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Fig. 1. Geological map (1:50,000) of the region and the location of the studied sectios (NIOC.exp 2013)
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Fig. 2. Sampling locations of fluvial terrace sediments and oil shale’s around them

S Baiged JT 52)S U Gl3a0 ) Jgur
Table 1. Total organic carbon (TOC) content of oil shales samples

Section Sample TOC

Section  Sample TOC

1 15.3
2 8.78
3 13.8
4 0.63
Gashun 5 3.4
10 15.2
11 19.1
12 13
Ave 11.15

Pirbadush

6 20.2
7 224
8 23.93
9 11.58
13 19.59
14 13.97
15 6.52
Ave 16.88
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Fig. 3. Microscopic images of Qolyan river gravels
a: shale, b: calcareous mudstone, c: bioclast wackestone, d: ooid-interabioclast packstone/grainstone
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Table 2. Mineral phases of gravel-sand deposits of Qolyan River sediments

Sample Main phase Semi-Sub phase Sub Phase
G Dolomite, Calcite, Quartz ~ Albite, Illite, Anorthite ~ Sulphur, Pyrite
P Calcite,Quartz Dolomite, Albite, Illite  Sulphur, Pyrite
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Fig. 5. Normalization charts of elements of the fluvial terrace sediments compared to the standards
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Table 3. Percentage of main oxides in fluvial terrace sediments

ALO3 Ca0 Fe03 KO MgO Mno NaO P:0s TiO: SiO:

Ave.G 775 2681 274 167 1.19 003 0.18 0.05 041 447

Ave.P 8.74 2821 1.63 1.53 122 006 0.25 0.2 0.36  43.6

Ave.Total 824 27.51 2.18 1.6 1.2 0.04 021 0.12 038 442

uccC 15.2 4.2 5 34 2.2 0.08 3.9 0 0.5 66
NASC 16.9 3.56 633 399 285 006 1.15 0.11 087 6438
PASS 18.9 1.3 7.23 3.7 2.2 0.11 1.2 0.16 1 62.8
lalol Glgw) Ji polie cdile . Jgu
Table 4. Concentration of minor elements in fluvial terrace sediments

As Ba Co Cr Cs Cu Nb Ni Rb Sh Sc Sr Th vV Y Zn Zr
Ave G 0.38 684 533 27.6 0.61 134 1.88 18.6 10.6 0.5 2.55 174 1.44 41.1 6.35 15.5 13.8
AveP 1.87 254 7.2 35 0.55 369 1.92 493  8.14 0.75 2.66 692 1.25 185 8.64 92.4 14
Ave. Total 1.12 161.2 6.26 313 0.58 25.1 1.9 33.9 9.37 0.62 2.6 433 1.345 118 1.5 53.9 13.9
ucc 1.5 550 10 35 37 25 25 20 112 0.2 11 350 10.7 60 22 71 190
NASC 284 636 257 125 5.16 0 13 58 125 29 149 142 123 130 35 0 200
PASS 0 650 23 110 15 50 19 55 160 0 16 200 146 150 27 85 210
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Table 5. Concentration of rare earth elements in fluvial terrace sediments

Ce Dy Er Eu Gd La Lu Nd Pr Sm Tb Tm Yb

Ave.G 1088 1.05 048 0.2 1.5 6.25 0.12 657 1.82 041 0.263 0.106 0.63
Ave.P 9.42 1.2 0.64 0.41 1.51 6.42 0.13 6.7 1.83 0.74 0.274 0.101 0.77
Ave.Total 10.15 .13 0.56 0.3 1.5 633 0.125 6.63 1.82 057 0.268 0.103 0.7
UCC 64 3.5 2.3 0.88 3.8 30 0.32 26 7.1 4.5 0.64 0.33 2.2
NASC 66.7 417 284 1.18 4.9 31.1 046 274 7.7 559 085 048 3.06
PASS 79.6 468 2.58 1.08 466 382 0433 339 883 555 0.774 0405 232
WSA 83 5.5 3.75 1.61 6.35 41 0.61 38 10.1 7.5 1.23 0.63 3.53
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Table 6. Correlation coefficient (Pearson) between the minor elements of the sediments and the TOC of oil shales

