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Summary:

Bedch fureshare sends on fifreen beaches on the 38 km strateh of the coast of
Alexazndna. City tre examined 1o dotermine wherber disimet areal varigtions
evist spromg sand toxtaral paramerers and compositional propasiies on beschet
which bave relatively moderate to low wave enegies, Variations i rand rex-
fural parameters are noticéable, bowever, and they appesr 1o be relared 1o
dyname conditions and #o directims ef sand trarspornt.

The ;a!'dc‘éﬂ are covered with sands that [ocally vary in rexture and grigin,
The beach umd's are of two principal npes: yuertz-domingnt igndy and white
lkuse carbomate ooftic sandy. Shellr, sbel{. fagmentt, roch fragmentc and
Beavy rinengls are alsa eammon conspirsients in the heach sands of vhu part of
the coast of Egypt. Lomgrhore varamions in sand textural permeters uf the Study
beavkes, suggest dispersan by sexronally revernng bongshore cumrents. Net -

‘ sedivacnit transport it from ihe wes! 12 the eass, especially in the summer.

Diuring the winter, @ westward flowing longshore curreni and sediment
Langport are commos featares,

I- Iniroduclion

Dugeimg the past whirty years much attention has been direcled towards
the nsefulness of the textural parumeters in the recogritron of the sedimes-
tologic enviranments (Falk and Ward. 1957; Muson and Folk. 1958, Har
ris, 195%; Shepard and Young, 1961, Fricdman, 1961, 1965, 1967, Duune,
1964, Pawega, 1964 and others), and in dishnguishing beisween heach-
erergy enyironments (King and Bacns, 1964; Son, 1972 Loring and Mo,
1973, Engstrom, [974; Nondstrom, 1475, 1977 Anwdr, et al. 19771 Also,
much lus bect woiten on the longshore tramport of sedimenis 25 sum-
reriscd by Jahmson {1956). Ingle (1966). Bowen (1969). Komar amd Inman
LI9TU), Longuett Higgias (1920, 1972), und Sell (1977).
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The present paper does not intend 1o review the early litersture but
discusses and interpreds the local areal variation of beach sands of & section
of the Egyptian Mediterranean coast in the Tight of possible coastal pro-
cesses acting on the shore.

The Medilercanean coast of Egypt has been extensively studied in terms
of geography, regional marine geology and coastal gzomorphology
{Vateva, 1935, EI-Edwy {937, Steuer 1937, Said 1958, Mohamed 1968, El-
Awady 1972, Moussa 1973, El-Wakeel ¢t al., 1974, Bl-Wakell 1964, El-
Sayed 1974, Sharaf El-Din 1974, Oriova and Zinkovitch 1974, Misdorp
and Sertini [976 a, Misdorp and Sestini 1976 b, Summerbayes et zl
1978, E}-Wakeel and Sayed 1978, and Anwar et al. 1979),

The beach sediments of the Medilerrancan Egyplian coast have not
received extensive attention (Hilmy §951, Sestini et al. 1976, El-Wakeel and
El-Sayed 1978).

The purpose of this paper is, therefore, 1o contribute to these investiga-
tions by studying the local areal variations in the Lexture and composition
of beach sands along the coast of Alexandra City. Hence, samples of
beach foreshore * were taken from 15 beaches in the Alexandria city area
{Fig. 1) to detcrmine whether distingt areal differences exist umong grein

-size ¢haracteristic and ¢ompesitional propertics of sands on beaches which

have relatively moderate to low wave encrgies. [n addition, fextural and
compositional studies are made 1o determine the sourge and despersion of
these sands and the processes oecuring along the beach. Beaches of Alex
andriz were seleeted as the study area because they afford a vancty of
sediments and coasial pracesses in small peographical region, LI was an-
ucipated that the busic sinularity of mechanismy oporative in the beach
environment of (he coast of Alexandira City, would tend (o produce
similarities among the grain size parameters. However, it was further
assumed that distiections or identilicable charactenstios of grain sizc
parameters would result feaom the different wave energies and different
souree arcas ideniihed in several distinel partons of the shoreling von-
tinum.

#  The i “beah fureslione i the prsinn sy moss nomsas wlly 70D pse
or “subsotial boach™ (Weigel 1993, i 146 5).
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2- Area of Investigalion

The Alexandria area stretches along the Meditorranean Coast of Egypt
between the Abu- Qir ‘headland in the east to ELAgami in the wesi, a
distance of 3% km, Ii lies belween 31 08' - 31 21" Nand 20" 47" - 30 O4' E
(Fig. 1). The shoreline of Algxandria is gencrally ericoted soulh-
southwest.-north-northeast, and has several embayments, cut of which two
embayments were artificially transformed into two harbours: the Eastern
and Western Harbour. Thez former was the old harbour but now used for
yachting and fishing, while the laiter is the main commercial harbour of
Egypt. The m:ist, betwesn El-Anfushy and El-Montazah, is bounded onits
landward side by strong sea wall which has been constructed 10 protect the
build-up area of Alexandria City from the storm waves striking the coast
during 1he wintes.

The botlom lopography ol the shell arsa off Alexandna is very ir-
regular, in paris being suggestive of a Karstic topography {Misdorp and
Sestinl, 1676 b). Lt is charactensed by a scries of reefs and rocky submerged
nidges depressions which extend offshore more or.lest parallel 1o the present
shorsline. These represent the ancient shoreline which subsided us a result
of the downwaraping of the earth’s crust along the Nile Delta coast (Rass
and Unchepi, (977} There are three ridges, with depths at (he top of 9, 18,
16 m, and numeraus lerraoes that have been traced of f Alexandna Western
Hurbour (Misdorp and Sestini, 1967 a). At the extermnal edze of euch terrace
there ure ridyes, rocks and pinracles, that may be small algal reefs, olten
rising to the depth of the next (shoreward) terrace. It appenrs thal the main
ridges are in the s2me system as the limestane-dune sand ridges west of
mlexandrin. The Eb Agami - Ras ElTin, with an easteru mterruﬁmd exklen-
ston as represented by rock islets which are sparsely extended just off
shore, and 4 second, un-named ridge, terminate at the Sultan Shoal Recef,
2.5 km northwest of Nelson Istand. The third more exwenal ridge ter:
minates nerthsest of Ibrahimia (L. 29 35°)

