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Fig. 1. The location of Khorramrood River in Khorramabad city and the spread of river channel bottom sediments

(View to the west)
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Fig. 2. Geological map of the study area (Geological organization of the country, 2011) along with satellite images of the
expansion of the Khorramrood river basin. The locations of the sampling points are shown with red circles and codes

K1 toK15.
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Fig. 3. A view of the formations of the study area (Khorramabad anticline) a) Ilam (view to the southwest) b) Amiran
(View to the north) ¢) Surgah (view to the southwest) d) Garoo and Sarvak (view to the southwest) e¢) Asmari (View to

the southeast) f) Kashkan (View to the north)
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Fig.4. Sampling and part of the sediments taken from the bottom channel of the river for gradation analysis
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Fig. 5. Devices used for the samples gradation, a) vibrating device, b) digital balance
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Table 1. The results of the gradation analysis of sediments: weight frequency of grains

(230 <) Pan 230 120 60 35 18 10 10< Sieve number (mesh)
4> 4 3 2 1 0 -1 -1> Sieve number (phi)
0.063 > 0.063 0.125 0.25 0.50 2 2> Diameter of sieve (mm)
Tnitial
Frequency of grains for each class (%) o 1(a ;nass Sample No.
gr
501 1243 | 946 | 1699 17.28 12.63 8.97 16.83 1251.32 K1 (Channel wall)
6.92 1423 | 1011 | 1571 10.03 15.10 12.05 15.70 1246.87 K2 (Channel wall)
547 1537 | 1043 | 15.00 12.35 9.97 16.04 15.19 1237.52 K3 (Channel wall)
514 1028 | 1197 | 11.09 14.07 11.85 1037 2476 1085.90 K4 (Channel bottom)
8.02 921 | 1556 | 1436 | 21.90 12.96 11.64 18.81 1223.65 K5 (Channel bottom)
438 1299 | 1274 | 1439 9.92 13.58 1461 17.25 1220.84 K6 (Channel wall)
559 1214 | 1038 | 1224 14.77 15.66 12.19 16.84 1190.25 K7 (Channel wall)
729 1406 | 1254 | 1571 12.28 8.94 1222 16.81 1250.29 K8 (Channel bottom)
472 1364 | 1357 | 9.58 15.94 12.99 1135 17.92 1176.81 K9 (Channel bottom)
9.27 1051 | 11.87 | 1355 12.60 11.50 11.77 18.58 1068.36 K10 (Channel
bottom)
571 1133 | 1113 | 18.13 12.40 15.09 11.09 19.87 1012.35 K11 (Channel
bottom)
7.56 10.08 | 9.90 17.00 10.80 13.33 14.42 16.74 1169.21 K12 (Channel
bottom)
K13 (Channel
8.06 1077 | 1070 | 1172 10.23 18.06 10.09 20.04 1099.50 (Channe
bottom)
6.28 1492 | 1487 | 1329 9.84 12.74 15.50 12.14 1198.98 K14 (Channel
bottom)
K15 (Channel
526 1347 | 1234 | 957 14.11 14.30 10.04 20.72 1225.29 (Channe
bottom)
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Table 2. The results of the gradation analysis of sediments: cumulative frequency of grains
(230 <y Pan 230 120 60 35 18 10 10 < Sieve number (mesh)
4> 4 3 2 1 0 -1 -1> Sieve number (phi)
0.063 > 0.063 0.125 0.25 0.50 1 2 2> Diameter of sieve (mm)
Cumulative frequency of grains for each class (%) Initi(aglrgnass Sample No.
99.80 94.59 82.16 72.70 55.71 38.43 25.80 16.83 1251.32 K1
99.85 92.93 78.70 68.59 52.88 42.85 27.75 15.70 1246.87 K2
99.82 94.35 78.97 68.55 53.55 41.20 31.23 15.19 1237.52 K3
99.53 94.39 84.11 72.14 61.05 46.98 35.13 24.76 1085.90 K4
99.77 91.75 82.53 66.97 52.62 43.41 3045 18.81 1223.65 K5
99.85 95.47 82.49 69.75 55.36 54.44 31.86 17.25 1220.84 K6
99.80 94.21 82.07 17.69 59.45 44.69 29.03 16.84 1190.25 K7
99.85 92.56 78.50 65.96 50.25 37.97 29.03 16.81 1250.29 K8
99.71 94.99 81.35 67.78 58.20 42.26 29.27 17.92 1176.81 K9
99.65 90.38 79.87 68.00 54.45 41.84 30.35 18.58 1068.36 K10
99.79 94.08 82.75 73.63 58.45 46.05 30.96 19.87 1012.35 K11
99.83 92.27 82.19 72.28 55.28 44.49 31.16 16.74 1169.21 K12
99.67 91.61 80.84 70.14 58.42 84.19 30.13 20.04 1099.50 K13
99.58 93.30 78.38 63.51 50.22 40.38 27.64 12.14 1198.98 K14
99.81 94.55 81.08 68.74 59.17 45.06 30.76 20.72 1225.29 K15
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Table 3. The results of the gradation analysis of sediments: frequency of grains and classification of the samples

