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ABSTRACT 

The present study is perfol'1lll!d on the subsurface 
sedfments of El-Arfsh-Rafah distrfct. The different 
aspects for stydying the borehole samples include 
their texture. heavy minerals content and clay mineral 
types. The samples of El-Arlsh boreholn were found 
to be long to ten teltun1 chsses, those of Zewied 
boreholes belong t,o s-tx textural chsses -"He tIM! 
samples of Rafah bOl"eholes belong to nl,.. textural 
classes. Rafah samples are finer .nd better sorted 
than those of El-Arish and lewfed. Gravels are Mafnly 
.concentrated fn boreholes nearer to the wadfes. 
They showed wider distribution in the eastem parts 
of wadfes than the western parts. This may be due 
to the marfne current whfch shifted them towards 
the east. 

The recorded heavy Ilfnenh include op.ques. 
unst.ble mInerals (amphfbole and pytoxene), ~tastable 

Minerals (epIdote, granet and kyanfte) Ind ultrastable 
.inerals (rutile. lircon and tourmaline). Two possible 
sources are supposed to be responsible for the 
derfvation of heavy .fnerals. The major portion 
of theN had been derfved from the Nfle sedIments 
whfle a .Inor portion is belIeved to· be derived 
from the south with Nterlals that have been poured 
fn the sea through the di (ferent wadies. The study 
of clay ..inerals showed that IIOntmortllonfte, illfte 
and heser .mounts of fr.aolfnlte are the main 
components of the muddy and clayey samples. 

INTRODUCTION 

The area under consideration Ues at the extreme rwttheastern pert 
of Sinai between EI-Arlsh at the west and Refeh at t.he 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 



34 

~t MEDITERRANEAN ,----t---.,r 

SEAort Said 

Si nai 

. MEDITERRANEAN 

3 0 lc:::;::::;::::a~_-=L_..JL ~q=K=rn:.l__--1 

Hg. 1
 
Ni, showing t~ area of study and location of
 

~~les at El-Arf~ (A). Zewled (Z) and Rafah (Ri
 

of this study. Th~ selected boreholes are distributed In three main loca.lities: 
EI-Arlsh (represented by 3 boreholes Al,A2 and A3), Zewied (represented 
by 2 bore~oles Zi end Z2) and Rafah (represented by 4 boreholes RI,R2,R3 
snd R4)' rhe studied sediments range In depth between 32 to 84m. from 
the ground surface. 

The me.ln part of the area is cO'Vered by 8and dunes which effectively 
obscure all the undel'ly1.ng formations. The Irlope or the dunes Is gradual 
to the north on the coastal side and steeper on the Inland side. 

Many wadles travet'Se the. area ,trendlng from southeast to north, the 
,mO$t Important e.nd largest of which is wadi EI-Arfsh. 

Brief .tudles;.(illl tM topQCtsflby, ground water and the type of surface 
sedlmentJ olnorthet'l) Sinai were given by Hume (1906), Moon and Sadek 
(192't), Paver and SQtdan (l9~6'),M8Iek.(H':)6), Shata (1959), Shukrl and 
PhlUp (1959) and el-Oakkak aod Mohamed (1986). The latter authors stUdied 
In detail the paleoenvironments 01 the present bQreho:le sedJm~nt8 by 
means of foraminifera. 
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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 condftions of the different 
classes. 

Heavy mineral analysis of the different units is performed to help in
 
the environmental Interpretation and rough deterl.llnation of the age of
 
sediments. The clay mineral content of some muddy samples Is Investigated
 
by derlvatographlc and x-ray dlfCractlon 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 sal1d, sandy slIt, sandy mud, sandy grav"!l, gravel, gravely 
sand, gravely mud, slightly gravely sandy mud and mUddy sand gravel. 
The samples of Zewled 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 cl8:'1ses: 
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 EI-Arlsh and Rafah boreholes, while the gravel 
and sand gravel units form the upper part of the Zewied boreholes. Gravels 
dominate In EI-Arish and Zewied areas and their percent decreases towards 
the east and the west rrom Wadi EI-Arlsh. From the study of figure 4, 
it seems that the supply of the gravel class Is mainly from Wadi EI-Arish 
where the gravels are mainly concentrated in boreholes closer to the Wadi. 
The vertical distribution of gravel-sand-sllt and clay percentages In the 
studied borehot~is shown In Fig. 5. 