As Co Cr Cu Nb Ni Rb Sc Sr v Y Zn Zr TOC
As 1
Co 853k 1
Cr 665%%  Q34%k 1
Cu 523% 0.503  0.302 1
Nb 0432  714%%  850%*  0.057 1
Ni Q00%%  Bo4¥*  J41%%  504% 0474 1
Rb 0.121 0323 0476 -0071 _761** 0.075 1
Sc 0455  797%F  912%¢  (.184  831%* (0482 .565% 1
Sr -0.034 0.06 -0.04 S584* 0383 0137  -0231 -0.048 1
A% .800%*  774%*  537% 7%k (0224  942%* _0.072 0279 0317 1
Y 626% BTk BRI¥F*  531% 599%  720%*% (032 B44%+ 0363 624% 1
Zn 551% 567 0428 796%% 0214  711%¥*  0.091 0.241 569%  7BE¥*  p45%* 1
Zr 516%  B24%k  028¥* (0135  936%*%  504% 550%  918%*% 0261 0352  744%* 01285 1
TOC  688**  705%%  637* 522% 590%  674%% 0432 0476 -0011  604% 593*  536* 0503 1
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Table 7. Correlation coefficient (Pearson) between the rare earth elements of the sediments and the TOC of oil shales

Ce Dy Er Eu Gd La Lu Nd Pr Tb Yb TOC
Ce 1
Dy
Er 1
Eu .609* 1
Gd 939%*% 0.458 1
La 940%*  0.453
Lu 980%*  .651**
Nd 941%*  0.468 1
Pr 93 1%* 0.46 ok 1
Tb 963%*F  542% .985%* 1
Yb 970%*%  .565% .883**  8T8**  902%* 1
TOC 0446  .595%  .613*  0.365 0.501  .606*  .547*  558*%  .565*%  .592* 1
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Table 8. The result of factor analysis the minor elements in fluvial terrace sediments and the TOC of oil shales

Component
1 2 3
Co 0977 -0.018 -0.092
Cr 0928 -0.282 0.064
Y 0901  0.052 0.322
Ni 0.884 0.29 -0.294
As 0.824 0.213 -0.455
Zr 0.823  -0.498 0.042
Sc 0.794  -0.45 0.279
TOC 0.775 0.03 -0.144
\% 0.77 0.549 -0.28
Nb 0.748  -0.624 0.032
Zn 0.671 0.576 0.205
Sr 0.106  0.727 0.64
Cu 0.568 0.671 0.163
Rb 0416 -0.619 0.301
Total 57.914 21.774 8.281
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Fig. 6. Three-dimensional diagram of relationships between trace elements concentration in fluvial terrace sediments

and TOC value of oil shales
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Fig. 7. Cluster analysis diagram between minor elements and rare earth elements of fluvial terrace sediments with TOC

of oil shales
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Abstract

Qalikuh region of Lorestan is very important in the geology of Iran due to the spread of oil shales
deposits. The Qolyan River flows in the bed of these deposits. In order to investigate the elemental
geochemistry, to determine the origin and to investigate the relationship between the concentration of
elements and the amount of organic matter, 15samples from the fluvial terrace sediments of the Qolyan
River and 15samples from the surrounding oil shales were collected and subjected to petrographic and
geochemical analysis. The results showed that the most depletion of main oxides in sediments is related
to Na,O and there is enrichment only in relation to CaO. Enrichment of minor elements Sb, As, Ni, V
related to shales and Sr is related to the dispersion of clay minerals and lime layers. The depletion of Rb
is the consequence of feldspars breaking in process of alteration. Nb, Zr elements are present in
sedimentary minerals in minor form. The origin of minor and rare earth elements is related to the place
of formation, weathering in the deposits and the amount of total organic carbon in the oil shales scattered
in the region. The samples are in the range of litharenite, arkose to shale, which are related to the
environments of active continental margin and collisional. According to the Th/U ratio, the sediments
were formed from source rocks with the least weathering. The amount of PIA and ICV index of the
samples shows the effect of low weathering on sediments related to active tectonic environments.

Keywords: Qolyan River, Sedimentary geochemistry, Oil shales, Qalikuh, Origin of sediments

Introduction

The Qalikuh region is a constituent of the
Zagros Fold-Thrust Belt, often known as the
High Zagros. The Qolyan River holds
significant prominence throughout the local
area, ultimately converging with the Dez River.
The Sargelu and Garau formations in this
particular region of Iran are widely distributed
with oil shales, making them the primary
reservoirs for unconventional hydrocarbons in
the country. This study focuses on conducting
geochemical analyses of major, minor, and rare
elements, as well as investigating the
characteristics of the source rock. The aim is to
determine the origin and weathering of the
fluvial terrace sediments and assess the
correlation between sediment elements and the
quantity of organic matter present in oil shales.
The chemical composition of sediments and
detrital rocks is determined by a range of
geological parameters, including the tectonic

location, the composition of the source rock,
the intensity of weathering, textural maturity,
and mineralogy during movement and
deposition. Examining the spatial arrangement
of major, minor, and rare earth elements within
water systems and sub-environments, such as
rivers, concerning their distribution in source
rocks, holds significant importance in
geochemical and sedimentological research.
The examination of minor elements through
geochemical analysis can be a valuable tool in
elucidating the processes of deposition and
weathering that occur within these fluvial
terrace sediments. Fluvial terrace sediments
can be enriched with rare earth elements as a
result of the process of weathering. The
geochemical behavior of certain elements can
serve as a valuable indicator for discerning the
geological processes involved in the formation
and tectonic structure of sedimentary basins.
Additionally, it can shed light on the fate of
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materials that are transported into these basins,
as well as the factors that control the
distribution of sediments in rivers during
erosion, weathering, and sedimentation.

