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ABSTRACT

The coastal lagoons along the North African coast of Egypt
constitute some of the most important environments with regards to
the aquatic resources and sabkha sediments. Given the importance of
the coastal lagoon environments as national resources and also
their scientific values as a natural heritage which should be
carefully preserved, our research team started a program, for study
of the geology, mineralogy and geochemistry of El-Alamein Lagoons
along the western side of the Mediterranean coastal zone of Egypt.
The present issue concerns with the geologic occurrence,
sedimentary sequence and composition of the sediments of such
lagoons. The area of study lies in the Mediterranean coastel zone
of Egypt, at a distance of about 110 km west of Alexandria and the
Nile Delta. The area extends for about 20 km both east and west
El-Alamein village. The Lagoons lie in a depression between modern
and Pleistocene beach ridge "the first depression" and consist of
eight lagoons, each lagoon is characterized by topographical
features including shape, size, relief and nature of the sediments.

1IHTRODUCTION

The Mediterranean coastal zone of Egypt west of
Alexandria attracted many workers, including Blankenhorn
(1901 and 1902), Zeuner (1950 and 1952), Philip (1955),
Shukri et al. (1955), Butzer (1960), and El-Shazly (1967),
who studied the limestone ridges in the area and attributed
them to entirely marine origin. In contrast, however, Hume
and Hughes (1921), Hume and Little (1928), Ball (1939),
Sanford and Arkell (1939), Picard (1943), Hilmy (1951), and
Shata (1955 and 1959) considered these ridges of non-marine
origin, derived from 1littoral and coastal sand dunes
(aeclian). Recently, Hassouba (1980) considered the upper
parts of these ridges as composed of aeclian sedimets built
on beach deposits. Ball (1939) mentioned that the area
1ptervep1ng between the coastal ridge and the next inland
ridge is occupied in sowme places by salt lagoons and
marshes. Hammad (1966}, considered that the lagoonal
deposits orginated during the inundation of sea water over
low 1land where the soluble salts are concentrated and




recystalized in the form of anhydrite, gypsum, halite and
other salts. Moussa (1976), studied the geomorphology and
subsurface geology of the area between El-Alamein and
Qattara depression to the south and considered the
fore-shore lagoons at El-Alamien which extend between Abyar
El-Shammam to the east and Sidi Abdel-Rhaman to the west as
representing closed to subclosed low land areas generally
below sea level.

The present study deals with shape, size, relief,
sequence, and nature of the sediments of eight 1lagoons in
the area of investigation.

MATERIALS AND METHODS

Both field and laboratory phases were carried out. Cores,
box samples and pits were dug at measured Jlocations on a
series of tweleve traversces extending from the supratidal
zone, at right angles to the coastal ridge, across the tidal
flats to the lagoon bodies. One traversc was made across
each of the- first, second, fourth, seventh, and eighth
lagoons, and two traverses were made across the third,
fitth and sixth lagoons. Other pits were dvg in differents
places around thie lagoons to make proper ccwmparisons of the
data. Emphasis 1is made on the lagoonal sediments and the
tidal flats (intertidal zone) with their features.
Associated features such as cediments of  supratidal and
alluvial fanz adjaccnl. to the studied Jlagoons are also
considercd. Moreouoy mepping of th2 elaht lageoons has been
carried oubt (Figs. 1-7).

Systematic sampling aad preparnbtlon of o base wap {or the
area of study by using tapes, conpass and  alidade Logetieor
with aerial Thotographs began on June 1983,  Thoen after, (wo
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major filed tripe were made during september and October
i984. Samples were collected from measured positions within
tha pits in box containers and some core sanples were later

sawn longitudinally into halves, one half for fabric
studies, while the other for mineralogical studies.
Laboratory work included the following techniques and
methods:

Minerals were identified c¢hiefly by means of X-ray
diffraction, infrared spectroscopy and transmitted light
microscopy. About 80 sediment samples from different lagoons
and tidal flat sediments were treated to determine the
percentage of the organic matter, soluble and insoluble
constituents. Particle size analysis was made principally to
study the particle size distribution vertically and
laterally in each lagoon. More than 60 samples of gypseous
sand and the other lagoonal sediments were analysed.
Terminology and class intevvals are expressed 1in terms of
phi values. U.S. standard sieve meshes have been used. The
histograms and cunulative frequency curves were examined.
Because of - the water solubility of some minerals and the
sensetivity of gypsum toward heat, special technique for the
preparation of thin sections was employed.

RESULTS AND DISCUSSION

Details of pits in traverses, cores and beds in the
vnrtical profile were measured from the intertidal zone,
shallow subtidal =zone (lagoon margin) and subtidal zone
(lagoon sediments) from the surface downward. Soluble
content (wt. %), organic matter content (wt. %) and
insoluble content (wt. %) of the sediments were determined.
The total of soluble and insoluble contents of sediments in
ench surpte 1s a sumed to bae 100 (wk. %) of the sediments.