The data of mechanical analysis 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 or EI-Arlsh samples show wider grain 
size range than those of Zewled and Rafah (Fig. 12). The average cumulative' 
curve or both EI-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 Itt the two boreholes 
R2 (O-38m) and R3 (O-6m). they Show a single saltation population. Visher 
(1969) and Gindy et al. (1982) assigned a coastal environment for sands 
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of similar cumulative grain size curve characteristics. The second group 
of liand samples ·shofts three or four populations which, according to Visher 
(1969) and Glndy et al. (1982), represent sands of backshore types. This 
result Is In agreement with that deduced from, the graphic mean size Vs. 
standard deviation ~elatlon for sand samples (Fig. 14A). Inclusive graphic 
skewnees Vs. standard deviation relation gave a good separation between 
the sand unit samples of EI-Arlsh from those of Rafah. EI-Arlsh samples 
occupy the river field while Rafah samples occupy the beach field (Fig.' 
148). 

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 
Jl'avely sand (Pig. 1). Emery (1955) mentioned that there are four main 
posslple sources of beach pebblesz sea-cliff erosion, stream discharge, 
.ea-fioor erosion and long shore transport from one or more of the first 
three primary sources. Stream <S1scharge Is supposed to be the possible 
source of the gravely sediments under Investigation. 
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The cumulative curv-. of samples of sandy slIt units show one saltation 
and one suspension population, while those of silty sand have two saltation 
populations and one suspension population. The cumulative curves ot 
samples of the mud units have four populations: one traction, two saltation 
and one suspension populations. 

Analyses of hydraulic condltiOl1J of sedimentation' by use or graln-slze 
image have shown the preferential mechanisms by which rralns of certain 
sizes are transported. The Ifaln I1ze Image was first presenteCe by Passega 
(1957). The diagram Is constructed by plottinl C (one percentilE' in microns) 
83ainat M (median diameter In microns) on 100uithmic pape, (Flg.tS). 
EI-Arlsh and Zewled samples are characterized by the ~r.ence of a graln­
,Ize gap between 500 and 1000 J,l. this qap marks _ell the ( lange. from 
transport controlled by turbulence durll1lt Roodfnc of Wadi I'-Arlsh and 
other smaller wadles at Zewled, to transport In which the Hlin motive 
force, due to the drag of the water Is horizontal In ttte butn aft Jr fioodlng. 
Samples of Rafah boreholes and borehole (At) at El-Arlsh d, not show 
such gap .. their locations are relatively far from the wadl... 

The environmental Interpretation of the 88Ild cralnl examl.led by th~ 
scanning electron mlcroscop4t reveals the effectl of chemleal action (Pig. 
161 A, B, D, E, P, 0, H) and mechanical action (Pli. t~). Thl:; conclusion 
is supported by the Interpretations riven by !1-Asker, and Frlhy (1984) 
and El-Pishawl and Molnar (1984). 
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SEM photographs of Sa-l sand 9rafns.
 

A:	 Sflfca precfpftatfon ~th attachment ..terfals 
("ach sand. Al-Arish). 

II lroove tn assocfatfon wfth sflfca precfpftatton 
(c~fcal beach actfon. Al-Arfsh) 

CI flakfng and scales (.echanfcal actton. Al-Artsh). 
D:	 Blocky conchofdal ~r.akage pattern (beach sand.levfed). 
E:	 Stepped cleavage (beach sand. Zewfed).
 

f: Curved scratches (beach .and. Rafah).
 
8 and H: Sflica precfpftatfon 8chenfcal beach actfon. 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 4d fraction of 50 samples and the 50 fraction of 31 of these 
samples led to recognize the following heavy milleral 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 4,0 fraction of EI-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 0 fraction of EI-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 increase of Index 
figure values from EI-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: 

Fig. 17
 
Vertfcal distribution of the heavy mineral groups and fndex figure
 

in the 4 fractfon of the borehole sediments of EI-Arfsh-Rafah stretch.
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(6)	 Thl fr.quency Of OplqUI' ",as not takln 'nto cons'dlntfon when Cllcu11tfn, 
the frlqulncy of other .In@rlh. 

