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ABSTRACT

Statistical analysis is conducted for 39 sandy samples selected from 24boreholes drilled
in the Mesopotamian Plain, southern Irag. The samples are tested for grain size analysis to
reveal its textural characteristics, depositional environment, transporting mechanism, and
mean flow velocity during deposition. The majority of the samples are muddy sand, few are
silty and clayey sand and one sample is sand. A Graphic method of frequency distribution
analysis reveals that the mean size ranges from medium sand, (1.42) ¢ to fine silt, (6.07) ¢
with an average size of (4.2) ¢. Skewness parameters range from (0.15) ¢ (fine) to 0.89 ¢
(very finely skewed). About 92 % of the samples lies within the very fine skewness category
implying excess of fine particles (>10) %, which is a characteristic feature of old age river
sediments. Sorting values range from 1.43 ¢ (poorly sorted) to 4.33 ¢ (extremely poorly
sorted) with the very poorly sorted samples dominate the population. The kurtosis values
range from 0.59 ¢ (very platykurtic) to 3.25 ¢ (extremely leptokurtic). About 90% of the
samples are spread within the mesokurtic to very leptokurtic categories. Scatter plot diagram
of graphic mean size versus graphic standard deviation indicates a river deposition
environment. Probability charts of the samples point to rolling and sliding transporting
mechanism for the sediments larger than 2 ¢ in size, as well, the saltation mechanism for the
sediments in between 1.63 and 3.7 ¢ in size and suspension mechanism for the grains finer
than 8 ¢ in size. The mean flow velocity during deposition ranges between 7.34 cm/s for
sample with mean size of 4.9 ¢ and 94.77 cm/sec for sample with mean size of 1.4 ¢.
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INTRODUCTION

Statistical analysis of the grain size parameters is the key to elaborate the prevailing
circumstances through transportation and sedimentation, whereas its distribution is strongly
controlled and related to transportation mechanism, media and depositional environment
Friedman and Sanders, (1978). A systematic and coherent presentation of the particle size
distribution will provide the knowledge about sedimentary processes and depositional
environment. Devi (2014) advocated the application of statistical techniques to characterize
the frequency distribution of clastic sediments.

The study area is located in the southern part of Iraq within the Mesopotamian Plain,
represented by Al-Nasiriya Quadrangle (Sheet NH-38-03) on scale 1: 250 000. It lies between
45° 00' 00" — 46° 30' 00" longitude and 31° 00" 00" — 32° 00" 00" latitude with approximate
area of 15000 Km? (Fig.1). The aim of this work is to study the depositional environment and
transportation mode of the sediments from grain size parameters, as well as measurement of
the paleoflow velocity during deposition of the Quaternary sediments in the area between
Nasiryia, Fajer and Samawa cities.
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Fig.1: Location map of the study area. Right: map of Iraq showing the study araea. Left: map
of the study area showing location of the boreholes with the main cities and rivers

PREVIOUS WORK

- Yacoub et al. (1985) studied the southern sector of the Mesopotamian Plain as part of the
regional survey of the whole plain. They investigated the Pleistocene and Holocene
deposits and reported that the fluvial deposits are dominating the entire Quaternary period
as well as in Pliocene. The Fluvial deposits are frequently intercalated with thin layers of
lacustrine origin. They suggested that the area was influenced by marine inundation during
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the Holocene, which caused the deposition of marine estuarine sequence of the Hammar
Formation. The paleontological evidences revealed that the marine transgression reached
as far as the Amara City on one side, and Al-Nasiriya City on the other side during the
optimum rise of the sea level around (6000 — 5000) years B.P.

- Deikran and Mahdi (1993) compiled the geological map of the Al-Nasiriya sheet at scale
of 1: 250 000. They classified the Quaternary sediments according to their genesis into:
Fluvial, Lacustrine, Aeolian, Polygenetic, Anthropogenic, and Gypcrete.

- Agrawi (1993) studied the fluctuation in climate, sea level and sedimentation rate of the
Tigris — Euphrates Delta in the last 100 000 years and identified five main stratigraphic
units with other sub units.

- Aqgrawi (2001) calculated the Holocene sedimentation rates for the lacustrine deltaic
deposits of the lower Mesopotamian Plain depending on the radiocarbon dating of nine
samples; five of which are organic-rich samples from boreholes, and four shelly samples
from near surface. The results show relatively high sedimentation rates in the range of 1 to
1.8 mm/year throughout the Holocene; from 8400 years B.P. until about 3000 years B.P.
During the late stage of the Holocene, the rate of 0.4 mm/year was not exceeded.