Materials and Methods

For this research, two specific portions of the
Pirbadush (P) and Gashun (G) permanent
waterways, which discharge into the Qolyan
River, were chosen. Sediment samples were
collected randomly, adhering to
sedimentological sampling protocols (Tucker,
1988), utilizing a shovel, and extracting from a
depth range of 10-30 cm. Following the
process of sieving with a brush, a total of 15
samples were subsequently transferred into
plastic zipped bags. These bags were then
labeled and carefully placed inside cloth bags,
which were for transportation to the Oil
Industry Research Institute laboratory. The
concentration of elements in the collected
samples was determined using laboratory
methods such as ICP-MS, XRF, and XRD.
Additionally, some main oxides and
mineralogical studies of the sediments were
conducted. Microscopic thin sections were
prepared to identify the mineral phases,
including the main, minor, and semi-minor
phases. A total of 15 oil shale samples were
collected from the surrounding extracted
sediments to assess the quantity of total organic
carbon present in them. These samples were
subsequently subjected to a Pyrolysis Rock-
Eval. The investigation involved identifying
mineral phases present in fluvial terrace
sediments and the analysis of the elemental
composition (including major, minor, and rare
earth elements) in the sediments. This analysis
aimed to determine the source rock
characteristics, assess the degree of
weathering, and explore the relationship
between minor and rare earth elements in river
sediments and the total organic matter (TOC)
content of oil shales. Statistical calculations,
such as Pearson's correlation coefficient,
principal component analysis, and cluster
analysis, were employed to examine this
relationship. In the field of geochemical
research, various benchmarks have been
employed, namely the upper continental crust
(UCC), post-Archaean Australian shales
(PAAS), and North American shale
composites (NASC). These benchmarks have
been utilized to assess weathering through the
application of the plagioclase alteration index

and composite alteration index. The
Plagioclase Alteration Index (PAI) is a
commonly employed method for assessing the
past weathering conditions of clastic
sediments. A value in proximity to 100
signifies significant weathering and the
complete alteration of feldspars into secondary
clay minerals, including kaolinite, illite, and
gypsum. Conversely, a value below 50 shows
the absence of weathering and the presence of
unaltered, pristine rocks.

PIA =100 [(ALLO3-K>0)/ (AL,O3+CaO+Na,O-

K,0)]

The composition index is a key factor in
determining the relative abundance of
aluminum to other cations present in clay
minerals.

ICV = (Fe;03+ CaO+ NaxO+ KoO+ MgO+
MnO+ TiO,)/Al,O3

This index exhibits a direct correlation with
minerals and their resistance to weathering. It
serves as a metric for quantifying the level of
mineralogical maturity in fluvial terrace
sediments resulting from alteration processes,
known as composite maturity. Values
exceeding one in this index are indicative of
young sediments found in active tectonic
settings, marking the initiation of the
deposition cycle. There 1is an inverse
relationship between the intensity of
weathering and the value of the weathered
material, which can be attributed to the
increased enrichment of aluminum (Al).

Discussion and Results

Clay minerals, calcite, quartz and dolomite are
the main constituents of the crystalline phase
of oil shales in the region. The occurrence of
dolomite in the sediments located upstream can
be attributed to their close vicinity to the
Najmeh and Gutnia formations. Conversely,
the prevalence of quartz in the sediments
located downstream can be attributed to their
proximity to the Quaternary deposits and
alluvial sediments.In this region, Illite and
albite are semi-sub minerals of fluvial terrace
sediments. The retention of alkaline cations
(especially K*) in a neutral or slightly alkaline
environment is one of the conditions for the
formation of illite, which is probably the result
of potassium feldspars. Considering the
presence of organic substances, sulfur and
pyrite (autogenic) in the deposits of the older
terraces of the river, the sediments have passed
the negative redox potential conditions (Eh<0).
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The oxidation of pyrite has caused the
formation of gypsum and its decomposition
has caused the formation of jurasite. When

