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Abstract

Sargelu and Garau formations are significant geological units in the Zagros, which are known for having the most important
unconventional hydrocarbon resources in Iran. This study aimed to evaluate the hydrocarbon generation potential of two formations
by analyzing 15 oil-shale samples collected from the Gashun-G and Pirbadush sections along the Qolyan River in the Qalikuh area,
Lorestan. The analysis method used was Rock-Eval pyrolysis. To determine the scatter pattern of heavy elements, a total of 15
samples of river sediments and water were analyzed using ICP-MS. The average values for total organic carbon (TOC) and most
hydrocarbon production indicators in Garau oil shales exceed the values observed in Sargelu oil shales. Based on the findings of the
elemental analysis and pollution index calculations conducted on sediments, it can be seen that Sargelu shows a higher presence of
heavy elements, a higher contamination factor (CF) and average pollution load index (PLI) compared to Garau samples. This
difference can be attributed to the physical and chemical characteristics of the sediments. Conversely, Garau samples show a higher
average Contamination Degree (CD) in its water, which may be attributed to environmental factors such as temperature and pH of
water. The results of the statistical analysis demonstrate a wide range of heavy element formation factors within the sediments and
waterways of the Garau route. As a result, despite the lack of human activity in this area, in addition to the amount of organic matter
in the oil-shale, the geo-genic activity causes natural environmental pollution that is influenced by various factors, including
oxidation-reduction potential, reactive processes, type of bedrock, clay minerals, sediment texture and environmental conditions.
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Introduction

Hydrocarbon sources can be classified into two categories
(i.e. conventional and unconventional). The Qalikuh region
of Lorestan in southwestern Iran is known for its significant
unconventional resources, specifically the dark-colored oil-
shale found in the Sargelu and Garau formations. These
formations are known to have the largest reserves of such
resources in the country. The majority of conventional oil and
gas fields are situated in the Khuzestan Plain and the folded
belt of Zagros. However, the Qalikuh region, which contains
unconventional hydrocarbon resources, is located in the high
Zagros, or crush zone. The oil-shale of the Sargelu and Garau

formations serves as the source rocks for these resources.
Black shale has a significant effect on the accumulation of
heavy and toxic metals in the environment (Derkowski and
Marynowski 2018). These rocks show geochemical indicators
such as sedimentation in anaerobic environments, high
concentrations of sulfides, clays, and organic substances, as
well as the formation of complex metal compounds.
Consequently, these rocks are susceptible to heightened
levels of heavy metal toxicity. The concentration of heavy
elements in sediments may be influenced by various
physical-chemical properties of the sediment such as ion
exchange capacity, chemical composition, and organic matter
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content. The initial stage in the management of
environmental pollution related to the accumulation of heavy
elements in sediments and water surrounding oil-shale
involves the assessment of regions containing these resources
and the evaluation of the extent of pollution. The purpose of
this study is to investigate the hydrocarbon generation
potential of oil-shale found in the Sargelu and Garau
formations, as well as the relationship between this potential
and the distribution of heavy elements in river sediments and
waterways along these formations. The findings of this study
conducted in the Qalikuh region, which is characterized by a
significant distance from anthropogenic activities, could have
the potential to help formulate strategies for the future
exploration and utilization of unconventional oil-shale
reserves.