The regional geology of the coust of Alexandria can best be cutlingd
under wo principal subdivisions based on differences in lithology, pur-
ticilarky of the carbonaie content. and (he varation o the degree of con-
solidawion af the sands wheh form its beugh. Thewe subdinisions are the
easternt purt and western parl. The eastern part specifically extends frem
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Abu-Qir 1o El-Amiushy. The beach sands vury from loose 1o fairly in-
durated deposits of guartz. Shells and shell-fragments as well as hzavy
minerals are common i beach sands of this part of the Alexandria coast.
The western par extrends from El-Dekhigla to El-Agami. The beach sands
in rhis part are composcsd of loose carbonate sands, oolitic in Leaxture, while
in volour, well-patished and well-rounded. &way from the sea-water, (hese
loose carbonate voluic sands gradually alter te fairly consolidated oolitic
limeston, cemented by a secondary calcium carbonnte, probably calcite
{Hitmy 1951, Shaia 1955, Shukrl and Phulip 1956}, forming ridges skirting
the coust in the west of Alexandria segion [Shate 1957, Shahin 965},
specilically Tram El-Dekhicta (o Marsa Matruh  (Fig. 2). According o
Hilmy {1951), the age of these ¢urboante ‘'oodric™” beach sand and
limestone, along the Egypuan Mediterranean coast, runges from
Pleistovene o Recemt. These fragmewntal sands have their onigin in
cretatleesous-E ocene himestonz formaniens of the neacby West Deserl, and
were depesited in some surt of littoral dune {formation, now represenied by
the consilidated limesiong ndges (Hume and Hughes 1921, Hume and Lit-
tle 192K, Hume 1929, Sandford and Arke! 1939, Bull 1939),

Geomurphologically, the beaches alone the coastul zone of Alexandria
City form one geomorpholagical unit as compared 10 the ather adjoining
. goaslal parts, identified on the basts of the pensral differences n
opography and lithology of the Mediterranzan coust of Egypt. These
beaches appear (o be exposed (o 1he same hydmological conditions. They
wee shaped Fargly by marine processes and rerresinia) agents.

According to Shukri and Philip (1955), the shoreline of Alexandria ex-
hibits typival characteristics of a youpg shoreline. It extends more or less
straight with slight undulations forming smaill embaymenis. [n gencral, the
shoreline 15 in most places rocky, with nafrow sandy beaches in 1he em-
l:ﬁmmts. The beaches of the study area have smoath surfaces end slope
regularly seaward, at an ever-decreasing gradient. The width of the beaches
varies from (O m to 80 m. The widest beaches are fonnd on the most
easterly and westerly Tanks of the area. ie. Abu-Qir and Bl-Maamoura
beaches {n the east, and El-Agami beach in the west, The beach-face slopes
range bétween 2 and 14" in sieepniess, wilh the majority between2 and 6 .
The wider beaches have the most gentle heach-Face sfopes (El-Maamoura:
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2.5 , ELAgamic 4 ). The steepest slopes (8 -14 ) are found on the namow
beaches such as Lhose of Sidi-Gaber, Gleem, and Stanly.

beaches such as those of Sidi-Gaber, Gleem, and Sianly,

The coastal zone of Alexandria was influenced by Lhree moin sources of
the sediment-rich water prior te the congtruction of the Aswan High Dam
in 1964. The first and mosi {mportant source was that from the Rosctta
mouth of the Nile, at about 45 km Lo the cast of Abu-Qir h=adland. The
River Nile used to discharge targe amount of deposits, that were estimared
to be 100 x 10° m*/yr prior to 1902 reduced to 35 x 107 m”/yr betwwesn
1902 and 1964 (Aleem 1972, Sharaf El-Din 1947), Since 1964, irrigation
prajects associated with this dam prevens almost completely the discharge
of lresh water from the Nile into the Meditertanean, with measurably
deletrious effects on continental shelf fisheries and coasial stability
(UNESCOQ, 1973, 1976). The second source was the Mahmoudiyah fresh-
water canal, opening into the Western Harbrour, which is now abandoned,
and iy replaced by the Nubariyah fresh-water canal, opeming alsa into the
Western Harbowr, The third spurce is the drainage water pumped out [rom
BlOmoun drain inio the Mediterranezn Sea at BlL.Max, This drainage
water was cstimaied to be 1.374 x 10° m’!jri' {imgation Depariment,
1966),

As aforementined, the beaches of Alexandria are consituted of loase
sadiments and therefore, are susceptible {o great changes on application of
encrgy. Mast of the ¢nergy driving nearshore and beach foreshore pro-
cesses along the coast of Alexandria comes from the Mediterranean Sea,
acting as the medium for transfer of emergy 1o the loose materials, in the
form of waves, cwrents, lides, and winds which are the primary agents af-
fecling the coast.

Wave action along the coast of Alexandria is seasonal in nature with the
winter, storm, season (November to March) and summer, swell, scason
(Aprial to Oclober). In general, there are about filteen storms per year (2in
Mov., 3 in Dec., 4 in Jan., | in Feh., and 5 in Mar ) out of which seven (2 in
Nov., 3 in Dec., 2 in Jan.) ar¢ moderately heavy accompanied by strong
winds and heavy rain. The waves have periods ranging from 7-8 sec. in
storm season to 910 sec. in swell season. Wave heights of about 0.80 m are
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average. Duning the storm season the average wave heights are 1.3 m (with
maxima never over 3.0 m). The predominant directions of waves duting
stormy season uwsudlly are from NW and NNW, though waves from N,
NNE and MNE are mol yncomman, especially in December and March.
Swells approach the coast generally from NNW und NW with an average
height of (.60 m,

Longshore currents induced within the breaker zone are mainly respon.
sible for the longshore transport and movement of the sund load . Bastward
currenty predeminate dunng the summer months {Fig. 3}, while westward
currents as well as negligibile currents resulting from the perpendicualnry
of waves are comman features during the winier mosiths {UNESCO, 1973,
1976}, Longshore currenls with speeds up to |00 emésec. has been
measured locally alvng the Mediterrencan cpast of Egypl (Gorgy 1966,
Shargi El-Din 1974). Mare recent measurements (Monraohar 1976) indicale
that over 50% of the tme the eastward currents are wp to J0 emissec., and
this is almost twice as much as the east-west direction.

The coastul arca of Alexandria is a microtidsl envirunment {mean mnge
0.26 m, maximum range 1.17 m}, Records from the Western Harbout Tide
Gauge Station <how that ldes are predominately semi-diurnal. The ddal
variation are. however, relatively small, and when they are nol accomi-
mnied by meteorologically induced waves and currents, the tidal currents '
thefmselves will not sufficiently poweiful to shift significant amounts of
muterials towards the shore. The tidul varations, therefore, constimic no
significant factor for (he mechanisms of sediment transport and shore
processes on the cgast of Alexandria. Wase and tide vonditions can
change redicully for shor penods @l time when oyclonie fronds aud
wjualls, locally called “"Anwia', strike the coasl dunng winter months.