The Filrst lLagoon (AL-1}

This 1lagoon 1is a body of qguilet water, situated at the
castern end of the studied lagoons, (Fig. 2). It is about
500 m long and average width 1s approximately 400 m. It is
nearly round in shape and reprecents the smallest of the
eight lagoons. This lagoon is separated from the
Mcditerranean Sea by the coastal ridge . The water depth in
the lagoon ranges from few centimeters near shore, to about
1.7 m in the central part of the lagoon. The water seeps
from the sea to the lagoon through the coastal ridge, (Fig.
2). The intertidal zone is very narrow and is of about 1-2 m
wide along the southern border of the lagoon. The supratidal
zone bounds the lagoon from the east and west directions. A
traverse extending from the asphaltic rocad to the coastal
ridge in the North was made across the 1lagoon. The main
morphologic features are alluvial fans of loam with Helix
shells, shell fragments and land snails.This zone extends
for about 560 m then is fcllowed by a break in slope of
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Map chowing the groleqic features and campling
locatlons In lageon.

about 19° toward North. 1t is then followed by the
supratidal zone which extends for about 9 m with 80° slope
toward the lagoon marign and with an elevation of about one
meter above the ground water level. The margin of the lagoon
contains shells of c¢ardium and Gastropods. No algal orx
gypsum hcads were obvserved, The pits and samples
description are listed as follows:-

Traverse Tyl Pit T{I,0y

This pit is situatced at 38 » froea the northern margis, of
the lagoon (on the supratidal t,pe of sabkha).

Sedimentary Scequance:

Bed and bescript ion v T Tuick  Depth
Sample MNo. (cm) (cm)
TiTy¥ys-1 Brown BYIsteY sutdfics of carbondte 77 7~ T

sand {ooids) and plant roots, 0.4 0.4

Greyish sticky gypseous sand

(lenticular to sublenticular fine

gypeeous crystals soen with slight

corrosion mixed with carbonate sand. 2 2.4

T1L1P35—2 Band of nodular gypseons sand,
carbonate sand (oo&ds) and plant reots. 6§ 7.4

Gre{ish aandy layer of catbonate sand

{ooldg), ostracods and few ruarty
grains. 15 ?

Ground water level was at 40 cm below the surface (August 1984}.
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Map showing the geologic features and sampling
locationa in lagoon.
This pit is situated on the
lagoon.

southern margin of the

Sedimeptary Sequance; e
Bed and Description Thick Depth

Sample No. (cm) (cm)

T,1,,P,5-1 Brown salty bIistér surface with
carbonate sand (colds), Gastropod and
Cardium shells on surface. 0.5 0.5

TyLePy5-2 Alternating, black, dark grey and
brown sandy layers of carbonate sand
(ooids) and grains (rounded and
srbrounded) . 30.0 30.0

SQnglgzlnsgigplgwxgsiggg=

Bed and organic matter carbonate Ingol.
sample No. % Residuet

5.82 40.39 53.78
3.4 24.87 71.95

TyLyPy8-1
TyLyPyS-2
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FIG. B
Photograph showing part of the forth lagoon,
notice the coastal ridge in the back of the
photograph, however in the central part,
ruckled, brown surface and wet surface on
the top of the intertidal flat zone,and part
of small pond,

FIG. 9
Photograph showing part of the fifth lagoon,
inner zone of the dumpy intert%dal zone, and
trash lines with white salty blister surface.
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FIG. 10
Photograph showing ruckled blister surface,
represent the salt crust surface of sulphate
and carbonate component on the top of intertidal
zone (Lagoon 5).

Pit T L,Py
This pit is situated inside the lagoon at a distance of
about 40 m from the southern margin of the lagoon.

The height of the lagoon water was of about one meter

above the sediment surface.

_Sequance;
Bed and Description Thick Depth
sample Ro. {cm) {cm)

T1L1P2§41 Veneer of’liqht brown carbonate sand
(00ids) followed by green laminae of
algae with turrated Gastropods and

cardium shell on the surface. 0.5 0.5
TyLiPy8-2 siongy and laminated green algal
with carbonate mand (coids). 2.5 3.0
Greysish black sandy layer of carbo- )
0.0

nate sand (ooids) and quarte grains. 17.0




Binocular investigation of the sediment in this pit
showed dominance of carbonate sands (ooids), quartz grians
(rounded to subroubded), Ostracods, Gastropods, Cardium,
shell fragments, and few very fine lenticular to
sublenticular gypsum crystals.

Particle size-analysis and its statistical treatment
revealed that the sediments are fine sand grains, moderately
to poorly sorted with sorting coefficient (oy |} ranging
between 0.89 to 1.2 and skewness (SKj) ranging between -0.33
“to -0.38 (Fig. 11).

{"i ;.(
|
|
!

,,,,,

F1G, 1.
Hi<togram and cuimlative cutvea of the margin abd
1daoonal redimentl s ('11l]|‘45;-\), fangle (rom the
alluvial fan.

. Sample (T;L;P,S-1) taken fron the alluvial fan is of
light brown 10amy sands, with Helix, shell fragments and
plant debris.

Binocular investigation of the sediments revealed that
the sediments are composed of quartz grains (well rounded to
rounded) , Ostracods, shell fragments and Foraminifera
shells.

