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Sommary:

Beach foreshare sandi on fifreen beaches on the 38 km siretch of she coast of
Alexandria City tre exarpined to determine whether distinct areal soriatiuns
exist amiong sand textural parameters and compositional properiies on besches
which bave relatively moderate to low wave enerpies, Variations in sand sex.
tural parameters are motwésble, bowever, and they appear tn be related s
dymantic canditions and fo directivns of sand frarsport.

The E.mcée: are covered with sands thar locally vary in rexture and origin
The beach 1ands are of two principal sypes: yuartz-domingnt tands and whire
kuse carbonate qolfic sands. Skells, sbell. fapments, rock-fragments, and
Beawy mnerals are also common comstituents in the heach sands of ih part of
the coast of Egypt. Lomgibore vanasons in sand texural parmetens of the study
. Beaches, suggest dispersion by sewonally reverung longthore cuments. Net-

sedimeni transport i from e west to phe east, especially in the sumimer.
During the winter, a weshward flowing fongsbore current gnd sedimens
Eanrpont are commen features,

I- Introductlion

During the past (hirty years much attention has been direcled towards
the uscfulness of the lextural parameters in the recognituon of the scdimen-
tologic environments (Falk and Ward. 1957; Mason and Folk, 1958, Har
ris, 195%; Shepard and Young, 1961, Fricdman, 1961, 1965, 1967, Duune,
1964, Passega, 1964 and others), and in dishoguishing beiween beuch-
erergy envitonments (King and Barns, 1964; Son, 1972; Loring and Noby,
IH'?J; Engstrom, 1974; Nordstrom, 1975, I‘-)".-‘?; Anwdr, et al. 1977). Also,
much lss beca wristen on the longshore iransport of sediments gs sum-
maerised by Johnwou {1956). Ingle (1966}, Bowen (1969, Komar and Inman
{1970), Longuett Higgins (1970, 1972), and Self (1977).
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The present paper dacs nat intend Lo review the early litersture but
discusses and interprets the local areal variation of beach sands of a section
of the Egyptian Mediterranean coast in the light of possible coastal pro-
cesses acting on the shore.

The Medilerranean coast o Egypt has been extensively studied in terms
of geography, regional marine geology and coastal g=omorphology
{(Vatova, 1935, El-Edwy 1937, Steuer 1937, Said 1958, Mohamed 968, El-
Awady 1972, Moussa 1973, El-Wakeel et gl., 1974, Bl-Wakell i%64, El-
Bayed 1974, Sharaf El-Din 1974, Orova and Zinkovitch 1974, Misdorp
and Sestini 1976 a, Misdorp and Sestini 1976 b, Summerhayes et zl.
1978, El-Wakeel and Sayed 1978, and Anwar et al. 1979),

The beach sediments of the Medilerranean Egyplian coast have nol
received extensive aitention {Hilmy §951, Sestini et al. 1976, El-Wakeel and
El-Sayed 1978).

The purpose of this paper is, therefore, w contnbute to these investiga-
lions by studyiog the lecal areal variations in the exture and composition
of beach sands along the coast of Alexandria Ciry. Hence, samples of
beach foreshore* were taken from 15 beaches in the Alexandria city area
{Fig. 1) to determine whether distinct arcal differences exist among griin
-size characteristic and compositional propertics of sands on beaches which
have relatively moderate to low wave encrgies. [n addition, €extural and

compositional studies are made to determineg the source and despersion of *-

these sands and the processes oocuring along the beach. Beaches of Alex
andria were selected as the study area because rthey afford a vanicly of
sediments and coasial pracesses in small peographical region, 1L was an-
ucipated that the busic simalarity of mechanisms opgrative in the beach
environment of Ihe coast of Alexandira City, would tend (o produce
similarities among the grain size parameters. However, it was Turther
assumed that distinctions or identificable chaructenistics of grain sizc
parameters would result from the different wave energies and different
source arcas identiled in several distinct partions of the shoreline con-
tinum.

*  The e "beach Moreshose’ in Hh.'_]m:u.'ln BB | NPTy TTTRT DO |l AT S
or "subaenial boach™ (Weipel 1953, Dol 165).
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2- Area of Iavestigation

The Alexandria area stretches along the Mediterranean Coast of Egypt
between the Abu- Qir ‘headland in the east to ERAgami in the wesi, a
distance of 3¢ km. It lies between 31 08’ - 31 21° Nand 20" 47" - 30 04'F
(Fig. 1). The shoreline of Alcxandria is gencrally oricnted south-
southwest-norlth-noriheast, and has several embayments, eut of which two
embayments were artificially transformed into two harbourss: the Eastern
and Western Harbour. The former was the old harbour but new used for
yachting and fishing, while the laiter is the main commercial harhour of
Egypt. The coast, between El-Anfushy and El-Moniazah, is bounded on its
landward side by strong sea wall which has been constructed 10 proteet the
build-up area of Alexandria City from the storm waves striking the coast
during the winges.

The botlom topography of the shell area off Alexandna is very ir
regular, in paris being suggestive of a Karstic wopography (Misdorp and
Sestind, 1976 b, 1nis charactenscd by a scries of rcefs and rocky submerged
ridges depressions which extend offshore more or.less parallel to the present
shoreline. 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 Unchupi, 1977). There are three ridges, with depths at (he top of 9, 18,
16 m, and numeraus lerraces that have been iraced off Alexandna Western
Hurbour (Misdorp and Sesiini, 1967 a). At the external edge of euch terrace
there are ridpes, rocks and pinnacles, that may be small alzal recfs, olten
rising to the depth of the next (shoreward) terrace. It appears thal the main
ridges wre in the same system as the limestone-dune sand ridges west of
plexandrin. The EL Agami - Ras El-Tin, with an eastern mterru{:ted exLen-
sion us represented by rock islets which are sparsely extended just off
shore, and a second, un-named ridge, terminate at the Sulan Shoal Reel,
2.8 km northwest of Nelon Istand. The third more exwnal ridge ter.
minates morthsest of Ihrahimia (L. 29 45°)

