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Abstract

In the present study, the geochemical characteristics of sequences of the Gachsaran Formation, located in the west of Kermanshah
province, Iran - Iraq border zones, were studied. In order to determine the concentration of the elements, the XRF and ICP-mass
techniques were employed, and the XRD technique was used to identify the mineralogical composition and finally, the evaluation
of the level of pollution caused by these elements were carried out using statistical and pollution index software.

The results illuminated that the concentrations of CaO, MgO, TiO2, and concentrations of two elements, i.e., Cd and Sb were
higher than their mean values in the earth'’s crust. Based on the CF pollution index, the elements of Cd and Sb with the values
of 1.52 and 2 show the moderate contamination. Enrichment factor (EF) revealed moderate contamination for Cs (2.46), Ga
(3.86), Rb (2) and Ti (2.35). This index showed the high pollution and anthropogenic origin for Ti (8), Cd (10.41), U (11.26)
and Sb (13.43). The results of the correlation between the elements indicated the presence of positive and significant correlation
between Cs, Hf, La, Nb, Nd, Rb, Sc, Sm, Ta, Tb, Th, T, W, Y, Yb, and Zr. There was no positive and significant correlation between
U and none of the elements. Three elements of Sb, U, and Cd showed a negative correlation with most of the studied elements.
According to the results of cluster analysis, three separate groups were obtained so that each of Ti and Fe was classified as
separate groups and Fe showed the highest difference in comparison with other elements. Based on the results of the Principal
Component Analysis (PCA), the highest effect was related to the elements of Cs, Hf, La, Nb, Rb, Sc, Sm, Th, Th, Tl, W, Y, Yb, Zr,

Fe in the first Component, Sb, Cd in second component and U in the third component.

Keywords: Geochemistry, Gachsaran Formation, Earth’s trace elements, Heavy metals, Pollution index.

Introduction

The Gachsaran Formation deposits, called Lower Fars Formation
(Miocene) by Cox in Iran, is the most important cap rocks of the
Zagros hydrocarbon basin, and its equivalents, i.e., Fatha Formation
in Iraq and Dam Formation in the Persian Gulf countries have
outcrop in most parts of the Middle East with significant extent [1].

The sediments in Iran were first studied by [2]. Then, other
researchers including, have conducted studies on the sediments [3-
9].There is no complete type section for Gachsaran Formation in the
earth’s surface and it mainly consists of intermittent and sometimes
repetitive sequences of evaporate, carbonate rocks and marl. Its
type sectionin consolidated form in the wells of the oil fields of Iran
consists of 7 sections with a total thickness of about 1,600 m [10].

These sequences are soft erosion and soluble and its widespread
expansion and its equivalent formations are significant in many
Middle Eastern countries. Identification of chemical facies
variations and possible contamination caused by the concentration
of contaminant chemicals in these sequences seems to be essential
due to the high solubility properties of evaporate and carbonate
units in aquatic environments.

Contaminants are usually deposited in sediments accumulated
in rivers and beaches to be the bedrock of rivers, which can be
transmitters of pollution. Strategies to prevent and reduce pollution
through examining the geochemical properties of river bed rocks,
if they lead to the identification of chemical contaminants, can be
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very easy and low-cost, compared to encountering them in deposits
downstream of the waterways and coasts. Even if the moderate
level of chemical contaminants in bedrock are identified, which
may be exacerbated by human factors, environmental precautions
can be considered to reduce or eliminate these effects downstream.

In recent years, heavy metal contamination in the aquatic
environment has become a global problem [11]. Due to the toxic
potential of these metals and their ability to bioaccumulate in
aquatic ecosystems, the level of metal contamination in these
areas has raised more public concern in recent years [12, 13].
Sources of heavy metal contamination in aquatic environments
are industrial waste and mining [14]. Mining operations that
involve the extraction of minerals and ores beneath the surface
are associated with environmental destruction, environmental
pollution and related diseases, resulting from the dispersal of some
trace elements in the surrounding environment [15, 16]. Natural
sources of heavy metals may also include weathering, dissolution
of bedrock minerals and soils [17, 18]. Natural sources of heavy
metals may also include weathering, dissolution of bedrock
minerals and soils [17, 18]. Aquatic ecosystems such as rivers
are the sinks for contaminants, probably because rivers are open
ecosystems, they are more vulnerable to anthropogenic pollution
[19, 20]. Finally, river sediments are used as primary sinks for
contaminates, including heavy metals [21]. The sediments are
usually a combination of different components including different
minerals as well as organic matter that can play a significant role in
transferring contaminants in aquatic systems and the interactions
between water and sediments [22]. One of the areas that, so far,
have not been studied is the sequence of the Gachsaran Formation
in the Emamhasan stratigraghical section in western Iran. These
studies are important for understanding the geochemical nature
and possible contamination of these sequences along the Cham e
Hassan River.

Geographical location and geological characteristics of
the area

The study area is located at the southern domain of the Imam
Hassan anticline, located in 156 km west of Kermanshah and 17
km, the Iran-Iraq border, with a mean latitude of 51°22°34” N and
latitude of 48°44°45” (Figure 1).
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Figure 1: Geographical location of the study area

The study area is located in the Sedimentary basin of western
Lorestan. The lithostratigraphic units that exist in this reign
are related to Mesozoic (Cretaceous) which mainly consists of
limestone, shale and has located under the Tertiary Formation.
The Tertiary rock units that have outcrop in the upper horizons
can also be considered to have limestone, shale, sandstone, and
conglomerates, in which the limestones of this group are cliff
maker.

Quaternary sedimentary units have deposited in the plains and
low-lying areas and on the riverside. The oldest rocks of the
Sarpol- E Zahab range belong to the Cretaceous and include Ilam
and Gurpi Formation. Pabdeh, Asmari, Gachsaran, Aghajari and
Bakhtiari are also highest stone horizons in the range of Sarpol- E
Zahab (geological map of Sarpol- E Zahab. 2013) (Figure 2). The
geological location of depositional sequences of the Gachsaran
Formation and the sampling site consist of sedimentary cycles,
including frequent and repeated sequences of evaporite deposits,
carbonate and clastic rocks (thickness of 445.6 m), consisting of
79 m gypsum (18%), 132.5 m various types of dolomitic, silty
and marly limestones (30%) and 306.6 m colorful marls (52%)
which are predominantly red, green and, with a less extent, gray
and yellow (Figure 3).
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Figure 2:Geological map of the study area (Modified from
Geological map of Sarpol- E Zahab, 1:50000, National Iranian Oil
Company, 2013)
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Figure 3:Stratigraphic position and the upper and lower boundaries
of the Gachsaran Formation in the Emamhasan section, the east
view.
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Materials and Method

Sampling, in a condensed form, was conducted on 105 rocks and
weathered sediments of the Gachsaran Formation in Imamhassan
stratigraphic section in a path perpendicular to layers from the end
of Asmari Formation to the beginning of Aghajari Formation and
parallel to Imamhassan Cham River path based on lithological
changes (Figure 3).Sediment samples were collected from a
depth of 20 cm.The samples were placed in Polyethylene bags,
then transferred to the Laboratory of Applied Research Center of
Geology of Iran for XRD analysis and elemental concentration
determination by ICP-mass.The oxides in the samples were also
analyzed by XRF analysis at the laboratory of the Geological
Survey of Iran.

