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ABSTRACT

The present study {s performed on the subsurface
sediments of El-Arish-Rafah district. The different
aspects for stydying the borehole samples include
their texture, heavy minerals content and clay mineral
types. The samples of El-Arish boreholes were found
to belong to ten textural classes, those of Iewled
boreholes belong to aix textural classes while the
samples of Rafah boreholes belong to nime textural
classes. Rafah samples are finer and better sorted
than those of EI-Arish and Zewled. Gravels are mainly
concentrated 1in boreholes nesrer to the wadies.
They showed wider distributifon {n the eastern parts
of wadies than the western parts. This may be due
to the marine current which shifted them towards
the east.

The recorded heavy minerals iInclude opaques,
unstable minerals (amphibole and pytoxene), metastable
minerals (epidote, granet and kyanfte) and ultrastable
minerals (rutile, zfrcon and tourmaline). Two possible
sources are supposed to be responsible for the
derfvatfon of heavy minerals. The major portion
of them had been derived from the Nile sediments
while & minor portion {s believed to be derived
from the south with materfals that have been poured
in the sea through the different wadies. The study
of clay minerals showed that montmorillonfte, 1111te
and leeser amounts of kaolinite are the main
components of the muddy and clayey samples.

INTRODUCTION

The area under consideration lies at the extreme northeastern part
of Sinal between El-Arish at the west and Rafeh at the east (Fig 1). Many
boreholes were drilled in the area. Samples of nine of these boreholes,
Kindly provided by the authorities of Regwa Company, are the subject
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Fig. 1
Nap showing the area of study and location of
boretitles at E1-Arish (A), Zewled {Z) and Rafah (R}

of this study. The selected boreholes are distributed In three main localities:
El-Arish (represented by 3 boreholes Ay,A9 and Aj), Zewied (represented
by 2 boreholes Zy and Zg) and Rafah (represented by 4 boreholes Ry,Rq,R3
and Ry4). The studied sediments range in depth between 32 to 84m. from
the ground surface.

The main part of the area is covered by sand dunes which effectively
obscure all the underlylng formations. The slope of the dunes ls gradual
to the north on the coastal side and steeper on the infand side.

Many wadies traverse the area :trendlng from southeast to north the
most important and largest of which Is wadi El-Arish.

Brief studies.on the topography, ground water and the type of surface
sedtments of northern Sinal were given by Hume (1908), Moon and Sadek
{1921), Paver and Jordan (1956), Malek {1956), Shata (1959), Shukri and
Philfp (1959) and El-Dakkak and Mohamed (1986). The latter authors studied
in detail the palecenvironments of the present borehole sediments by
means of foraminifera.



The aim of the present study is to determine the different classes of
the sediments on the basis of the proportion of their components.
Granulometric study aimed to determine the textural classes of the
sediments and to investigate the environmental conditions of the different
classes.

lieavy mineral analysis of the different units is performed to help in
the environmental interpretation and rough deteriaination of the age of
sediments. The clay mineral content of some muddy samples is investigated
by derivatographic and x-ray diffraction analyses.

RESULTS AND DISCUSSION

Grain Size Analysis:

The grain size analysis data are plotted on Folk's (1954) diagram (Fig.
2). The samples of El-Arish boreholes were found to belong to ten textural
classes: sand, silty sand, sandy silit, sandy mud, sandy gravel, gravel, gravely
sand, gravely mud, slightly gravely sandy mud and muddy sand gravel.
The samples of Zewied boreholes belong to six textural classes: gravel,
sandy gravel, gravely sand, gravely muddy sand, muddy sand and silty
sand, while the samples of Rafah boreholes belong to nine textural classes:
sand, silty sand, gravely sand, slightly gravely sand, muddy sand, gravely
muddy sand, slightly gravely muddy sand, sandy silt and sandy gravel.
Figure 3 shows the changes of sediment type with depth in the different
studied boreholes. The sand and slightly gravely sand units are concentrated
in the upper part of the El-Arish and Rafah boreholes, while the gravel
and sand gravel units form the upper part of the Zewied boreholes. Gravels
dominate in El-Arish and Zewied sreas and their percent decreases towards
the east and the west from Wadi El-Arish. From the study of figure 4,
it seems that the supply of the gravel class is mainly from Wadi El-Arish
where the gravels are mainly concentrated in boreholes closer to the Wadi.
The vertical distribution of gravel-sand-silt and clay percentages in the
studied borehotes is shown in Fig. 5.