- Sissakian et al. (2007) studied the geological hazards in the study area, and identified these
as: Floods, Sand dunes, Depressions, Sabkhas, Pollution, Marshes and Tectonic active
zones.

- Al-Khateeb et al. (2013) investigated the study area in detail including the sedimentary
environment and reported a remarkable decrease of sand ratio toward southeast, whereas
no such change is seen in the northeast-southwest direction.

- Al-Jeburi and Al-Basrawi (2015) studied the type and depth of the groundwater and
mineralized springs in the study area.

GEOLOGICAL SETTING

The area is mainly covered by Quaternary sediments of various types, whereas the
outcrops of the Tertiary formations are restricted to a small area in the extreme southwest of
the studied area, represented by the Dammam Formation (Middle — Upper Eocene) and the
Euphrates and Ghar formations (Lower Miocene). The Quaternary sediments are classified,
based on their genesis, as polygenetic, gypcrete, fluvial, lacustrine, aeolian and anthropogenic
sediments and lithologically consist of the following sediments according to Yacoub et al.
(1985) and Al-Khateeb et al. (2013) (Fig.2).

= Sand

It represents about 35% of the lithological sequence and is generally fine to medium
grained, friable to fairly compacted, whereas compacted and cemented layers are rare. It is
dominantly brownish grey or greenish grey in color. Occasionally grayish brown, bluish
brown, yellowish and pale grey to whitish colored beds of sand also appear in the sequence.

= Silt

About 9% of the lithological sequence is composed of silt. It is very often clayey in the
studied sediments; pure silt occurs as a thin layers intercalated with sand and clays. The
common colors of silt and clayey silts are brown with variable including reddish, pinkish,
grayish or yellowish shades and pale greenish or bluish grey beds.

= Mud

It is the most predominant lithologic constituents of the fluvial sediments, forming 54.5%
of the studied lithological sequence. The color is mainly brown, but grayish, yellowish and
greenish beds are also noticed.
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= Clay

Clay fraction is the less abundant lithologic constituents of the Quaternary sediments in
the studied area and represents only 1.5% of the lithological sequence (Al-Khateeb et al.,
2013). It usually exists as thin (few decimeters) intercalations, while the layers of silty clays
could reach few meters in thickness. The color is mainly reddish, pinkish or ochre.
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Fig.2: Geological cross sections A-A', B-B'and C-C' in the study area
(after Al-Khateeb et al., 2013)

METHODOLOGY

Thirty nine sandy samples were selected from 24 boreholes for grain size analysis. The
analysis was conducted according to the standard of the American Society for Testing and
Materials (ASTM) D422 (1982). Folk (1954) ternary diagram is used to reveal texture of the
samples, whereas, mean size, sorting, skewness and kurtosis are determined graphically as
suggested by (Folk and Ward, 1957). Graphical presentation of grain size (in phi units) with
cumulative percent are plotted on probability chart to get cumulative frequency curve for the
samples after the method introduced by Otto (1939).
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Arithmetic grain size scale is seldom used in sedimentology since too much emphasis is
placed on coarse sediment and too little on fine particles (Mc Manus, 1988). As such,
logarithmic Udden-Wentworth grade scale, (Udden, 1914 and Wentworth, 1922), is widely
employed and adopted by most sedimentologists. Krumbein (1934) further proposed that
grade scale to be transformed from logarithmic scale into phi () values as follows:

Grain diameter in @ =-Logad ........ccoviviiiiiiii 1
Where d is the grain diameter in millimeter.

Four major statistically-derived parameters are usually used to describe grain size
distribution, these are: Mean (average grain size), Sorting, Skewness, and Kurtosis. Folk and
Ward (1957) presented the following equations to compute these parameters graphically.

» Grain size
One of the things that the size of the particles reflects is the processes of transportation
and deposition such as the ability of wind or water to move and drop the particles (Friedman
and Sanders, 1978).
016 + @50 + @84
M, = 2
3

Where M, refers to the average grain size, 916, ¢50, and ¢84 represent the sizes at 16, 50 and
84 percent of the sample by weight respectively. Mean is also measured in ¢ units and is the
most widely compared parameter.