Wind directions vary seasanally along the coast of Alexandria (Fig. 3).
The predominant wind is n shore porth-westerly during summer ot hs
These winds induce swell which is refructed o produce east moving
longshore drift in the summer months. Obliguely somtb-westerly and %
nonh-easterly winds are predominant during winter manths (Nov. - Mar.). #
the latter winds being more freguent and potentially significant in produc-
ing west-moving longshore dnift avcording 1o MManohar (1976). Onshore
northerly winds prevail throughout of the year (climatological Mormals,
19580) and give rise to prevailing waves and swclls that efficiently transmil
energy ind momentum (o 1he shore of the siudy arez. On the contrary.,
contribuiion by ofi shote winds is regarded as josignificant considering (he

42



-
E I L]

Ja'se

R

= —

&= 3rdfment tognApnTL

-—-4: i remultant

- - 4 T 4 jEm
- i b ce—r———

——

Fig. 3: Seasonal and annpual wind frequency by direction, and onshore
wind resuliants and dircction of nearshore sediment dispersal

along 1the Alexandria Coast.

4}




general inabiliiy of wind to trunsport coarse sand (Blutt et al., 1972), and
because less than one feorth of the wind directions for Alexandria Coast
has am off shore componenl, As regards the velacities of wind, there is a
mar ked scasonal varation of wind velocities, and storms (squalls) are most
frequent and intense from November to April
¥ Procedurcs

In order to determine the situation negarding loeal arcal variation in
beach sands along ihe coast of Alexandria City, direct observaliops were
made and information and data were gathered both in the field and
laboratory.

3.1 Colection of Samplcs

Sediment samples were collected exclusively from the upper part of the
beach foreshore, i.e. between the still-water level and ordinary high water
mark or sometimes the Iimit of wave uprush (Fig. 43, including that part of
the deposit act upon by ihe swash waves thyt have broken negr the
strandling, of the 15 study beavhes.

A plane for samphng the beaches was designed according (o the
hypothesis that longshore variations in grain size paramsters and lithologic
compaosition of beach sand would provide significant information regar-
ding sand source and direction of Littoral moverment. 1t was cstimated that
the space between the beach locations slong this coast would be small
enough 1o reveal varfations of a sufficient magnitude to obtain wseful jn-
formation. Accordingly 15 profile lines were fixed on the 15 study beachgs.
Each profile was located approximately io the middle area of each beavh,
and perpendicular to the strandline.

In order 10 obtain all possitlc variations in the conditians of depuxition
as well as in the size characieristies of beach sechment, samples should be
collected in different seasons. Thercfore, the entire suite of samples was
collected during the pericd from Seprember 1982 10 Avgust 1983 with Lhe
number of sampling sites per beach being properional to beach-face
length in a manner sueh that a sample was collectzd for at teast 10 mp of
beach-face length starting (rom the base line on the bavkbeach 1o the point
of intersection of still-water tevel and the beach-lace surface.

After the general lovation of a given sampling. i was determined. the
precise section of the upper [oreshore was determined in a random fashion
to represent as far as possible the various kinds of beach sand. A1 cach
prescriped site, Four closely spaced samples, | m. apart, were obiained ws
ing a cyfindrical tube, 5em, in diameter, which extendes 15 cnr. normal 1o
the beach-face to obtain more of loss average sample over a number of
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laminae, This was done after tbe beach-face slope had been measurcd in
degrees by Abney level. The four sumples were then combined into a single
gomposite sample as Krumbein (1934) suggesis.
3.2 Grain-slze analysis

In lsboratory, mll samples were trealed by standard techniques of
washing in distelled water ta remove salt which might will have produced
aggregates, oven drying, and splitling by a mechanical sumple spliter to
obtain a split of 250g. from each sample for sieving, and the remainder
were subjected to mincral tests. Euch sample was sieved by hand through
(he -1.75 and -1.50  sieves to remove coarse shell material, The re-
mairider were then shaken for 1§ minutes on a Soiftest Sieve Shaker usinga
strack of sieves representing 0.5 iotervals from -1.5 to 4.0 *. The
fraction retained on each sicve was weighted so 0.01 gram and the weight
was copverted to a percentage of the toial sample weight.

The method of moments (Friedman 1961, 1967, Griffiths 1962, 19467)
wis used to detcriming the several busic parameters of the Size-Fregueney
distributions. The mean grain siee (m), standard deviation, ie
Sorting ( 8), skewness (SK), and Kurtosis {(K&p ) for all samples were
calculated using Four computational formulae proposed by Greenwood
(1960). All computations were carried out on a digilal persenal computer
Mitachi, AH 208} Using a MSX-BASIC Computer program for standard
moment statistics. '

3.3 Mineret analysis

The LOP-1.5 ¢P (medium sand} Fraction was chosen for hihglogic
composition study since this fruciion was present in all samples and con
tained all hajor constients, The study was dong by means of thin section
techniques and point counting wsing the line meihod described by
Galchouse (1977). Assuming the thin section is represeniative of the size
fraction, correct ideniification of 300 grains assures thal the Lrue numbee
frequency-of a constituent Jics within 6% of the calculated value with 95%-
confidence level (¥an der Plas and Tobi, 1965).

Classification of quartz grains follows Blaw (1967). A monoers statting
quariz grain is one in which a sin gle quariz erystal occupies %% or more of
the grains cressisectional wrea in ihin sectiom. Plutonic polycrystalling
quartz is composed of iwe o five indivdual cryatals with plutonic ignecus
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texture, while meramorphic polycrysialllne guartz shows character istically
metnmorphic feature. Granite includes all plutone ignuous rock frugmenis
compascd primarily of quarty and feldspar.