Material & Methods

In this study, following the identification of oil-shale
outcrops and permanent waterways in the Gashun (G) and
Pirbadush (P) sections of the Qolyan River, which are
situated along the Sargelu and Garau formations, a random
sampling approach was employed to collect sediments, water,
and oil-shale. The sediment samples were collected by
Tucker's (1998) established standards for sedimentology
sampling. A shovel was used to extract the samples from a
depth of 10-30 cm. Subsequently, the samples were carefully
transferred into plastic bags. Water samples were collected
from the river according to the established standard (ISO,
1985). The temperature (°C) of the water was measured, and
the samples were collected using 1.5-liter dark polyethylene
containers. These containers were treated beforehand with a
solution of 10% nitric acid and distilled water in a 1:1 ratio.
The containers were washed, utilized, and positioned at the
center of the river flow. Within a time frame of less than 24
hours and while being kept away from direct light and heat,
the samples were analysed by the laboratory of the Research
Institute of Petroleum Industry (RIPI). The pyrolysis Rock-
Eval analysis laboratory was utilized to assess the total
organic carbon TOC content of oil-shale samples. In addition,
inductively coupled plasma mass spectrometry (ICP-MS) was
performed on sediment and water samples to quantify
elemental contamination levels. This study included a
comparison between the polluting elements present in
sediments and the global average shale (GAS), as well as an
assessment of the toxicity equivalent (TE) of these elements.
Besides, the researchers examined the environmental
indicators of sediments, specifically the CF and PLI. The CF
(1) is used to quantify the amount of environmental pollution
in the case of a specific element. PLI (2), a measure used to
assess the amount of pollution in an area, serves as a means
of quantifying pollution levels in a given area. The levels of
water pollutant elements were evaluated by comparing them
to the standards set by the World Health Organization (WHO-
2011) and the national standard of Iran (IRISI-1053). Based on
these comparisons, the amount of water pollution was
determined and the CD for water was used, which is a
measure to evaluate the cumulative effect of various quality
factors that may negatively affect the quality of drinking
water, which is calculated from the equation (3).

1) CF=—
2)  PLI=Y/CF, X CF, X CF3 X...X CFy,
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3)  Cfi= % , CD =31, Cf;
Subsequently, the present study used statistical techniques,
namely Pearson's correlation coefficient and principal
component analysis (PCA) to investigate the association
between organic matter content in oil shale and the number of
heavy elements in sediments and passing water from the
Sargelu and Garau formations. The primary goal was to
determine the source of heavy elements in the region.

Discussion of Results & Conclusion

Based on determining T in Rock-Ewell pyrolysis analysis
of oil shale samples, the shale samples from the Sargelu
Formation exhibited higher maturity levels than those from
the Garau Formation. Through the elemental analysis
performed on the sediments, it was found that the Sargelu
Formation has a higher abundance of heavy elements and a
higher average CF than the Garau Formation. The PLI of
Sargelu sediments (0.66) shows a higher value than that of
Garau (0.52). Station P, shows the PLI (1.56), followed by
stations P; and P, all of which are located inside the Sargelu
Formation. Additionally, oil shale samples (6-8) in the
vicinity of these stations show different characteristics
compared to other oil shale samples and the content of total
organic matter has higher values (20.2, 22.4 and 23.9).
However, the Garau Formation shales have a higher average
total organic matter (14.5) than the Sargelu Formation shales
(13.3). In addition, the potential correlation coefficient
between heavy elements in sediments and the TOC is higher
in the shales of Sargelu Formation. Consequently, the
sediment contamination may be attributed to the widespread
occurrence of hydrocarbon oil shale and dominant reduction
conditions.

The Pearson's correlation coefficient was used to evaluate
the relationship between the content of organic matter in oil
shale and heavy elements in sediments. The analysis showed
a positive correlation at the mean level of significance for Zn,
V, Ni, Cu and Cd in sediments with TOC. Moreover, the
analysis of water samples indicated a significant positive
relationship between heavy element concentrations, including
Mo, V, and Ni, and the TOC of oil shale. The application of
principal component analysis was conducted on heavy
elements in conjunction with the organic matter content of oil
shale and heavy elements in transient water, both derived
from the Sargelu Formation. This analysis led to the
identification of two distinct factors. Through the evaluation
of pollution indicators and statistical analyses, it has been
determined that the primary contributors to pollution in
Sargelu sediments are the amount of organic matter in the oil
shales within the area as well as the oxidation-reduction
potential. Similarly, the key factors influencing water
pollution along the trajectory of this formation are the
quantity of organic matter in the oil shales of the region and
the environmental pH.