= Sorting
It represents the degree of grain size variation of a sample, and is generally expressed by
the spread of data along the x-axis. Sorting is a powerful indicator of origin of the sediments. It is
calculated as follows:
084 —l6 @95 — 95
o1 = T o e 3
4 6.6

Where: o, is the sorting value; ¢ 84, ¢ 16, ¢ 95 and @5 represent the phi values at 84, 16, 95,
and 5 percentiles.

= Skewness
It indicates the symmetry of the cumulative curve of the sample, calculated as follows:

016 + 84 — 2950 ¢5 + 095 — 2950

SK; = + 4
2(p84 — ¢16) 2(995 — @5)

Where ¢ values represent the same percentages as those for sorting, skewness indicates the
prevailing of the finer or coarser materials on the account of the other.

= Kurtosis

Peakedness of a grain-size distribution compares the sorting in the central portion of the
grain size distribution with sorting in the tails (ends) of the distribution; it is less commonly
used in grain size interpretations than skewness. It is calculated as:
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¢ 95— 5
K= ———————————————— 5
2.44(p75 — 925)

Where ¢ values represent the same percentages as those for sorting.

Mean size may be translated to average grain size. Sorting, or standard deviation, refers
to measure of spread of the distribution around the mean, while both of skewness and kurtosis
are functions of the "internal” sorting of distribution, (Cadigan, 1961). Folk and Ward (1957)
presented descriptive classification for Sorting, Skewness, and Kurtosis (Table 1).

Table 1: Descriptive classification for Sorting, Skewness, and Kurtosis,
(Folk and Ward, 1957 and Folk, 1968)

Sorting Skewness Kurtosis
Ver%/VvT/\(/e\I/I- Ss.c;rted <035 Very({i/ rj;gI.()ewed > 403 Very([il/zfllt!rurtic <067
W‘(a\'/'vsgr)ted 0.35-0.5 Fi”‘z;';‘?;"’e‘j +0.110+0.3 P'at%"lj)umc 0.67-0.90
Moder?'t\(;IK/NvT/éa-l)l sorted 05-071 Symr(nse)trical 0110 +0.1 Mes,((l)\IA(;thic 0.90—1.11
Mode;la\flsx)sorted 0711 Coar(sg .sslf)ewed 0310-01 Lept(oLk)urtic 111 - 150
POOE::?/_ Ss_c;rted 10-20 Very ii)/égs;)kewed <03 Very (L\(/e.pEJ)kurtic 150 - 3.00
Very F\c/).oprllé';‘orted 20-40 Extreme(ll)z/.llia.[;tokurtic ~3.00
Extreme(ll)zl.g(c.)g.r)ly sorted ~4.00

Paleoflow velocity during deposition for each sample is based at Komar's (1985)
hydraulic model, accordingly; the mean flow velocity is given by the following equation (6);

Wm

Ci

Where i is the mean flow velocity during deposition, Wm is the settling velocity of the 50™
percentile and Cs is a dimensionless drag coefficient. Cs value is 0.004 as proposed by Komar
(1985). The calculation of settling velocity was done following modified Rubey's law
proposed by Watson (1969), equation (7).

/ 4
V9 x 72 x p? + — x W x R® (p particle — p fluid) x g —3 X Z x
3
[ R — S — e PO 7
W % R X p fluid

ﬁ:

40



Iragi Bulletin of Geology and Mining Vol.15, No.2, 2019 p 35 —49

Where:

V = fall (settling) velocity in cm/sec; p = mass density in g/cm®; R = particle radius in cm;
u = dynamic viscosity, poise in dyne-sec/cm?; g = gravitational acceleration980 cm/sec;
W = pressure drag coefficient, dimensionless, equal 0.5305; and Z = viscous drag coefficient,
dimensionless, equal 0.622;

Falling velocities of 50™ percentile of the samples are calculated according to equation
number (7), after which mean flow velocities during deposition are calculated using equation
number (6).

RESULTS AND DISCUSSION

The test results are plotted on the ternary diagram of Folk (1954) to reveal the texture of
the studied sediments (Fig.3). It appears that the muddy sand (mS) is the predominant type of
the sediments, followed by silty sand (zS) and clayey sand (cS), with one sand sample (S).
The results of texture, grain size parameters; mean size, sorting, skewness and kurtosis are
tabulated in Table (2). Cumulative probability charts of the samples (Fig.4) referred to rolling
and sliding transporting mechanism for grains larger than 2 ¢ in size, saltation mechanism for
grains between 1.63 and 3.7 ¢ in size, while suspension mechanism for grains smaller than
3.7 ¢ in size. Mode size of the samples ranges from 1 to 4 ¢ with an average of 3.02 ¢ (very
fine sand). Mean size of the samples ranges from 1.42 ¢ (medium sand) to 6.07 ¢ (fine silt)
with an average of 4.2 ¢ (coarse silt).

