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5- Weathering index of Parker (WIP)
6- Chemical index of alteration (CIA)
7- Chemical index weathering (CIW)
8- Plagioclase of alteration (PIA)

9- Silica-Titania index (STI)
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1- Stoichiometry

2- Ruxton ratio

3- Sesquioxide ratio

4- Calcium/Titanium ratio (CTR)
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Figure 1. Geographical location of sampling points in different rivers.
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Table 1. Statistical description of sediments physico-chemical properties.
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SRR qnd St Clay J & s pH ¥ 2
Dsg Vfs ACCE CCE OM EC Statistics
um % dSm’!
S Ske
44.03 10.69 40.39 40.45 19.15 2.16 15.89 1.76 7.61 0.42 T
Mean
50>~
2.20 0.23 2.58 13.33 6.52 0.54 2.50 0.56 7.26 0.18 &£
Min
Sl
199.0 22.30 80.15 64.21 47.50 3.86 24.75 5.57 8.02 1.22 -
Max
e Gl il
49.58 5.50 23.16 15.48 9.85 0.87 6.04 1.09 0.18 0.25
Standard deviation
Ol S g o
112.6 51.4 57.3 383 51.4 40.5 0.38 0.62 2.4 0.59

Coefficient of
variation
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Table 2. Major elemental composition of river sediment in the studied area.

5 gas oL e
CIA  WIP Na0  SO; KO MgO CaO  Fe,0;  ALOs  SiOs BN R
Sample place River
59.6 55.4 2.0 0.08 2.8 3.8 114 5.2 12.2 434
59.8 49.5 1.3 0.18 2.9 2.7 9.3 6.5 13.9 45.0
YL
55.9 53.1 1.9 0.13 2.4 3.7 12.2 5.1 11.9 443 ’
Upstream
57.7 53.0 1.9 0.12 2.4 4.1 13.4 4.9 11.3 434
66.9 45.5 1.4 0.10 2.3 4.1 14.3 5.1 11.6 40.7
o B
61.8 452 1.3 0.10 2.2 3.8 14.2 5.5 11.8 41.2 279
o
. 8
69.2 44.6 1.0 0.03 2.1 3.6 13.7 5.9 12.4 41.7 45 E
Z
66.9 443 1.5 0.03 2.3 3.6 12.7 5.4 12.1 44 .4
- b
61.3 473 1.5 0.06 2.2 4.0 13.2 5.5 11.9 42.6 R
downstream
58.9 54.7 2.3 0.01 2.4 3.9 11.0 5.3 12.2 438
69.1 49.0 1.4 0.001 2.9 3.7 114 6.1 13.6 43.8
66.5 49.4 1.4 0.02 2.7 4.0 10.6 6.1 13.1 455

1- Upper continental crust
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CIA WIP NazO SO3 Kzo MgO CaO FezO3 Ale3 SlOz
Sample place River
YL —
524 69.8 2.7 0.01 3.1 33 5.0 6.9 15.9 55.2 ' - =
Upstrea % 0
-
Y =
66.2 447 1.1 0.05 2.4 3.0 12.2 5.7 134 44.1 e s % E
64.7 47.0 0.97 0.06 2.8 3.1 8.7 7.1 153 46.0 downstream i
73.2 66.5 0.87 0.001 1.2 17.2 8.7 9.3 9.0 399
73.7 49.8 1.3 0.001 1.6 8.7 12.1 7.6 10.7 40.6 sV
60.1 66.1 14 0.03 1.5 134 10.6 7.8 9.5 39.7 Upstream = %
3 S
67.1 62.1 1.5 0.02 1.5 12.4 10.8 7.5 9.7 40.3 3 _5
!
61.4 559 13 0.09 2.1 8.2 12.5 5.6 10.5 425 ) §
R L m
57.8 58.9 1.6 0.16 2.1 8.2 12.0 5.5 10.3 435 R
downstream
62.9 51.9 13 0.09 1.9 7.8 14.3 5.5 9.8 40.5
YL
50.4 59.8 1.9 0.04 1.5 6.4 7.1 10 12.9 45.6 ' R
Upstream v 5
D T
50.1 60.3 2.0 0.09 1.5 6.4 8.3 9.5 12.7 44.6 sl LY .§
WJJ:“ ) 8
82.6 453 1.3 0.001 14 8.0 12.2 9.1 11.7 37.5 downstream
63.9 42.4 0.95 0.06 2.3 2.7 9.0 7.5 15.2 47.6 oL j:“
@]
60.7 47.5 1.6 0.05 2.2 2.7 7.8 7.3 15.1 49.1 Upstream % 5
¥ g
k:/v-d;\:fdl.l Y <
54.6 532 1.0 0.48 2.1 2.4 8.6 5.6 12.7 54.1 - S
downstream
59.2 429 0.68 0.14 2.1 35 10.2 7.1 14.2 44.8 RS -
o
59.2 48.5 1.1 0.16 2.4 2.9 6.8 8.1 15.9 48.6 Upstream ‘} E
E [}
61.4 45.6 1.01 0.17 2.3 33 8.0 7.5 153 47.2 sl 3‘ £
Sl E
wn
62.3 46.2 1.1 0.04 2.3 33 8.2 7.3 15.6 47.8 downstream
YL
54.8 55.6 2.1 0.03 2.7 2.6 10.5 4.8 12.8 50.8 ' ~ 5
Upstream = 5
iy
Sl ) [S
56.6 52.7 1.7 0.10 2.5 32 10.0 6.3 13.7 46.49 :
downstream
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Figure 2. Hierarchical cluster analysis of the samples based on the major elemental composition.
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Table 3. Correlation matrix showing major oxides of sediments.