The data of mechanical enalysis are plotted on cumulative curves (Figs
6 to 11). Average cumulative curves of the studied areas show some overlap
(Figs. 12 and 13). Cumulative curves of El-Arish samples show wider grain
size range than those of Zewied and Rafsh (Fig. 12). The average cumulative "
curve of both El-Arish and Zewied areas shows some overlap while that
of Rafah area is slightly deviated due to the more finer and better sorting
character of its sediments. Average histograms of the three areas assured
this result (Fig. 13).

The distribution curves of sand (Fig. 6) are separated into two groups.
The first includes those of the upper sand samples in the two boreholes
Rg (0-38m) and R3 (0-6m). They show a single saltation population. Visher
(19698) and Gindy et al. (1982) assigned a coastsl environment for sands
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of similar cumulative grain size curve characteristics. The second group
of sand samples shows three or four populations which, according to Visher
(1969) and Gindy et al. (1982), represent sands of backshore types. This
result is in agreement with that deduced from the graphic mean size Vs.
standard deviation telation for sand samples (Fig. 14A). Inclusive graphic
skewnees Vs, standard deviation relation gave & good separation between
the sand unit samples of El-Arish from those of Rafah. El-Arish samples
occv.):p_y the river field while Rafah samples occupy the beach field (Fig.
14B).

The cumulative curves of the gravel and sandy gravel units (Fig. 8) are
bimodal and are very comparable to those of the gravely sand and slightly
gravely sand (Fig. 7). Emery (1955) mentioned that there are four main
possiple sources of beach pebbles: sea-cliff erosion, stream discharge,
sea-floor erosion and long shore transport from one or more of the first
three primary sources. Stream discharge is supposed to be the possible
source of the gravely sediments under investigation.
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Scatter glagrams for sand samples
(A)~ Graphic mean size Vs. standard deviation (Boundaries
after Friedman. 1961 and 1967 )
(B)- Inclusive graphic skewness Vs. standard deviation
{Boundary line after Friedman, 1967).
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The cumulative curves of samples of sandy silt units show one saltation
and one suspension population, while those of silty sand have two saltation
populations and one suspension population. The cumulative curves of
samples of the mud units have four populations: one traction, two saltation
and one suspensjon populations.

Analyses of hydraulic conditions of sedimentation by use of grain-size
image have shown the preferential mechanisms by which grains of certain
sizes are transported. The grain size image was first presentec by Passega
(1957). The diagram is constructed by plotting C (one percentile in microns)
agailnst M (median diameter in microns) on logarithmic pape. (Fig. 15).
El-Arish and Zewied samples are characterized by the presence of a grain-
size gap between 500 and 1000 p. This gap marks well the ¢ ange from
transport controlled by turbulence during flooding of Wadi I--Arish and
other smaller wadies at Zewied, to transport in which the r-ain motive
force, due to the drag of the water is horizontal in the basin af{ >r flooding.
Samples of Rafah boreholes and borehole (A;) at El-Arish d) not show
such gap as their locations are relatively far from the wadies.

The environmental interpretation of the sand grains examiied by the
scanning electron microscopé reveals the effects of chemlcal action (Fig.
16: A, B, D, E, F, G, H) and mechanical action (Fig. 16:C). Thi: conclusion
is supported by the interpretations given by El—Asknry and Frihy (1984)
and El-Fishawi and Molnar (1984).
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Plots of El-Arish, Zewled and Rafah borehole samples
on the-C-M diagram of Passega and Byramjee (1969).
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fig. 18
SEM photographs of some sand grains.
A: Silica precipitation with attachment materials
{deach sand. Al-Ar{sh).

Bt Groove in assocfation with silica precipitation
{chemical beach action, Al-Arish)

C: Flaking and scales (mechanical action, Al-Arish).

D: Blocky conchoidal breakage pattern (beach sand,Zewied).

E: Stepped cleavage (beach sand, Zewfed).

F: Curved scratches (beach sand, Rafah).

@ and H: Silica precipitation 8chemical beach action, Rafah).
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Heavy Mineral analysis :

The aim of this study is to determine the heavy mineral contents and
their vertical distributions through the studied boreholes (Figs. 17 and
18). The 49 fraction of 50 samples and the 5@ fraction of 31 of these
samples led to recognize the following heavy mineral groups: opaques,
unstable minerals (amphiboles and pyroxenes), metastable minerals (garnet,
epidote and Kyanite) and ultrastable minerals (zircon, tourmaline and
rutile). The average percentage frequency of heavy minerals in the three
studied areas is listed in table (1). The determination of the index figure
of the 44 fraction of El-Arish samples shows that it ranges from 0.003
to 0.04 with an average of 0.016 and from 0.03 to 0.058 with an average
of 0.039 for Zewied samples while the range is from 0.006 to 0.062 with
an average of 0.04 for Rafah samples. Similarly, the index figure of the
5 ¥ fraction of El-Arish samples ranges from 0.02 to 0.065 with an average
of 0.043 and from 0.008 to 0.18 with an average of 0.081 for Zewied samples
while the range is from 0.03 to 0.18 with an average of 0.088 for Rafah
samples. These data indicate that there is an eastward incresse of index
figure values from El-Arish to Rafah. This is most probably caused by
the eastward longshore currents which transport a considerable portion
of Nile sediments to the area under investigation. The vertical distribution
of the index figure shows that the upper portions of the boreholes contain
relatively higher concentration of heavy minerals (Figs. 17 and 18).