The findings from the Rock-Eval pyrolysis analysis show
that the shale samples obtained from the Garau Formation
show a higher average TOC compared to the Sergelu
samples. In addition, most of the hydrocarbon production
indices (except Sy, S»/Ss, Pl and T, in the Garau Formation
show higher values than Sargelu Formation. Through
conducting elemental analysis on water samples, it was
determined that the Garau Formation exhibits a greater
abundance and diversity of heavy elements compared to the
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Sargelu Formation. Meanwhile, the average CD of water in
the Garau Formation was observed to be higher than in the
Sargelu Formation. The average CD of water in the Garau
Formation (0.92) shows a higher value than the Sargelu
Formation (0.72). Stations G; and P; have been identified as
having the highest level of water pollution in the region,
followed by station P5. Stations G; and P are located in the
Garau Formation, and station P; is located in the Sargelu
Formation. The fluctuations of this index can be attributed to
the amount of organic matter in the oil shale in the region, as
well as the prevailing environmental conditions such as pH
and temperature. The presence of natural environmental
pollution in the sediments and water of this remote area,
which has not been affected by human activities, depends on
other factors except the organic compounds in the oil shale.
These factors include oxidation-reduction potential, reactive
and replacement processes, distribution of shale-clay
bedrock, sedimentary texture and environmental conditions.
The Pearson correlation coefficient was computed to
evaluate and assess the relationship between the amount of
the quantity of organic matter present in oil shale and the
heavy elements found in sediments. The analysis showed that
TOC shows a positive correlation only with Pb at a moderate
level of significance. In addition, this correlation was
observed exclusively with Ni in the water passing through the
Garau Formation. PCA was used to investigate heavy
elements and organic matter content of shale and oil
sediments as well as water samples obtained from the Garau
Formation. The analysis showed the presence of four distinct
factors in the sediments and three factors in the passing
waters in the Garau Formation. Through the assessment of

pollution indicators and statistical analyses, it was found that
the primary factors of pollution in the sediments of the Garau
Formation are the amount of organic matter in the oil shale,
reactive and substitution processes occurring in the
sediments, shale-clay bedrock, minor-minerals of the shale.
Similarly, the key factors affecting the pollution of the
passing waters in this formation are the amount of organic
matter in the oil shale of the region as well as the
environmental pH and oxidation-reduction reactions.

The comparison between the Pirbadush and Gashun
sections shows that the TOC of oil shale is higher in the
Pirbadush, as well as the CD of water and PLI in sediments.
These changes can be attributed to the presence of more
hydrocarbon oil shale and more expansion of the Garau and
Sargelu formations in Pirbadush section. It is worth
mentioning that the organic matter in oil shales had the
greatest effect on the levels of Mo, V and Cd in fluvial
sediments and Mo, V and Ni in the water of the region.

Environmental ~management resulting from the
exploitation of unconventional shales contains elements such
as Mo and V require hydrological and ecological knowledge
and a strong management framework. In order to manage
possible risks, several management methods should be
considered. These methods should be supported by
environmental monitoring programs to provide reliable
scientific  information  for the development and
implementation of regulations. Some of these methods
include: Planning land wuse and environmental risk
assessment, accurate monitoring systems in functional
equipment, and collecting environmental data of clear and
accessible to the public.
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! International Organization for Standardization (1SO)

2 pyrolysis Rock-Eval analysis

® Total Organic Carbon (TOC)

* Inductively Coupled Plasma mass spectrometry (ICP.ms)
% Contamination

® Global Average Shale (GAS)

" Toxicity of Elements (TE)

8 Contamination Factor (CF)

®Pollution Load Index (PLI)
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Fig 1-a) Distribution of oil and gas fields of the Zagros folded belt (Najafi et al. 2014) and location of the area in high Zagros Fig 1-b) Geological map
(1:50.000) of Qalikuh (NIOC.exp 2013) and the location of Pirbadush (P), Gashun (G)
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Table 1- Rock-Eval pyrolysis analysis results

H B —
Section | rmatio Sampe' ToC 'S, %S, S4S, S, S+ 5; 401=SyTOC  °HI=S,/TOC Zi;ség T e

