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The result which has been obtained for distinguishing between the environ-
ments on the basis of their textural parameters is not very successful. Neverthe-
less, in some cases good differentiation has been obtained for distinguishing
between the environments. In fact, when a wide range of grain size exists
between the different environments, successful results can be obtained. In the
literature, however, it has been observed that very few authors have used reli-
able technigues in their studies whether in laboratory or statistical methods.
Such techniques ‘as the use of graphical measures e.g., Folk and Ward, 1957,
rather than moment measures which are more sensitive to environmental pro-
cess and give a truer picture of such process (Folk, 1974; Friedman, 1979}, One
may also add that settling tube for grain size analysis (Shepard and Young, 1961)
is unreliable to detect the tails of the size distribution. Therefore, the use of reli-
able techniques in this study, such as moment measures and calibrated sieves,
was important for distinguishing sand textures between the various environ-
ments. In conclusion, it should be noted, however, that the usefulness of using
textural parameters of sand in order to differentiate sand in various depositional
environments depends on how good is the contrast of grain size between these
environments.
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ferences in the mode of transport of sands will in turn affect the character of
skewness and kurtosis.

Plots of standard deviation versus skewness provide a good separation
between four field representing four various depositional environments (Fig. 3
B). The distribution pattern of the plots for the inland dune is distinct from the
coastal dune sands. The inland dune sands have the tendency to be positively
skewed with moderately well sorted to moderately sorted sands. Whereas, the
coastal dune sands are dominated by negative skewness with very well sorted to
moderately sorted sand. In contrast, the beach and river sands show scatter plots
and therefore no significant distribution pattern. In fact, this result is unlike what
has been observed by Folk and Ward (1957, p. 20) as they stated that both sort-
ing versus skewness are function of Mz and will bear a mathematical relation to
each other. In the same way, Friedman (1961, 1979) was successful in differen-
tiating beach from river sands. Moiola and Weiser (1968) were also successful in
differentiating between river and beach sands (with combination of phi data).
In contrast, Shepard and Young (1961) failed to indicate any significant differ-
ence between dune and beach sands. Nevertheless, the inconsistent results
above can be attributed to different laboratory and measure methods as well as
the differences in the mode of transport in each area.

Polts of standard deviation versus kurtosis show that the coastal dune sands
are nearly separated from the other three environments (Fig. 3 C). In contrast,
the sands of the other three environments show a large field of overlap. The
sands of coastal dune have the tendency to be extremely leptokurtic distribution
with very well sorted sand, whereas, the inland dune sands tend to be leptokurtic
distribution with moderately well sorted to moderately sorted sand. The river
and beach sands show no significant distribution pattern.

Conclusions

This study shows that there is a marked variation in grain size distribution
for the four varied depositional environments (inland dune, coastal dune, beach
and river). The variations were attributed to the large differences in the energy
of the transporting medium for each environment and, in turn, the differencesin
the process of deposition. In general, however, the inland dune and river sands
tend to be coarser than the coastal dune and beach sands. The sands of coastal
dune and beach are better sorted than those from inland dune and river sands.
Skewness values reveal that the sands of inland dune and river are positively
skewed, while those from coastal dune and beach are negatively skewed. The
inland dune sands exhibit the lowest kurtosis values (leptokurtic distribution),
while the other three environments show higher kurtosis values (extremely lep-
tokurtic distribution).
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between the four different environments altogather, but they also provided no
explanation for their resuits.

Plots of mean grain size versus skewness show a good separation of the four
fields (Fig. 2 B). However, the sign of skewness is not influenced by the mean
size of sand. For example, although some of the river sands are in the medium
sand interval, they exhibited negative skewness. This result has been attributed
to differences in the mode of transport which apparently affect the tails of the
distribution. Friedman (1961. 1979) shows nearly a complete separation of field
representing beach and dune sands. Moiola and Weiser (1968) found that the
combination of mean size versus skewness is most effective to differentiate
between beach and inland dune sands, on one hand, and inland dune and coastal
dune sands, on the other. By contrast, Schiee and others (1964) have found a
large degree of overlap for beach and eolian sands which was attributed to the
use of graphical measures which had been formulated by Folk and Ward (1957)
rather than the moment measures and the coarseness of the Cape Cod sands
{Massachusetts, U.5.A.).