The following are brief remarks for the recorded heavy minerals:
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Fig. 17
Vertical distribution of the heavy mineral groups and index figure
in the 4 fraction of the borehole sediments of El1-Arish-Rafah stretch.




TARLE (1)

Avarage percentage frequency of hesvy minerals in the three studies aress.

E1 - Arish Zewted

40

50

Opaques*
Amphiboles
Pyroxenes
Epidote
Garnet
Staurolite
Rutile
Zircon
Monazite
Blotite
Tourmaltne
Titanite

Kyanite

“)

Tha frequency of opaques was not taken into consideration when calculating
the frequency of other minerals,

Opaques :

Opaques are represented mainly by magnetite and ilmenite while hematite
and limonite are very rare. Ilmenite is more abundant than magnetite
in the 4 @ fraction and vice versa in the 5 @ fraction. Opaques show
a random vertical variation. The average frequency of opaques in the

4 ¢ fraction decreases eastward from El-Arish to Rafah while that of
the 5 @ fraction increases in the same direction.

Non-opaque Heavy Minerals:

Amphiboles and pyroxenes are recorded in all the studied samples, and
their frequency in the 4 @ fraction is higher than in the 5 @ fraction.
Amphiboles are represented mainly by hornblende (prismatic and saw-
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Vertical distribution of the heavy mineral groups and index figure in
the 5 fractfon of the borehole sediments of Al-Arish-Rafah stretch.

edged grains of green, bluish green and less common brown). Pyroxenes
are represented by augite of the yellowish green and the brownish violet
varieties. It is present at irregular, sub-angular to subrounded grains.
Inclusions of iron oxides are recorded in some grains. Epidote group is
represented by pistachite in most samples as lemon yellow and greenish
yellow grains, Garnet is represented mainly by pink and less commaonly
by colourless varieties. It is present in subangularly shaped grains, some
of them contain inclusions of iron oxides. Kyanite is recorded in some
samples. Rutile is present in red or reddish brown varieties. Rutile grains
are generally prismatic in shape with rounded pyramidal terminations.
Zircon is found as colourless small prismatic, bipyramidal or broken grains
with rounded edges in some of them. The recorded tourmaline variety
is pleochroic from brownish red to dirty brownish green. Inclusions of
iron oxides are frequent. Of the remaining minerals, staurolite i< recorded
in a variety that is usually pleochroic from golden yellow to dark brown,
pale yellow or éven colourless. Biotite, monazite and titanite ar~ rarely
and haphazardly recorded in the studied samples.

Figure 19 shows comparative frequency distribution of the main heavy
mineral species in El-Arish, Zewied and Rafah. The histograms indicate
that there are some differences in the frequency percentages of the
individual heavy minerals in the three areas. The 4 ¢ fraction is richer
in amphiboles, pyroxenes, epidotes, garnet, and staurolite and poorer in
opaques and zircon than the 5 @ fraction. Fig. 20 shows that all heavy
minerals are fluctuated in the different lithological units,

15
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Average histrograms of heavy minerals in the studfed areas.

The heavy mineral content of the studied sediments shows more or less
close similarities to those of the Nile (Shukri, 1950), Damietta-Port Said
stretch (Anwar et al.,, 1981) gnd Arish-Ghaza stretch (Shukri and Philip,
1959) (Fig. 21). This may indicate that the major part of the heavy minerals
of El-Arish - Rafah sediments had been derived from Nile sediments.

The studied samples are plotted on the pyroxene, amphibole and epidote
ternary diagram of Shukri and Azer (1952) (Fig.22). The plots indicate
that the investigated sediments are of Paleolithic age.

Clay Mineral analysis :

Five muddy samples were chosen for derivatographic analysis. The
thermal data are tabulated in table 2 and are illustrated in the form of
derivatograms (Fig. 23). Identification was based on data given in Todor
(1976). Nine muddy samples are selected for clay mineral determination
by X-ray diffraction analysis (Fig. 24). Identification of clay minerals
was based on the scheme proposed by Warshaw and Roy (1961), Smith
(1967), Grim (1968) and Barry (1972). Quantitative values of the clay
minerals were obtained (table 3) following the procedure given by Biscaye

(1965).