The regienal geology ulb the coust of Alexandria can best be outlined
under 1wo principal subdivisions based on differences in lithology, par-
tivilarky of the carbonate content. and the variation ni the degree of con-
solidawion of the sands wheh Torm its beach. These subdivisions are the
eastern purt and western purl. The esstern purt specilically eatends from
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Abhu-Qir 1o El-Anfushy. The beach sunds vary from loose Lo fairly in-
durated deposiis of guartz. Shells and shell-fragments as well as heavy
minerals are common in beach sands of this part of the Alexandria coast.
The western par extrends from El-Dekhigla to El-Agami. The beach sands
in this part are composcd of loose carbanale sands, oolitic in exture, while
in volour, well-polished and well-rounded. Away from the sea-water, (hese
lnose carbonate oolitc sands gradually elter to fairly consolidated oolitic
limeston, cemented by a secondary calcium garbonate, probably calcite
(Hitmy 1951, Shata 1955, Shukrl and Philip 19563, Torming ridges skirting
the coust in the west of Alexandria region (Shatu 1957, Shahin 1965},
specifically fram Bl-Dekhicla to Marsa Matrubh  (Fig. 2). According to
Hilmy (i951), the age of these carhboante ‘‘oolric” beach sand and
limestong, along the Egyptian Mediterranean  coast, ranges from
Pleistovene to Recent. These fragmental sunds have their origin in
cretateeaous-Eocene himestons formations of the nearby West Desent, and
were deposited in some sunt of Litoral dune formation, now represented by
the consilidated limesione ndges (Hume and Hughes 1921, Hume and Lit-
tle 1924, Hume 1924, Sandford and Arkc! 1939, Bull 1939),

Geomurphologically, the beaches aleng the coastul zone of Alexandria
City Torm one geomorphological unit as compared 10 the other adjoining
. goastal parts, identified on the basts of the pemsral differences in
‘topography and lithology of the Medilerrangan coust ol Egypl. These
beaches appear (o be exposed to the same hydrological conditions. They
ure shaped largly by mzarins pro¢esses and terresinal agents,

According to Shukri and Philip (1955), the shoreline of Alexandria ex-
hibits typival characteristics of a young shoreling. It extends more or less
straight with slight undulations forming small embayments. In gencral, the
shoreline 15 in most places rocky, with narrow sandy beaches in the em-
I:r:ﬂmtnts. The beaches of the study area have smooih surfaces end slope
regularly seaward, at an ever-decreasing gradient. The width of the beaches
varies from {0 m to 80 m. The widest beaches are found on the most
easterly and westerly flanks of the area. ie. Abu-Qir and El-Maamoura
beaches in the east, and El-Agami beach in the west, The beach-face slopes
range bétween 2' and 14 in steepness, with the majority between 1' and ﬁ-.
The wider beaches have the most gentle beach-Face slopes (El-Maamoura:
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Fig. 2: A purt of the topographic iap showing themain aofitic limestone
ridges along the Mediterranean Const {west of Alexand i,
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2.5 , ELAgami: 4 ). The stecpest slopes (8 -14 ) are found on the nsmow
beaches such as those of Sidi-Gaber, Gleem, and Sianly.

beaches such as those of Sidi-Gaber, Gleem, and Stanly.

The coastal zone of Alexandria was influenced by Lhree main sources of
the sediment-rich water prior to the construction of the Aswan High Dam
in 1964. The first and most {mportant source was that from the Rosctia
mouth of the Nile, al about 45 km Lo the cast of Abu-Qir hzadland, The
River Nile uscd to dta.chargr: targe amount of deposits, ﬂut werc estimared
to be 100 x 10° m .f)rr prior to 1902 reduced to 35 x 10" m !yr between
1902 and 1964 (Aleem 1972, Sharaf El-Din 1947). Since 1964, irrigation
prajects associated with this dam prevent almost completely the discharge
of [resh water from the Nile into the Mediterrznean, with measurably
deletrious effects on contingnial shelf [fisheries and coesial stability
(UNESCO, 1973, 1976). The second source was the Mahmoudiyah fresh-
waler canal, opening into the Western Harbrour, which is now abandoned,
and i replaced by the Nubariyah fresh-water canal, opening 2lso into the
Western Harboar. The third source is the drainage water pumped out [rom
BiROmoun drain into the Madtwrmmn Sen at El-Max. This drainage
water was cstimaied to be 1.374 x 10° m’fyr {irigation Department,
1966).

As aforementined, the beaches of Alexandria are copsituted of loose
sadiments and therefore, are susceptible to great changes on application of
encrgy.  Most 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 energy 10 the loose materials, in the
form of waves, currents, lides, and winds which are the primary agenis af-
fecting the coast.

Wave action alang the coast of Alexandria is seasonal in naiure with the
winter, storm, season (MNovember to March) and summer, swell, scason
{Apria! to Oclober). In general, there are about fifteen storms per year (2 o
Nov., 3in Dec., 4 in Jan., | in Feh., and 5§ in Mar.) out of which seven (2 in
Mov., 3 in Dec., 2 in Jan.) are modcrately heavy accompanied by strong
winds and heavy rain. The waves have periods ranging from 7-8 sec. in
storm season to %10 sec. in swell season. Wave heights of about 0.80 m are
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average. Durmg the storm season Lhe average wave heights are |3 m {with
maxima never over 1.0 m). The predominant directions of waves during
stormy season usually are from NW and NNW, though waves from N,
WNNE and ME are not uncommaon, gspecially in December and March.
Swells approach the coast generally from NNW and NW with an average
height of 0.60 m,

Longshore currents induced within the breaker zone ere mainly respon-
sible for the longshore transport and movement of the sand load. Eastward
currenly predominate during the summer months {Fig. 33, while westward
currenis as well as negligibile currenis resulting from the perpendicualmity
of waves ere commean features dunng the winier months {UNESCO, 1473,
1976}, Longshord currerls with speeds up to 100 ¢mdsec. has been
measurcd focally alvng the Medilerrencan coast of Egypt (Gorgy 1966,
Sharaf El-Din 1974). More receent measurements {Monohar 1976) indicale
that over 50% of the dme the eastward currents are up to &0 cmysec., and
this is almast twice as much as the east-west directian.