10 752 09 7616 0.01
1 153 7 5 7632 1 82.6 6 429 435

471 09 4807 0.01
2 878 06 4 4774 3 50.6 11 537 435

729 12 7425 0.01
Gashun 3 138 1 8§ 7398 7 57.4 9 529 431

0.0 04 212 0.02
4 063 6 163 169 9 33 78 259 434

02 160 04 165 0.01
Sargelu 5 34 2 6 1628 4 365 13 472 435

1140 13 11286 0.02
6 20.2 2.6 111.49 9 7 81.3 7 552 433

29 16 129.94 0.02
Pirbadus 7 224 9 1sa 1313 3 787 7 537 436

h 239 18 109.7 28 11083 0.01
8 3 2 107.97 9 6 37.7 12 451 442

115 07 598 20 6187 0.01
9 8 7 5 6062 2 296 17 517 442

70.2 0.017
Ave.Sargelu 133 12 689 702 13 8 50.8 17.7 475 435
Section  Formation  Sample TOC S S, S+S;  Ss S#Ss  SifS;  OI=SyTOC HI=S,/TOC E;Ssi T
10 152 077 859 8673 185 8781 464 7 556 0.008 431
Gashun 11 191 127 1052 10647 23 1075 457 12 551 001 429
Garau 12 13 093 8392 8485 137 8529 612 11 646 001 436
13 19.59 0.52 56.91 57.43 7.69 64.6 7.4 39 291 0.008 437
Pirbadush 14 1397 069 5365 5434 392 5757 136 28 384 001 437
15 652 044 3755 3799 063 3818 59.6 10 576 001 431
Ave.Garau 145 07 703 713 29 7379 389 8.6 500 0010 433

o3l 5 0525 G bn 98 5 A G5l Sy g T s - Y
Table 2-The results of ICP.ms analysis of sediments of Sargelu and Garau formations of Gashun and Pirbadush

sections
. ] Ag As cd Co Cr Cu Mo Ni Pb \Y Zn
Section  Formation  Sample  (hom)  (ppm) ®em)  @pm)  (ppm) (ppm) ®em)  (ppm)  (ppm)  (ppm) _ (ppm)
Gl 04 <01 02 38 18 11 3 8 3 22 13
cashy G2 3 <01 03 47 20 16 3 18 1 43 18
s G3 06 <01 01 4 18 8 3 9 <1 2 2
sagels O 03 <01 02 44 18 10 3 1 <1 3; 2
G5 04 <01 01 4 19 9 3 10 <1 27 4
pirbad P1 0.6 20 28 107 64 36 10 86 2 244 139
Irba P2 01 63 3 114 47 53 21 105 8 408 102
P3 0.4 3 24 65 31 32 9 47 <1 181 94
Ave Sargelu 0.7 15 11 41 293 218 68 367 13 122 505
. . Ag As cd Co Cr Cu Mo Ni Pb Vv Zn
Section  Formation  Samele  (hom)  (ppm) ®em)  (ppm)  (ppm) (ppm) ®em)  (ppm)  (ppm)  (ppm)  (ppm)
— 04 <01 05 55 25 14 3 26 65 19
s G701 24 03 104 63 21 2 35 4 66 23
G8 04 <01 02 61 40 18 2 32 3 49 13
Garau P4 03 <01 12 56 23 42 4 28 2 132 o7
Pirbad P5 03 <01 13 54 21 61 4 20 4 15 92
ush P6 14 <01 1 55 29 18 4 34 3 103 65
p7 0.3 06 1 59 30 16 3 25 <1 15 58
Ave.Garal 04 11 07 62 33 271 31 285 27 2 524
TE 007 13 03 19 30 15 26 68 20 130 %
GAS 0.07 6 035 8 70 30 12 50 35 90 90

! real Hydrocarbon (S,)

2 potential Hydrocarbon (S,)

% amount of oxygen in Hydrocarbon (S3)

* Oxygen Index (OI)

® Hydrogen Index (HI)

® potential Index (PI)

" Temperature at which S, reaches a maximum (T may)
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Table 3- The results of sediment Contamination indices in Sargelu and Garau formations

CF

Section  Formation Sample Ag As Cd Co Cr Cu Mo Ni Pb V Zn PLI
Gl 57 0.007 06 02 02 02 11 01 01 01 04 03
G2 42 0007 1 0.2 02 03 11 02 0.05 0.3 0.1 0.33
Gashun G3 85 0.007 03 0.2 02 01 11 01 0.06 02 0.02 024
Sargelu G4 42 0007 06 0.2 02 02 11 01 0.07 0.2 0.02 0.25
G5 57 0007 03 02 02 02 11 01 006 02 0.04 025
P1 85 02 93 05 07 08 38 12 01 18 14 135
Pirbadush P2 14 04 10 05 05 11 8 15 0.4 31 1.07 156
P3 5.7 0.2 8 0.3 03 07 34 06 0.08 1.3 0.9 103
Ave.Sargelu 54 007 29 02 031 04 25 04 0115 09 04 0.66