Plots of mean grain size versus kurtosis have not provided a good separation
of the four fields (Fig. 2 C): the coastal dune sands show nearly a complete sep-
aration from the other three environments. As with skewness, the kurtosis here
secms to be a function of the grain size. Apart from inland dune sands, the kur-
tosis values for the other three environments seem to be rather complex as they
tend to be leptokurtic to extremely leptokurtic in the coarse to fine sand interval.
This also can be explained by the differences in the mode of transport.

Plots of skewness versus kurtosis show that the inland dune and coastal
dune sands can be distinguished from the beach and river sands (Fig. 3 A).
Nevertheless, the inland dune sands tend to be positively skewed-leptokurtic
grain size distribution, whereas the other three environments show no consistent
pattern. In contrast to other results, however, using plots of skewness versus
kurtosis, Shepard and Young (1961) did not find any significant trend for distin-
guishing beach from dune sands. In the same way, Friedman (1961, P. 524)
stated that these plots did not contribute diagnostic information of depositional
environments and concluded that skewness is environmentally sensitive while
kurtosis is not. In contrast, Mason and Folk (1958) found that beach, dune and
eolian flat sands are well differentiated by plotting skewness versus kurtosis.
Moiola and Weiser (1968) found that with only quarter phi data, skewness versus
kurtosis was useful to differentiate between inland dune and coastal dune sands,
beach and inland dune sands, and river and coastal dune sands. As mentioned
above, skewness and kurtosis reflect the changes in the tails of the distribution
and they are very sensitive to transportive mechanism, therefore, any slight dif-
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exceptional and opposite results have been observed by some researchers
(Friedman, 1961, 1979; Schlee and others, 1964; Sevon, 1966). It should be stres-
sed, however, that some caution must be taken in comparing published resuits
as there are so much variations in the methods and this could induce some nega-
tive skewness in the samples (Folk, 1962},

The mean kurtosis values for the various environments show that the coas-
tal dune sands have the higher kurtosis values than those of the other environ-
ments, while the inland dune sands display the smaller kurtosis values. As with
skewness, the sands of inland dune show the smaller range of kurtosis values
when compared with those of the other environments. However, the kurtosis for
the sands of all the environments are of leptokurtic distribution (leptokurtic to
extremely leptokurtic). Friedman (1961) found that most sands are leptokurtic
whether positively or negatively skewed. Moreover, Mason and Folk (1958, P.
224) state that most sands consist of one predominant population with a very
subordineate coarser (negatively skewed) or finer (positively skewed) popula-
tion. Therefore, as with skewness, any slight differences in the mode of transport
will apparently affect the tails of the distribution.

The mean grain size versus standard deviation for the sands of the environ-
ments (Fig. 2 A) show that the coastal dune and inland dune sands can easily be
distinguished from the beach and river sands. It is well established that sorting
is closely controlled by the mean size (Inman, 1949; Griffiths, 1951; Folk and
Ward, 1957). For example, most of the poorest sorted sands {inland dune and
river) occur in the coarse and medium sand interval, while the best sorted sands
(beach and coastal dune) take place in the fine interval (Fig. 2 A},

Comparing the above findings with other results elsewhere Mason and Folk
(1958) plotted Mz v. SO values for the beach dune, and eolian flat sands of Mus-
tang Island. They found no significant correlation and attributed that to the
small range of the mean size and sorting values. Shepard and Young {1961)
failed to present any striking difference between dune and beach sands by plot-
ting Mz v. SO values. Folk (1962) commented that they failed because they used
the settling tube for grain size analysis rather than a set of calibrated sieves.
However, Friedman {1961) plotted Mz v. SO of dune, river and beach sand (a
total of 267 sand samples). He indicated the existence of three fields of dune and
river sands distinguishable from the beach sands. Although he found a wide
overlap, he pointed out that in practice that field of overlap is not a serious mat-
ter since the dune sands (desert dune) do not exceed the standard deviation of
0.5 phi, whereas, most river sands do. Moiola and Weiser (1968) found that the
combination of mean size versus sorting (with quarter, half and whole phi data)
is most effective in differentiating between beach and river sands, on one hand
and river and coastal dune sands, on the other. They did not differentiate
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The mean grain size of inland dune and river sands tend to be coarser than
those from coastal dune and beach. The river sands exibit greater Mz range
values than those from other environments, while the coastal dune sands have
the smallest range values. The fine character of Mz values of both coastal dune
and beach sands, relatively fine sand, can be attributed to the fact that the waves
which deposit sand on the beach, which in its turn form a coastal dune, have a
greater competency than the wind and water transporting sand onto inland dune
and river bank respectively (Friedman. 1961). The results of Mz values in this
study have come to the same conclusions reached by some researchers such as;
Folk and Ward, 1957; Mason and Folk, 1958; Friedman, 1961; Schiee and
others, 1964; Sevon, 1966; Folk, 1971; Abolkhair, 1981, 1985, 1986; and Sagga,
1986.