Particle size-analysis and its statistical treatment
revealed that the sediments are medium sand size, moderately
sorted with sorting coefficiunt (o, )} of about 0.83 and
skewness (SKy) of about 0.14, (Fig. }1).
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The Second Lagoon (AL-2)

This lagoon situated at about 10.5 Km to the east of
El-Alamein Rest House, is similar to the first lagoon (Al-1)
in shape and size. It is of about 500 m long and its width
is of approximately 400 w. It is separated from the
Mediterranean Sea by the oolitic coastal ridge and its water
depth ranges from few centimeters near the margin to about
1.5 m at the central part. The main connection between the
Mediterranean Sea-water and the lagoon is by seepage through
the coastal ridge, (Fig. 2). The intertidal zone ranges 1n
width from 5 m along the southern border of the lagoon to
about 100 m in the western side, where lagoon water floods
to form a hypersaline pond in the western direction. As in
the first lagoon, the supratidal sabkha ' zone bounde the
lagoon from all directions just next to the intertidal and
subtidal zones. A traverse was made from the asphaltic road
northward to the coastal ridge, (Fig. 2) . The main
morphologic features are as following:

(i) Light brown lcamy alluvial fan zone with Helix, shell
fragments, halophyte plants and land snails. This zone
extends for about 500 m, then breaks in slope about 20° N,
where it is followed by

(ii) Supratidal sakha zone following the alluvial fan,
and extending for about 75-100 m with nibkha, dikaka and
blister surface (Ali, 1981), with slope of about 80° N
towards the lagoon margin.

The lagoon margin contains a considerable amount of
shells of Gastropds and Cardium. No algal or gypsum heads
were seen. ’

The hypersaline pond 1in the western side of the lagoon
contains thick salt crust and small dead fish. The water
depth reaches few centimeters.

Traverse T,;L,. Pit TyL,yPy

This pit is situated at about 45 m from the southern
margin of the lagoon.

Sedimentary Sequance;

Bed and Description Thick Depth
Sample No. (cm) (cm)
To1,P,5-1 Light brown loamy blister surface 1 1

Fine ?ypseous sand of black colour

changing into gerey colour downward. 3 4
TLPy5-2 wWhite,rough banded, coarse nodular

gypsum with brown srteaks. 26 30
T,L3P,8-3  Grey, fine sand later with Cardium,

Gastropod and Ostracod shells. 32 62

Ground water level was at 40 cm below the surface.
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Solbule-Insoluble Resjdue:

Bed and Organic matter Carbon- Insol.
sample No. ate % Reslduet
- . .05
T2L2P2$ 1 13.08 23.89 63.0
T,L,PyS-3 4.4 29.93 65.65

Binocular investigation revealed coarse, transparent
lenticular, sublenticular, euhedral, interlocked and
cross-cutted gypsum crystals, cemented by carbonate cement
,carbonate sands (ooids) particularly in T,L,P; S-2 rounded
to well-rounded quatrz grains, Ostracods, Cardium,
Gastropods and Foraminifera tests.

Particle -« size-analysis and its statistical treatment
revealed that the sediments range between fine to coarse
sand size, poorly to modetrately sorted with sorting
coefficient (oy ) ranging between 0.92 to 1.14 and skewness
(SKy) ranging between -0.14 to -0.44, (Fig. 12).
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Pit T,L,Py:
This pit is situated at the southern border of the

lagoon.

Sedimentary Sequence:

Bed and - Thick | Depth from
Sample No. Description (em)  |surface (cm)
T,L,P4S-1 | Brown blister surface. 1.0 1.0
T2L2P3S-?; Black, medium sand gypseous layer. 18 19
ToLaP3S-3 | Grey, hard, massive, medium sand

gypseous layer. 13.0 320
Soluble - Insoluble Residue:
Bed and Sample No. Organic matter % Carbonate % Insol. Residue %
TolgF,S-2 7.33 20.97 71.69
Binocular investigation of the sediments revealed

lenticular to sublenticular, slightly corroded gypsum
crystals, rounded to subrounded quartz grains, Ostracods,
shell fragments, carbonate sands (ooids) and carbonate
lunmps.

Particle size-analysis and 1its statistical treatment
revealed fine to medium grain size, moderately sorted with
sorting coefficient ‘et )} of 0.98 and skewness (SKy) of
about 0.03, (Fig. 1277

Pit T,L,P,

This pit is situared inside the lagoon at about 60 m from
southern margin of the lagoon. The height of the lagoon
water above the sediment surface was about 15 cm in this
position.

Sedimentary Sequance;
nd Description Thick Depth

Sample No. {cm) (cm)
TL,Pe5-1 Hard, greylsh brown surface with

bivaled Cardium, Gastropod cemented

by carbonate cement. 0.2 0.2
TyLyPs6-2 Dark grey fine sandy layer with

plant toots. 29.8 30.0
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Solbule-InsQluble Resldue: .

Bed and organic matter Carbon- Insol.
sZmpI:z No. ¢ ate % Residuck

~ 13.58 68.93 i
ToLyP,5~2 17.4

Binocular investigation revealed that most components of
the sediments are rounded to subrounded quartz
grains,Ostracods, Cardium, Gastropods, carbonate sands
(coids), shell froyments, and Foraminifera tests cemented by
carbonate.

particle size-analysis and 1its statistical treatment
revealed that the sediments are of fine grain sand size,
poorly sorted with sorting coefficient (op ) of 1.21 and
skcwness (SKy) of 0.07 , (Fig. 12).