The percentage of curbonate in gach sample was determingd 45 follows,
About 20 grams of cach sample wore treated with diluic kydrochloride geid
{1:3) for carbonste dissolution, were Fltered, washed, dricd at ahout
110 €. and rewsighted. The percentige of carbooete in guch sample wus
thus determined by the difference. Qualitative iests made on the Glicrales
from all eamples indicaie nothing in the way of bases burt calciem,

The 3.0:4.0 phi Fraction resulang Irom (e grain-size analysis was chosen
for heavy-mineral separation as it was found 1o be relatively rich in heavy
mingeals. This fraviion, for cech sample, was first treated with
hydrochaoric acid (1:3) to temove the acid scluble material (muinly car-
bonale}, and then seperated into hexvy and light minerals by means of the
traditonal method of separztion: the bromoform with centrifuge, follow-
ed by the identification of individual for groups of mingrals) using a
binacular mictoscof- (Milner 19262), and the calculation of the percentaype
of each
ds Results and Discossion

The beach foreshore sands along the coast of Alexandna have mean
grain gizes between -0.25 4P and + 3.0740 with most majority between
+ 1.0 Pand + 2.5 . The dispersian of sand particle size (i.e. sorting) is ’
between 0.44 ¢ and 0.79 ¢, which means thal sands are moaderetely well.
o well-sorted. Most besch fareshore sands have asymmetrical size
divtributions about the mean. Skewness of beuch foreshore xands ranges
from .90 ¢ io + 1.25¢p , while kurlasis varies from 033 w0325 . A
sediments is presented (n Tahle ¥, :

The sands on ihe heach foreshores of the study area are composed of
quartz, Medspar, rock fragments, carbopate, shell hash und heuyy maneraly
of which ampliboles, pyroxemss and opagues wre the Most COMMOnR.
Average lithologic composition of beach foreshore sands atony the coast of
+ Alexandria are listed in Table 2,

4.1 Arezl voriation of sand lexiure

The primary evidence Far seleceve sorung by longshore currents comes
from a study ©f the vanigtions in texture of beach foreshore sands along the
study Coast from east to.west. Figure 5 summuries the resulis of grlin-size
analysis for beach foreshore sands versus distance.
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Medan grain slze

From the feldwark observations and the study of the statistical data
given in Table 1, it is found that the mean grain size of the beach foreehore
sands of this pan of the Medierrancan Coast of Egypt is, in general,
rekated to beach face slope. The eoarsest materials are associated with the
narrow sieep beachs such as those of Gleem (+ 0.15% ) and Sidi Gaber
(-0.25 @ }. The [arger grain size (ower phi values) of these beaches may be
partly atributcd 1o a large sea wall, seme 2 m in height, encircles the back
‘of the beaches. This helped 1o trap the coame-grzined material and the
fingrgrained sediments were washed back into the nzarshore zone. The
charser-grained material of these berches cannot be winnowed away but
the finer-grsing are transporied either seawards by vurrents or landwards
by swosh, legaving Lhe coarie-grains as a lag deposit. The sand becomes
finer (higher phi wvalues) on the weder flac beach foreshorss of
El-Maamoura (2-58 gP) {n the east and El Agami (2 89 ) in the west of the
study arez.

It was also noticed in the ficld that grin size is larger at the sea ward zone
of the beach foreshores than at the upper end. This could be due to the face
that much energy i dissipated within the lower end of the beach foreshones
rathier thun their upper end. The seaward coarsening of beach sediments
=r# s also brought about by the finer sediments being either winnowed Qi
from the seaward zone and concentrated at higher beach levels by swash
zone processss, or swepl seaward.

Spatial variations n the mean grain size of foreshore sediments of Alex
andfia-copst are shown in ¥igure SA. Inspecticn of the graph lire in Figute
SA. indwates that, although the easicorn ponion of (he coast
(Ef-Maamoura, Bl-Mandaralt) shows a decrease in mean prain size (higher
phi valuzs) the mean size incrcases (lower phi values) in the middie postion
and then the mean size decrcases agatn in the wesiern pechon of the coast
‘(Elaﬁ‘la_n. El-Agarm}. It wus anticipated that mean grain size would be in-
versely celated @0 wave enerpy as o review ol the litcrature suggests. As
kang (1972 p. 302) wiared it is generally rrue tha the particles size s larger
where Ihg wave energy is greater. This relationship applies both in space
and 1ime'’ Bascon (1951), Ingle (19663 ond Hodgson (1966} huve alvo all
foted el 2raln o122 (ereases ds Wive elerpy mreises sfong a coustline

Ot g small properuon of the vanabon m mean grain size could be ex-
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plaingd by any of the process vaciables, However, 1he general inadzsquency
of Lhe process variables to explain the variution im mean grain size must be
attribuied to marked differences in the grain size distributions available to
nearshore coastal processes. There must be aviilable au cach beach erough
malerial in the wvurious size cutegories for the variation in process o
become manifest. The sidemenis on the beaches of the middle area snd
castern {tunk of the xtudy coast are belived to represent waterborie
sediments, mainly quartz with abundance of heavy minerals, transported
mechanically by the River Ninle, denived mainly from upper Nile basin and
subseguently mixed with shell fragmens on 1he besch. In additicn.
sidenients on the beaches of the western flank, mamly pure carboiute
“oplites™, are beleived to be denved (rom the Western Desert Tertiary
limesione formaiivns, os wind-borne carbunyte. sands which have beun
reworked by the agitating water movemenl of the beach waves (Hilmy
1981 As Sahu (1964) kas noted, the mcun grain size of sidements van be
altributed either to the average kinené chergy [velocity) of Lhe depositing
agent-or o the size distribution of the available materials, Shepurd (1959)

" has concluded, excepl for local siluations, that the relative coarsness of
sund is not reluted to wave exposure but rether 10 the type of soure material
peesent. Folk {19663 has also commented on the imporniance of source
materials in comrolling the statistics of grain-gize disiributions,

~ The comparison of the beach sand-vize based on the denved statistical
‘parameters the mican prain siz¢ can mask subile variationg within the set of
grain size disiributions. A different way to compare simultaneously the
extice grain size distribuiions €an be made by a contowr mapping in the
spuce-frequency-size domain aleng the study st This grain size “'spec
tra map"” reveals the obvious charickeristicls and subtle vatiatinns which
van he isolated, correliled and ticir relitive imponange esiimaled,

Based o (he dita set of the reselting size frequeney distnbutions of the
study beaches, a gruin-size specira map was vonstructed (Fig. 6). This map
shows a pradugl incresse of domiranl prain size from El-Amsin to Sid-
Bwhr, and gradual decicnse Trom Sidi-Hishr 1o B-Matazh, I abse shiows
that the high percentage of Mcdinm-Coane mateaals at Abu-Gir beach is
nol pl of (he peneral trend, Tt supgests two N foerent Sediigntation pro-.
vesses T ko, there s o sinmous paraflelisny of the 1o, 20 and 305y
coditonee Ve penmdicny o) the sl of these contoury could be
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relited 10 2 sedimentation progess  Another ohservation, perfiaps related
tor Lhe first, is that there are three dlosures al the A0%s (exciading the other
Ao near Aboe-0ir beachy, & Alexandria coasi arca the ness of coarse
mauterial conld be altribuled 10 storm surges and currents which carried
voarser material aeross the beaches modified the essential [y patiern of the
comanr lines. 1t is alvo posiakited thiss miter storm modified the paliern
by carmving tomgues of coarser nraterial across the beaches hete and there.
Finally, in view of the fiding at Alexandria coast, the pattern of the con-
toyr lines may be the rule in 1he size vadations sleng the beaches.
horfing