The sands of coastal dune and beach are better sorted than those from
inland dune and river. As with mean grain size, the river sands have the wider
sorting range values compared with the other environments while the coastal
dune have the smallest. The differences in sorting range may be explained by the
low degree and high degree of sorting that occur in the river and coastal dune
environments respectively. The same results were observed by Friedman (1961)
who found that the beach sands (source material of coastal dune) can be better
sorted than inland dune and river sands. He attributed that to winnowing action
by waves as one of various characteristics of beach environment.

The mean skewness values for various environments reveal that the sands of
inland dune and river are positively skewed, whereas those from coastal dune
and beach are negatively skewed. However, the sands of inland dune exhibit the
smaller range of skewness values when compared with those of the other envi-
ronments. In fact, the skewness results seem to be confirmed with what have
been observed by many researchers. For example, it is well established that the
beach and coastal dune tend to be negatively skewed, while river and inland
dune sands are commonly positively skewed (Folk and Ward, 1957; Friedman.
1961, 1979; Shepard and Young, 1961; Mabesoone, 1963; Sevon, 1966; Moiola
and Weiser, 1968; Abolkhair. 1981, 1985, 1986; Sagga, 1986). Moreover, it
should also be noted that skewness is a sensitive parameter of environments of
deposition and any slight change in mode of transport, grain size and roughness
of surface would affect the tails of the distribution, and in turn, the character of
skewness. Therefore, the negative skewness of coastal dune and beach sands can
be attributed to the removal of the fine tail fraction by wind and also to waves
action respectively. It has been observed that when sediment is moved by a river
or wind, the transportation of sands is generally unidirectional, this probably
gives an explanation to the positive skewness of inland dune and river sands
(Friedman, 1961). Although the wider existence of negative skewness for beach
and coastal dune sands and positive skewness for river and inland dune sands,
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Skewness:

The skewness values reveal that all the inland dune sands are strongly fine-
skewed, having an average sk of +0.63. The skewness values of the inland dune
sands exhibit, at the same time a normal distribution with most of the sands being
concentrated at about +0.70. In contrast, the other three environments show
only a polymodal distribution of skewness values; the coastal dune sands show
an average sk of ~0.14 (coarse-skewed). Thus, the majority of the coastal dune
sands are concentrated at ~0.20 with a cluster at —-0.71 and smaller clusters at
0.00, +0.20, and +0.71. While most of beach sands are concentrated at ~0.20
with clusters at —0.71 and 0.00 and smaller clusters at +0.71 and +0.20. On the
other hand, the majority of river sands are concentrated at -0.71 with smaller
clusters at +0.71. +0.20 and —0.20. All this proves that all of the skewness distri-
bution curves show extremely high degree of overlap between the environments
(Fig. 1 C).

Kurtosis:

The inland dune sands have very leptokurtic to extremely leptokurtic values
(averaging 2.97) with bimodal distribution. Here, most of the sands clustered at
about 2.25 and a small cluster at about 3.47. In comparison with the other three
environments, the coastal dune sands display the higher kurtosis values (averag-
ing 4.39). The kurtosis of the coastal dune sands is unimodal and most of kurtosis
values clustered at about 4.76. The beach sands show an average k of 3.52 (ex-
tremely leptokurtic) with a bimodal distribution. Most of the beach sands are
concentrated at 4.5 with a smaller cluster at 2.25. The river sands show a bimodal
distribution of kurtosis with an average k of 3.93 (extremely leptokurtic). Most
of the river sands are concentrated at about 4.75 with a smaller cluster at about
2.48. Here, all of the kurtosis distribution curves show a high degree of overlap
between the environments (Fig. 1 D).