The coasta] area of Alexandna is a microtidzl environment {mean mnge
©.26 m, maximum range |.17 m}. Records from the Western Harbour Tide =
Gauge Station show that tides are predaminately semi-diumal. The ddal
variation are, however, relatively small, and when they are not accom-
panied by meteorologically induced waves and currents, the tidal currents
themsedves will not sufficiently powerful to shift significant amounts of
muterials towards the shore. The tidul vanations, therefore, constimic no
significant factor for the mechanisms of sediment trunsport and shore
processes on the coast of Alexandria. Wuse and tide conditions can
change redically for shon penods al time when cyclonic fronis aud
sualls, locally called **Anwia'’, strike the coast dunng winter monihs.

wind directions vary seasonally along the coast of Alexandria I:I'IE.. 3,
The predominant wind 15 on shore north-westerly during summer inonths
Theswe winds induce swell which is refracted o produce gast moving
longshore drifit in the summer momths. Obliquely south-westerly and %
nonh-easierly winds are predominant during winter months (Nov. - Mar.). »
the latter winds being more freyuent and polentially significant in produc-
ing west-moving longshore drift according 1o Manohar (1976). Onshore
northerly winds prevail throughout of the year {climarological Normals,
1950) and give rise to prevailing waves and swells that efficiently transmit
energy and momentum to the shore of the siudy area. On the contrary,
contribution by offi shore winds is regarded as insignificant vonsidering the
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general inability af wind to transport coarse sand (Blat et al., 1972), and
because less than one fourih of the wind directions for Alexandria Coast
has an off shore.component, 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 Navember 1o Anril

¥ Procedurcs

In ovder to determine the siluation regarding logal arcal variation in
beach sands along the coast of Aléxandria City, direct observalions 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 1he
beach foreshore, i.e, between the still-water level and ordinary high water
mark or sometimes theé limit of wave uprush (Fig. 4}, including that part of
the deposit act upon by the swash waves thut have broken near the
sirandline, of the 15 study beaches.

A plane For sampling the beaches was designed according (o the
hypothesis that iongshore variations in grain size parameters and lithologic
composition of beach sand would provide significaat information regar-
ding sand source and direction of littoral movemeni. 1t was cstimated that
the space between the beach !ocations along this coast would be small
enough 1o reveal variations of a sufficient magnitude to obtain wseful in-
formation. Accerdingly 15 profile lines were fixed on the 15 siudy beaches.
Each profile was locaied approximately in the middle area of each beach,
and perpendicular to the sirandline.

In order 10 obtain all possible variations in the corditions of deposition
as well as in the size characteristics of beach sediment, samples should be
collected in different seasons. Thercfore, the entfire suite of samplas was
collected during the pericd from September 1982 10 Augunst 1983 with the
number of sampling sites per beach being proportional to beach-face
length in a manner such that a sample was collected For at least 1 me of
beach-face length starting (rom the base line on the backbeach 1o the point
of intersection of still-water level and the beach-fave surface.

After the general location of a given sampling. site was determined, the
precise section of the upper [oreshore was determned in a random fashion
to represent as far as possible the various kinds of beach sand. At cach
preseribed site, Four closely spaced samples, | m. apart, were obained ws
ing a cyli midrical tube, Sem, in diameter, which extended 15 o normul to
the beach-face to obtain more of less average sample ever 4 number of
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lyminae, This was done after the beach-face stope had been measurcd in
degrees by Abney levcl. The four samples were then combined into a single
composite sample as Krumbein (1934) suggests.
3.2 Grain-gdze analysis

In lsboratory, all samples were trealed by standard techniques of
washing in distelled water to remove salt which might will have produced
aggregates, oven drying, and splitting by a mechanical sumple splitter to
obtain a split of 250g. from ¢ach sample for sieving, and the remainder
were subjected to mincral tests. Euch sample was sieved by hand through
the -1.75 and -1.50  sicves to remove coarse shell material, The re-
mainder were then shaken for 1§ minutes on a Soikest Sieve Shaker using a
sirack of sieves rcpresenting 0.5 iotervals from -4.5 (0 4.0 *. The

fraction retgined on each sieve was weighted to 0.01 gram and the weight
was converted to a percentage of the toial sample weight.

The method of momenis (Friedman 1961, 1987, Griffiths 1962, 1967)
wus used to detcrinine the several basic parameters of the Size-Frequency
distributions. The mean grain siee (m}), standard deviation, ie.
Sorting ( §), skewness (SK), and Kurtosis (KgP ) for all samples were
cleulated using four computational formulae proposed by Greenwood
(1960), All computations were carried oul on a digilal personal computer
Mitachi, AH 200} Using a MSX-BASIC Computer program for slandard
moment statistics. '

3.3 Minerz! analysis

The 1.0 -1.5 GP (medium sand) fraction was chosen for Tuhglogic
composition study since this fraclion was present in all samples and con
tained all rnajor constituents, The study was done by means of thin section
techniques and point counting using the lLne method described by
Galchouse (3977). Assuming the thin section is representative of the size

fraction, correct idemification of 300 grais assures that the true number
frequency of a constituent lics within 6% of the calculated value with 95%.

confidence level (Wan der Plas and Tobi, 1963}

Classification of quartz grains follows Blate (1967). A monocrstalting
quariz grain is one in which asin gle quariz crystal oecupies %% or more of
the grains cross:sectional wrea in thin section. Plutonic polycrystalling
quartz is composed of two [0 five indivdual cryatals with plutonic ignecus
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texiure, while metamorphic polyerystalline guartz shows characteristically
metamorphic feature. Granite inclydes all plutoneg ignaous rock fragmenis
compascd primarily of guanz and leldspar.

The percentage of carbonate in each sample was determined as follows,
About 20 grams of cach sample were treated with dilute hydrochloride avid
{1:3) Tor carbongte dissolution, were FRltered, washed, drcd at ahout
110 €. and reweighted. The percentige of carbaoute in cuch sample was
thus determined by the differynce, Qualitative tests made on the [ilicrates
fram all samples indicaie nothing in the way of bases but calcium,

The 3.0-4.0 phi fraviion resulting Irom (he grain-size analysis was chosen
for heavv-mineral separation as it was [ound 10 be relatively rich in heavy
minerls. This fraction, lor each sample, was fiest treated with
hydrochooric acid (1:3) 1o temove the acid soluble material (mainly cir-
bonale), and then seperated mto heavy and light minerals by mezns of the
traditional method of separution: the bromoform with centrifuge, follow-
ed by the identification of individual (or groups of mincrals) using a
binacular microscop- (Milner 1962), and the calculation of the percentage
of ¢ach

4= Results and Discossion

The bzach foreshore sands along the coast of Alexandrna have mean
grain sizes between -0.25 ¢ and + 3.0742 with most majorty between
+ 1.0 Pand + 2.5¢ . The dispersion of sand particle size (i.e. sorting) is )
between 0.44 ¢ and 0.79 ¢, which means that sands are moderetely well.
o well-sorted. Most beach foreshors sand:s have asymmetrical size
distributions about the mean. Skewness of beach [oreshore sands ranges
from Q.50 ¢ 1o + |.25¢P, whilg kurtasis varics from 0,33 w385 _A
sediments is presented in Tahle 1, E

The-sands on the beach Foreshores of the study aren are composed of
quartz, Medspar, rock fragments, carbopate, shell hash und heuvy mmeraly
of which ampliboles, pyroxenss and opagues wre lhe most comman.
Average lithologic composition of beach foreshore sands atony the coast of
Alexandria are listed in Table 2.