The Third Lagoon (AL-3)

This lagoon is nearly the biggest one, situated at about
6 km to the east of El-Alamein Rest-House. It is irregular
in shape but generally of elongate shape. It is about 3.75
km long with an average width of about 8060 m , (Fig. 3).
The lagoon attains its maxdnuwm width in  the western side,

and attains its mininuin width 1in  its middle part. Small
suprotidal islands are. ncattered in the lagoon water body.
The lagoon 1is sepalated from the seca water by the coastal
ridge, and the maln conncotion betwe i the sea water oo the
lagoen was through the bobttem or  the coastal radae

Recently an artificial canal o nnected th sea water with

e

the lagoon. The morphologic featurcs ©f this lagoon resmable
the first and second lagcons to the ecast. 7o traverses ware
taken in the eastern and western arms of the lagoon (T3L4
and Tglg), (Fig. 3). The norphologic units from south to
north are as follow:

(i) Alluvial fan, extending for about 500 m from the road

toward the lagoon with a break in slope 1992 N, is composed
of shell fragments, carbonate sands (ooids), Helix shells,
land snails, rounded to subrounded quatrz grains and

Foraminifera shells.

(ii) supratidal type of sabkha zone, following the
alluvial fan zone and extending from about 5 1w to 170 m in
the eastern part with halophyte plants and brown blister
sy Facn,

(iii) Low subtidal zone following the supratidal zone.
The margin of the lagoon 1s characterized by banks of
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Gastrpod and cCardium shells, which decrease in the northern
edge. Also brown glazy, colloidal algal heads developed
along the eastern and vestern margins 0? the lagoon, (Fig.
3). The general type of sediments in the lagoon and
intertidal zone are mainly quartz grains (rounded to
subrounded), shell debris, carbonate sands (ooids), Cardium,
Gastropods, Ostracods, Foraminifera shells, some heavy
minerals and small lenticular to sublen§1cu1ay gypsum
crystals with carbonate minerals. The salinity increases

radually from the first and second lagoons to this lagoon
i.e from east to west, so this lagoon shows higher salinity
than the other two lagoons.

Traverse T3L,: Pit -T3L,;P;.
This pit is situated at the tidal flat at about 10 m from

the southern margin of the lagoon.

Sedimentary Sequance:

Bed and Description Thick Depth
Sample No. {cm) (cm)
T3LyP;S-1 Light brown blister surface. 0.2 0.2

Black gypseous soil. 0.3 0.5

Brown sandy later of quartz,

oolde and carbonate lumps. 5. 5.5
TyLyP;S5-2 Drown laminated sandy layer of

quartz,oolds, shell fragment

and carbonate minerals. 15.0 20.5
T3L3P;S-3 Gery laminated relativelt hard

fossiliferous sandy layer of
quartz, oolds, shell fragment,
some hecavy mineral and carbonate

minerals. _ 10.0 30.5
T4L,Py5-4 * Grey fossiliferous fine sandy

layer with brown laminae and

Gastropod shell. 10.0 40.5
T3L3P3S~5 Dark grey, fine sandy later with

rare fossil content. 09.5 50.0

Ground water level was at 48 cm from the surface, (August 1984).

Binocular investigation of the sediments in thi
S 1 is pit
ihowed that the main components of the sediments are rounged
© subrounded quartz grains, carbonate sands (ooids), shell
fragments, Ostracods, Foraminifera shells, Cardium,

Gastropods, echinoid spines few corroded
and carbonate lumps. ' Jypsum crystals

Particle size-analysis of this sediment i
stat}stlcal treatment revealed that the sgggmeétz
gartlculgrly (5-4 and $-5) are of fine sand size, moderately
sorted with sorting coefficient (01 ) of about 0.95 with

coarse skewness (SK;) of S-4 = o0.13 and
TnSe5 = o 0%, (Fig? 157, symmnetrical skewness
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Pit T;L;P,

This pit is situated at the southern margin of the
lagoon.

Sedimentary Sequance:

Bed and_ "Description Thick Depth
Sample No. {cm) (cn)
T4l3P55-1 Light brown blisdter surface. 9.2 0.2

Brown medium fossifilferous sand,
the upper laminae is black chanYed
into greyish downward with Cardium
and Gagtsopod occoure in bedded

diraction. 1.5 1.7

Taliyr,3-2 tiard, fine, grey fossilifernus
randy laver. 2.0 3.7

TqLyP55-3 Dark grey, fine, fose{lirer-ua
N iayor . 16.3 EVIN 4]

The ground wa.er level was at 19 om from tae surface (August, 1984)

Solbule-(nsojuhle Resldwe: . __. i

Bed and organic matter Carbon- Insnl,
sawple No. ate % Residuat
T,L,Py5-) 472 52.91 42,15

Binocular investigation of the sediments in the pit
showed that the maln components of the sediments are
carbonate lumps, ooids, shell fragments, rounded to
subrounded quartz grains, echiniod spines, Cradiunm,
Gastropod and rare heavy minerals.

Particle size analysis and its statistical treatment
revealed that the sedimemts ($-1), are of fine sand,
moderately sorted with sorting coefficient (oy ) of 0.78 and
symmetrical skweness SK;= 0.08, (Fig. 13).

