8 0.8 -2.6 —189 -17.8
Sr 0.3 04 0.3 -217.5 —111.1 —164.2
Zr 1.2 1.1 1.0 18.9 16.1 8.6
Nb 0.6 0.6 0.7 —58.7 —46.3 -429
Ni 2.0 1.8 1.8 51.0 442 46.4
Co 1.7 1.7 1.6 434 41.2 38.1
Cr 3.1 29 2.9 68.5 65.7 66.0
Ta 0.6 0.6 0.6 —66.5 —53.1 —585
Hf 1.2 1.3 1.1 19.9 23.1 13.9
Th 1.1 0.9 1.0 114 -12 39
Sc 1.3 1.8 1.8 24.1 44.8 44.8

PIA values of sediment samples ranged from 29.76 to 83.49
with an average of 68.6 indicating low to moderate weather-
ing. Higher PIA values are found in the samples collected
at top surface and the samples taken at 15 and 60 cm depth,
respectively but lower than top soil (Fig. 2).

Similarly the chemical index of weathering (CIW) index
is not sensitive to post-depositional K-enrichments and is
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similar to CIA. Chemical Index of Weathering is a molecu-
lar immobile/mobile ratio based on the assumption that
Al remains in the system and accumulates in the residue,
while Ca and Na are leached away (Gas’kova et al. 2017,
Harnois 1988; Puchelt 1972). The CIW values of the sedi-
ments vary from 33.20 to 85.99 with an average value of
72.35 indicating low to moderate degree of weathering.
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Similar to CIA and PIA, CIW values are found in the sam-
ples collected at top surface and the samples taken at 15
and 60 cm depth showed lower and almost similar values
of CIW (Fig. 2). Low intensity weathering may be because
of the nearness of provenance of sediments. Though hydro-
climatic conditions are able to carry the mechanical disin-
tegration of source rock material but due to short distance
of sediment transportation from source rock, the maturity
of sediments is not achieved (Nesbitt and Young 1982;
Fedo et al. 1995).

Nesbitt and Young (1982), and Nesbitt et al.
(1996) used the ternary diagrams (A—CN-K) using
Al,0; — (CaO + Na,0) - K,0 and (A-CNK-FM) using
Fe,0;+MgO — (CaO + Na,0 + K,0) — Al,O; as three axis
to deduce weathering trends. On both the A—-CN-K and
A-CNK-FM diagrams, samples of the study area show
almost similar contents in Al,05, CaO, Na,O, K,0 and MgO
as those of upper crust, reflecting very poor to moderate
weathering history (Fig. 4a, b). Weathering has not reached
to a stage at which significant amounts of the alkali and
alkali earth elements will be removed from the sediments.

The ratios of Si02/(Al,05 + K,0 + Na,0) of the sedi-
ments show that all the samples are plotted in the semi-arid
climatic zone (Fig. 5a). The prevalent dry condition will
reduce weathering process; resulting less chemical matu-
rity (Goldberg and Humayun 2010; Prasad et al. 2014;
Raj et al. 2015). The CIA (molar) index of fresh feldspars
(and for un-weathered, non-peraluminous igneous rocks) is
one, but rises towards infinity as chemical weathering pro-
gresses. With increasing chemical alteration, CIA (molar)
values increase due to the alteration of feldspars to clay
minerals. CIA (molar) values smaller than one for clastic
sediments may indicate the presence of carbonates, which
must be removed by leaching the sediments with acetic acid
prior to chemical analysis. The plot between CIA (molar)
and Al,O3values (Fig. 5b) for sediments indicate semi-arid
conditions during the deposition of the sediments. The
results are in agreement with the previous studies carried
out in the study area. Rashid et al. (2015) inferred low
to moderate chemical weathering in the source region for
clay-silt dominant sediments of Wular Lake, North Kash-
mir. Similarly, Mir and Jeelani (2015) indicated moderate
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weathering and immaturity of the sediments in river Jhe-
lum and its tributaries in Kashmir valley basin. Ahmad and
Chandra (2013) and Chandra et al. (2016) studied the loess
paleosol sediments of the Karewa group of Kashmir val-
ley. They found a mixed source rocks for the sediments
with a large provenance, which apparently has undergone
weak to moderate recycling processes and low to moder-
ate chemical weathering. Bhat et al. (2019) have indicated
low to moderate values of CIA, PIA and CIW in Karewa
deposits of south Kashmir and hence low to moderate
degree of weathering. Further, the studies have indicated a
mean annual palaeo-precipitation of 846 mm per year and
mean annual paleo-temperature of 10.91 °C. An important
caveat to bear in mind that none of the studied samples
represents a palaeosol. However, the alkali and alkaline