Section  Formation Sample Ag As Cd Co Cr Cu Mo Ni Pb \Y Zn
G6 57 0007 16 02 02 03 11 03 0.1 05 02 038
Gashun G7 14 0.18 1 0.5 0.7 04 0.7 05 0.2 0.5 0.2 0.46
G8 57 0.007 06 03 04 04 07 04 005 03 01 033
Garau P4 42 0007 4 02 02 09 15 04 01 101 102 059
Pirbadush P5 42 0007 43 02 02 13 15 02 0.2 08 09 056
P6 20 0007 33 02 03 04 15 05 01 0.7 0.6 0.62
P7 42 004 33 03 03 03 11 03 007 08 06 07
Ave.Garau 64 003 25 027 032 05 11 03 0.117 06 0.5 0.52
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Table 4- Pearson's correlation coefficient between Total Organic Carbon and pollutant elements of sediments in

Sarglu Formation

Ag Cd Co Cr Cu Mo Ni Pb \Y Zn TOC
Ag 1
Cd -0.289 1
Co -0.231 .939** 1
Cr -0.211 .893** 953**
Cu -0.216 .959** .944**  827*
Mo -0.335 .880** .896** .732*  .966** 1
Ni  -0.246 .955** 993**  Q919** . Q74**  Q38** 1
Pb  -0.324 0564 0.663 0.459  .744* 861** .711* 1
V  -0.299 .940** .953**  .829*  .990** .986** .981** .787* 1
Zn  -0.247 .946** .891** .921** 865** .745* 887** 0472 .832* 1
TOC -0.219 .808* 0.671 0.645 .760* 0.687 .712* 0.488 .723* .832* 1

M L5l Sy 53 ol Bl ge gla, S SKoes — 0 s
Table 5 - Correlation of the main component factors in Sargelu Formation sediments

Ag
Cd
Co
Cr
Cu
Mo
Ni
Pb
\Y/
Zn
TOC
% of Variance
Cumulative %

Component
1 2
-0.316  0.807
0971 0.112
0.97 0.1
0.893  0.235
0.981  0.036
0.947  -0.187
0.988  0.057
0.731 -0.422
0.983 -0.064
0915 0.218
0.793  0.122
78.035 9.214
78.035 87.249
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Table 6- Pearson's correlation coefficient between Total Organic Carbon and pollutant elements of water in
Sarglu Formation

Cu Mo Ni Y] Zn TOC
Cu 1
Mo -0.523 1
Ni -0.593 962" 1
\Y, -0.518 .068™ .018™ 1
Zn 0.49 -0.025 -0.177 -0.068 1
TOC -0.224 0.594 0.436 0.689 0.219 1

A o 5l DT 53 ol 1l go (sla ) 56 Kiar — V st
Table 7 - Correlation of the main component factors in Sargelu Formation water

Component
1 2

Cu -0.669 0.557

Mo 0.967 0.125

Ni 0.945 -0.065

\Y 0.974 0.135

Zn -0.164 0.906

TOC 0.659 0.503

% of Variance 61.429 23.701
Cumulative % 61.429 85.13

Component 2

0.0

-0 Component 1 *°

a) Sediment

Component 2

0.0 =
%5 Component1 *° 10

b) Water

IS G5 (B) sbaanl 5T ST 5 (A) Sbguny 55 ool &g gla, 525U Hlag0i —F |03

Fig 6 - Diagram of main component factors in sediments (A) and Streams water (B) of Sargelu formation
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Table 8- Pearson's correlation coefficient between Total Organic Carbon and pollutant elements of sediments in

Garau Formation

Ag Cd Co Cr Cu Mo Ni Pb \Y Zn TOC
Ag 1
Cd 0.215 1
Co -0.383 -0.579 1
Cr -0.28 -0.722 .958** 1
Cu -0.244 0.664 -0.275 -0.406 1
Mo  0.452 .922** -0.672 -.798* 0.576 1
Ni  0.344 -0.598 0.6 0.706 -0.603 -0.465 1
Pb  0.005 -0.178 0.418 0.43 0.41 -0.119 0.225 1
VvV 0125 .959** -0.433 -0.595 0.573 .835* -0.474 -0.292 1
Zn  0.139 .964** -0.467 -0.615 .761* .881** -0.49 -0.052 .954** 1
TOC -0.023 -0.215 0.027 0.111 0.46 -0.09 0.044 .828* -0.379 -0.086 1