O =
A <
O 3
< 2
sC sM sZ
Ry 2,
3] [~

3
Vi Vi AV Vi LV Vi YA v v

80/20 60/40 40/60 20/80
Clay ’

Silt

Fig.3: Ternary diagram of grain size distribution in the samples (after Folk, 1954). S: sand,
cS: clayey sand, mS: muddy sand, zS: silty sand, sC: sandy clay, sM: sandy mud,
sZ: sandy silt, C: clay, M: mud, Z: silt
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Table 2: Average weight percent and statistical parameters of grain size
of the studied samples

e sempte, (5 S v e T oo [ e | ot [ 5t | o
1 7/1/145 72 9 19 cS 4 5.08 3.15 0.78 | 1.304
2 9/1/145 70 13 17 mS 3 4.70 2.65 0.80 | 1.107
3 48/3/145 65 14 21 mS 4 5.23 3.50 0.76 1.02
4 7/6/145 52 38 10 zS 4 4.90 3.09 0.64 | 1.157
5 11/6/145 69 15 16 mS 3 4.75 3.36 0.80 | 1.101
6 11/9/145 80 6 14 cS 3 3.80 3.85 0.47 | 1.486
7 17/9/145 82 4 14 cS 1 3.10 3.32 0.56 | 1.577
8 10/10/145 72 9 19 cS 3 4.70 3.64 0.75 | 1.407
9 15/10/145 74 9 17 mS 3 4.45 3.39 0.73 | 1.577
10 11/1/146 65 16 19 mS 3 4.97 3.51 0.75 | 1.035
11 8/2/146 62 19 19 mS 3 4.97 3.69 0.89 1.14
12 49/3/146 57 24 19 mS 3 5.17 3.49 071 | 1111
13 56/3/146 62 24 14 mS 3 4.90 2.80 0.63 1.03
14 3/8/146 66 18 16 mS 3 4.83 3.43 0.85 | 1.408
15 17/8/146 82 9 9 mS 3 3.47 1.78 0.75 | 2.925
16 5/9/146 73 13 14 mS 3 4.40 3.06 0.82 1.77
17 31/9/146 67 19 14 mS 3 5.04 3.35 0.75 | 1.163
18 13/1/147 63 19 18 mS 3 4.97 2.53 0.71 | 0.857
19 3/2/147 70 16 14 mS 3 4.57 3.13 0.87 | 1.482
20 11/2/147 59 23 18 mS 4 4.90 2.40 0.65 | 0.625
21 11/3/147 78 15 7 ZS 3 3.37 1.43 0.71 | 1.358
22 4/7/147 71 16 13 mS 3 4.53 2.90 0.80 | 1.526
23 717/147 73 17 10 mS 3 4.29 2.48 0.77 | 1.639
24 13/9/147 69 19 12 mS 3 4.43 2.93 0.77 | 1.425
25 13/1/159 87 4 9 cS 3 2.38 2.04 0.23 | 1.181
26 20/1/159 60 25 15 mS 3 3.85 2.76 0.22 | 0.599
27 9/2/159 89 6 5 mS 3 2.78 2.63 0.55 | 3.256
28 16/2/159 70 16 14 mS 3 4.16 251 0.71 | 0.868
29 4/4/159 65 11 24 cS 4 6.07 4.33 0.85 | 1.134
30 6/1/160 80 10 10 mS 3 3.54 1.73 0.78 | 1.908
31 14/1/160 71 20 9 zS 2 3.36 2.56 0.85 | 0.969
32 14/6/160 70 18 12 mS 2 3.83 3.35 0.77 | 1.347
33 17/6/160 83 85 | 85 mS 3 3.80 1.90 0.82 | 1.568
34 15/2/161 81 15 4 ZS 3 3.52 1.69 0.72 | 1.389
35 10/5/161 69 19 12 mS 4 4.59 3.22 0.77 | 2.183
36 13/5/161 75 15 10 mS 3 3.72 2.25 0.74 | 2.139
37 8/6/161 78 8 14 mS 3 4.42 2.55 0.77 2.14
38 11/9/161 76 12 12 mS 3 3.90 2.25 0.80 | 1.819
39 18/9/161 94 3 3 S 2 1.42 1.67 0.15 | 1.018