The results of the analysis are compared with the contamination
classification index factors included Enrichment Factor, Contamination
Factor and Geoaccumulation Index, then multivariate statistical
analysis that provides important information for better understanding
the complex dynamics of pollutants in the aquatic ecosystem were
carried out [23]. Multivariate analysis including Pearson correlation,
cluster analysis (CA) and principal component analysis (PCA) were
used to determine heavy metal sources. Pearson correlation analysis
was employed to determine the interactions between heavy metals in
sedimentsand Cluster Analysis (CA) was used to explain the spatial
distribution of heavy metals in sedimentsas well as to classify elements
with different sources based on their similarities and identification
of homogeneous variables that have similar characteristics [24-26].
Data were analyzed using the Kolmogorov-Smirnov test and SPSS
software version 17.

Results and Discussion

Pollution Indices

Pollution indices investigated in this research include Enrichment
Factor (EF), Contamination Factor (CF) and Geoaccumulation
Index (Igeo).

Enrichment Factor (EF)

The enrichment factor (EF) calculation is used to quantify the
contribution of human resources in heavy metal concentrations
[27]. The enrichment factor is calculated by the following formula:

EF= ([(Metal/Fe)Sample])/([(Metal/Fe) |Background])

This formula refers to the ratio of contaminations of elements and
iron in sediments and earth’s crust

This paper uses the contamination rating system proposed by
in which if the enrichment factor is less than 2, it means that
the sediments are lack of contamination or they have minimal
contamination; EF = 2-5 shows moderate contamination; EF =
5-20 indicates significant contamination; EF = 20-40 indicates
very high contamination, and EF>40 indicates extremely high
enrichment [28, 29].

The following values (Table 1) were obtained for the contamination
ratings using the enrichment factor (EF) in the sequences of
Imambhassan stratigraphical section.

Table 1:Enrichment Factor (EF) of Trace metals in Emamhasan section

Sample | Ti CS |Ga Hf |La |Nb Nd [Rb [Sb Sc |Sm |Ta |[Tb (Th |TI U W |Y Yb |Zr Cd

1 ND |ND [ND ND [ND (ND |ND |ND |ND ND |ND |ND |[ND [(ND |ND |ND ND [ND |[ND |ND |ND

2 19.75 [ 3.14 |1 8.93 1.4513.89 |2.11 [1.69 [3.53 [39.29 [1.24 (1.70 | 1.48 | 1.49 | 133|596 (40.74 |3.11 [1.37 [1.56 |1.27 |31.49
3 42.32 (299 (27.74 |12.30 |4.35 [2.58 |2.23 |5.30 |27.63 |12.07 |2.61 | 1.31 [2.63 [1.62|8.94 |131.994.02 |2.25]2.52 [1.50 |21.01
4 1.60 (243 1.14 ]1.62 (091 [0.62 [0.87 |1.26 |2.78 ]0.60]0.79 [0.15 [0.69 [0.88 [1.14 |1.37 0.75 (0.61 [0.73 | 1.03 |1.49
5 0.72 (298 [1.11 1.77 1092 10.72 [0.76 [ 1.42 |1.85 [0.67 [0.75[0.14 10.68 | 0.91 |1.05 [0.90 1.06 10.62 (0.83 | 1.18 |1.34
6 564 215|191 1.54 | 1.87 | 1.77 |1.60 [1.67 |8.75 [0.73 [1.61 [0.17 |1.47 10.96|1.49 [2.54 1.44 1150 (1.28 | 1.01 |3.35
7 6.16 [2.27]2.07 1.94 1294 | 1.24 [2.48 |1.86 [12.66 [0.87 [2.29 |0.44 |1.94 |1.30 [1.63 |2.21 1.51 | 1.65 [ 1.63 | 1.57 [4.26
8 221 5551276 |3.88]2.64 |1.70 [2.61 |291 (596 [1.62]2.13]10.55 |1.92 |2.52(2.47 |2.33 1.78 | 1.75 |1 2.17 | 2.89 [ 1.75
9 2.18 |1.92]11.00 ]0.96]0.83 10.54 [0.79 |1.30 [8.66 [0.53]1.01 |0.23 |10.63 |0.73 [1.00 |1.53 0.67 10.70 [0.78 |1 0.82 | 1.30
10 38.09 |2.54 | 11.71 [2.28 [1.52 [2.11 [0.81 |3.96 |50.86 |1.34[0.92 (437 |2.24 1097|894 [1.37 3.84 [0.87 [0.67 | 1.82 |20.12
11 1.61 (2.03]1.38 1.47 11.01 10.80 [0.85 |1.28 |4.84 [0.68(0.84 [0.26 |0.79 10.80 | 1.23 [2.59 0.98 {090 [0.90 | 1.18 |5.13
12 0.75 |[2.83 [1.39 1.31 1127 1077 |1.30 [1.51 |3.84 [0.94(0.950.50 |0.79 |1.36|1.33 ([1.18 0.83 [0.70 [ 0.89 | 0.93 |1.47
13 349 |1.86|1.07 1.37 11.40 1090 [0.96 [1.80 |6.60 [0.99 0.89 [0.61 |0.71 |0.89|1.05 [5.76 0.89 [0.84 [0.92 | 1.03 |4.93
14 3.14 2321120 |[1.14 (1.05 [0.70 [0.90 | 1.30 |4.61 ]0.72]0.83 [0.36 [0.76 |0.84 [0.94 |2.02 0.87 [0.68 [0.76 | 0.80 |1.49
15 095 |2.77|1.17 1.49 1097 10.70 (094 |1.41 (2.08 [0.68]0.76]0.28 |0.64 |1.02 |1.04 [0.70 0.79 10.57 [0.76 1 0.99 |[0.97
16 0.98 ]2.38]1.08 1.3210.83 10.68 [0.74 | 1.20 (2.66 [0.61]0.73 10.36 |0.60 |0.96 | 1.04 |[0.67 0.73 10.54 [0.65 | 1.06 |[0.62
17 1.15 | 1.04]0.81 1.01 [ 1.08 | 0.47 [1.03 ]10.75 [2.88 [0.48[0.98 |0.14 |0.73 |0.76 [ 0.67 |0.51 0.76 1 0.61 [0.69 | 0.74 |1.04
18 ND ND | ND ND [ND (ND |ND |ND |ND ND |ND |ND |[ND [ND |ND |ND ND (ND |[ND |ND |ND
19 1.06 |2.01]1.04 |1.31]1.00|0.65 (084 |1.11 (231 [0.68]0.800.31 |0.78 |0.91]0.97 |1.07 0.68 10.65[0.85 10.92 [1.03
20 726 |1.05]1190 |[1.08 (2.19 [0.83 [1.67 |1.58 |53.48 |0.82|1.45 (038 |[1.44 |0.77 |1.49 |[3.1 1.45 1 1.19 [ 1.01 | 0.79 |84.51
Mean |8 2.46 | 3.86 1.62 1.7 |1.10 [1.28 2.0 1343 (090 [ 1.22 10.67 | 1.16 |1.09 |12.35 [11.2 1.4511.00 [ 1.09 | 1.20 |10.41
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(Table 1) shows the results of the enrichment factor (EF) of the
studied elements. These results show that Hf (1.62), La (1.7),
Nb (1.10), Nd (1.28), Sc (0.90), Sm (1.22), Ta (0.67), Tb (1.16),
Th (1.09), W (1.45), Y (1), YDb (1.09) and Zr (1.20) were lack of
contamination or with minimal contamination based on this index
[28, 29]. According to studies, elements with (EF) less than 2 have
no human origin but they have an entrance from natural processes
[30-32]. The enrichment factor (EF) for Cs (2.46), Ga (3.86), Rb
(2) and TI (2.35) showed moderate contamination. This index for