@ Springer

earth elements present in the samples are in excess to that
of typical soil. Thus, the present estimation can be seen as
rather conservative and possibly represents the minimal
values. Overall, an apparently semi-arid climate prevailed
during the deposition of Karewa sediments of Kashmir Val-
ley with a poor to moderate weathering history.

Environmental risk assessment

Due to the universal formulas of enrichment ratio (ER)
and quantification of contamination (QOC), these param-
eters are relatively simple and easy tools for assessing the
enrichment degree and comparing the contamination of dif-
ferent environmental media (Benhaddya and Hadjel 2013;
George et al. 2016; Boyle and Jonasson 1973). Geochemical
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normalization has been used to calculate enrichment ratio
(ER) (Simex and Helz 1981) to identify anomalous metal
contributions and to assess anthropogenic intrusions of the
metals in the samples. The highest enrichment ratios of
around six for As at all depths indicate that this metal shows
moderately to severe enrichment. The enrichment ratio for
Cr is around three and two indicating that these metals show
moderate enrichment. The elements showing ER above one
include Zr, Co, Y, Hf, Th and Sc.

The quantification of contamination (QoC) mainly
describes the quantification of anthropogenic concentration
of metal employing the concentration in the background
metals to represent the lithogenic metal (Asaah et al. 2006;
George et al. 2016). The values of the index are mainly
expressed as percentage, demonstrating the magnitude of
lithogenic and anthropogenic impacts (George et al. 2016).
The QoC plot showed that the average concentration of
Ba, Rb, Sr, Nb, and Ta was mainly derived from geogenic
sources with no evidence of anthropogenic impacts (blue
area) (Fig. 6). While the values of As, Ni, Co and Cr illus-
trated to have an anthropogenic source of contamination in
all the sites (yellow area). The other elements showing a
low anthropogenic impact include Zr, Hf, Th and Sc (yellow
area) (Fig. 6). The contamination factor for all the metals is
almost similar from top to bottom of the profile. The high
concentration of these heavy metals particularly As and Cr
is due to combustion of coal in brick kilns (Bhat et al. 2017).

Conclusions

Thirty-six sediment samples from twelve soil profiles
were collected from Karewa deposits of south Kashmir
to evaluate weathering characteristic, palaeoclimate and

environmental contamination. On both the A-CN-K and
A-CNK-FM diagrams, samples of the study area show
almost similar contents in Al,O5, CaO, Na,O, K,O and
MgO as those of upper crust, reflecting very poor to mod-
erate weathering history. Further, the sediments were
deposited in semi-arid type of climate with mean annual
precipitation of 846 mm per year and mean annual temper-
ature of 10.91 °C. The potential trace metal enrichment in
sediments related to human activities was evaluated using
an enrichment factor and quantification of contamination
factor. The highest enrichment ratios of six for As indi-
cate that this metal is highly enriched in the samples. The
enrichment ratio for Cr is above three and for Ni, Sb and
Tb, the enrichment ratio is above two. The enrichment
ratio for Cr is around three and two indicating that these
metals show moderate enrichment. The elements showing
ER above one include Zr, Co, Y, Hf, Th and Sc. The QoC
plot of As, Ni, Co and Cr illustrated to have an anthropo-
genic source of contamination.
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