compared to global standards, the fluvial
terrace sediments in this region exhibit the
most significant depletion of the primary
oxides of the elements, particularly sodium
oxide (NayO). Conversely, an enrichment
regarding calcium oxide (CaO) was observed,
which can be attributed to the calcareous
lithology prevalent in the area. The significant
depletion in sodium oxide (Na,O) is attributed
to its limited stability in transportation
mechanisms, which arises from the elevated
mobility of this element during chemical
weathering and subsequent alterations. The
Pirbadush  section exhibits a  higher
concentration of phosphorus oxide (P.Os), a
phenomenon that may be attributed to the
lithological characteristics of the investigated
region. The concentration of oxides is highest
to silicon dioxide (SiO.). The observed
Si02/Al20s3 ratio in all samples is found to be
below 5, indicating the sedimentary
immaturity of the examined deposits. The
severe depletion of Rb can be attributed to the
shattering of feldspars during alteration
processes. The elevated concentrations of Sb,
As, Ni, and V exhibit a direct correlation with
shales, particularly black shales. Conversely,
the presence of Sr is associated with the
dispersion of clay minerals, the expansion of
limestone strata, and the alkaline pH conditions
prevailing in the surrounding environment.
Rare earth elements exhibit depletion relative
to UCC, PAAS, NASC and WSC standards
across all examined samples. According to the
geochemical graphs depicting lithological
composition, the deposits fall within the
spectrum of litharenites, arkose, and shale. The
tectonic position of the deposits during their
development suggests the presence of an active
continental margin and a collisional margin.
The paleoclimate associated with these
deposits is characterized by arid climatic
conditions and minimal chemical maturation.
The observed range of Th/U ratios (0.27-1.85)
in the analyzed samples can be attributed to
ongoing tectonic processes in the source
regions. This finding suggests that the
sediments originated from source rocks with
minimal weathering or from materials with
limited movement and deposition. The
observed PIA index values (ranging from 7%
to 16%) in the examined samples indicate the

influence of limited weathering processes on
the sediment composition. The ICV index,
which ranges from 3.1 to 5.9, dicates immature
sediments associated with active tectonic
settings. The findings of Pearson's correlation
analysis indicate a significant positive
relationship between the TOC content of oil
shales and the minor elements As, Co, and Ni
in sediments. Conversely, a negative
correlation is shown between the TOC of oil
shales, and the element Sr. Strontium exhibits
distinct behavioral patterns as determined by
the application of principal component analysis
and cluster analysis. Based on the Pearson
correlation test findings, no statistically
significant relationship is observed between
the TOC value of oil shales and rare earth
elements. Additionally, the results of the
principal component analysis test on the
concentration of rare earth elements lack
reliability. Furthermore, the cluster analysis
indicates that the concentration and behavior of
TOC with rare earth elements are different and
independent of each other.

Conclusion

The results of sediment mineralogical studies
in this research indicate that Calcite, Quartz
and dolomite are the main minerals. Illite,

Albite and Anorthite are semi-sub minerals of
fluvial terrace sediments. Due to the presence
of organic materials, sulfur and pyrite (in some
cases) in the older fluvial terrace sediments,
these deposits have undergone regeneration
conditions (Eh<0). The presence of organic
matter and pyrite suggests that the deeper
regions of the sedimentary environments have
been subjected to reductive conditions, as
indicated by the negative redox potential
(Eh<0).Regarding the expansion of limestone
and shale lithologies in the region, it is
observed that the main oxides of elements,
excluding CaO, exhibit the highest levels of
enrichment. Additionally, shales are associated
with elevated concentrations of minor elements
such as Sb, As, Ni, and V, while clay minerals
and limestone layers contribute to the
enrichment of St in conjunction with pH levels.
The severe depletion of Rb can be attributed to
the shattering of feldspars during alteration
processes.There exists a correlation between
the alkalinity of the environment. The
occurrence of dolomite and quartz among the
examined samples can be attributed to the
geological formations evaporititic of Najma,
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Gutnia, and Quaternary alluvial deposits. The
lithological composition of the deposits
indicates that the shales originate from detrital
sources and have undergone limited chemical
alteration due to arid climatic conditions.
These shales have originated from source rocks
that have experienced minimal weathering or
materials that have undergone minimal
transportation and sedimentation. Considering
the geographical location of this region inside
the high Zagros, it can be predicted that the
sedimentary formations in region were formed
on the active marginal of the continent. Based
on statistical analyses, the presence of rare
earth elements within the fluvial terrace in this
particular region can be attributed to the
specific location of their creation and

subsequent weathering processes. Regarding
minor elements, apart from the parameters
mentioned above, the overall quantity of
organic carbon present in the dispersed oil
shales within the area can also exert influence.
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