Pit T3L,P;

This pit is situated at the margin, beside T3L3P,, within

the algal heads.
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Bed and Description Thick Depth
Sample No. (cm) (cm)
TqL3P35-1 Light brown, smooth, glazy algal

head showing lamination with,
Cardinm Gastropod, and carbonate
mineral. 6.16 16.0

T3LyP535-2 Grey, fine shelly sandy layer with
) oolids, Cardium and Gastropod. 10.0 26.0

TqL4Py5-3 Gery, fine sticky, fossiliferous
3737)
sandy layer with piredominant
turratet white Gastropods. 23.0 49.0

T3LyPy5-4 Dark grey, fine, fossiliferous
sandy layer with shell fragments,
ooids, Gastropod and Caxrdium
shells. 11.0 60.0

Solbule-Insoluble Residue;

Bed and organic matter Carbon- Insol.
sample No. ate % Residuet
T3T.4FP;5-1 7.9 48.04 43.99
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Binocular investigation of the sediments in this pit
showed that, the components of the sediments are carbonate

lumps, carbonate 8ands (oolds), qgartz grains (roundedtto
subrounded) , Gastropods, Cardium, shell 'fragmen s,
Foraminifera shells, echinoid spines, few heavy minerals and
algal tissues.

Particle size analysis and 1its statistical treatment
revealed that the sediments from sample T3L3Py 5-2 to TqL4Py
s-5 are of fine sand grains, varying from poorly  to
moderately sorted with sorting coefficient (og ) ranging
between 0.94 to 1.11 and skewness (SKp) between 0.14 to
0.15, (Fig. 13).

Pit T;L3P,

This pit is situated inside the lagoon at 40 m from the
southern margin. The height of water above the sediment
surface was 75 cm.

Sedimentary Sequance; __ - R __
Bed and __ Description Thick Depth
Sample No. (cm) {cm)
T3L;P,5-1 Fiard, grey Crust with cardlum, e -

Gastropod and oolds. 1.0 1.0
TyLyP4S5~2 Grey, fine fossiliferous sand. 10.0 11.0
TqL4P5-3 Dark gre fine fossifilerous
Imate sand.q Y. 20.0 31.0
TalaP,5-4 park grey, fine fossiliferous

sand with brown and black

streaks, 19.0 50.0

Binocular investigation revealed that the sediments in
this pit are composed of cardium and Gastropod cemented by
carbonate cement and ooids, rounded to subrounded quartz
grains, Ostracods, shell fragments, echinoid spines,
Foraminifera tests and few heavy minerals.

Particle size-analysis and 1its statistical treatment
revealed that the sediments in this pit are of fine sand
grains, poorly to moderately sorted with sorting coefficient

(of ) ranging between 0.79 t0 1.02 and skewness (SKj)
ranging between 0.35 to 0,30.

Pit T3LyPg

This pit is situated inside the lagoon at 70 m from the
southern margin

The height of the water above the sediment surface was
one meter in August 1984.
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Sedimentary Seguance;

ped_and Description Thick Depth
Sample No. (cm) (cm)
T3L3PyS-1 Brown, loamy, sand on surface

followed by black, medium sandy
layer with Cardium and Gastropod

shells. 10.0 10.0
TILIP4AS-2 Grey, fossiliferous sandy layer
with cardium and Gastropod shell
with carbonate cement. 5.0 15.0
P,5-3 park grey fossiliferous sandy
T3baPa layerq Y 2.0 17.0
TyL,Py5-4 Grey sandy layer with Cardium and
33Ta Gastropod shells. 32.0 47.0
13P,5-5 Dark grey fossiliferous sandy
TaTs"e ;lgver? Y 13,0 50.0

Pit T L, Py

This pit is situated some 100 m east T3L; traverse on the
margin.

Sedinentary Sequance

_Bed_and pescription Thick Depth
Sample No. (om) (cm)

T,1,P,8-1  Brown blister surface. 0.1 6.1

Brown loamy, fine sandy layer showing
ruckled, sticky brownish green algal
laninae 3.0 3.1

T,LyP;5-1 Black, medium sandy layer with
Gastropod and carbonate oolds. 16.9 20.0

~Ground water level was at 3 cm from the surface.

Solbule-Ingoluble Residue:

Bed and Organic matter Carbon- Insol.
sample No. ate % Residuet
T4L3P18—1 3.17 32.57 69.2%
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Binocular investigation revealed that the sediments are
composed of rounded to subrounded guartz grains, carbonate
ooids, Ostracods, shell fragments, Foraminifera shells,
echinoid spines, plant root remains and few euhedral sligtly
corroded gypsum crystals.

Particle sive analysis and its statistical treatment
revealed that the sediments are of medium to fine grain
size, mwoderately to well sorted, with sorting coefficient
(o ) ranging trom 0.65 to 0.87 and skewness (SKy) ranging
between 0.15 and 0.30.

The Fourth Lagoon (Al~4)

This lagoon 1is cowmposed of four scattered dessicated
small ponds, which scem to helong to one big 1lagoon (AL-4)
(Fig. 4). They are situated at about 3 km west of El-Alamein
Rest House. These ponris ars irregular in shape and size and
vary in size from 200 t0 300 m. Supratidal type of sabkha
with its characteristic feutures which is predominated in
the northern margin of the Jagoon, varies in width from 200
to 400 m, and 1is secparated {rom  the southern margin by
intertidal vone, which varies in width from 100 to 300 m.
Two travernes ware made along the first and the last ponds,
(Fig. 4). ‘raversc Tgby for eowsmple cxtends from the
asphaltic 11o0ad to the coastal ridoc.  The traverse crossed
the following worpholoegic unita:

(i) 1he light brown loawy alluvial fan extending from the
road Lo about 6740 w tevardg the lagoon with scattered shrubs,
shell fragments 1:d  sneils, cerbonate  sands and helix
shells, wnd slepe ot aiont 189 toward the supratidal zone.