Contamination Factor (CF)

Contamination factor (CF) is calculated by the following
equation:

CF= Cm Sample / Cm Background

Where Cm Sample is the metal concentration in sediments and
Cm Background shows concentration in the background that the
metal content is in the average of shale [33]. According to the
classification, contamination levels in sediments using this index
are as follows [34]:

Ti (8), Cd (10.41), U (26.11) and Sb (13.43) showed significant
contamination based on contamination classification[28-29].
According to, elements with EF greater than 2 indicate that these
elements have probably anthropogenic origin [30-32]. In this
study, Cs (2.46), Ga (3.86), Rb (2) and TI (2.35) showed moderate
contamination. In the case of Ti (8), Cd (10.41), U (26/11) and
Sb (13.43), the indices have EF greater than 2 and have an
anthropogenic origin.

1<CF=low contamination, 1>CF<3=medium contamination,
>3CF>6 =significant contamination and CF>6 means very high
contamination.

The following values (Table 2) were obtained in the
contamination ranking using the contamination index (CF) in the
sequences of the Imamhassan stratigraphical section.

Table 2. The contamination factors (CF) of Trace metals in Emamhasan section

Sample | Ti Cs Ga Hf |La Nb Nd |Rb |Sb Sc Sm |Ta Tb Th Tl U W Y Yb Zr |Fe Cd

1 0.73 0.06 10.29 ]0.04 |0.05 0.82 10.03 (0.08 |1.91 |0.03 [0.02 [0.03 |0.005 [0.02 ]0.22 |0.27 [0.11 ]0.017 ]0.02 |0.03 [ND |2.30
2 0.73 0.11 10.33 ]0.05 |0.14 0.078 10.06 (0.13 | 1.46 |0.04 [0.06 [0.05 |0.005 [0.04 022 |1.51 [0.11 ]0.051 |0.058]0.04 [0.03 |1.15
3 1.05 0.07 10.68 |0.05 |0.10 0.06 0.05 (0.13 10.68 |0.05 [0.06 [0.03 |0.006 [0.04 022 |3.27 [0.09 ]0.055 |0.06 |0.03 [0.02 |0.50
4 1.05 1.60 10.74 |1.06 |0.59 0.40 10.57 (0.82 |1.83 |039 [0.51 [0.09 |0.04 [0.57 ]0.74 |090 (0.49 040 047 |0.68 [0.65 |1.00
5 0.52 2.18 [0.81 [1.29 ]0.67 052 [0.55]1.03 |1.35 049 [0.54 [0.10 [0.05 ]0.66 [0.76 |0.65 [0.77 045 |0.61 [0.86 |[0.73 |1.00
6 0.84 032 1028 ]0.22 |0.27 026 10.23 (024 |1.30 |0.10 [0.23 [0.02 |0.02 [0.14 022 |0.37 (021 022 ]0.19 |0.15 [0.14 ]0.50
7 0.84 0.30 10.28 |0.26 |0.40 0.16 10.33 (0.25 | 1.73 |0.11 031 [0.06 |0.02 ]0.17 [0.22 (030 |020 [0.22 [0.22 [0.21 |0.13 |0.60
8 0.63 1.58 10.78 |1.10 |0.75 048 10.74 (0.83 |1.70 |0.46 [0.60 [0.15 |0.05 [0.72 ]0.70 |0.66 [0.50 ]0.50 ]0.62 |0.82 [0.28 ]0.50
9 0.84 0.73 10.38 |0.37 |0.32 0.20 10.30 (0.49 |3.33 |0.20 [0.38 [0.088 |0.024 [0.27 038 |0.59 [0.25 027 029 |0.31 [0.38 |0.50
10 0.94 0.06 10.29 ]0.05 |0.03 0.05 10.02 (0.09 |1.26 |0.03 [0.02 [0.10 |0.005 [0.02 ]0.22 |0.03 [0.09 ]0.021 |0.01 |0.04 [0.02 ]0.50
11 0.42 0.52 10.35 ]0.38 |0.26 020 10.22 (033 |1.26 |0.17 [0.21 [0.06 |0.02 [0.20 ]0.32 |0.67 [(0.25 ]0.236 |0.23 |0.30 [0.26 |1.35
12 0.42 1.57 10.77 10.72 [0.71 042 10.72 (0.84 |2.14 ]0.52 [0.52 [0.27 ]0.04 [0.75 ]0.74 |0.66 [0.46 |0.38 ]0.49 |0.51 [0.55 |0.80
13 0.73 0.39 10.22 ]0.28 |0.29 0.19 10.20 (0.37 | 1.39 |0.20 [0.18 |0.12 ]0.01 0.18 1022 (121 |0.18 [0.17 [0.19 [0.21 |0.21 |1.05
14 1.05 0.77 1040 [0.38 ]0.35 023 (030043 |1.54 1024 [0.27 [0.11 [0.025 |0.28 [0.31 |0.67 [0.29 022 025 [0.26 |[0.33 |0.50
15 0.84 244 (1.02 (131 [0.85 0.61 10.83 (124 |1.83 |0.59 [0.66 [0.24 |0.05 [090 092 |0.61 [0.69 ]0.50 ]0.67 |0.87 [0.88 |0.85
16 0.84 2.04 (092 (1.12 [0.70 0.57 10.63 (1.03 |2.28 |0.52 [0.62 [0.30 |0.05 [0.82 ]0.89 |0.57 [0.625 |0.46 ]0.55 |0.91 [0.85 |0.55
17 0.94 0.85 10.66 |0.82 |0.88 038 10.84 (0.61 |2.36 |039 [0.80 [0.11 |0.05 [0.62 ]0.5520.42 [(0.62 ]0.50 ]0.56 |0.60 [0.81 |0.85
18 0.841 0.03 0.12 |]0.03 |0.02 0.06 10.01 {0.20 | 1.26 |0.059 [0.01 |0.08 |0.005 [0.014 |0.22 |0.04 [0.073 |0.01 0.016 10.02 [ND ]0.50
19 0.73 1.39 10.72 10.91 |0.69 0.45 10.58 (0.77 | 1.60 |0.47 [0.55 [0.21 |0.054 [0.63 |0.67 |0.74 [0.46 045 ]0.59 |0.64 [0.69 |0.70
20 1.26 0.18 10.32 |0.18 |0.38 0.14 10.29 (0.27 19.30 |0.14 [0.25 [0.06 |0.025 [0.13 ]0.25 |0.54 (025 020 |0.17 |0.13 (0.17 |14.7
Mean 0.81 0.86 10.52 |0.53 |0.42 031 037 (051 |2.08 |0.26 [0.34 [0.11 ]0.03 [036 045 |0.73 (034 027 031 |0.38 [0.40 |1.52