Results and Discussion

In order to evaluate the interrelationship between the textural parameters
for the four various depositional environments (inland dune. coastal dune,
beach and river sands), scatter plots were made (Folk and Ward. 1957; Mason
and Folk, 1958; Friedman, 1961, 1979) to find out distinctive characteristic for
distinguishing between them.

The results shown in Figs. 2 and 3 reveal some marked variations in size dis-

tribution in the four environments. The differences in size distribution may be
due to the large differences in the mode of transport for each environment.
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Textural parameters of river
sands, New Zealand (Sevon, 1966)

Mz So
No. @ @ Sk K
| 1.46 0.90 -0.65 4,14
2 1.21 1.18 -0.38 4.14
3 2.42 0.85 0.13 2.88
4 1.34 0.66 -0.69 4.48
5 1.45 0.75 —(.93 6.58
6 1.87 0.91 ~-0.24 2.86
7 2.41 0.41 —0.41 3.64
8 1.20 1.11 0.15 3.09
9 1.96 0.62 0.63 4.65
10 1.53 0.83 —0.73 4.15
11 1.91 0.59 0.20 3.38
12 0.94 0.63 —0.10 4.51
13 1.78 0.58 0.60 3.47
id 1.98 0.42 0.38 4.53
15 1.59 0.87 -0.23 3.48
16 1.33 0.87 -0.18 3.99
17 1.13 1.16 0.52 2.99
18 1.23 0.92 -0.48 4.16
19 2.51 0.64 0.53 3.09
20 0.96 1.10 —0.82 4.46
Mean 1.61 0.80 +0.11 3.39
Table 5
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Textural parameters of beach
sands, Jeddah, Saudi Arabia

Mz So
No. 1] @ Sk K
1 2.43 0.43 -0.59 5.83
2 2.59 0.25 —0.81 5.28
3 2.45 0.39 -0.35 3.63
4 1.95 0.43 -0.23 3.13
5 2.42 0.50 -1.12 5.14
6 1.77 0.14 —-0.14 3.83
7 1.85 0.48 -0.28 3.14
8 1.83 0.43 -0.16 3.45
9 1.99 0.61 0.36 2.89
10 1.72 0.38 -0.39 3.23
11 1.29 0.86 0.27 2.59
12 1.56 0.59 —0.01 3.57
13 1.64 0.67 0.03 3.26
14 1.23 0.82 -0.39 2.85
15 1.75 0.86 -0.10 2.83
16 1.87 0.83 -0.07 2.81
17 2.06 0.70 -0.14 3.56
18 2.11 0.73 -0.08 3.18
19 2.13 0.79 -0.19 3.01
20 2.06 0.81 -0.06 3.25
Mean 1.93 0.59 -0.17 3.52
Table 4
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Textural Parameters of Coastal
dune sand, Ainsdale, England

Mz So
No. %] ) Sk K
1 2.71 0.25 ~0.13 5.11
2 2.33 0.29 ~{().41 6.12
3 2.72 0.23 .29 591
4 2.73 0.30 —0.04 4,11
5 2.52 0.33 —0.09 4,15
6 2.76 0.23 0.41 4.09
7 2.63 0.24 0.43 3.98
8 2.73 0.24 0.43 3.98
9 2.66 0.28 ~-0.90 3.41
10 2.41 0.31 0.11 4.11
1 2.32 0.22 -0.28 5.797
12 2.29 0.39 0.27 3.31
13 2.81 0.26 0.10 3.49
14 2.65 0.24 .52 4.33
15 2.71 0.29 -0.13 4,18
16 2.63 0.23 -0.21 4.23
17 2.61 0.25 -0.27 4.13
18 2.69 0.23 -0.42 4.81
19 2.71 0.29 -0.31 3.93
20 2.39 0.30 -0.17 4,17
Mean 2.60 0.27 -0.14 4.39
Table 3
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Textural Parameters of an inland
dune sand, Al Hassa, Saudi Arabia