The degree of soning of (he foreshore sediments in the study areq, as
menyurad by the pht standard deviation of grain-size distribulion, hus been
ithustruted in Gig. 5. Analysis of Alexandma littoral sand indicutes that po
definite (rend s preseat, as to show a partern which scems o fit the area.
The range of valugs of sorting is from 0.44 phi to 0.79 phi. Thix relztively
smitll mnge of the values hetween the study benehes (Table:1) is wol inex-
pecied, as [olk {1967} has noted that there seems 1o be no difference in
sotling between beaches with pentle wave jwetion and those with moderate
fo vigorous surf. 1 is also posiulaed that the relatively small range ol spr-
ting values, herg, muy repiesents tflugiuations ahoul xome fixed value

- thmughont the environmenl. The present siudy seems 1o supporl the

hypothesis that beuch foreshores may fend toward a fixed spread of their
size froguency in a given sizeteh ot beach foreshore. In a given stretch of
beach lorashare the average action of the waves miay be approximately

-tpifarn, so that seleclive provesses, an which the spread of the distribution

depends in parl, may be fuirly constaoe. Local Muctuations it the value of
the: spread mgy arise in park from slight changes in the slope of the beach,

® 5o well us from aceidental variation in the lost Larpe waves to strike any

wven poinl during the storm period.

Maodcrately well sorting on El-Mux, El-Dekheila and El-Agami beaches
may be interpreted-in relation to the composition of sands on these beach
forcshoges. Apparently the carbonaie sands of these beach foreshores,
although siromgly contrasted in their composition as a group {oolitic car-
honate) with that of the heach sands east of Bl-Max where admixlure of
quartz grain and different shell fragments are dominant, become slightly
vatled in sorting values with the ¢hange in the mean grain slze, perbaps
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reflecting the effectof the mean unifornmmiy m the campesation of the car
bonate as pure valcinm carbonate 1 his nuay isthate T (hese partiewks
sands are better sonied the Viner they sre.

Relatively high values of phi standiird deviation (less well-Borted s
an heach {onehore wrea Trows Sl Bistie 1o Alm-Qir may be auribuied te
the relatively higl mobitity of the beaclt i aesponse 1o Ftoral corren s gl
cucrey Jimx o wave anduved fongshore corrents. Al Abu-(ir, thy
predominant directions ol the nunably energy flux are NNE and NN W
followed by NF {LINFSLO, 1973).

The unsually high sortiny values (pour sorling) onGleem, stanely and
Sidi-Giaber beaches may be attribuicd w the unuwasally krge grain sizes
{Tables 2) of these beaches. Mean grain size has a srong inflpence on wor
ting characicrstivs of 4 sedimentury deposit B lias been obsersed thal sor
ting coeflicients comnonly decrease with increasing siee (F-riedmum [96R),
This reversal in the relation between medn size and soetitg Tis Dol come
monly heen ohserscd in beavh sediments, slibangh river sedimen|s do ey
kitil this phenomenon {-okk and Ward 1957), Coarse and Nne ‘sgdimcnl's
alibe ame put in mapnion ax (he threshohd celoaty inoreises ihove that g
gitred o move fing wand, prodaging a poorly soned deposit. Hoseve,

il appears Lhet an upper size imdi around G4 phi exises for this sizgesorting,

relationship _{I-uﬂk 196K Senu 19720 10 this contenn, it iy possible thad
larger particle perccniage of the beach sedmments reflects high swah *
backwish welovibies pasagigicd will higher waves, Theswe higher swash:
backwash velncilies did maol exercise any degree of selection on avaighler
materials, resulttng 0 poor sorfing oo deposie. Couversely, Wu&cf
velocilies, capable ol wovieg ouly small percentages of course particles,
were more restrclive 10 the selection of paroele sizes moved, rremm;_va'in
belter sorling upon gdepsilion  Ouwe introduced to The lareshore, #
repardless of mechanism, the vourse muterials encourage infiliergiion of
fines and lend 1o ‘consfilute a pesistent, often-inherited mode whose

presence invariebly lecas (o poorer sorthing values Gor Toneshore sedimuits, g, ®

I is apparent from ihe generl paige of 1he absersed mean gram sives thai
some of the Alexsndrn beuch. Foresbore scdiments eyl this welf
documented sand sizc sorting rehtionship.
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Shewnes s for niore diltienlt moment messure b inlerpret in relation (a
ihe plivsical condation of depusitios, Hoseewer, i van be consdered toome
thigte 1he seleelive aoimon of fmnsporting weent (Kormibem and Peltivohn
1934, and 16 reflect the relative Tregueney of occurance of eneagy Mucs
tions above or below 1he avernge (Greemvood 1969, According s Duaane
{1und), the aress of low -energy leve!s are characlerised by posilive skowness
vallies, while nepative skewness values are indicutive of areas of eroxign,
Huence. 8 mixtire of pasitive ynd nggative skewness values would thus in-
dicute & repion 40 3 state of Tux,

Seaeral workers have congluded thar most beuch loreshores, with Adex-
andlria beaches providing. no aoxceplion, display o negative skewness
inoson and Foldk 195%; Friednuuse 19T, Nuane 14964; Chappell 1967; Haoils
1967y, indicating -a grain size distribulion rendered esymmertical by the
presence of a relanively large coame Lail af sediment. Megative shewncss of
beach sands may result either from an zdditmon of matcrial 12 one esul of o
morpw! Irequency distribution or cenverscly Irom a subtraction of matcrial
-[ai"wimnomin;"} fram Ihe tail {Friedman (961, Folk and Robles 1964;
Martins 1965; Scvon 1968), The relatively low skewness values (Table D

_indigate thaf the study beach sands have nearly symmetncal dispersion of,

© picle size-distributions, while high skewness values are expected 10 resilt
fmm wixing of two lognormally distributed panticle populations (Spenyer
"MJJ.

' Lisjng the mesn skewness value for distincting berween beach foreshores
ot The stndy area can be misleading, hawever, since this statistc is bi.
disecnona! inantues to either side of ze10 may catneel eoch olher oul. This
is the Gose al Sidi-Gaber beach foreshare swhere the mean wkew ness value
S ies o fairly symutricsl distritbution {4 1,040 ) but the stmdard
devaalion indicates a relatively greater despersion of skewness vaulugs as
might b expeeied considenag the yariabality OF processes during the study

'.._ptﬁl‘iﬂl.