¢S = Clayey sand, mS = Muddy sand, zS = Silty sand, S = Sand, Mz = mean size,
ol = sorting, SK1= skewness, KG = kurtosis
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Fig.4: Probability charts of the studied samples
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The values of inclusive graphic standard deviation for o; range between 1.43 ¢ (poorly
sorted) to 4.33 ¢ (extremely poorly sorted) with an average of 2.8 ¢ (very poorly sorted).
However, only one sample falls within extremely poorly sorted category, whereas the
majority of the samples are very poorly sorted and a minority within the poorly sorted
category. Inclusive graphic skewness SK; ranges from 0.15 ¢ (fine skewed) to 0.89 ¢ (very
fine skewed) with an average of 0.7 ¢ (very fine skewed). Graphic kurtosis ranges from
0.59 ¢ (very platykurtic) to 3.25 ¢ (extremely leptokurtic) with an average of 1.42 ¢
(leptokurtic). It is obvious that almost all the samples contain about more than 10% and up to
20% of clay fraction, reflecting low stream velocity and low hydraulic gradient, which, is in
turn, a characteristic of an old age river. The excess of clay fraction is reflected in the
measured grain size parameters, the difference by more than 1 ¢ in size between mode and
mean size, poor sorting of the samples, positive skewness and average of platykurtic samples.

Scatter plot of the mean size versus standard deviation (Fig.5) shows a positive
relationship in which the increase in size is associated with better sorting; such relation is
expected with the clay fraction exceeding 10% as is the case in the studied samples. The
combination of mean size versus standard deviation is most effective in the differentiation
between beach and river sands and river and coastal dune sands (Moiola and Weiser, 1968).
Therefore, a river environment is proposed for the samples, as the whole population falls
within river zone (Fig.5).

Plotting skewness against standard deviation shows positive relationship (Fig.6).
Friedman (1961) suggested that the lake and inland dune sands possess standard deviation
values that do not exceed 0.50 ¢, whereas most river sands have standard deviation more than
0.50 @ which again reveals that all the samples had been deposited in river environment. The
Scatter plot of skewness versus kurtosis (Fig.7) shows positive relationship between them.

In Figures (5, 6 and 7), the studied grain size parameters are controlled or highly affected
by clay content. As shown in Figure (8), more clay content refers to more positively skewed,
more platykurtic, more poorly sorted samples and of course smaller mean grain size. Mean
flow velocity during deposition ranges from 7.34 cm/sec for sample with mean size of 4.9 ¢
to 94.77 cm/sec for sample with mean size of 1.4 ¢, with an average of (25.38) cm/sec. The
results with representative layer thickness are shown in Table (3). From all above, it is
obvious that the Euphrates and Al-Gharaf rivers are in their old stage as they are characterized
by very low gradient, flat surrounding areas and with width exceeding the depth.
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Fig.5: Scatter plot of mean size versus sorting, showing positive trend
(Moiola and Weiser, 1968)
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Fig.6: Scatter plot of skewness versus sorting,
(Moiola and Weiser, 1968)
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Fig.8: Grain size parameters trend with clay content of the studied samples
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Table 3: Falling velocity with mean flow velocity during deposition of the studied samples