Sample No. M (%) S (%) G (%) SM Sediment type
K1 5.21 68.81 25.81 13.20 gS
K2 6.92 65.19 27.76 9.40 )
K3 547 63.14 31.23 11.52 sG
K4 5.14 59.27 35.14 11.51 sG
K5 8.02 61.32 30.46 7.64 gm$
K6 4.38 63.66 31.86 14.52 sG
K7 5.59 65.22 29.04 11.65 gS
K8 7.29 63.54 29.04 8.71 gm$
K9 4.72 65.73 29.27 13.91 )
K10 9.27 60.05 30.36 6.47 msG
K11 5.71 63.15 30.97 11.04 sG
K12 7.56 61.13 31.17 8.07 msG
K13 8.06 61.51 30.13 7.63 msG
K14 6.28 65.68 27.65 1045 gS
K15 5.26 63.81 30.76 12.12 sG
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Fig. 6. Sediments classification of Khorramrood River in studied area based on Folk (1974) (gS gravelly sand, sG sandy
gravel, msG muddy sand gravel, gmS gravelly mud sand)
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Table 4. The values of sedimentological indices of the samples

Sample No. a (9) o (9) Sk K
K1 0.62 2.11 0.06 1.99
K2 0.69 2.22 0.09 1.81
K3 0.66 2.21 0.07 1.76
K4 0.29 2.24 0.24 1.83
K5 0.62 2.26 0.08 1.80
K6 0.51 2.18 0.13 1.78
K7 0.51 2.16 0.19 1.91
K8 0.78 2.25 -0.02 1.78
K9 0.56 2.19 0.10 1.80
K10 0.64 2.29 0.13 1.81
K11 0.45 2.21 0.19 1.84
K12 0.54 2.21 0.19 1.88
K13 0.49 2.27 0.23 1.85
K14 0.82 2.19 0.007 1.74
K15 0.39 2.24 0.28 1.82
Max 0.82 2.29 0.28 1.99
Min 0.29 2.11 -0.02 1.74

Average 0.57 2.21 0.13 1.82
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Fig. 7. Histogram diagrams and normal curves of sediments (it can be seen that the sequence of normal curves is often

tilted towards fine-grained sediments)
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Fig. 10. Roundness classification of the gravel and rubble grains of the studied samples according to Pettijohan (1949)
(it can be seen that the grains are classified as very angular, angular, sub-angular, sub-rounded, rounded, and well-

rounded).
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Fig. 14. Images of microscopic thin sections of the coarse grain pieces (gravel and rubble), a) Gravel and rubble
sediments to prepare of microscopic thin sections, b) Thin section of a chert piece, ¢) Thin section of a piece of micro-
conglomerate whose pieces are mostly chert, d, e) Thin section of carbonate pieces (Microfossils can also be seen in this
image), f) Thin section of dolomite piece, g, h) Thin section of sandstone fragments i) Thin section of siltstone fragment.
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Fig. 15. Mineralogical studies on pieces of medium-grain sand (smaller than 2 mm), a) Sand sample before molding by resin, b) Thin
section of rock-fragments of chert (white arrow), carbonate (yellow arrow) and igneous (red arrow), ¢) The thin section of the rock-
fragments of carbonate (yellow arrows) and chert (green arrow), and the red arrow shows a piece of biotite mineral (Pay attention to
the angularity of some rock-fragments), d) Thin section of polycrystalline quartz (yellow arrows), igneous rock-fragments (red arrow),
and siltstone rock-fragments (green arrow), e) Carbonate rock-fragments (yellow arrows) in which microfossils are also observed (The
red and green arrows shows a polycrystalline quartz and a piece of chert, respectively), f) Thin section of metamorphic rock-fragments
¢) Thin section of chert rock-fragments (yellow arrows), the red arrow shows a polycrystalline quartz and the green arrow shows a
piece of biotite mineral (Pay attention to the sharp angles of cherty and biotite pieces. The angularity of these pieces indicates short-

term transportation from their origin) h) Plagioclase feldspar (note that the grain is fresh and angular), i) Potassium-rich feldspar
(microcline, yellow arrow) and quartz grain (red arrow).
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Abstract

The aim of the study present is to investigate the sedimentological parameters of the sediments of
Khorramrood River (Khorramabad city, Lorestan Province) using the moment’s method, and
determining the origin and how they are transported. In this regard, 15 samples were systematically
taken from the bottom and wall sediments of the river channel from depths between 5 and 20 cm. Next,
a number of 15 microscopic thin-sections from the sediment grains with a size of 1 ¢ were prepared for
mineralogical composition studies with aim determining the source rock of the sediments. The statistical
analyses revealed that there are a range of sedimentary grains with the different sizes, with an average
diameter of 0.57 ¢ (coarse sand), in Khorramrood River. According to the results of gradation analysis,
the sediments fall into the four groups including gS gravel sand (33.33%), sG sand gravel (33.33%),
msG sand gravel (20.00%), and gmS sand gravel (13.33%). The average of sediments sorting was equal
to 2.21 ¢, indicating the very bad sorting of sediments. The average of elongation index (K) and
skewness (Sk) of the grains is 1.82 and 0.13, respectively, showing that they are skewed towards fine-
grained sediments. According to the investigations, stretching, jumping, and suspension were identified
as the most main mechanisms of sediment movements. The detrital components of the sediments include
quartz, feldspar, and sedimentary rock-fragments (such as sandstone, carbonate, and chert) and with the
less amounts igneous and metamorphic rock-fragments. Based on these findings, the erosion of
sedimentary rocks belonging to Khorramabad anticline can be considered as the main source of
Khorramrood river sediments. Finally, the gradation results showed that among the studied sediment
samples, 2 of them have the potential to be used as concrete aggregate.