Na,0 SO, K20 MgO Ca0 Fe,05 ALO; Si0,

1 Si0,

1 07" ALO;

1 0.12 20.13 Fe,05

1 0.66" 0.62"" 0.67" CaO

1 0.08 044" 0.75" 062" MgO

1 0.79" -0.08 0.59" 06" 061" K;0

1 021 -0.30 0.12 0.22 0.11 038" S0,
1 0.06 0.22 0.18 0.16 023 -0.03 048" Na,0O

1
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Figure 5. The A-CN-K diagram of the studied sediment samples.
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Abstract

Background and Objectives: Rivers are delivery vehicles of soluble compounds and sediments
eroded from upper reach to wetlands and lakes. Therefore, evaluation of weathering intensity
opens new insight into upland erosion, anthropogenic and geochemical process. Weathering
indices CIA and WIP have been extensively used for the study of soil genesis. Nonetheless,
little information available on the weathering indices in Iran's soil and sediments. Therefore, this
study was conducted on sediments of seven main rivers of Urmia Lake basin with objective of
evaluation of two weathering indices and influence of particle size distribution on the
weathering process.

Materials and Methods: In this study 34 composite sediment samples have been taken from
seven main western rivers of Urmia Lake basin including: Nazloo Chai, Shahar Chai,
Barandooz Chai, Ghadar Chai, Mahabad Chai, Simineh Chai and Zola Chai. The physical and
chemical properties of sediment were determined with routine soil testing methods. Elemental
analyses of sediment samples were determined using an X-ray fluorescence (XRF)
spectrometry. Major element oxides were measured by using a built-in program SUPERQ. Then
the CIA and WIP indices were calculated. The analysis of data was carried out using
correlation, principal component analysis (PCA) and cluster analysis.

Results: The major oxides in the studied sediments were silica, aluminum and calcium. The
ratio of silica oxide (Si0O,) to upper continental crust (UCC) for all the samples were less than 1
and varied between 0.57 and 0.84 indicating no dilution effect in the mineral transportation.
Based on the major oxides component, the similarity among the different rivers was more than
65 and only in the Ghadar and Barandooz rivers the similarity is low because of the presence of
MaO. The content of CaO had inverse significant correlation with SiO,, Al,O; and Fe,O;
(with correlation coefficient between -0.62 to -0.67, P<(0.001). The CIA and WIP values were
varied between 50.1 to 82.6 and 42.4 to 66.2, respectively. Both indices had normal distribution,
but WIP index had higher correlation coefficient with particle size distribution particularly D50
(r=-0.84, P<0.001). The CIA index showed lower significant correlation with D50 in
comparison with WIP.

Conclusion: High concentration of CaO and MgO in the river sediments may be due to the
presence of calcareous rocks such as limestone, dolomite and calcareous shales in the
watersheds. High SiO, and Al,O; concentration in river sediments may draw a conclusion that
lower silica weathering and enrichment of potassium feldspar in river sediments. High loading
value of in the river sediments may be due to the presence of calcarecous rocks such as
limestone, dolomite and calcareous shales in the watersheds. Overall, the CIA and WIP
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weathering intensity values in upper and lower reach sediments revealed high difference.
However, in some rivers such as Mahabad Chai because of construction of dam for more than
half century the pattern of weathering intensity was different. Based on the A-CN-K curve. The
studied river sediment indicate weathering trend in parallel with the A-CN line, indicating the
elimination of silicate minerals of Ca and Na from parent material. Weathering indices in
particular WIP had higher correlation coefficient with particle size distribution and D50 and we
can conclude a proper index for evaluation of weathering intensity in the sediments.
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