4.1 Aread variation of sand fexiure

The primary evidence far seleciive sorting by longshore currents comes
from a stidy @7 the vanations in texture of beach foreshore sinds along the
study Coast from east to west. Figure 5 summuries the resulis of grain-size
analysis for beach foreshore sands versus distance.
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Mean grain slze

From the Meldwork ohbservations and the study of the statistical data
givenin Table 1, it s found that the mean grain size of the beach foreghore
sands of this part of the Medilerranean Coast of Egypt is, in general,
related 1o beach face slope, The coarsest matcrials are associated with the
narrow steep beachs such as those of Gleem (+ 0.156 ) and Sidi Gaber
(-0.25 g0 ). The larger grain size (lower phi values) of these beaches may be
partly atiributcd ta o large sea wall, some 2 m in height, encircles the back
‘of the beaches. This helped 1o trap the coarse-gruined material and the
finergrained sediments were washed back into the nzarshore zone, The
coarser-grained material of these beaches cannot be winnowed away but
the finer-grains are transpornted either seawards by currents or landwards
by swash, leaving the coarse-grains as 4 lag deposit. The sand becomes
finer (higher phi walues) on the weder Hfar beach foreshores of
El-Maamoura {258 gP) in the east and El Agami (2.89P) in the west of the
study area.

It was also noticed in the field that grin size 15 larger at the sea ward zone
of the beach foreshores than at the upper end. This could be due to the fact
that much energy is dissipated within the lower end of the beack foreshores
rather thun their upper end. The staward coarsening of beach sediments
sir# is alse brought about by the finer sediments being either winnowed Quil
from the seaward zone and concentrated at higher beach levels by swash
ghne procegses, OF swopl seaward,

Spatial variations 1n the mean grain size of loreshore sediments of Alex.
andria-coast are shown in Figure 5A. Inspection of the graph line in Figure
SA.  indivates that, although the easiern ponion of lhe caast
(El-Maamoura, Bl-Mandaral) shows a decr¢axe in mean prain size (higher
phi valuzs) the mean size increases (lower phi values) in the middle portion
and then the mean size decrecases agan in the western portion af Lthe coast
:.'EI-M.'IN.,, El-Agam}. I was anticipated that mean graim size would be in-
versely relaled o wave enerpy as a review ol the hicrature sugpests. As
kang (1972_p. 3023 stated Ut is generally irue that the particles size is larger
where the wave energy is greater. This relationship applies both in space
und time'’ Bascom (1951), ngle (1968683 and Hodgwon (19663 huve also all
voted gl gran s noreases ds wive engrpy mgreuses #long a coastline

Onl a small proporton of the vanabon m mean grain size could be ex-
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plained by any of the process varnables, However, the general inadequency
of the process variables 1o explain the varution in mean grain size must be
atiributed to marked differences in the prain size disiributions available to
nearshore coastal processes. Theoe must be available at cach beach enough
malterial in the vurious size catcgories Tor the varialion in process o
become manifest, The sidements on the beaches of the middle area and
eastern {lank of the study coast are belived (o represent waterborng
sediments, mainly quarte with abundance of heavy minerals, transporicd
mechanically by the River Ninle, denived mainly from upper Nile basin and
subseyuently mixed with shell fragmeos on ihe beach. In addinion.
sidemients on -the beaches of the western flank, mamly pure carbonate
“aolites™, are beleived to be deorived tom the Wesiern Dresert Terliary
limesione formadions, o wind-borne carbonute sands which have beun
reworked by the agitating water movement of Ihe beach waves {Hilmy
19513 As Sahu (1964) has noted, the mean grain size of sidements van be
altributed either to the average kinenié cnergy (velocity) of the deposining
agent-or 1o the size distribution of the available materials, Shepurd (1959)
’ has concluded, excepl for focal situations, that the relalive coarsness of
sund is nol reluted to wave exposure bul rether 1o the type of soure material
peesent. Folk (1966) has alvo commeniad on the impertance of source
n:a!crials in comrelling the statistics of grain-size distributions,

~ The compurison of Ihe beach sand-size based on the denved statistical
‘parameter: the mean grain size can magk subtle variations within the set of
grain sice distoibutions. A different way to compare simulaneausly the
entice grain size distributions ean be made by a comour mapping in the
spuce-freguency-size domain along the study cowst. This grain size “‘spec
tra map'” reveals the obvious churicteristicts and subtle variannns which
van be isolated, correhiled and their relitive imponance estinaed,

Based o the data set of the reselting size fregquency distnbutions of the
stucly beaches, a grain-size specira map was constructed (Figp 6). This map
shows a pradval incresse of domingnt prain wize [rom E-Arami to Sid-
HBwhr, and gradual devicase from Sidi-Bishr to EI-Montazh, [ alse shows
that the high percentaye of Meodinm-Coane materals at Abu-(Jir beach is
nod pant oF (he meneral trend, 18 supgests two Nifferent Sedimentation pro-
cevsos T bdition, thére s o sitmous parallelisny of the W, 20 and 30/
conrpnirs Tl penmd iy ob the wodubiions ol these contours could be
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relited loa sedimentation process  Another obsenvation, perhaps related
to Lhe first, is thal there are three dlosures al the A0%h (excluding the other
e pear Abu-0)ir beach). & Alexandris coast arca the ness of coarse
material could be auributed 1o storm sutges snd currents which carried
voarser material across the beaches modified the essential [y patlern ol the
comour lings. 1t s alo postulited thai miner storm modified the pabiern
by carrying tongues of coarser material across the beaches here and there.
Firally, in view of the fiding at Alexandria coast, the pautcrn ef the con-
lour lines may be the tule i 1he size varigions along the beaches.
horiing