Sample | Sample Soil Type I__ayer int;?,);fr(m) imi?-\r?ap;l?m) Settli_ng I\f/llg\al‘vn
Number | reference | (Folk, 1954) Uil ozEs VELREL velocity
(m) From| To |From| To | (cm/s) (cm/s)
1 7/1/145 Clayey sand 8.00 | 8.20 | 0.857 13.56
2 9/1/145 Muddy sand 17:50 650 |24.00 12.75|13.00| 1.27 19.93
3 48/3/145 Muddy sand 1.40 77.10|78.50(77.40|77.60| 0.761 12.04
4 7/6/145 Silty sand 2.20 9.80 {12.00/10.00|10.25| 0.464 7.34
5 11/6/145 Muddy sand 435 |18.750(23.35/20.75(21.00| 1.69 26.74
6 11/9/145 Clayey sand 2.65 11.20(13.85(13.30|13.50 | 1.797 28.43
7 17/9/145 Clayey sand 1.15 21.85|23.00(22.40(22.60| 0.98 15.57
8 10/10/145 | Clayey sand 10.10 8.50 [18.60| 9.20 | 9.40 | 1.69 26.74
9 15/10/145 | Muddy sand 3.50 21.50|25.00(24.20|24.40| 1.899 30.05
10 11/1/146 Muddy sand 2.40 10.00|12.40(11.30|11.60| 1.04 16.42
11 8/2/146 Muddy sand 15.40 8.50 [23.90|17.60(17.80| 1.797 28.43
12 49/3/146 Muddy sand 10.45 |88.00(98.45(91.10|91.40| 0.713 11.28
13 56/3/146 Muddy sand 10.30 |99.70(111.00/109.60/109.90[ 0.507 8.02
14 3/8/146 Muddy sand 0.65 175|240 | 2.00 | 2.20 | 1.609 25.46
15 17/8/146 Muddy sand 2.00 23.00|25.00(24.50(24.75| 1.708 27.02
16 5/9/146 Muddy sand 7.50 8.00 [15.00| 9.80 |10.00| 1.83 28.98
17 31/9/146 Muddy sand 6.50 50.80|57.30|54.00 [ 54.20| 0.869 13.75
18 13/1/147 Muddy sand 0.45 16.80(17.25(17.00|17.20| 0.764 12.08
19 3/2/147 Muddy sand 3.80 3.50 [ 7.30 | 5.80 | 6.00 | 1.606 25.41
20 11/2/147 Muddy sand 0.80 20.00|20.80(21.20(21.50| 0.64 10.15
21 11/3/147 Silty sand 0.95 15.30(16.25|15.80|16.00| 1.96 31.09
22 4/7/147 Muddy sand 6.00 [ 6.30 | 1.22 19.3
22.00 3.00 [25.00
23 7171147 Muddy sand 13.10|13.30( 1.226 19.39
24 13/9/147 Muddy sand 1.80 14.30|16.10 (15.50|15.80| 1.25 19.77
25 13/1/159 Clayey sand 9.00 8.00 (17.00|12.80|13.00| 2.88 45.56
26 20/1/159 Muddy sand 6.00 17.00(23.00(21.80|22.00| 1.19 18.82
27 9/2/159 Muddy sand 1.10 9.90 (11.00|10.20|10.40| 242 38.29
28 16/2/159 Muddy sand 3.50 21.50|25.00(22.20(22.50| 1.84 29.11
29 4/4/159 Clayey sand 8.70 0.80 [ 9.50 | 3.30 | 3.50 | 0.619 9.79
30 6/1/160 Muddy sand 11.20 450 |15.70( 9.40 | 9.70 1.9 30.06
31 14/1/160 Silty sand 9.30 15.70|25.00(20.30|20.50 | 4.64 73.41
32 14/6/160 Muddy sand 7.80 9.00 (16.80|13.50|13.70| 2.88 45.56
33 17/6/160 Muddy sand 1.40 20.50(21.90(20.60(20.80| 1.52 24.05
34 15/2/161 Silty sand 7.30 11.50(18.80(12.10|12.40| 1.99 31.48
35 10/5/161 Muddy sand 0.70 11.50(13.00(12.70|12.90| 0.87 13.76
36 13/5/161 Muddy sand 2.30 13.70|16.00(15.20|15.50| 1.60 25.31
37 8/6/161 Muddy sand 5.90 7.00 [12.90| 850 | 8.70 | 0.58 9.17
38 11/9/161 Muddy sand 4.40 9.30 (13.70|11.60|11.90( 1.52 24.05
39 18/9/161 Sand 6.30 18.70(25.00(19.80|20.00| 5.99 94.77
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CONCLUSIONS

e The studied Quaternary sediments have three main types of texture: muddy sand, silty sand
and clayey sand, in addition to one sand sample.

e Almost all samples contain clay fraction within the range of 10 — 20 %, indicating low
stream velocity and low hydraulic gradient that are characteristics of old age rivers.

e The excess of clay fraction is reflected in the measured grain size parameters by the
difference of more than 1 ¢ in size between mode and mean size, poor sorting, positive
skewness and the platykurtic type of the sediments.

e Mean flow velocity during deposition ranges from 7.34 cm/sec to 94.77 cm/sec with an
average of 25.38 cm/sec.
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