(i3} Supratidal  cokhe zone extonding next to the
neitivorn end ol the alluvial fan, 1oy a distance of about 85
m o tovard tue Jaoo oa. This zone 10 i gactenized by condeonsed

huimmecks,  nibkba and diked o (AVE, 0 381), with bBlown wiictor
surface and =alt crust.

(1i1) 7The intertidal zone, Jogoonward is characterized by
dumpy surface with scattered small ponis about one meter
wide, circular in shape with dried algal heads at the
margins, filled with hypersaline water, gypsum  and salt
crust, (TFig. 8).

Traverse T4l, is similar 1o T.l,, (Fig. 4), sampled along
the last pend Al 4-a, oand pacsed  through the following
features:

(i) TLight brown alluvial fan, extending for about 95 m
followed by a break in sloupe and extends for about 404 n
with dikaka, nibkha, suall hummocks, shell fragments, Helix
shells, carbonate saunds and goat foot prints.

(1i) “The supratidal zone tollowing the alluvial fan with
extension for about 241 m, brown colored surface, with



hummocks, dikaka, nibkha, and blister surface. The last 100
m are getting dark brown with salt crust around the
halophyte plant roots. This zone is followed by about 100 m
of nearly flat dark brown blister surface with very small
hummocky shrubs and the surface getting wet.

(1ii) The intertidal zone (Tidal flat), extends for abecut
3060 w, very small gypsum heads 2-10 cm length and width are
scattered on the surface of the tidal flat which is getting
wet dumpy with - shiny gypsum crystals and crumpled salt
crust. The water level 1n these ponds varies from few
_centimeters close to the margin to about 60 cm inside the
pond. These ponds contain hypersaline water. The increase in
salinity is due to the closed restricted condition and minor
connection with sea water. Gypsum heads ware seen around the
margin. The scattered gypsum heads started their appearance
in the tidal flat and increased 1in the 1lagoon margin
(southern margin). Gastropod and Cardium decrease in
abundance toward the western direction, while they disappear
in the western side of the lagoon. The absence of these
fauna is due'to the high salinity of the water. Description
of pits and samples are as follows:

Traverse Tgl,. Pit T¢L,P,

This pit is situated at 50 m south the pond margin in the
tidal flat.

Sedimentary Sequance
_Bed and

e N Description Thick D
Sample No. P : oyt

{cm) (cm)

TgL,P3S-1 Brown bllster surface with small
euhedral gypsum crystals flattend

on (010) surface. 1.0 1.0

Brown grey gypseous sand. 3.0 4.0

Light brown, euhedral platy

gypseous sand, 7.0 11.0
TglgP3S-1 Black, ruckled gypseous sand. 30.0 41.0
TgLlaP35-1 Grey gypseous eand. 19.0 60.0

Pit TgL,P;

This pit is situated at the southern pond margin.



3 mentary Sequance .
fﬁgé_;gg__ Description Thick Depth
Sample No. (cm) (cm)

TgLeP3S-1 Brown, ruckled biister surface with
salt gypseous crust changing to green
downward. 1.0 1.0

TgLyaP1S~1 Dark grey to black, sticky, banded,
fine gypseous sand with soft,
laminnted green algal tissue 10.0 11.0

Tgl4P1S-1 Black spongy algal lamination with
hard gypsum heads with variable

thickness. 10.0 21.0
TgLyP3S—-1 Dark grey, euhedral gypseous sand. 50.0 71.0
TgLyPyS-1 Crey very coarse gypseous sand. 29.0 80.0

Soluble-Insoluble Residue:

Sample No. = Organic matter % Carbonate % [Insol. Residue % | Sall %

'T6L4PlS;I~“ 1.6 14.5 35.6 4831

T6L4PIS'21 27.49 27.19 45.3 -

Binocular investigation of the sedimenls revealed that
the sedirments in this pit arve composed nainly of gypsun
cystals, Jenticular, sublepnticular, corroded ~and varying
size from fine to very coarse, zoned, twinned and
cross-cutted gypsuan crystals, cencnted by carbonate o ient
and algal tissues.

The particle size analysis and its statistical treatment
revealed that the sample TglyP15-2 is fine sand grained,
poorly sorted with sorting cdefficient {oy ) 1.2 and
skewness (SKy) 0.8, (Fig 13).

Pit T¢L,P,

This pit is situated inside the pond at about 15 m from
the southern margin. The height of the pond water above the
sediment surface was about 25 om in this position (August
1984) .

Sedimentary Seqiance.

_Bed and T pascription T “nick | Deptb
Sample No. {cm) {cm)
TelyP,5-1 TBIACk &G dai K gvay mediam gypseous 10.9  10.0
TgligPpS-1 Black, medium gypseous sand 10.0 20.0
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bule-Insoluble Residue:

Organic matter carbon- Insol.

::gpigdwo. ate % Residue%
9.5 73.0
TgLgPp5-1 17.64
17.0 67.45
TeLyPyS-1 14.88

Binocular investigation of the sediments revealed that
the main components of the sediment are lenticular,
sublenticular, and slightly corroded gypsum crystals and
cemented by carbonate cement.