The degree of sonting of (he fereshore sediments in the study area., as
mensured by the phi standard deviation of gruin-size distribution, has been
illustrated in Fig. S0. Anakysis of Alexandria littoral sand indicutes that no
defwite trend 15 present, as to show a paitern which scems (o fit the area.
The range of values of sorting is from 0 42 phi 1o 0.79 phi. This relzijvely
smgill range of the values hetween the study benches (Table:d) is nol wnes-
pecied, as [olk {1967} has nowd that there seems 10 be ne difference in
sotning hetween beaches with pentle wave sction and those with modergte
to vigarous surf. 11 is also postulated that the relaively small range ol ser-
ting values, herg, muy represents fluctuations ahoul some fixed value

- thraughant the environmeni. The present study seems 1o supporl the

hypothesis that beuch foreshores may tend toward a fixed spread of their
siz¢ Freyuency in a given sizetch of beach foreshore. In a given streteh of
beach Foreshore the average action of the waves may be approximately

imifarn, so that seleclive processes, on which the spread of the distribution

depends in part, may be fairly constont. Local Nuetuations in the value of
the, spread mey arise in part from slight changes in the slope of the beach,
as well as from aceidental variation in the last large waves Lo strike any
wven poinl during the storm period.

Modcrately well sorting on El-Mun, El-Dekheila and El-Agami beaches
may be interpreted tn relation to the composition of sands on these beach
forcshores. Apparently the carbonate sands of these beach foreshores,
although sirongly contrasted in their composition as a group {oolitic car-
bonuate) with that of the heach sands east of El-Max where admixlure of
quartz grain and different shell fragments are dominant, become slightly
vatied in sortitg values with the change in the mean grain size, perhaps
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rellecting the elMectof 1he mean umfornmty in the campesation ol e car
bonate as pure calcimm carbonate  This neay fsdicate 1hat (hese particibn
saids are berier sonied the liner they are,

Relatively high values of phi standurd deviation (less well-Sorted sinnudls)
an beach dorslore aren Trom St Bistie (0 Alb-Uar may be attrilted tey
the relutively higli moebility of the beacly i response 1o fittoral curren s and
encrgy fluxn ©f wave induced  longshore orrents. Al abu-Oir,  the
predominant directions ol he by eocrgy Mux are NNE and NNW
followed by NF {LUNFSCO, 1973).

T'he unpsnally high soring vaslues {poor sorling) on Gleem, stanely and
Sidi-Gaber beaches may be atiribuled e the unnseally karge grain sizes
{Table- 2) of these beaches. Mean grain size has a strong influence on <o
ting characlenstics of o sedinentury deposit 11 has been obsersed that sor
ting coetlicients connonly decrease with increasing size (Friedman 1968),
This reversal in the relation between meun size and sorting has Dol come
monly heen ubsersed in beuch sediments, slthough river sedimenls do ex
hibit this phenomenan {-otk and Ward 1957), Coarse and line _sedimcnﬂd
alibe are pul in mption ax the threshold veloeny incrcases iwhowe that Ny

gfirred 1o move fing sand, producing a poorly soned depostt. Howeva,

it appears tha an upper size hmie ground 080 phi exises for this sizg-sorting,

relationship {-olk 1968 Sonp 1972), In {hic contest, it is possibly that;
larger particle perccniage of the beach sedumenis reflects high swash: »
backwish velocilies sasagigicd wilh higher waves. These higher swush.

backwash velremies dud ot esercise any degree of selection on avails =

materials, resulting  in poor sorfing oo deposie. Couversely, lower
velovities, capable ol moviog ooly small pereerfages of coarse partivles,
were mose resinctive in the selection of partich: sizes moved, resuliingin
betler saorling upon gdeposition Onge intraduced mto the [nrusﬁlum.'
regardless of mechanism, the ¢oarse muterials encourage infilieraiion of
fines and tend 1o ‘constitute o pemsistent, often-inherited made whose

Fa

presence invariehly lecils (o pomer sortieg valies G TorcsTore sedincils, g,

It is apparent frem ihe geoerl vange of e abserved mean gram sives thi
some ol the Alexandrit beach. Foreshore scdbaents exhilvit this well
documented sand size sorting reltionhip,
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Slew e

Shewnes iy lar more dilienlt moment mcasure 1o inlerpred in relution a
the phiysicael eungdition of deposition, However, it ¢an be considenad to e
ahigs e the seleelive aeaon of iransporting weent (Kermbem and Pettiiohn
1934, and 1o reflect the relative Fregueney of occurance of energy NMucy.
tons above oF below the average (Greemyood 1969). According o Duane
i 1964}, the areas of low -energy levels are characierised by positive skewness
values, while negative skewness values are indicative of ‘areas of erosion,
Mence, o mixture of positive and nepative skewness values wonld thus in-
hiezite a region 40 3 state of Tux,

Several workers have concluded thar most beuch foreshores, with Alex-
andrja beaches praviding. no cxception, display o negalive skewness
IMoson and Foelk 195%; Friedman I197; Duane 1964, Chappedl 1967 Hails
1967}, indicating -a grain size disinbution repdered asymmettical by the
presence of a relatively large coame 1ail of sediment. Negaitive skewness of
beach sands may result either from an addition of marcrial 10 one end of a
morma! Irequency distribution or converscly irom a subtraction of maicral
'{a"‘winmwlns"} fram ihe tail (Friedman 1961, Folk and Robles 1964,
Martins 1965, Scwon 1968), The relatively low skeéwness values (Tablc. 1)

_indicte thaf the study beach sands have nearly symmetrical dispersion ol
© picle size-distributions, while high skewngss valucs sire expected 10 result

from wixing of two lognormally distributed particle populations (Spenger
1963).

.:F Lisj g the mean skewness valug for distincting berween beach foreshores
of tfe stndy area can be misleading, hewever, since this statistic is bi
disecnongl inamtues to gither side of zero may cancel each other oul. This
1s the cose 2t Sidi-Gaber beach foreshore where the mean <kew hess value
!n(ﬂr?;ms- o fairly symmeirical distritbution (+ 0.4040 ) but the stondard
devilion ndicates a relanively greater despersion of skew ness values as
might be expeeied comsidenng the yariability of provesses during the study

v‘._pcriml.