Ihe coarse sunds onm the murrow swep Toreshore of Gileem beadl)
Gt ) have o earber stronghy Aeeaie skewness This may be dnter-
preted s soeneding Thar juevensing foieshone slope BMeepnss pnsmes
Puch st selbery cnanigh o remowe fach of the Nicg puil prodecits
aronely eprtively shuwed sediments. A the pwan Erain siz¢ 01 the sedd-
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ment shilts toward the coarset particle sizes a reduction of the course 1ail
occurs because the upper limits on the size of beach sediment exist The
result is a decrease in the mugnilude ol the ncpative skew  Also. a »hift
roward the course end of 1he distefbulion increases the apporiunity for the
infilteration of finer malerials which can vanvel out the elfect of the course
tail. This the case at Sidi-Bishr beach foreshore which has law negatively
skewed sands (Sk. - 0.19 @ ). Morcover Friedman (195613 and Soou (1968)
bhave also both noted & tendency toward positive skewness in coarse-graia
beach sediments. The skewness value of ihe beach faieshore sands on
Stanley (Sk: + 0249 § and El-Shatby (Sk. + GIRQ ) substantiates fhis
finding,

The strongly posilively skewed sediments is fonnd on the smoothly sfop-
ing heuch surface of El-Ibrahimiah (Ski 4 1.25¢ ). This may be atlribolcd
to the fact that a high degree of permeability af beach surface well allow
entrapment of finer particles within the inlerstices, and the sechiment will
show positively skewed vharavier. Similurly, grester admixtuve of M oy
Fimally resull in 2 sediment of symmicirical skewess, such as on Sidi- Ciaber
teach (or<hore (Sk: + 0.0d ﬂP y Frwedman (19617 has also showa thal
beach scdimenis near river fay retain the positive skewness of the tlavial
sedimenis since they have pot had vime Lo adjust te their new environmenl, ,
This is the case at Abu-Qir beueh {obonl 45 Lm west of the Roseita BMouth)’ 7
where the Skewness value reaches + 1,029 . Thus tke longshore variations .
in skowness indicate the interplay belween marine and Muvial processes. -! v

Not consistent with the literatuie 15 the loss nepatively skewed T beach
sediment al El-Dekhcibi (8k: -0.179 ) amd El Agami (Sk- 0.209 ). Ap-
parently the sedimenis at these beaches bevome less negatively skewed a5
mean prain size bocwmes finer, perhaps reflecing the addivon of a made 1o
the Mre end af the distribution, Seeh oo addition may. as weli. @ive tize in {
a shift af mean-size values.

Kurioxsls . )
kurtosis, measuring the concentration of (requrencies within ihe central > .
part of the distribution relative 1o the ¢coageitration in the tails, isthe ke h‘
L]

understood of the Greenwood 1969), and is over-sensitive 10 random fhie.
yiuations (Baker 1968y, Mosi ol the Kurlosis values iTable Ty arc hiph
(more leptekurtic) on the beach foreshores of the Alexandria coast, in-
dicating 1hal sorling in the centryl part of the grain-sive distributions is
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hetter thun in the wils, Sahu (19648 sugeests thal a high hurtesis valug
reflevts a depositing medium where velovily fluciivations were restricted to
those carming maleri:l al size oiincidenl with that size in the central 5095 ol
the distribation Tor a greater length of time than normal.

Most appropriale to the kurtosis charactonstive of Alexandria beavh
lovexhore sediments are the observations of Folk and Ward {1957} on the
relations belween grain-size parameters and grave! and sand modes in a
bimodal river frar in Texas, Alexandria bruch foieshore sedimeants comain,
on the average 8- 12% coarse mulerial. Flok and Ward report that addition
of small amount of coarse materizl (3 10%) 1o the Lerger sand mode pro-
duces a strongly lepiokurtic distribution and, s cearse materisl constilaes
targer and larger percenbapes of sediment, kurtesis is reduved in absoluie
vilie, the distribetion becoming more plavkdrric, assuming  either
no change or poorer sarting in the central pare of the distdbution.

The present work shows thal kuriosis value increases {leptokurtic) as
sands become negalively skewed {Table. 2) and decreiscs as sands becnme
less nepatively or even posilively skewed. This is conststunee with the
chservalion of Fo'k and Ward {1957) that sands with 7 to 207 coarse
waterial e highly Teptokurtic and nepatively skewed. Megative shewness
indicales that the tiner mode is more aboundunt than the cosrser mode.
Smaller miodes toward better saning producing leptokuriosis o the grain-
-sw: distribulions of Alexaeadria beach forcshore sediment.

Miasurements af lidoral curients, thal are induged by 1he prevailiog
vorlly wesierly wind within the bredker sone. indicaie that ner lougshore
tramsport of sand over most of the year is esetward. Dory the sumimer
months wp o aviober, the eastrly carrents with a maximum mapnitude of
8} cmoser predoniinate wver the weslerly currents (Manohar 1976) and
trunsport sediment northeasterly, During winter storm manths, the wind
reverses dircefion csusing westward Mowing longshore currents driven by

_Ei]_nrdmn.'-:l with a maximum of 40 cmssec which exceeds those towards the

st and transports considerabile ambunts of Kiver Nile derived materials as

(ar as &) km southwest of the Rosetta moth. The Movember momh is a
sansitional period with more current reaching the coast perpendicularly-
Easterly currents predominale spmin from March, e 1oward the end of
e starm seuson (Munohar 1976),
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4.2 Areal vurialion uf lithalogic compositian ¢f the beach sands

A comprehenuave sludy oF gros hitholowie conipesilion was amderiaken
for the purpose of identilying fongshere variations i buach Fareshore sl
composition wnd lor traving the souree of sundalong ihe coust of ghe shudy

TABEE 4. Averige Iithkglogie eovposdtdion of beach
Jorezhors ggnde Flalpei ard in porcent)
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arca, This method departs somewhat fram the convenuianal approach in
which heavy mineral assemblage » wsed to detemune beach sand pro-
venance. tn as much ay heavy minerils constitute only a small fraction of
Alexandria beach loreshore sands and appear mostly in the finer sizes
(34 ¢ ar mare), their implicalions regarding the provenance of medinm (o "
coarse sand are vaguee. Their utility o delinesting sedimeninry provineces
and general dispersal paiterns, however, warrants comparison of resulis of
this study with those of recent studies of heavy tminerals in Alexandria
region and the nearby Nile Delta voast (Moussa 1973; El-Saved 1974, El-
Wakeel et. al., 1974; Sestini e al.. 975, UNESGO 1976; Stanley and
maldonadg 1977).