Table 9 - Correlation of the main component factors in Garau Formation sediments

35 W3l Slgm 5o ol Alge (gla, 5B (Soan - 8 U

Component
1 2 3 4

Ag 0.209 -0.248 0.935 0.044

Cd 0964 0.049 0.002 0.241

Co -0.754 022 -0.216 0.564

Cr -0.874 0.184 -0.087 0.431

Cu 0.65 0.727 -0.206 0.033

Mo 0.932 0.04 0.287 0.111

Ni -0.694 -0.11 0512 0.413

Pb -0.272  0.899 0.275 0.103

\% 0.892 -0.063 -0.1 0.429

Zn 0912 0.203 -0.005 0.337

TOC -0.164 0.859 0.275 -0.373

% of Variance 52.793 20.708 13.421 10.868
Cumulative % 52.793 73,501 86.922 97.789
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Table 10 - The results of ICP.ms analysis of waters of Sargelu and Garau formations of Gashun and Pirbadush sections

Section Formation ~ Sample As co cu Fe Hg Mn Mo Ni Pb v Zn
(M) (pg/)  (mg/l) (mg/)  (pa/)  (mg/)  (ug/l)  (ug/)  (ug/l)  (pa/l)  (mglh)
Gl <1 <1 2.93 <0.01 <1 <0.01 0.9 9.29 <1 0.7 9.49
G2 <1 <1 2.02 <0.01 <1 <0.01 1.36 12.41 <1 0.5 4.66
Gashun G3 <1 <1 3.11 <0.01 <1 <0.01 1.76 11.67 <1 0.9 4.35
Sargelu G4 <1 <1 1.96 <0.01 1 <0.01 2.67 12.72 <1 0.3 4.96
G5 <1 <1 2.05 <0.01 15 <0.01 4.03 17.59 <1 1.24 5.48
P1 <1 <1 1.39 <0.01 <1 <0.01 2.63 12.58 <1 1.07 5.22
Pirbadush P2 <1 <1 2.34 <0.01 <1 <0.01 10.27 20.51 <1 4.87 8.78
P3 <1 <1 1 <0.01 <1 <0.01 12.62 249 1.27 8.15 3.85
Ave.Sargelu <1 <1 2.1 <0.01 1.06 <0.01 45 15.2 1.02 2.2 5.8
. - As Co Cu Fe Hg Mn Mo Ni Pb \% Zn
Section  Formation Sample  (gi)  (ug/)  (mg) (g (ug) (g (wg/)  (wg)  (wg/) ()  (mgl)
G6 <1 <1 1.38 <0.01 <1 <0.01 1.33 17.9 <1 3.01 3.89
Gashun G7 3.15 143 1.98 1.68 <1 0.35 1.4 29.97 1.84 2.25 4.58
G8 <1 <1 1.71 <0.01 <1 0.01 2.73 15.86 <1 2.89 5.07
Garau P4 <1 <1 1.36 <0.01 <1 <0.01 10.43  20.85 <1 8.51 3.86
Pirbadush P5 <1 <1 0.8 <0.01 <1 <0.01 7.71 20.28 <1 6.95 2.96
P6 <1 <1 0.9 <0.01 <1 <0.01 5.68 13.23 1.51 5.7 2.22
P7 <1 <1 1.79 <0.01 <1 <0.01 5.31 19.21 2.13 5.6 15.1
Ave.Garau 1.2 1.05 1.4 0.2 <1 0.05 4.9 19.6 1.3 4.9 5.3
MAC 10 5 2 0.3 6 0.4 70 70 10 100 3
Si 10 10 2 0.2 1 0.5 70 20 10 70 0.5
IRISI-1053 10 2 0.3 6 0.4 70 70 10 100 3
};‘,}\fﬁ ‘_;UA.‘U)'LA BL ui ;.\QY] ‘5LAJA"-L& @L‘Sf N J}b
Table 11 - The results of water Contamination indices in Sargelu and Garau formations
Cf;
Section ~ Formation Sample As Co Cu Fe Hg Mn Mo Ni Pb \Y Zn CD
Gl 0.09 0.1 0.0014  0.000003 0.15 0.00002 0.01 0.13 0.09 0.007 0.00316 0.58
G2 0.09 0.1 0.001 0.000003 0.15 0.00002 0.01 0.17 0.09 0.005 0.00155 0.61
Gashun G3 0.09 0.1 0.0015 0.000003 0.15 0.00002 0.02 0.16 0.09 0.009 0.00145 0.62
Sargelu G4 0.09 0.1 0.000098 0.000003 0.16 0.00002 0.03 0.18 0.09 0.003 0.00165 0.65