Ihe coarse sunds on the nuarrow steep foreshore of Gleem beach
-0y have o eerher stronghy neeaiing skewnesy This may be et
preted s setesting That jpevensine foeshane slope steepgss g e
Backan st seloviy enanpeh o remove nauch of the dine ik prodeucioy:
strongly nepively Showed) sediments . As the e grain size ol the sad
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ment shifts toward the coarset particle sizes a reduction of the coutse 1ail
occurs because the upper limits on the size of beach sediment exist The
result is a decrease in the mugnilude ol the ncgative skew  Also. a shill
toward the course end of the distribulion increases the opportnnity Tor the
infiiteration of finer malerials which can cancel out the elfect of the course
tail. This the case a! Sidi-Bishr beuch foreshore which has low negatively
skewed sands {Sk. - 0.19 @ ). Morcover, bricdman (1961} and Soou (1968)
have also boih noted & tendency toward pesitive skewness iz coarse-grain
beach sediments. The skewness value of the beach faieshore sands on
Stanley (Sk: + 0.249 ) and El-Shaiby (Sk. = (. 189 ) substantiales 1this
finding,

The strongly posilively skewcrd sedintenis is fonnd on the smogihly slop-
ing heuch surface of El-lbrahimiah {Sk: 4 1.25¢0). This may be Attributed
to the fact that a high degree of permeability of beach surface well altow
entrapment of finer particles within the imterstives, and the sechiment will
show positively skewed characier, Similarly, greater admixture of T oy
fimally result in a sediment of symmietrical skewness, such as on Sidi - Ciaher
teach (orechore (Sk: + ﬂ.ﬂd?i Fricdman (1961) has also showi that
beach scdimenis near river may retain rhe posinve skewnoess of the tlavial
sedimenis since they have not had time Lo adjust to their new environmenl,

Thiz is the case al Abu-Qir beach (ahoul 45 km west of the Rosetta o)’

where the Skewness value reaches + 1,029 Vhus the longshore variaiodns

n skewness indicate the interplay between marine and fMusial processes. 4. -

Not consistent with the litzratuse 15 the less nepatively skewed (ine beach
sediment at El-Dekhcila (Sk: -0.17¢ » amd EFAgami (Sk- -0.209 ). Ap-
parently the sedimenis at these beaches become less negatively skewed 45
megn grain size beogines lner, perhaps rellecing the additon of a mode 1o
the Mne end af the distributian; Sugch an addition may, as well, give rize 1n
a shift ol mean-size values.

Kuriosls

Kurtosis, measuring Lthe concentration ¢f freguencies within ihe central
part of the distribution relative 1o the coagentration in the tails, is the I
understood of the Greenwood 1969), and is over-sensitive 1o random flie.
tiualions {Baker 1968). Mosi of the Kuriosis values |Table: 1} are high
{more leptokuriic) on the beach loreshores of the Alexandria const, in-
dicating 1hat sorling in the centrul part of the grain-size distributions is

56

S TS

g |

-

i



o

-~

hetter thun in the wils, Sahu (19648 sugeests thal a high hurtosis valug
reflevts a depositing medium where velocily fluctivations were restricted to
those carming mtaterizl al size coincidenl with that size in the central 5095 ol
the distribution (or a greater length of lime than normal.

Most appropriate to the kurtosis charactorstive 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
bimpdal river bar in Texas. Atexandria beach foieshore sediments contain,
on the average 8- 12% coarse mulerial. Flok and Ward report tha! addition
of small amount ot coarse material (3 10%) 1o the lerger sand made pro-
duces a strongly lepiokurie distribulion and, as cearse nateri] constilues
tarper and larger percentapes of sediment, kurtosis is reduved in absoloie
vilue, the distribuetion becorming more plavkdrric, assuming either
no change or poarer sarting in the central part of the distrlbution.

The present work shows that kunosis value inereases {leptokurtic) as
sands become pegatively skewed {Table. 2) and decreiscs as sands becnme
Iess nepatively or even positively skewed. This is consistunce with the
ohservalion ot Folk and Ward {1957) that sands with 7 to 20%% coarse
watenial e hiphly leptokurtic and negatively skewed, Negative skewness
indicales that the tiner mode is mote ahoundunt than the ¢ourser mode.
Smaller miodes toward better saring producing leptokurniosis in the grain-
-sw: distribulions of Alexaadria beach Farcshore sediment.

Miasurements af lnoral curients, that are induged by 1he prevailing
norlly wesrerly wind within the brediler cone, indicate that ner lougshore
tramsport of sund over most of the year is esutward. Dorig the summer
months up o avtober, the eastrly carrents with a maximum magnitude of
W) cmsee predominate vver The weslerly currents (Manohar 1976) and
trunsport sediment noriheasterly, During winter storm manthy, the wind
reverses dircelion csusing westward Mowing longshore currents driven by

_Ei]_nrdmn.'-:l with a maximum of 40 cmyssec which exceeds those towards the
st and transpoerts consideruhle amunts of Kiver MNile derived materials as
(ar as 6 km southwest of the Rosetia moth. The November moih is a
sansitional period wilth more current reaching the coust perpendicularly-
Easterly currents predominale sgain from March, ie 1oward the end of
e starm season (Muanohar 1976),
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4.2 Areal varialinn f Sithalogic cumpositian of the beach sandy

A comprehemive sludy of gross hitholowe conipesition was undeniaken
for the purpose of identilying longshere variations in buach foreshore sl
composition and for traving the soutee of sand aloog the coast of the study F" i
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arca, This method deparis somewhat fram the convenunnal approach in
which heavy mineral axsemblage s used to detemmuine beach sand pro-
venance. In as much as heavy minerals constitute only a small (raction of
Alexandria beach foreshore sands and appear mostly 1n the finer sizes
(34 ¢ or more), their implicalions regarding the provenance of medinm (o
coarse sand are vague. Their utility m delingauing sedimentary provineses
and general dispersal paiterns, however, warrants comparison of results of
this study with those of recent stidies of heavy minerals in Alexandria
region and the nearby Nile Deltn coast (Moussa 1973, El-Sayed 1974; El-
Wakeel ef. al., 1974; Sestini et al., 1975, UNESGO 1976, Sanley and
maldonado 1977).