According to the results presented in (Table 2) and according to the
classification of contamination factor (CF) by (Hakanson 1980), Ti
(0.81), Cs (0.86), Ga (0.52), Hf (0.53), La (0.42), Nb (0.31), Nd
(0.37), Rb (0.51), Sc (0.26), Sm (0.34), Ta (0.11), Tb (0.03), Th

(0.36), T1(0.45), U (0.73), W (0.73), Y (0.27), Yb (0.31), Zr (0.38)
and Fe (0.4) show low levels of contamination. Whereas, Cd and
Sb show moderate contamination with values of (1.52) and (2).
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Geoaccumulation Index (Igeo)

The Geoaccumulation Index (Igeo) was introduced by (Muller) to
evaluate the contamination in sediments and crust. This index is
expressed by the following formula:

Igeo=log2 (Cn/ 1.5 Bn)

Where Cn is the concentration of the element in the sediments
and Bn is the geochemical background value and the constant
of 1.5 is the underlying correction index introduced to reduce
the effects of lithogenic changes. According to, Igeo<0 is

indicative of lack of contamination; 0<Igeo<l shows “lack of
contamination” to “moderate contamination”; 1<Igeo<2 indicates
the moderate contamination; 2<Igeo<3 indicates the moderate to
heavy contamination; 3<Igeo<4 shows the heavy contamination;
4<Igeo<5 indicates the heavy to extreme contamination;lgeo>5
reveals the extreme contamination [35].

The following values were obtained in the ranking of the
contamination using the Igeo index sequences of the Imamhassan
stratigraphical section (Table 3).

Table 3: Geoaccumulation indices (Igeo) of trace metals in Emamhasan section

Sample | Ti Cs (Ga |Hf (La Nb |Nd [Rb |Sb (Se¢ [(Sm |Ta (Tb [(Th |TI |U W Y Yb Zr Fe |[Cd
1 0.61 {0.02 10.15 [0.03 [0.01 |1.00 [0.03 [0.04 [0.17]0.04 [0.01 [0.06 |0.03 [0.01 [0.05 [0.13 [0.07 |0.01 [0.02 [0.02 [ND [1.02
2 0.61 [{0.05 |[0.18 [0.04 [0.03 |0.10 [0.05 [0.06 [0.13]0.05 |0.04 [0.09 |0.03 |0.03 [0.05 [0.74 [0.06 |0.04 |0.04 [0.03 |0.03 |[0.51
3 0.87 [0.03 1036 [0.04 [0.02 |0.08 [0.04 [0.06 [0.06]0.06 [0.04 [0.05 |0.04 [0.02 [0.05 [1.60 [0.06 |0.05 [0.05 [0.03 [0.02 [0.22
4 0.87 10.64 10.39 [0.76 | 0.13 |[0.49 (0.45 [0.36 |0.16 |0.45 | 0.32 |0.16 [0.27 |0.31 |0.16 [0.44 [0.27 [0.34 [0.37 [0.47 |0.52 | 0.44
5 0.43 (0.87 |0.43 (093 [0.15 |0.64 [0.43 [0.44 [0.12]0.55 [0.34 [0.17 |0.30 [0.36 [0.16 [0.32 [0.43 |0.39 [0.47 [0.60 [0.58 [0.44
6 0.69 (0.13 10.15 [0.16 [0.06 |0.32 (0.19 [0.11 [0.12]0.12 [ 0.15 [0.04 |0.13 [0.08 [0.05 [0.18 [0.12 |0.19 [0.15 [0.10 [0.12 [0.22
7 0.69 (0.12 | 0.15 [0.19 [0.09 |0.21 [0.26 [0.11 [0.15]0.13 {0.20 [0.10 |0.16 [0.09 [0.05 [0.15 [0.11 |0.19 [0.17 [0.15 [0.11 [0.26
8 0.52 (0.63 |0.42 [(0.79 [0.16 |0.59 [0.58 [0.36 [0.15]0.52 [0.38 [0.26 |0.33 [0.38 [0.15 [0.32 [0.28 |0.42 [048 [0.57 [0.23 [0.22
9 0.69 10.30 10.20 [0.26 |0.07 |0.25 [(0.24 |0.21 | 0.30|0.23 | 0.24 | 0.15 [0.15 |0.15 | 0.08 [0.29 [0.14 [0.23 [0.23 [0.22 | 0.31 | 0.22
10 0.78 {0.03 |0.15 [0.04 [0.01 |0.06 [0.02 [0.04 [0.11 | 0.04 [0.01 [0.18 |0.03 [0.01 [0.05 [0.02 [0.05 |0.02 [0.01 [0.03 [0.02 [0.22
11 0.35 (0.21 |0.19 [0.27 [0.06 |0.25 [0.17 [0.14 [0.11 | 0.20 [ 0.14 [0.11 |0.12 [0.11 [0.07 [0.33 [0.14 |0.20 [0.18 [0.21 [0.21 [0.60
12 0.35 (0.63 |0.41 [0.52 [0.15 |0.52 [0.57 [0.36 [0.19]0.59 [0.33 [0.46 |0.26 [0.41 [0.16 [0.32 [0.26 |0.33 [0.38 [0.36 [0.44 [0.35
13 0.61 (0.16 |0.12 [0.21 [0.06 |0.23 [0.16 [0.16 (0.12]0.24 [ 0.12 [0.21 |0.09 [0.10 [0.05 [0.59 [0.10 |0.15 [0.15 [0.15 [0.17 [0.46
14 0.87 1031 10.21 [0.27 |0.08 |0.28 (0.24 |0.19 |0.14 | 0.27 | 0.17 | 0.20 [0.15 |0.15 | 0.07 [0.33 [0.16 [0.19 [0.20 [0.18 |0.27 | 0.22
15 0.69 (098 |0.54 (094 [0.19 |0.75 [0.65 [0.53 [0.16 | 0.67 [0.42 [0.41 |0.34 [0.48 [0.20 [0.30 [0.39 042 [0.52 [0.60 [0.70 [0.37
16 0.69 (0.82 10.49 (0.81 [0.15 |0.70 [0.49 [0.44 [0.20]0.59 [0.39 [0.52 |0.31 [0.44 [0.19 [0.28 [0.35 |0.39 [0.43 [0.63 [0.68 [0.24
17 0.78 10.34 10.35 [0.59 |0.19 |0.46 [0.66 |0.26 |0.21 | 0.44 | 0.50 | 0.19 [0.36 |0.33 |0.12 [0.20 [0.35 [0.43 [0.43 [0.41 |0.65 |0.37
18 0.69 (0.01 |0.06 [0.03 [0.01 |0.08 [0.01 [0.09 [0.11 |0.07 [0.01 [0.14 |0.03 [0.01 [0.05 [0.02 [0.04 |0.01 [0.01 [0.02 [ND [0.22
19 0.61 [0.56 |0.38 [0.65 [0.15 |0.55 [0.46 [0.33 [0.14]0.53 | 0.35 [0.35 |0.32 |0.34 [0.14 [0.36 [0.26 |0.38 |0.45 [0.44 |0.55 [0.31
20 1.04 (0.07 {0.17 [0.13 [0.08 [0.18 [0.23 [0.12 [0.83 ] 0.16 | 0.16 | 0.11 |0.15 | 0.07 |0.06 [0.26 [0.14 |[0.18 ]0.14 |0.09 |0.14 | 6.53
Mean 0.67 ({035 10.28 (038 [0.09 |0.39 [0.29 [0.22 [0.18 ] 0.30 [ 0.22 [0.20 |0.18 [0.19 [0.10 [0.36 [0.19 |0.23 [0.24 [0.27 [0.32 [0.67