The composition of the beuch sediments vary along Ihe Alexandria
beaches (Fig. 7). Hence, scveral constituents show disunct differenves in
relative abundance on beach foreshores, For example, quarks and 1otal
fetdspar are more abundant on the beaches from Abu-Qir to El-Anfushy.
The frequency variations of guartz mwl ot feldspar on these beaches are
22-27% and 18-34% respectively. Ratios of guitlz to 1otal feldspar and
K-feldspar 1o plagioclase also shew strong differences on the bouch
foreshares of the siudy area. K-feldspare is dominant over plagiccalse on
nearly all the beach Foreshores. Most af the quartz graims are well-fgunded
a characteristi¢ probably due to its transportation by the Nile River from
distanice source and by subsequently atmbutinn by 1he coastal watst. X

Sedimentary comslituent: eryptocrystalline calcinm carhonale sangd if=
creases in dominance over quartz west of El-Anfushy beuch (i.e. from El-
Max to EF-Agami) but decreases from El-Anfushy towatdy the east {Fig. 7).
The perceniages of this constituent range (rom 3 (o 4 maximum ar 980, ¢
at El:Agami beach. The grains of éarbonate sands show a well- roungled
character und a highly polished surface. The roundngss may be altributed
to the continuous. agilation by wind and coastal water. The high pelish
surface of the grains is probably impari an inherited chﬂrauct&rmw fron 1l
desert environment in (he area of the soure rock. 1t is belived Lhal the
carbonate sands are originated from the limestone coastal ridge and ihey
reprosent wind-botne clastic carbonate sands which have been jreworked
by the agitated nature of the sea waves. According 1o Hilmy (19513, the
limestone coastal ridges added the so<called “*oolites™ 1o the Egyptian
Mediterranean ceast, but they de not show an eaxct similarity in charicter
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and mode of ongin to the true authigenic colites, Hilmy preferred,
however, to call these carbornace sands *“pseudo-golites*

The mincralogy of the meduim grained sand from beach foreshores of
the eastgrn part of the area containg more plutanic rogk [ragments
(plutonric  polycrystalline quariz) and voliamic gonslitugnis
(Trachyle/Basalt), and is thus comparable to medium sand Tfrom the beach
forcshores at the western part. Mctamorphic and ignecous rack lragments
{e.g. granile) are virtually absent in medium sand from Bi-Max, Dekheita
and El-Agami beaches. Substantial quantities of shell material are present
in 1he sediments of the study beaches with more concentralion i the area
botween Sidi-Bisher and El-Shatby beaches,

It is possihle that selective sorling occurs at the mouth of the Nile River
‘near Roserta (some 45 km (o the ¢ast of Abu-Qir headland), and selective
transportation by sea water enriches wave-lTormed heavy concentrales.
Apparently, the heavy, voarse grains sucl:z os valeanic rock fragmenis car-
ried in suspension by the Nile River has been dumped along ihe coast close
to the mouth of the niver, while through the action of sca waves aml
langstore currents the lighter finer grains such as quartz and Feldspar bas
been transported and distributed along the length of 1he coast further west.

3
The ealcium carbonale content of the beach Forechore sands i= fuuﬁd.,"
generally, 1o increase with increasing distance from cast to wesd, until g %

content of 94.9% is reached westward pear El-Azami (Fig. ). In the-
eastern part of the area the shell fragments sre not very contmaon apl!
guartz and feldspar sands are dominanl, while.in the middic pan of
area fi.e. Gleem-Ibrabimiah) the calcium carbonate is represented by shell
frugmenls. The sediments covering the western part of the arca (E-Max,
ElDekheila and- El- Agami beaches) were found 10 be aof maximum car-
bonale content ($2.5-94.9%%. In this part the caleium carbonate is mainly
due (o the granular carbonate sands. According to Moussa (1973) the total
carbonate conient ranges fron 37.55% in sands of Abu-Qir beach, then
sharply decrcases easiwards 10 (.96%a ul Rosetla beach. This result i ab
ributed 1o the scarcily of calgarcons remuins of shells and marine
organtsms, and The econrrence al carbonale poar Nile depnsits

The percentages of heavy -nuneral ssocition of 13 beach foreshores arc
lisied in Tuble: 2. Heavy minerals ure chiaravierived by Lhe predomingee of

2
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Opaques, amphibole and pyroxene. The frequency variations of opaques,
amphibole and pyroxens are 28-45%, 24-32% and 17-29Ts respectively.
Amaong the minor constituents, epuadote and Mica gbiotite) were lfound to
have frequency ranges of 2-10%% and 4-1 1 % respectively (Fig. 9). Rutile is
found in the sands of Eastern Harbour, El-Anfushy and El.Max, while
tourmaipe exists in (he sands of El-Maamouyra, El-Moniarah, Eb
Drahemiah, Eastern Harbour, and El-Anfushy, The beavh sands west of
Dekheila are very poor in heavy-mineral congentration as they are mosthy
composed of crystocysialline caleism carbonate sands in **psendo-oali™
plus very minar amount of fine guarrz which probably represents dust im-
purilies carmed by wind and mixed wirh the carbonate sands. In a whole
amount of the heavy mineraks from E-Agami beach foreshore sands only
sx grains of amphibole, four of pyroxene, two of wurmaine and ope of
rutile were observed. This patlern of concentration is significant im vhat i
diows that the heavy mineral vonstiuents carned by the Nile River are net
distributed farther wesl thap Dekheila beach foreshore. The westward
decregse i heavy mincral concentration has been also observed by
Mohamed {1968}, Moussa (1973) and El-Wakeel and CI-Sayed (1978).

[t is interesting to noie that the heavy minerals kave been extensively us-
ed in couml studies, Lo trage the source of beach sands and direction of *
mnd movement or dispersal (Wassef 1564; UNESCO 1973, 1976). In pars
ticulzr, Gpaquc minerals {e.g. magnilite, pyrite, etc.), being the most:
common of the heaviest minerals (5.8 = 3.0, give good patferns of |
percentages decrease away from a source {Wassel 1964).