The composition of the beach sediments vary along the Alexandria
beaches (Fig. 7). Hence, scveral constitugnts show disuinct di iferenyves in
relative abundance on beach foreshores. For example, quarks and 1otal
feldspar are more abundant on the beaches from Abu-Qir 10 El-Anfushy.
The freguency variations of guartz wwl totall feldspar on these beaches are
22-27% and 18-34% respeetively. Ratios of guariz to total Teldspar and
K-feldspar 10 plagioclase also show strong differences on the bouch
foreshores of the siudy aren. K-feldspare is dominant over plagiocalse om
nearly all the beach foreshores. Most af the quartz grams are well-faunded
a characieristi¢ probably due to itk ransportation by the Nite River from
distance source and by subsequently atimbution by the coastal watsr. /

Sedimentary conslituent: eryptocrystalline valcivm carhonate sand in=
creases in dominance over quartz west of El-Anfushy beuch (i.e. from El-
Max ta El-Agami) but decreases from El-Anfushy towards theeast (Fig. T O
The percentages of this constituent range from 3% to a maximum 6T 980,
at EliAgami beach. The grains of carbonate sands show:a well- rounded
character and a highly polished surface. The roundness muay be altributed
to the continuous. agitation by wind and coastal waler. The high polish
surface af the grains is probably impart an inherited charucteristic (ron '
desert environment in the area of the sourve rock. 1t is belived that the
earbonate sands are originated from the limestone coastal ridge and they
represent vand-borne clastic carbonate sands which have been jreworked
by the agitated nature of the sea waves. According (o Hilmy (1951), the
limestone coastal Tidges added Lhe so<called “*volites™ to the Egyphan
Mediterranean coast, but they do not show an eaxct similarity in character
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and mode of orgin to the true authipenic colites, Hilmy preferred,
however, to call these carbopate sands **pseudo-colites”

The mincralogy of the meduim grained sand from heach foreshores of
the eastgrn pari of the arca contpins more pluianic rock fragmens
(plutonic  polycrysialline guariz) and voleamic conslituents
(Trachyle/Basalt), and is thus comparable to medium sand from the beach
foreshores at the western part. Mctamorphic and igngous rack ragments
{e.g. granile) are victually absent in mediwm sand from Bi-Max, Dekheita
and El-Agami beaches. Substantial yuantities of shell material are present
in the sediments of the study beaches with more concentration in the ama
between Sidi-Bisher and El-Shatby beaches, .

It is possible that selective sorting occurs at the mouth of the Nile River
‘near Roserta (some 45 km 10 the east of Abu-Qir headland), and selective
transportation by sea wuter enriches wave-lormed hesvy conceniraley.
Apparently, the heavy, coanse grains such as voleanic rock fragments car.
ried in suspension by the Nile River has been dumped along the coast cluse
to the mouth af the river, while through the action of sca waves aml
longshore currents the lighter finer graios such as quarlz and feldspar has
been transported and distributed along the length of be coast further west.

&
The ¢alcium carbonate content of the beach forechore sands is f::mﬁd* '1
generally, 1o increase with increasing distance from east to west, until o %
conlent of 94.9% is reached westward near EBi-Agami (Fig. 8). Iln the-
eastern part of the area the shell frugments are not very contmon and
quartz and feldspar sands are dominani, while in the middle parl of ih
area fi.e. Gleem-Ibrahimiah) the calcium carbonate 15 represénted by shel!
frugmenls. The sedimenis covering the western part of the area (EI-Max,
El-Dekheila and- El- Agami beachesh were found 1o be af madimum car-
banate content (92 5-94.9% %, In this pant the calium carbonate is mainly !
due 10 the granular carbonate sands. According to Moussa (1973) the total
carbonate conent ronges from 37.55% in sands of Abu-Qir beach, then
sharply decrcases easlwards (0 (L96%y ul Rosetly beach. This result ic at
tributed 1o the scarcity of calcarcons remains of shells and mgrine ey
organisms, and the oconrrence af carhonale poar Nile deposits

The perceniages of Beavy -0 nerad assogiation of 13 beach foreshores are
listed in Tuble: 2. Heavy minerals sre characierised by the predominage of
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Opaques, amphibole and pyraxene. The frequency variations of opagues.
amphibole and pyroxens are 28-450%, 24.32% and 17-29Ts respectively.
Amaong the minor constituents, epuadote and Mica {biotite) were found to
bave 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
tourmaine exists in (he sands of El-Maamoura, El-Monarah, El-
Drahemiah, Eastern Herbour, and. El-Anfushy, The beach sands wesi of
Dekheila are very poor in heavy-mineral congentration as they are mostly
composed of crystocysialline calcium carbonate sends in **preudo-paliy’?
phis very minor amount of fine gquartz which probably represents dusr im-
purilies carmied by wind and mixed with the carbonate tands. In a whole
amount of the heavy minerals fraom El-Agami beach foreshore sands only
six grains of amphibeole, four of pyroxene, two of wurmaine and one of
rutile were observed, This patwro of concentration is significant in that n
shows that the heayy mineral constituents carned by the Nile River are not
distributed farther west thap Dekheila beach foreshore. The wesiward
decrease im heavy mineral concentration has been also observed by
Mohamed (1968), Moussa (1973) and El-Wakeel and Cl-Sayed [1978).

[t is interesting to note that the heavy minerals have been extensively ws-
ed in coascal studies, to trace the source of beach sands and direction of *
mnd moverment or dispersal (Wassef 1964; UNESCO 1973, 1978). In pat-
ticulzr, Opaquc minerals {e.g. magnille, pyrite, ew.), being the most
common of the heaviest mingrals (5.8 = 3.0), give good paiterns of |
percentages decrease away from a source {Wassel 1964).