16
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Fig. 20
Relative frequency of the main heavy minerals
recorded in the different lithologic units.

BBoth the thermal and X-ray diffraction analyses show that
montmorillonite, illite and lesser amounts of kaolinite are the main
components of the muddy and clayey samples.

SUMMARY AND CONCLUSION

Sedimentological studies are carried out on the sediments of nine
boreholes penetrated to depths ranging between 32-84m. The borehols
are located between [El-Arish and Rafah in the extreme northeastern part
of Sinai.

The results of grain size analysis are plotted on I'olk's diagrams. Dilferent

textural classes are recognized which differ in type and number from
one locality to another.
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TABLE ¢

Reselts of diffarentisl tharma) and tharmogravisetric amalyses
Sample  OTA . T7¢C
-_— g" T n Description of peak Constituent minerals
No. e Ex0 (4 wmg foss %
100 --- ] 8 2.8 Syw., woderato, broad
810 --- 490 M 8 Asym., smll, brosd
5% - ces o= cew  Sym., winor, nerrow Montmoritionits with
A 680 --- 680 100 10  Sym., swall, broad winor 111t
7% --- 140 80 8 Asym., winor, broad
-m= 820 - --- .o Asym., small, broad
110 - 80 k4] 2.5 Sym., sll, broad
500 == 490 [ +] .5 Asym., small, broad
1 520 --- .- —— e Syn., minor, marrow Montomorillonite with
60 --- 650 2t 2.2 Spm., smll, broad Mite
920 -~ 810 78 7.% Asyw., large, broad
- 860 .- e --- Asyn., small, bread
120 - “ 3 % 3 Sym., smal), broad
500 --- ©% 10 1 Asym., small, broad
1, 870  ~ee  sem emm eae Sym., small, nerrow Montmortllonite with
€0 --- 620 25 2.5  Sym., ssll, broad Niite
820 -—- 800 100 1¢ Asym., large, broad
—=- 840 - --- —-—- Mym., small, broed
1% - 100 50 6 Syw., wmoderste, broad
s ——- . .- «-=  Agym., with ghoulder
510 - $00 a0 4 at high tewp. aide, Hainly
8y : smll, broad wontmori1lonite
780 -~ 7% 50 § Asym,, woderatc. broad’
ETTS a0 - - - Asym., smell, broed
110 -—- % F 4] .8 Asym,, small, brosd
820 Lo 8500 23 2.9 Rsym., small, broad
Ry 810 aee  meem eee acc Sym., wmall. marrow Montmoriiioniey with
660 - 650 80 § Sym., smal), bread Mits
780 ae=e 770 80 1 Asym., msall, narrow
.- 810 -- e e Asym., small, broad
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The textural distribution throughout the different studied boreholes
shows that gravels dominate in El-Arish and Zewied areas and their percent
decrease towards the east and west from Wadi El-Arish. This indicates
that the supply of gravels is mainly from Wadi El-Arish.

The data of mechanical analysis are plotted on cumulative curves. The
average cumulative curve of both El-Arish and Zewied areas shows some
overlap while that of Rafah area is slightly deviated due to the more finer
and better sorting character of its sediments. The average histograms
of the three areas assured this result.

Inclusive graphic skewness vs. standard deviation relation gave a good
separation between the sand unit samples of El-Arish from those of Rafah.
El-Arish samples occupy the river field while those of Rafah occupy the
beach field.

Jable (3)
Nature of sediments and percentage of clay minersls

Ares Well depth Sed. type Mont . 1Mi1ite Kaolinite
o,
Ry 40-42 © Sandy siit 74 10 11
El-Arish Ry 8- Sandy wud 1] 20 L}
Ay 28-30 Sandy mué ] 7
1 18-20 $itty sand n 0 2
Tewted
2y 32-34 Wedy sand o 3 18
L] 32-34 Stity sand (22 B | 4
"y 48-50 Sandy stit ] 1 ]
Rafah Ry 42-44 Sandy silt 8 30 2
” 54-56 Stity sand 0 ? 8
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The heavy mineral study ‘reveals -the - presence of .opaques, unstable
minerals (amphibole and pyroxene), metastable minerals (epidote, garnet
and Kyanite) and ultrastable minerals (rutile, zircon and tourmaline).Two
possible sources, mainly Nile sediments and to a lesser extent from
materials toming from the southern wadies, are supposed to be responsible

for their derivation. -

1;- ?

Montmoril.lonlte, illite and kaohm‘té are the main components of the
muddy and clayey samples.
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