Longshore curients disperse scdiment eastward in summer and westward
i winter. Net sediment transport for the entre vear (s to the casi as in-
dicsted by the ¢onhnuous deposition, of greater amouni of mud in the
Eastern Harhour, causing Lhe shullowing 115 area and choking its opemrng,
than the Western Harbour arca whuch is affected by fwo main sources ol
stdiment-rich water, The first is the Numbariyah fresh-waler cana! (and
previausly the Mahmadiyah Canal). Qpeping inte the karbour, while the 3
second is the drainage water pumped out from EOmogm  drain isto the
®a al ElMax, i.e. into the arca les immediztely west of the Western Har-
bour

It is believed chat 1he Nile Bwver and the limestope nidges skirting thy
cpast in the westerly Mgk of the studs a1es are source of 1he lithockists in
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the Alexandrin beaches e etfect ot the SNile sedimenis is demonsinicd
Iy ihe evimbence ol Reavy muioerad cncountered with the goans samds
wen | e e castern part ol this area, Albso, dunng food Gme, espegally
belary the construgtion ol the High Do large guamimes of Nile waigr
logilid wath innncnse aonouis ol sidements reached as far as localitics west
e Alw-De ey The hewsy-nnineral ssemblape in sediments epsepng the
boach foseshores of the e 18 losely reloted [0 the Nife assenibluyes
pros ke wlentitied by Shobr CE9S03. 1 Rus, it is Beleived that the consii-
wien 1 gf Resyy minierals are tansported into the Alexandnia coasil wrea
Croam the Sile River mauih near Rosgtm by wedward fTowing longxhasee
ctrvents deasen by northeast winds dwing the winier,

S Canclusiog

Based on the wnalvsis and o momsion of the resalis, fost ientioned., i
posaibly 1o ma ke some concluding rematks abantl e accal varialisn i
tenture and costposilion chatacterisiics of the stids e h Vo1eshare saitds
Heweser. concluding remarks adeapoed fere need 10 be snhjected 1o
repeatyal se=tinge B srtisical inalysis too pormin more accutiie comchisivon
i Be deawn.

The recture and cempasion ol beach fareshore gind- in Vhe eoial e

off Adesandema ety indigate thai ties bive munne and Musial somges, The
clinges in prain sice paramciers among the fifleen beaches examined in .

This sty appen to be eloted to duniniic condition, end ro directians of

sind Arsnspont, THe maxiniuim gigan grinn size iminimum phi) occurs o
the nniddle wen heashes (o Sida-Tishe. i the east, 0 AL Snfushy in the
westy and deercieat repidh westwards but produsdly eastwards, The
averap i standadr deviation Lo relunisvely Jower {indigaing awodere by
wuell-sorted setunenty belween Al Apami usel E1 Anfushs snd creises
sigmilwanttly (insdicating selatively poeser sorting) smmuedigtely uri of L)

“Anmyshs s Thus, vaursg sednuents ayg seesogiated with yebalivels poor sor-

rime dodicating ot these van pamieiees ge linked 1o somie degres
Selective sorting occurs al the eastorn and western fhanks of the sica with
lighuer and Yiner fracnions being disperscd by Iongshore currenis, Strongly
neeatively shewed sediments are associyted with relunvely sieep slaping
Fateshores eovered with coarser material such as those of Gleem and Sidi.
Ciaber, while weakly negnlively skewed sunds sre associzted with meduime
fme sands vavered the relatively [ loreshores of El-Mundarah, Sidi-

6



nishr, and Easterin Harbour The wininoswing elTect of Dackwash iy reduced
by the Mlat stopss, and fings are not removed hut trapped amang the counse
materials, producing weukely negatively skewed fareshore sediments.
Pasilive skewness is found on beach lToreshores characierised by a ugh
degree of permeability of Nline particles, angd ar the moy eastecly flank of
the study arca, e near Roseila mouth where fluvial inflyence is greatest.
Therefore, shewness indivates the interplay Between marine =nd fluval
pracesses in 1he coastal grea of Alexundriv Cily. More platykurmic sands
are essociated with the pelatively coarse texture, more negatively or even
positively skewed sediments found on beuch loreshores of Gleem, Stanley,
and Sidi-Gaber, while morg leprokuriic sunds typily the medium-tine, Tevs
negaiively skewed sediments which charucterise the relatively fia
foreshores of El-Anfushy and El-Max

Nt sediment tramsport over the veur is custward by the listoral currents.
During winrer, the wind reverses direchon causing wesntward flowing
lomgshore current which tramporiy comiderable ameunis of Mile River
denived materials as far as & kmy west of the niver mouth near Rosetta.

The ands of Lhe beaches 0) Alexandria are, in general, of two Mrincipal
Eypes quarntz-dominant sauds and white loose oolitic carbonate sands, The
qguariz sunds are beheved to represent warer -borne sediments wransported:
mechsmcally by the Nile River, derived mainly [rom the Abyssinan
Platcau, and subseyuenily mixed with shell fragnignis on the beach. The
oolitic carbonate siids are beleived 10 be orfginated from the limestane
corsial ndpes striking the comst it thiy Area, ax wind bovne carbonale sands
wihich have been reworked by 1he agitating water movement ol the besch
waves, acguiring further wetl-ronnded churagier or their grains. The re-
maining constituenls ure shell fragments, rock lrapmenis and heavy
minerals {opague, wnphibole and pyroxene being most common). The
heavy mineraly encountered in the besch sands of the study area have the
same characteristics as those of the Nile deposiis. A westward decrease of
hesvy mineral concentration {s observed lrom Abu-Qir Lo El-Dehkeila, a
result has been mentioned by ciher worker. 'The decrease in heavy mineral
concenteration v mainly attributed 10 the ocewrrence of carhonale sands.

The present study feveals that the beaches of Alexandria Ciy could be
classified according to their sand types wind toxture chagracterstics imo
three units: The first extends from Abu-Qhir 1o Sidi-Bishr, and is convened
with relativley mediumefine Guarke sands admised with shell fragments and
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to some edlent with Nife deposits which demonstrated by the exigtence of
heavy mmerals engounterad with the sunds covering this phit. The second
unil, between Sidi-Bishr and El-Anfushy, s covered with coarse sands
varying from loose to fairly well wnduraled deposits, The sands govered this
unit, between Sidi-Bishr and El-Anfushy, is covercd with fwsium-coarse
sands varying frem loose to fairdy well indurated deposits. The sands
vovered this unit are mainly compesed of quartr and feldspar with lide
amount of heavy minerals and more shell fragments, The third unit (rom
El-Aanfushy to El-Agami {west) is covered with fing, white loose ooline
carbonate sands admized with minor amounts of fine quarw and heavy
minesals.

Clearly, although rhere seems 1o be some textural and compositional
variations along the coast of Alexandria Cily, 8 mofe dewsiled stanstical
study hased on daily andser seuvonal field data of preocess and respnse
variables wonld be required to identify and delineate the nppropriate
micro-environments within the sudy beach foreshore region.
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