The results of the Igeo index are shown in (Table 3). According to the classification, the values of all the elements in this study indicate
that the sediments were in the “lack of contamination” to “moderate contamination” groups because the Igeo for all these elements was

a between zero and one [36].

Statistical Analysis

Oxides Concentration

The concentrations of oxides of the elements (in percent) in
the sequences of Imamhassan stratigraphical section, and their

mean, minimum, maximum and standard deviation values in
comparison with their values in the Earth’s crust are presented in
(Table 4).
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Table 4. Major oxide concentration of the sediments of Emamhasan section

Sample Sio, Al o, Feo, Cao Mgo Na,o K,o Po, Tio,
1 33.7 9.6 5.3 20.3 4 0.5 2.5 0.1 0.7
2 429 11.9 8.1 12.2 6 0.6 2.7 0.1 0.9
3 36.3 10.8 5.9 18.1 3.5 0.6 2.7 0.1 0.7
4 45.5 12.7 8.1 6.1 11.8 0.6 2.3 0.2 1

5 41.6 12.4 8.4 12.4 6.9 0.6 2.6 0.1 1

6 19.2 6.2 3.7 35.8 2 0.3 1.4 0.1 0.5
7 36 10.3 6.5 20 4.1 0.6 1.9 0.1 0.8
8 39.3 10.5 5.5 20 4.1 0.9 0.2 0.1 0.8
9 34.1 10.1 4.5 23.6 2.9 0.6 2.1 0.1 0.6
10 38.9 11.2 7.9 16.2 43 0.7 2.5 0.1 0.9
11 33.7 10 6.2 22.8 34 0.6 2.2 0.1 0.8
12 34.8 10.4 7 17.7 5.2 0.6 2.3 0.1 0.9
13 17.5 4.9 5.9 26.2 10.5 0.3 1.1 0.1 0.4
14 15.2 4.7 6.6 26.1 10.8 0.4 1 0.1 0.4
15 34.1 9.8 4.9 21.5 6.3 0.6 1.9 0.1 0.7
16 41.4 13 7.1 14.1 3.1 0.6 2.9 0.1 1
17 34 10.1 8.1 16.9 7.9 0.5 2 0.1 0.8
18 38.7 11.6 7.7 16.1 4.8 0.6 2.7 0.1 0.9
19 36.6 9 4.7 27.3 2.1 1.2 1.7 0.1 0.9
20 36.8 11.6 59 18.6 4 0.6 2.2 0.1 0.8
21 42.3 12.7 8.8 13.7 3.2 0.5 33 0.1 0.9
22 44.5 13.8 8.4 10.8 4.4 0.7 34 0.1 0.8
23 335 10.1 5.6 20.8 5.7 0.6 1.9 0.1 0.7
24 31.5 9.1 6.9 27.6 3.5 0.9 1.4 0.1 1.2
Mean 35.0 10.2 6.5 19.3 5.1 0.61 2.1 0.10 0.79
Min 15.2 4.7 3.7 6.1 2 0.3 0.2 0.1 0.4
Max 45.5 13.8 8.8 35.8 11.8 1.2 34 0.2 1.2
SD 7.8 2.3 1.4 6.4 2.6 0.1 0.7 0.02 0.1
Crust Values 61.5 15.1 6.28 5.5 3.7 3.2 2.4 0.18 0.68

The concentrations of the oxides of the elements are presented
in (Table 4). The amount of SiO2 (mean value of 35 percent),
Al203 (mean value of 10.27 percent), Fe203 (6.57 percent),
Na20 (mean value of 0.61 percent), K20 (mean value of 2.12
percent), P205 (mean value of 0.10 percent) were in the range of
crustal concentration. However, the levels of CaO (19.37), MgO

(5.18) and TiO2 (0.79) were higher than the crust values. The high
values of CaO are due to the presence and repetition of calcareous
dolomitic units in these sequences; even, based on XRD analysis
results (Figures 4 and 5), these values are high in some marl units.
So that there is a high percentage of calcium carbonate in all of
them.
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Figure 4:XRD analysis of calcareous, dolomitic units

Calcium can be found along with carbonates, phosphates, and in
alumosilicate minerals in sedimentary rocks (Kuroda et al. 2005).
In black shales, calcium is found in various forms and with different
compositions, especially in the form of calcite or dolomite.
However, it can be found in silicate minerals such as anorthites.
In black shales, low levels of CaO substantially prove carbonate
deficiency in the environment. This calcium-free may be due to the
Paleogeographical location of the relevant sedimentary basins or
it may be due to the substitution of Sr for Ca (Burgan et al. 2008).
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Figure 6:XRD analysis of dolomitic units

MgO is commonly found in light siliciclastic sediments. This
compound is also a major component of seawater ions. This
compound is mainly found due to cation exchange in dolomites.
Burgan et al. (2008) showed that high amounts of MgO and CaO
depletion caused by the weathering effects are related to the
organic matter origin (Burgan et al. 2008).

Regarding the TiO2, which can often be found in the composition
of clastic sediments (in the study of marl section), it is believed
that Ti is a better mediator for the internal flux of clastic sediments
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Figure 5: XRD analysis in Marl units

Lipinski et al. (2003) also showed that carbonate percentages
decreased due to dilution effects in TOC-rich sediments (Lipinski
et al. 2003).