Mz So

No. @ %] Sk K
1 1.80 0.59 0.45 2.60
2 1.71 0.61 0.51 2.71
3 1.20 0.63 0.39 2.59
4 1.43 0.63 0.42 3.18
5 1.91 0.61 0.53 3.05
6 1.83 0.63 0.81 3.61
7 1.78 0.65 0.49 2.61
8 1.75 0.65 0.33 2.51
9 1.95 0.63 0.52 2.84
10 1.41 0.61 0.81 2.63
11 1.93 0.56 0.51 2.99
12 1.17 0.84 1.39 3.70
13 1.60 0.59 0.50 2.73
14 1.63 0.77 0.92 3.01
15 1.40 0.63 0.83 3.80
16 1.72 0.64 0.35 2.54
17 1.10 0.81 1.17 3.15
18 1.51 0.54 0.71 3.61
19 1.72 0.63 0.39 2.79
20 1.39 0.61 0.51 2.71
Mean 1.60 0.64 0.63 2.97

Table 2



Textural Pattern

The distribution of grain-size parameters in different environments (inland
dune, coastal dune, beach and river) are givenin Tables 2,3,4 and 5, while tables
6 and 7 show the range and percentage distribution of grain size parameters for
the four environments. Meanwhile, frequency distribution curves (Fig. 1) for
mean size, standard deviation, skewness and kurtosis were drawn to compare
the range of mean size, sorting, etc., in each environment and also to describe
the modality and the degree of overlap.

Mean Size:

Mean grain size of the inland dune, beach and river are classified as medjum
sand, but the sand of beach (averaging 1.93 phi) is close to the boundary of fine
sand. In contrast, the mean grain size of the coastal dune (averaging 2.60 phi) is
in the boundary of fine sand. The inland dune and coastal dune sands show a
bimodal mean grain size distribution. Most of the inland dune and coastal dune
sands have Mz values at about 1.75 phi and 2.62 phi with smaller clusters at about
1.12 phi respectively. The beach and river sands show a polymodal mean grain
size distribution. The beach samples are concentrated at about 1.75 phiand 2.62
phi. For the river, most of the samples are concentrated at about 1.20 phi with a
cluster at 1.75 phi and a smaller cluster at 2.25 phi. figure 1 A shows a complete
overlap of all of the mean size distribution curves of the environments.

Standard Deviation (Sorting):

The standard deviation values reveal that most of the inland dune sands are
moderately well sorted (averaging 0.64 phi) with bimodal distribution, most of
the value clustered at about 0.63 phi and a small cluster at about 0.95 phi. The
coastal dune shows that 100% of its sands are in the very well sorted grain (av-
eraging 0.27 phi) with a bimodal distribution; it also displays the best sorting
values compared with the other three environments. Most of the coastal dune
sands are concentrated at about (.27 phi with very small cluster at about 0.43 phi.
As with inland dune and coastal dune, the river sands show a bimodal distribu-
tion, but its sands display the worst sorting values compared with the other three
environments (averaging 0.80 phi, moderately sorted); most of the samples are
concentrated at about 0.93 phi with a cluster at about .63 phi. On the other
hand, the beach sands show a polymodal distribution with an average sorting of
0.59 phi (moderately well sorted). Most of the samples are concentrated at about
0.43 phi. As a result, all of the sorting distribution curves for the environments
show a high degree of overlap (Fig. 1 B).
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skewness and kurtosis were determined by the method of moments. The method
of moments (Table 1) has an advantage over the graphic measures (Folk and
Ward, 1957), since the first has been “to assign to the tails of the distribution the
importance which they deserve in environmental analysis” (Friedman, 1979,
p.10). Frequency distribution curves of textural parameters were made to
describe the modality, degree of overlap and the range of each parameter. In
addition, graphs of all possible two parameters were also made by using an Ener-
graphics X-Y plotter attached to a PC computer.

Moment Measures: Difinition (Pettijohn et al., 1973)

Y. fm

Mean X, =
2 n
. / Y f(m—%y)?
Standard deviation Oy = V ——————
100,
F(m,, — %)
Skewness SK = ;(—‘Z’—g—
100 52
f(m - i®)4
Kurtosis K5 =
210059

Wheref = weight percent (frequency) in each grain-size grade present.

m = midpoint of each grain-size grade in phi values.

n = total number in sample which is 100 when fis in percent.