The particle size analysis and its statistical treatment
revealed that the sediments are medium grained sands,
poorly sorted with sorting coefficient (oy ) ranges 1.18
to 1.48 and skewness (SK;) ranges between 0.04 and 0.20,

(Fig. 13).
Traverse T;L,: Pit T L,P,

This pit is situated inside the pond at about 70 m from
the southern margin. The height of the water above the
sediment surface was about 15 cm.

Sedimentary Sequence:

ticdt and e Thick Depth from
Sample No. Description {em) surlhce (cm)
THg1,S-1 | Brown, fine gypscous sand. 0.2 0.2
Black = sticky, laminated, ruckled
pyprecrs sand Jayer. 2.0 2.2
Grev, tuckhs d, laminated gypseous sand. 2.5 4.7
Black, stachy pypecous sand. 2.0 6.7
Grey, gypseous sand. 20 87
T7L4P,S-2 }Greyish biack, motiled, rigid gypseous sand
with few Gastropod. 18.0 26.7
T34P,S-3 | Grey to white gypscous sand layer. 8.3 35.0

The Fifth Lagoon (Al-5)

This lagoon 1is a body of quiet water, situated.in the
middle of the studied area, faceing to El- Alamein .Rest
House, (Fig. 5). It is about 2 km long and of approximat&ly-~
600 m width. It has a nearly elongated shape, separated from
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the Mediterranean Sea by the ccastal ridge. The main
connecticn between the lagoon and sea water is through the
seepage from the coastal ridge. Two traverses were made in
the eastern and western sides of the lagoon, numbered as

gL and TgLg (Fig. 5). The traverses passed through the
€ol?owing geoneorpholoegic units:

(1) Light brown lcamy alluvial fan extending for about
400-500 m.

ii) Supratidal sabkha Lone extending for akbout 100-200 m
north of the alluvial fan zone followed by a break in slope
of about 17° N then connected with the intertidal zone. This
zone 1is characterized 4y bkrown surface with hummocks with
hallophyte plant, dikaka, blister surface and gypsum crust
around the plant roots.

iii) Intertidal zone (Tidal flat), extending for about
100-300 m. The surface is brown, hummocky nature. The water
level was ncar the surface, On the surface, coarse platy
gypsum crystals up to 10 c¢m in length with clearly developed
(010) face And slightly developed curved faces are abundant,
and the size decreases towards the lagoon margin. Algal
heads were developed in the lagoon margin ({(data concerning
the stromatolites and gypsum mounds in the studied area are
discussed in details in (Ali and Osman, in press). In the
western side of the lagoon, small ponds with hypersaline
water, bounded by gypsum heads and gypsum crystals on the
surface praedominate. The intertidal zone, characterized by
lack of vegctation (no halophyte plant) and no halite
precipitation was seen at the margin anrd aiso no polygons
occurred., The 1lagoon and its southern margin have no
fossils, compared with thce previous lagoons.

Traverse Tglg: Pit TgLgPjy

This pit is situated in the intertidal zone at about 20 m
from the southern margin of the lagoon.

Sedimenrtary Sequence:

Bed amt ) Uk Toegah fianm
Sample No Desibption ) Aeustare lom)
b— R ——
TglsPS-1 | Brov, blister suiface of wiediam gypseous
sand 04 04
Vgl 3"y§ 2t Brown, soedium gy preous suad 40 4.4
TglsP3S 1 P Wlack, fine pypseans sand (Y 04
TRUSES 1 [ Biowninh gres eonise gy prcons sand 50 15.4
Tel oIS S [ haghe ey conve, nigid gy peous sand LRY 1¥.4
T 1S 6 [Grey o dight prey, coanse. g, fiwder than
(S Sy, pypsenus sand, [£.44] 36 4
Tl 5357 1Dk geey miedium pypacons sand chaoging
o prey dawnaand 70 1K1
-Hhe mound water level was at 35 (n (1o the surlsce.
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Soluble -Insoluble Resldue:

Ssmple No. Organic matter % Catbonate %  |insol. Residue %
TytsPy5-1 15.65 16.24 68.11
TylsPyS5-2 12.39 13.19 74.42
TylsPy5-2 12.53 17.84 69.63
TylsyS-2 174 19.87 62.73
TylsPyS-2 18.13 971 72.16
TaLyP35-2 15.53 16.18 6829
TylsP35-2 7.3 13.0¢ 79.66

Binocular description of the sediments in this pit is as
follows: The main components of the sediments are gypsum
crystals of different sizes, lenticular to sublenticular,
slightly corroded in the lower sediments, carbonate lumps,
carbonate cement, few carbonate oolds and Ostracod
particularly in the lower sediments. The soluble-Insoluble
residue results reveal that carbonate % increases upwards in
the pit and insoluble residue (mainly gypsum) increases
downward.

The particle size analysis and its statistical treatments
reveal that the sediments are of fine sand to very coarse
sand sizes, poorly ¢to moderately sorted with sorting
coefficient (oy) ranges 0.74 to 1.55 and skewness (SKjp)
ranges between -0.04 and -0.42.