MgO values are also high in dolomitic units that contain calcium-
magnesium carbonates. TheXRD analysis graphalso confirms the
high values of this oxide. These graphs also show that even in
some marl units, there is a high value of MgO (Figures 6, and 7).
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Figure 7:XRD analysis of Marl units

compared to the Al, since the total concentrations of Al can have
partially autogenous or biogenic origin (Wei et al., 2003). The
relative amounts of Al, Si, k and Ti in shales are mainly controlled
by weathering, transport, and decomposition processes(Burgan et
al. 2008)

Trace elements Concentration

The concentrations of different elements, mean, minimum,
maximum and standard deviation of these elements in the sequences
of Imambhassan stratigraphical sectionwere shown in(Table 5).
Shale average, Upper crust; [33, 41].
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Table 5: Trace element Concentrations in PPM

Sample | Ti Cs |Ga (Hf |La [Nb Nd Rb [Sb |Sc |Sm |Ta Tb |Th |[TI 10) W Y Yb |Zr Fe Cd

1 4196 |0.18 |44 |0.14 [1.6 [16.46 [0.9 7.8 1038 |07 |0.13 |0.07 [0.05 [0.20 [0.10 [0.74 [0.18 |0.6 0.07 |53 N.D. |0.46
2 4196 10.35 |5.0 |0.16 [43 [1.58 1.8 11.8 {029 [1.0 |0.38 |0.11 |0.05 [0.48 |0.10 |4.10 [0.17 |1.7 0.17 7.8 2098 [0.23
3 5994 [0.22 (103 [0.17 |3.2 |1.28 1.6 11.8 10.14 [1.1 ]0.39 [0.07 |0.06 [0.39 [0.10 [8.85 |0.15 [1.8 0.19 [6.2 1398 |0.10
4 5994 [4.81 [11.2 [3.20 | 18.0 | 8.12 16.1 |74.6 |0.37 |87 |3.11 |0.19 [0.41 (554 (034 [2.44 (0.74 |13.2 |1.44 [112.3 [37070 0.20
5 2997 |6.55 [12.213.89 [20.2 | 10.55 |15.6 [93.4 (027 [10.8 [3.29 [0.21 |0.45 |6.42 |0.34 [1.78 |1.16 |[15.1 |[1.83 |143.3 |41266|0.20
6 4795 1096 |43 |0.69 [84 [527 6.7 224 1026 |24 |1.44 |0.05 [0.20 [1.37 [0.10 [1.02 [0.32 |7.4 0.57 (249 |[8393 |0.10
7 4795 1093 |43 |0.79 [12.0 [3.38 9.5 229 1035 |26 |1.88 |0.12 [0.24 [1.70 [0.10 [0.82 [0.31 |7.4 0.67 (354 |[7693 |0.12
8 3596 |4.76 | 11.8 |3.32 [22.6 |9.71 209 |749 1034 |10.2 |3.65 | 031 (049 (691 (032 [1.79 [0.76 |[16.5 |1.86 |136.2 | 16087 (0.10
9 4795 1222 |58 |1.11 [9.6 [4.12 8.6 449 10.67 (44 233 [0.18 |0.22 [2.68 |0.17 [1.60 |0.39 [9.0 0.90 (523 |[21682]0.10
10 5395 [0.19 (4.4 [0.17 | 1.1 |1.05 0.6 89 (025 ]0.7 [0.14 |0.22 [0.05 |0.23 |0.10 |0.09 |0.14 |0.7 0.05 | 7.4 1398 |0.10
11 2398 |1.59 |54 |1.15 |79 |4.16 6.2 30.0 1025 |39 |1.32 |0.14 [0.19 [1.99 [0.14 |[1.82 [0.38 |7.8 0.71 [50.6 |14688]0.27
12 2398 [4.74 | 11.7 |2.19 |21.3 [8.58 204 |[76.0 (043 |11.6 [3.17 [0.56 |0.40 |7.29 |0.33 [1.78 [0.70 |12.8 |[1.49 |85.4 ([31474]0.16
13 4196 | 1.18 |3.38 | 0.87 |8.89 |3.81 5.69 |[34.1 |0.28 |4.60 |1.13 |0.26 [0.14 | 1.80 [0.10 |3.28 [0.28 |5.85 |0.59 [36.0 |[11890|0.21
14 5994 234 [6.1 [1.15 | 10.5 | 4.66 8.5 39.2 1031 |53 |1.67 |0.24 [0.23 [2.72 [0.14 [1.83 [0.44 |7.6 0.76 |44.2 |18884]0.10
15 4795 |7.33 | 154 |13.93 [25.6 1235 [23.3 |[111.7[0.37 |13.1 [4.02 |0.49 [0.51 |8.67 |0.41 |1.67 |1.05 |16.6 |2.02 |144.6 [49659]0.17
16 4795 |6.12 | 13.8 |3.38 [21.2 [11.59 [17.7 [92.7 |0.46 |11.6 [3.74 |0.62 [0.46 |7.88 |0.40 | 1.55 |0.94 |154 |1.67 [150.4 [482610.11
17 5395 [2.56 [9.9 [2.48 |26.6 | 7.67 23.6 |553 |047 |86 |4.83 |0.23 [0.54 [6.01 [025 [1.14 [0.93 [16.6 |[1.69 |99.5 |[46162(0.17
18 4795 10.10 | 1.84 | 0.11 [0.88 [1.36 0.46 |18.8 |0.25 | 1.31 |0.06 |0.16 [0.05 [0.14 [0.10 (0.13 [0.11 |0.4 0.05 [3.72 [N.D. |0.10
19 4196 |4.19 |10.9 | 2.74 [20.8 [9.04 164 |69.5 1032 (103 |3.36 [043 |0.49 [6.10 [0.30 [2.01 [0.70 [150 |[1.77 |106 |39168|0.14
20 7193 10.55 [4.95]0.56 [11.4 |2.90 8.14 |24.7 |1.86 |3.14 |1.51 |0.13 (023 |1.28 |0.12 | 1.47 | 038 |6.83 |0.53 [22.7 (9792 |2.94
Mean 4645 |12.59 |7.85 | 1.61 [12.8 [6.38 10.62 | 46.3 | 0.42 (581 |2.08 [0.24 |0.27 [3.49 [0.20 [2.00 |0.51 [891 [0.95 |63.7 |22615]0.30
Min 2398 |0.10 [ 1.8 |0.11 [0.9 [1.05 0.5 7.8 10.14 10.7 ]0.06 |0.05 [0.05 [0.14 [0.10 [0.09 [0.11 |0.4 0.05 (3.7 |[ND |0.10
Max 7193 |7.33 [15.4 |13.93 [26.6 |16.46 |[23.6 |[111.7(1.86 [13.1 [4.83 [0.62 |0.54 |8.67 |0.41 [8.85 |1.16 |[16.6 [2.02 |150.4 |49659|2.94
SD 1212 12.39 |4.03 | 1.37 (85 [4.31 7.95 (323 |0.35 |4.31 [1.48 |0.16 [0.17 |2.97 |0.11 |1.86 | 033 |5.88 |0.69 [53.1 |[17147]0.62
Crust 5700 |3 15 |3 30 |20 28 90 02 |22 |6 2 09 [96 (045 2.7 1.5 33 3 165 |56300]0.2