Table 1
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the type and characteristics of the sediment as well as to distignuish between
various environments (see for example Folk and Ward, 1957; Mason and Folk,
1958; Friedman, 1961, 1979; Shepard and Young, 1961; Duane, 1964; Martine,
1965; Sevon, 1966 Awasthi, 1970; Valia and Cameron, 1977). Although the use
of textural parameters (plotted as variables on a two-dimensional coordinate
system} as a technique for differentiating sand bodies was successful in some
studies (Folk and Ward, 1957; Friedman, 1961), its achievement in other studies
was only partial (Shepard and young, 1961). Folk (1962) commented that they
could not arrive at successful results because they used the settling tube for grain-
size analysis of their samples rather than a set of calibrated sieves. As a matter
of fact, these conflicting results may be attributed to inconsistent laboratory and
statistical methods.

Although the empirical approaches mentioned above were aimed at distin-
guishing deposits in different environments, little attempt has been made to dis-
tinguish depositional sands in different areas (Friedman, 1961, 1979). In the pre-
sent study an attempt is made to find out the usefulness of grain size distribution
measures (textural parameters) for distinction of sands deposited in different
environments. The same basic approach, mentioned above, will be followed, the
data used in this study from four sources in different areas, namely inland dune
sands of Al Hassa, Saudi Arabia, coastal dune sands of Ainsdale, England,
beach sands of Jeddah, Saudi Arabia and river sands of new Zealand.

Field and Laboratory Procedures

A total of 60 sand samples (20 samples for each source) were collected from
inland dune, coastal dune and beach. samples were collected from a 3-centime-
ter of sediment layer with a plastic tube 3-centimeter diameters. The river sam-
ples (20 samples) are representing some rivers from New Zealand (Sevon, 1966).
The sand samples of inland dune (about 5 metres high) were collected from the
windward slope of a barchan dune at Al-Hassa Eastern Provinces of Saudi
Arabia. Sands from coastal dune were also collected from the windward slope of
a dune (about 4 metres high), at Aindale on the Lancashire coast, England, and
were characterized by some scatter vegetation at the base and middle of the
dune. The sand samples of a beach north of Jeddah, Saudi Arabia, were col-
lected from some localities on backshore and care was taken to avoid sampling
from feature zone in order to avoid any sampling problems.

In the laboratory, sand samples were washed and treated with 10% dilute
Hcl in order to remove salt and shell material. Aproximately 25 grams of each
sample was sieved by the auther for 30 minutes on a Ro-Tap shaker using a 1/4
phi-interval sieve series (from —1.0 to 4,25 phi). Each fraction was weighed to
0.01 gram. Size distribution measures of mean, standard deviation (sorting),
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Sand samples from four various depositional environments (inland dune,
coastal dune, beach and river) reveal a marked variation in textural parameters.
This difference was attributed to the large differences in the energy of the trans-
porting medium between the environments. In general, the mean grain size of
inland dune and river sands tend to be coarser than those from coastal dune and
beach. The sands of coastal dune and beach are better sorted than those from
inland dune and river. The sands of inland dune and river are positively skewed,
while those from a coastal dune and beach are negatively skewed. The inland
dune sands are leptokurtic distribution, whereas the other three environments
show extremely leptokurtic distribution. Not very successful result has been
achieved for distinguishing between such environments on the basis of their tex-
tural parameters (plotted as variables in a two-dimensional coordinate system).
However, in some cases good differentiation has been obtained for distinguish-
ing between environments. Generally speaking, the usefulness of using textural
parameters of sand to differentiate sand in various depositional environments
depends on how good is the contrast of grain size between different environ-
ments. It has been suggested that the use of unreliable technique such as
laboratorial or statistical methods may lead to conflicting results.

Introduction

The potential usefulness of using textural parameters of sand to differen-
tiate sand bodies developed in various depositional environments has a long his-
tory and voluminous literature (folk, 1966, p. 74). The geomorphological and
sedimentological studies have used the textural parameters of sand to describe
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