Longshore curcents disperse scdiment eastward in summer and westward
in winwer. Net sediment transport for 1the entire . vear {5 to the cast as in-
dicated by the ¢ontinuous deposition. of greater amount of mud in the
Eastern Harhour, causing Lhe shullowing 115 area and choking its opeming,
than the Western Harbour arca which is affected by two main sources of
sediment-rich water. The first is the Numbariyah fresh-waicr cana! (and
previously the Mahmodiyah Canal). Qpening into the harbour, while the 3
second is the drainage water pumped out from ELOmoum drain into the
ga at El-Max, i.c. into the arca lies immediately west of the Wesiern Har-
bour

It is believed that 1the Nile Biver and the hmestone ridges skirting the
coast in the westerly 1lunk of the study aea are source of 1the ithockists in
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the Adesaimdiin beaches T he eftewd of the Nile sedimenis is demonsiiod cd
e il eviatenee ol Reavy nuinerals coeountered with the guane sands
won oo Che caslern part ol thik area, Alw, dunng fTood Gime, espegally
beloey the construction of the High Do large guaotines o Nile waler
loculed with innnense amonnis ol sidements reached as far as localities wesl
U Aho-Dnr Bey The heisy-inineral assemblapge o sedinients eoserting the
boach Toreshores of the wren 15 losely relwted o the Nile assenihlige,
pros sty wlentivied by Shoboen gP9500 T Rhus, it is beleived thai the consti-
tents e hegey mumerals are tansparted o the Alexundrig coasiul drca
Cronm the Sle River maulh pnear Rosetin by wesdward 1lowing longshaorg
ctrenls densen by northeast winds dwing the winger,

S Concluston

Based o the analvsis aod discossoon of the resals, fost mentioned | inis
possible o make some comchuding renusrks aboul 1lee areal variainn i
teture and cosuposilion chateieristics of the styids béuch torechare saids
However, concluding remarks advanoed here need [0 he sobpeciod e
repreatod testing B ahatistical analyas o per il meore aocufaic comelnsiong

tey B drawn.

Vhe wesrnre and vomposition of beach Coreshore sinds in the epnsntl aiea
of Alesandma city idigate thae ey bive manne and Mool sooges, T e
clunges in grain sive parmeters among the tifleen beaches examined in.
This study appem fo be relnted to dy namic cenditions and 10 directions of
sind Arsnaspornt, THe masamigm igasn grnn size fminimum phi) ovcers on
1the n':.'u‘lli!.la: ared hewches (Fhom sici-Rishr. in the east, (v XL Anfushy, inthe
westy and decreaes repidh westwards bur gradually eastwards,” The
avelfage e standidr desiatton i relinively lower (indigating mogdemely
well-sorted sodimenty between Al-Spamioamd EVAnfushy and inereases
sigmibeantly (indiealing selaibvely pooser sorting) immediately cust of LY
“Anfyshy . Thus, gonrsg sediments are assogiated with velatisely poor sor-
ting infcaiing e these vao parmmeters s linked 100 some degree
Seleciive sorting oceurs at the eastern and western flanks of 1he wiea with
iighier and finer fractions being disperscd by longshore currents, Strangly
negatively shewed sediments are associated with relutvely seep sloping
Faweshores covered with coarses material such as those of Gleem and Sidi.
Ciaber, while weakly negatively skewed sunds are associated with meduime
fine wands covered the relatively (al foreshores of [E1-Mandaral, Sidh-
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nishr, and Bastern Harbour The winwowing ellect of backwash is reduced
by the Mlal stopess. and fines ure not removed hut trapped amang the course
materials, producing weakely negatively skewed foreshore sedinments.
Pasilive skewness is found on beach Toreshores characterised by a hugh
degree of permeahility of fine particles, and a1 the mow easterly flank of
the study arca, i.e. near Roseits mouth where fluvial influenee is greatest.
Therefore, shewness indivates the interplay between maring snd fluwval
pracesses in The coastal area of Alexundria City. More plalykurmic sands
are essociated with the relatively coarse (exture, more negatively or even
positively skewed sediments found on beuch loreshores of Gleem, Stanlcy,
and Sidi-Gaber, while more leprokuriie sands typily the medium-fine, Tews
negutively skewed sedinsents which charucterise the relatively §lal
foreshares of El-Anfushy and El-Max

Met sediment transport over the veur is castward by the litoral currents.
During winter, the wind reverses direciion causing wesdward flowing
longshore current which transporis considerable amounis of Mile River
denived materials as Tar as 6 km west of the niver mouth near Rosetta.

The «ands of the beaches ol Algxandris are, in general, of two trincipal
vpes: guasriz-dominant sands and white loose oolitic carbonate sands, The
quariz sands are behieved to represent water -borne sediments wransported:
mechanscally by the Nile River, derived mainly from the Abyssinian
Plaicau, and subseyuenily mixed with shell fragnienis on the beach. The
oolitic carbonale sunds are heleived 10 be originated from the limestang
coastal rdges striking the comst in thiy area, ax wind borie carbonale sands
which have been reworked by the agitating water movement ol the besch
waves, acguwning further wetl-rounded churacier or their grains. The re-
maining constituents wre shell fragiments, rock fragmenis and heavy
minerals {upague, wnphibole and pyroxene being most common). The
heavy minezaly encountered in the beach sands of the study area have the
same characteristics a8 those of the Nile deposiis, A weuward decrease of
heavy mineral concentration is observed from Abu-Oir 1o El-Dehkeila, a
result has been mentioned by other worker. 'The decrease in heavy mingral
concenteration iv mainly attributed 10 the ocenrrence of carbonale sands,

The present study reveals thal 1he beaches of Alexandria City could be
classified according to their sand wypes snd texiure charscterstics ino
threz units: The first extends from Abu-Qir 10 Sidi-Bishr, and s ¢overed
with relativley medium-fine guariz sands asdmixed with shell fragmenis and
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to soune exlent with Nile deposits which demanstrated by the exiftence of
heavy nunerals engountered with the sands covering this wnil. The sccond
unil, between Sidi-Bishr and El-Anfushy, is covered wirth coarse sands
varying from loose to fairly well indurated deposits. The sands covered this
unit, between Sidi-Bishr and El:Anfushy, is covered with mwsium-coarse
sands varying from loocse to fairly well indurated deposits. The sands
cavered this unit are mainly composed ef quartr and fe]d;par with litule
amount of heavy minerals and more shell fragments. The third unit from
El-Anfushy to El-Agami (west) is covered with finc, white loose oolitic
carbonate sands admixed with miner amounts of fine quariz and heavy
minerals.

Cleurly, although rhere seems 10 be some textural and compositional
variations along the coast of Alexandria Cily, 8 more deniled statistical
study based on daily and/or seusomal field data of preocess and respnse
variables would be required to identify and delineate 1he nppropriate
micro-environments within the study beach foreshore region.
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