Shale 4600 |5 19 128 |92 11 24 140 (15 (13 |64 |08 |1 12 14 (37 1.8 26 2.6 | 160 47200 (0.3

Considering the results of (Table 5), the mean value of Sb (0.42
ppm) is higher than that of the earth’s crust (0.2 ppm). In addition,
cadmium shows a higher concentration in the earth’s crust, so that
its concentration in the studied sediments had a mean value of
(0.30 ppm), but its concentration in the crust was (0.2) ppm. The
Sb antimony element is a metallic one that has the same chemical
behavior as arsenic and is found under oxic conditions in two stable
forms Sb (IIT) and Sb (V) [42]. At the limit of redox reactions, a
resuscitation step is required to stabilize the Sb resuscitation media
and remain unchanged [39].

Cadmium (Cd) is an important nutrient for phytoplankton. This
element is found in form of (cd (II) or Cd + Cl) in the water column
under oxic and sub-oxic conditions and is combined with organic
matter and acts as the main carrier to the seabed. it much easier
forms cadmium sulfide (Cds) in the presence of H,S compared to
FeS, forms separate sulfide phases rather than being combined with
FeS [43, 44]. Because cadmium can bind to organic matter through

the biological cycle, the Cd/Al ratio is used as an old indicator of
biological productivity in the field of geological records [39]. FeS
may be combined with cadmium or absorbs some of it; in this case,
it is necessary to determine to what extent the concentration of
cadmium in the sediments is related to organic matter or pyrite,
and this is identified by analyzing the correlations between Cd/Al,
TOC/Al, and Si/Al [43, 45].

The element of Ti (with an average 4645 ppm) also showed a
higher value compared to the shale (4600 ppm), which is discussed
in the section of the concentration of elemental oxides (related to
TiO,). For the other elements studied, the concentration was in
their range in the crust and shale.

Trace elements Correlation
The correlation between the elements in the sequences of
Imambhassan stratigraphical sectionwas presented in (Table 6).
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Table 6: Pearson’s correlation coefficient of Trace metal concentrations in Emamhasan section

Ti Cs Ga Hf La Nb Nd Rb Sb Sc Sm Ta Th Th Tl U W Y Yb Zr Cd
Ti 1
Cs |-0.302 |1
Ga |-0.153 |0.891** |1
Hf ]-0.257 |0.971** [0.880** |1
La |-0.175 [0.859** [0.819** ]0.912%** |1
Nb |-0.317 [0.653** |0.596%* |0.647** |0.562%* 1
Nd |-0.188 [0.856** |0.820%* |0.902** |0.992** | 0.571** |1
Rb |-0.267 [0.990** |[0.878** [0.972** | 0.895** | 0.625** |0.891** |1
Sb ] 0.466* | -0.092 -0.097 |-0.077 0.092 -0.072 0.070 -0.035 |1
Sc |-0.303 |0.961** [0.877** [0.956** [0.939** [0.626** [0.936** |0.978%* |-0.025 |1
Sm | -0.147 | 0.842*%* |0.798** [0.903** [0.984** [0.549* 0.980** [0.880** [ 0.074 0.914%* | 1
Ta |-0.278 |0.754** |0.694** [0.675** [0.684** [0.463* 0.694** [0.774** |-0.040 [0.820** [ 0.647** |1
Tb |-0.167 |0.872**% [0.819** |0.934** |0.987** |0.585** |0.978** |0.901** | 0.072 0.938** | 0.984** | 0.664** | 1
Th ]-0.285 | 0.957** |0.898** |0.959** |0.951** |0.643** |0.956** |0.971** |-0.041 |0.992** | 0.935** [0.811** [ 0.950** |1
Tl -0.252 | 0.971** ]0.922%* 10.962** | 0.880** |0.666™** | 0.886** [0.972** [-0.045 ]0.962** | 0.867** |0.788** | 0.895%* |0.972** |1
U 0.138 |-0.111 0.210 -0.128 -0.147 -0.262 -0.175 -0.128 1-0.179 [-0.125 |-0.177 -0.159 1-0.196 -0.134 -0.109 1
W ]-0.223 [0.936%* | 0.858** |0.967** |0.934** | 0.643** |0.916** [0.945** [0.019 0.940** 1 0.929** ] 0.645%* | 0.943** |0.944** |0.926*%* [-0.161 |1
Y -0.218 | 0.884** ] 0.808** |0.939** |0.978** |0.564** |0.968** [0.911** [0.054 0.939** 1 0.982** | 0.653** | 0.988** [0.948** |0.887** [-0.167 | 0.940** | I
Yb |-0.269 [0.930** |0.857** |0.968** |0.972** ]0.607** | 0.963** [0.950** | -0.013 [0.970** [ 0.966** | 0.698** | 0.982** |0.974** |0.930** [-0.136 [ 0.957** | 0.987** |1
Zr  |-0.274 [0.964** ]0.875%* 10.992** |0.916** | 0.643** |0.905** [0.968** |-0.064 [0.957** [0.915** |0.710** | 0.937** ]0.965%** |0.960** |-0.139 [ 0.961** | 0.948** |0.970** | 1
Cd ]0.448* |-0.216 -0.188  [-0.193 -0.063 -0.121 -0.099 -0.177 10.941*%* [-0.164 |-0.118 -0.187 |-0.083 -0.195 -0.180 -0.0751-0.104 | -0.110 -0.165 [-0.199 1

**Correlation issignificantat the0.01 level.

*Correlation issignificantatthe 0.05 level

Based on these results (Table 6), Ti had a significant positive
correlation with Sb and Cd and a weak positive correlation with U;
it had also a negative correlation with other elements.

The element of Cs had a strong positive and significant correlation
with Ga, Hf, La, Nb, Nd, Rb, Sc, Sm, Ta, Tb, Th, TI, W, Y, Yb
and Zr but it showed a negative correlation with Sb, U and Cd
elements.

Ga had a positive significant correlation with Hf, La, Nb, Nd, Rb,
Sc, Sm, Ta, Tb, Th, T1, W, Y, Yb and Zr; it showed a weak positive
correlation with U while it had a weak negative correlation with
Sb and Cd.

Hf showed a strong positive correlation with La, Nb, Nd, Rb,
Sc, Sm, Ta, Tb, Th, T, W, Y, Yb and Zr, whereas it had a weak
negative correlation with Sb, U and Cd.

La had a significant positive correlation with Nb, Nd, Rb, Sc, Sm,
Ta, Tb, Th, T, W, Y, Yb and Zr and had a weak positive correlation
with Sb but it had a negative correlation with U and Cd.