Keywords: Khorramrood River, Alluvium, Sedimentology, Moment’s method, Concrete aggregate

Introduction between processes and bedforms,
River environments include complex systems morphological analyses, management and

of erosion, transport and sedimentation that
cause the formation of various surface
landscapes. These environments are dynamic
systems affected by climatic conditions,
catchment basin physiography, tectonic events,
geology, flow speed and depth, and sediment
transport, all of which play a role in the
formation of sedimentary facies.

Many of the world's hydrocarbon reserves
from the Precambrian to the Pliocene have
been observed in river sediments. Besides
economic aspects, river environments were
investigated by various researchers in regard of
sedimentology, such as the relationship

evolution of rivers in response to human
activates and climatic changes.

Khorramrood River (Khorramabad city) is one
of the sub-branches of the Kashkan River
(Lorestan Province) which eventually flows
into the Karkhe River (Khuzestan Province).
Given that a part of this river passes through
the center of Khorramabad city, so far study
was not done regarding the parameters of
sedimentology, the origin of sediments and
how they are transported in this river.
Therefore, the present study aims to investigate
the sedimentological parameters of the
alluviums of Khorramrood River (in the parts
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passing through the center of Khorramabad
city), determining the origin of sediments and
identify the how they are transported.

Geographical location and geology of the
region

The studied area includes a part of
Khorramrood River in the center of
Khorramabad city (Lorestan Province) with a
long of 18 km. Figure 1 shows the location of
Khorramrood River and the part of sediments
on the bottom of the river channel. This river is
one of the main sub-branches of the Kashkan
River, which eventually flows into the Karkheh
River. Based on geological map of the area,
which is part of the 1/25000 map of
Khorramabad city, there are some of outcrops
belonging to formations of the geological
second and third periods. The second period
units include Sarvak, Ilam, Gurpi, and Amiran
formations and the third period units include
Tarbor, Kashkan, Asmari-Shahbazan, and
Gachsaran formations. Also, part of the
outcrops of study area includes young alluvial
sediments.

Methodology of study

In order to achieve the goals of the present
study, the sampling was carried out at a
distance of 23 km from the Khorramrood
River. The 15 samples were taken every 1 to
1.5 km from the wall and bottom of the river
channel at a depth of 5 to 20 cm. Gradation
analysis were performed using the dry method
on sediments between 10 to 230 mesh. The
mineralogical composition of the sand particles
through microscopic thin-sections studies were
carried out. Finally, based on the obtained data,
the results have been analyzed.

Results and discussion

The results of gradation analysis show that the
studied sediments of Khorramrood River are
classified into four groups: gravelly sand,
sandy gravel, clayey sand gravel, and gravelly
clayey sand based on the classification of Folk
(1974).
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where, m is the middle point, f and n are the
frequency of each sedimentary class and total
frequency of sedimentary classes, respectively.
In Table 4, the values of sedimentological
parameters determined from the equations 1-4
are presented. The average diameter of
sediment grains is between 0.29 and 0.82
(average: 0.57 ¢). Considering that the
diameter of the grains is between 0 and 1 ¢,
those are classified as coarse sand. The
skewness of the sediments varies from -0.02 to
0.28 (average: 0.13), which indicates the
skewing towards fine-grained sediments.
Elongation of sediments is from 1.74 to 1.99
(average: 1.82), showing very elongated. This
type of elongation indicates the good sorting of
the grains as that be seen in some sediments
such as samples No. 1, 2 and 3.

Conclusions

The statistical analyses showed that there are a
range of sedimentary grains in Khorramrood
River with the different sizes, with an average
diameter of 0.57 ¢. According to the results of
gradation analysis, the sediments fall into the
four groups including gravel sand, sand gravel,
sand gravel, and sand gravel. The stretching,
jumping, and suspension were identified as the
most main mechanisms of sediment
movements. The detrital components of the
sediments include quartz, feldspar, and
sedimentary  rock-fragments  (such  as
sandstone, carbonate, and chert) and with the
less amounts igneous and metamorphic rock-
fragments. Based on these findings, the erosion
of sedimentary rocks belonging to
Khorramabad anticline can be considered as
the main source of Khorramrood river
sediments. Finally, according to the results of
studies on the grain size distribution of
sediments collected from the Khorramrood
River, some areas of the sampling have good
potential as aggregate materials for use in
concrete.