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 t1J fraction and vice versa in the 5 C2I fraction. Opaques show 
a random vertical variation. The average frequency of opaques In the 
4 QS fraction decreases eastward from EI-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 4 111 fraction is higher than in the 5 ¢ fraction. 
Amphlboles 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 fraction of the borehole sediments of Al-Arlsh-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. 
Inclusi.ons of Iron oxides are recorded in some grains. Epidote group is 
represented by pistachile. in most samples as lemon yellow and greenish 
yellow grains. Garnet is represented mainly by pink and less com monly 
by colourless varieties. It is present in subangularly shaped grains, some 
of them contain inclusions of iron oxides. Kyanlte 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. InclusiDns of 
iron oxides are frequent. Of the remaining minerals, staurolite 1:<: I'~corded 

in a variety that is usually pleochroic from golden yellow to dflrk brown, 
pale yellow or even colourless. Biotite, monazite and titanite M'" rarely 
and haphazardly recorded in the studied samples. 

Figure 19 shows comparative frequency distribution of the main heavy 
mineral species in EI-Arish, Zewied and Rafah. The histograms indicate 
that there are some differences in the frequency percentages of the 
individual heavy minerals ih the three areas. The 4 fI5 fraction is richer 
in amphiboles, pyroxenes, epidotes, garnet, and staurolite and poorer in 
opaques and zircon than the 5 al fraction. Fig. 20 shows that all heavy 
miRer:a}s are fluctuated in the different lithological units. 
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Average hfstrograms of heavy minerals fn 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) and Arish-Ghaza stretch (Shukri and Philip, 
1959) (Fig. 21). This may indicate that the major part of the heavy minerals 
of EI-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 I 

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). 
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Relative frequency of the main heavy minerals
 

recorded in the different lithologic units.
 

Hath the thermal and X-ray diffraction IlIlUlyses 
mall t rnorilloni te, illi te and lesser n mounts of kaolini te are 
components of the muddy and clayey samples. 

show 
the 

that 
main 

SUMMARY AND CONCLUSION 

Sedi rnentologicnl studies are carried out all the sedi ments of nine 
boreholes penetraterl to depths ranging between 32-84rn. The borehols 
llre located between El-Arish and Rafuh in the extreme northeastern part 
of Sinai. 

The results of grain size analysis m'l' plotted on Polk's diagrams. Different 
telCtural classes arc recognized which differ in type and number from 
one locali ty to another. 
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Comparatfve frequency percentages of heavy mfneral
 

constftuents fn the 4 fractfon of the borehole sedfments
 
of Al-Arfsh-Rafah, beach sedfments of El-Ar1sh-Ghaza and
 

Dam1etta-Port Sa1d stretches and Nfle sedfments.
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Plots of El-Arfsh. lewfed and Rafah samples on the
 

pyroxene-amphfbole-epfdote ternary dfagram.
 
(Boundaries after Shukri I Azer. 1952).
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IS 170 SJII.• 1.,11. •• rrow ""'.rtlll'nl'J II til 
160 6SO 10 !JII.• 1..11. br••• Illlt, 
780 770 50 Alr-•• _ Il ••orrow 

810 AIJII•• _11. brood 
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The textural distribution throughout the different studied boreholes 
shows that gravels dominate in EI-Arish and Zewied areas and their percent 
decrease towards the east and west from Wadi EI-Arish. This indicates 
that the supply of gravels is mainly from Wadi EI-Arish. 

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

Inclusive graphic skewness vs. standard deviation relation gave 8 good 
separation between the sand unit samples of EI-Arish from those of Rafah. 
EI-I\rish samples occupy the river field while those of RaCah occupy the 
beach lield. 

Jable (3) 

Area .11 .,tll Sd. trpt ""'t. holt"lt•"'tte ... 
.1AI 40-4' Sa"'" slit 74 It ,lI-art.. A, ZII-JO Sanol, -.oil JI 10 

A, ,ZII-JO Sa"" .. 10 '1 

.1-10 71 

,
 II 

... 32·14 SUt, ..114 ,. , 

., 48-50 Sa"'" .tlt .. ., •,a.lalt ., 42-44 Sall41 .,n II 
SIn, ._ ,14-5&"4 to • 
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l ray diffractfon pltttrns of r~pr,.se~tatfve ~ddy samples. 

The heavy mineral study 'reveals··the 'presence of ,opaques. unstable 
minerals (amphibole and pyroxene), metastable minerals (epidote, garnet 
end Kyanite) Bnd ultrastable minerals (rutile, zircon and tourrriallne).Two 
possible sources, mainly Nn~ sediments, end to a lesser extent from 
materials 'coming from the southern WBdles;' are supposed' to be responsible 
for their derivation. . .' , ' 

• J,-. ~ ,. . .. " 

Mont~orillonlte, mite and kaolinite are the main c,omponents of the 
muddy and clayey samples. 
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