Nb had a strong positive correlation with Nd, Rb, Sc, Sm, Ta, Tb,
Th, T1, W, Y, Yb and Zr but it had a weak negative correlation with
Sb, U and Cd.

Rb was positively correlated with Sc, Sm, Ta, Tb, Th, T1, W, Y, Yb
and Zr, while it was negatively correlated with Sb, U and Cd.

Sb had a strong positive correlation with Cd, whereas it had a weak
positive correlation with Sm, Tb, W and Y. This element had a
weak negative correlation with Sc, Ta, Th, T1, U, Yb and Zr.

Sc had a strong positive correlation with Sm, Ta, Tb, Th, T, W, Y,
Yb and Zr and a weak negative correlation with U and Cd.

Sm had a significant positive correlation with Ta, Tb, Th, T1, W,
Y, Yb and Zr, whereas it had a weak negative correlation with U
and Cd.

Ta had a strong positive correlation with Tb, Th, T1, W, Y, Yb and
Zr and had a weak negative correlation with U and Cd.

Tb had a strong positive correlation with Th, TL, W, Y, Yb and Zr,
whereas it had a weak negative correlation with U and Cd.

Th had a significant positive correlation with T, W, Y, Yb and Zr
and showed a weak negative correlation with U and Cd.

Tl had a strong positive correlation with W, Y, Yb and Zr and a
weak negative correlation with U and Cd.

U had a negative correlation with W, Y, Yb, Zr and Cd and had no
positive correlation with any of the elements.

W showed a strong positive correlation with Y, Yb and Zr and a
negative correlation with Cd.

Y had a positive correlation with Yb and Zr but it was negatively
correlated with Cd.

Yb had a strong positive correlation with Zr but it had a weak
negative correlation with Cd.
Finally, Zr showed a weak negative correlation with Cd.

According to these results, it can be said that Cs, Ga, Hf, La, Nb,
Nd, Rb, Sc, Sm, Ta, Tb, Th, T1, W, Y, Yb and Zr show a significant
positive correlation with each other. They probably have mainly
originated from common bedrock [13, 22, 46, 47]. In addition, this
may be due to similarities in the geochemical behavior of these
elements [48].
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Element of U did not show a significant positive correlation with
other elements, which could indicate that uranium was derived
from lithogenic sources [49].

The Ti element showed a strong positive correlation with Sb and
Cd, indicating that these three elements may have originated from
similar sourceor have similar geochemical behavior [13,22, 46-
48].

The three elements Sb, U and Cd showed a negative correlation
with most of the elements that may indicate different origins of
these three elements [49, 50].

Cluster Analysis

The results of cluster analysis of the elements present in the
sequences of the Imamhassan stratigraphical sectionare shown in
(Figure 8).

Dendrogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combine

e B 1] 5 10 15 20 25
Label HWm, At e Fie S e 3
Ta 12 — l
TI2 15 —

Th 13 =]

W 17 —

sb 9 — |

cd 22 —

ib 19 —

U 16 —

Hf 4 —

Sm 11 —

Cs 2 —

Th 14 —

La 3 —

Nd 7 — |

® - —

Sc 10 —

Ga 3 —

¥ 18 — 1 i
b 8 = |

Zr 20 — |

Ti 1 e

Fe 21 1

Figure 8:Hierarchical dendrogram for trace metals in Emamhasan
section using the nearest neighbour method and Pearson correlation
with z standardization.

(Figure 8) shows the results of the cluster analysis, which according
to this analysis, classified three distinct groups. The Ti and Fe
elements are classified in one group and the Fe element shows
the most difference with the other elements. Each Ti and Fe were
placed in a separate cluster, which could be due to their different
geochemical origin or behavior compared to the other elements.

Principal Component Analysis (PCA)

Principal Component Analysis (PCA) was used to identify the
source of metals in the sediments of the Imamhassan section.
The analysis was performed by SPSS software version 17 and the

results were presented in (Table 7). The percentages of cumulative
variances deduced from the first three components and the values
of the three principal components for maximum variance in the
sequences of the Imamhassan stratigraphical sectionhas presented
in (Table 7).

Table 7:The result of principal component analysis for
sediment in Emamhasan section

Variables Component

1 2 3
Ti =311 .589 435
Cs 955 -.089 071
Ga .870 -.114 421
Hf 974 -.036 .046
La 955 153 -.040
Nb 982 -.033 -.012
Nd .948 126 -.057
Rb 974 -.021 .065
Sb -.076 962 .018
Sc 985 -.013 .021
Sm .944 137 -.071
Ta 748 -.073 -.012
Tb 961 .146 -.061
Th 993 -.024 .021
TI2 968 -.028 124
0] -.304 =311 .843
Y .964 .071 .014
Y .966 .101 -.093
Yb 987 .018 -.031
Zr 977 -.036 .018
Fe .926 .061 .038
Cd -.205 911 .096
Extraction Method: Principal Component Analysis.
a. 3 components extracted.

Analysis of principal component analysis (Table 7) shows that the
first three components account for more than 90% of the variance,
of which the first component is 74% and the second component is
10% and the third component is 5% of the cumulative variance.
The remaining 10% of the variance is related to other components.
Based on these results, Cs, Hf, La, Nb, Nd, Rb, Sc, Sm, Tb, Th,
Tl, W, Y, Yb, Zr and Fe in the first component, Sb and Cd in the
second component and U In the third component, had the most
impact. As shown in (Table 7), the first component accounted
for 74% of the variance, and most of the elements are in the first
component and hive high values of positive correlation, which
may be the reason for this fact that most of these elements have
the same origin such as the same material of the bedrock. showed
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that the elements in a component have a common origin [46]. High
amounts of Ti and Fe can also indicate bed rock weathering in
the deposits. Regarding the second component, Sb and Cd had a
positive correlation, indicating the common origin of these two
elements. The third component had a high positive correlation
with U indicating a different origin for this element.

Conclusions

The investigation of geochemical properties of Gachsaran
Formation sequences in the study area showed that Cs, Hf, La, Nb,
Nd, Rb, Sc, Sm, Tb, Th, T, W, Y, Yb, Zr and Fe had the highest
significant positive correlation with each other. It shows the same
originof these elements. Sband Cd also showed a significant positive
correlation with the second component, which may indicate the
same origin of these two elements. The element of U also showed
a high positive correlation with the third component, indicating
a different source of this element compared to other elements.
According to the contamination factor (CF), Cd and Sb elements
showed moderate contamination; based on enrichment factor
(EF), Cs, Ga and Rb elements revealed moderate contamination,
and T1, Cd, U and Sb elements showed high contamination with
anthropogenic origin in sequences of the Gachsaran Formation in
the study area. Concentrations of CaO, MgO and TiO2 were also
higher than the mean values in the crust. Also, among the three
completely separate groups based on the results of cluster analysis,
Ti and Fe elements were grouped separately and the Fe element
showed the most difference with other elements.
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