G5 0.09 0.1 0.001 0.000003 0.25 0.00002 0.05 0.25 0.09 0.012 0.00182 0.84
P1 0.09 0.1 0.0006  0.000003 0.15 0.00002 0.03 0.17 0.09 0.017 0.00174 0.64
Pirbadush P2 009 0.1 0.0011  0.000003 0.15 0.00002 0.14 0.29 0.12 0.048 0.00295 0.94
P3 0.09 0.1 0.0005 0.000003 0.15 0.00002 0.18 0.35 0.1 0.081 0.00128 1.05
Ave.Sargelu 0.09 0.1 0.0009 0.000003 0.16 0.00002 0.05 0.21 0.09 0.02 0.001 0.72
Section  Formation Sample Ag Co Cu Fe Hg Mn Mo Ni Pb \% Zn
G6 0.09 0.1 0.0006  0.000003 0.15 0.00002 0.01 0.25 0.09 0.03 0.00129 0.72
Gashun G7 03 02 0.0009 0.0056 0.15 0.0008 0.02 0.42 0.18 0.022 0.00152 1.3
G8 0.09 0.1 0.0008 0.000003 0.15 0.00002 0.03 0.22 0.09 0.028 0.00169 0.71
Garau P4 0.09 0.1 0.0006 0.000003 0.15 0.00002 0.14 0.29 0.09 0.085 0.00128 0.94
Pirbadush P5 0.09 0.1 0.0004  0.000003 0.15 0.00002 0.11 0.28 0.09 0.069 0.0098 0.89
P6 0.09 0.1 0.0004  0.000003 0.15 0.00002 0.08 0.18 0.15 0.057 0.0074 0.81
P7 0.09 0.1 0.0008 0.000003 0.15 0.00002 0.07 0.27 0.56 0.056 0.005 1.3
Ave.Garau 0.12 0.11 0.0006 0.000802 0.15 0.000131 0.06 0.27 0.17 0.04 0.003 0.92
ol Loi N e U lais i gl o T 510 Ol Seea MO 5 Ve e 5 8 5L 51 1,3 O s
)\bJSg_)‘Lgud_:wfqujal&fub\wjnM \Y d}&)bdv\—‘!)‘)&ﬁl—td‘)‘ﬁw&ﬂjbw
V&L\ﬂm@c&édu&igT;)u)lm‘j}ﬁﬁju j.u\dpuvﬁu&ﬂuvﬁgﬂuﬁ:jwlﬁ;ﬁ
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Table 12— Pearson's correlation coefficient between Total Organic Carbon and pollutant elements of water in
Garau Formation

Cu Mo Ni Y] Zn TOC
Cu 1
Mo -0.523 1
Ni  -0593 .962™ 1
vV  -0518 968" .918™ 1
Zn 049 -0.025 -0.177 -0.068 1
TOC -0.224 0594 0436 0.689 0219 1

35 Kl O s ol il e sla, gSU  Siuaor — VY Ju

Table 13- Correlation of the main component factors in Garau Formation water

Component
1 2 3

Cu 0.873 -0.158 0.171

Mo -0.607 0.709 0.318

Ni 0.465 -0.189 0.85

Pb 0.793 0382 0.031

\Y/ -0.592 0.768 0.242
Zn 0.705 0575 -0.178

TOC -0.569 -0.708 0.188
% of Variance 44.933 30.427 13.996
Cumulative % 44,933 75.36  89.357
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Fig 7 - Diagram of main component factors in sediments (A) and Stream water (B) of Garau formation
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Fig 8 - Chart of pollution indicators in sediments of the region
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Fig 9 - Chart of pollution indicator in water of the region
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Fig 10 - Diagram of the relationship between TOC changes and pollution indices of sediments and water in
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