Pit TgLgP,
This pit is situated inside the lagoon at about 70 m from

its scuthern margin. The height of the lagoon water above
the sediment surface was about 40 cm in this position.

gedimentary Seguancae
Description Thick Depth

Sampla No. (cm) {cm)

TglgPa8~1 Brown, irreqular, hummocky, cavernous
hard, salt crust layer. 0.2 0.2

TolsPy8-2 Balck, soft, laminated with green
laminaa of gypameous layer, varying

in thickness from place to place. 7.0 7.2
TglyP38~) Grey, ruckled, laninatad, medium
sand with some shell fragments. 10.0 i7.2

TalgP8~4 Greenish qraz, leninatad, medium

Yypsaous san 5.0 22.2
TgLgP38~5 Light grey medium ?ypuou- sand with
few Gastropod shall. 7.8 30.0
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folbule-lnsolubje Residue: __

gggpingo Organic matter Carbon-~ Insol.
. ate % Residuey

TplePy8-1 e

gligPy 12.78 58.7

TglsP3s-2 2.58 76.61 3008

ToLsPas-2 9.44 55.42 35.14

algP35-2 a.24 12.21 83.55

Binocular description of the sediments in this pit is as
follows: The main components of the sediments are rounded to
subrounded quairtz grains cemented by carbonate cemenet,
carbonate sands (ooids), Ostracods, Algal tissues,
lenticular to sublenticular gypsum crystals increase
downwards and dowinate in TgLgPyS-4, while guartz grains
decrease downwards. The gypsim™ crystals show prismatic,
twinned and cross-~culted habits.

The particle size enalysis and its statistical treatment
reveal that the sediments are of medium sand grains, poorly
sorted with sorting coetiicient (o } ranges irom 1.56 to
1.84 and skewiiewss tanges letween 0.07 and 0.12.

Traverse T,l.: Pit VgL, (¥lg. 5)
The pit is cituarcd inside the lagoon at about 65 m from

the southern woigit. .p 'r» Llagoon. The height of the lagoon
water above the sediment surface was about 70 om.

":gdi,m(‘ng\ry_h.’?e(j!v»‘:u:e e e

Bed and__ Heact ipt ion T Thick T Deplt n_
Sample Ho. (cm) (cm)
1'91.51'35—.1 Brown, soft, crumbly Bu (nce. 0.5 0.5
TglgPy5-2 Btack, crumbly changed into grey

laminated, medium gypscous sand layer .0 9.5
ToleP,5-3 Black and grey laminated, mottled,

9730 medium gypseous sand. 27.0 36.5
ToLsP3S-4 Light grey, laminated, mottled,

97573 coarse gypsenus sand. 23.5 61.0
Solbule-Insoluble Residuey

Bed and Organic mattev Carbon- Insol.

sample No. ate t Regiduet

ToLgPy5-1 27.53 40.67 31.8
'I‘;-'L'SP-,S—') 14.23 45.52 40.26

'1’(731"5-" TP 1307 16.58 69 6
ToLgP3S-4 12.91 11.15 75.94
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Binocular description of the sediments in this pit is as
follows: Corroded, irregular habits of gypsum crystals
cemented by carbonate cement, carbonate lumps and algal
tissues.

The particle size analysis of the sediments and its
statistical treatment revealed that the sediments are of
meduim to coarse sand size,poorly sorted with sorting
coefficient (o;y ), ranging between 1.16 and 1,55 and
skewness (SKy) ranging between 0.1 and 0.12 (Fig. 14).
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FIG, 14.
Histogram and cumulative curves of the intertidal
and lagoonal sediments.

‘The Sixth Lagoon (Al-6)

This lagoon represents the biggest studied lagoon. It is
situated at about 500 m west of the fifth lagoon. It is
elongate in shape 3.2 KXm in length and approximately about
400 m in width. The lagoon is separated from the
Mediterranean Sea by the coastal ridge, (Fig. 6). The
geomorphologic features are nearly similar to the fifth
lagoon to the east. In the middle part of the lagoon there
is an artificial canal extended from the southern margin of
the lagoon to southward for a distance of about 500 m. This
artificial canal is characterized by an elevated eastern
bank consisting of sediment derived from the bottom of the
canal. This sediment gives an idea about the nature of
sediment underneath the surface. The sediment contains snow
white, very large twinned, cross-cutted, interlocked,
swallow tailg and' chevron shaped gypsum crystals. These
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crystals are accumulated in the intertidal zone. However, to

the south the sediment CONtains Gastropods,Cardium, shell
fragments, Foraminifera shells, Ostracod, and algae heads
replaced by carbonate and evaporite minerals. (For detalls,
gsee Ali and Osman in press). Two traverses were sampled, in
the easern and western parts of the lagoon, extendin? from
the supratidal zone in the south to the coastal ridge in the s
north (Fig. 6).

Traverse T)glLg

This traverse was sampled in the eastern part of the
lagoon, (Fig. 6). The tidal flat zone commences with trash
lines southward the lagoon. Shiny, twinned, coarse gypsum
crystals with flattend (101) faces are scattered on surface.
Toward the lagoon crumbly gypsum heads 5-20 cm height and
vermiculated shapes are occurred in some places (Brain
structure) with large polygons of blister surface and halite
precipitation.

Pit T,oL¢P,

This pit is situated at about 50 m south of the lagoon
margin in the intertidal zone.

Sedimentary Sequence

Bod and 0 . Ahick Depth (rom
Sample No.. cscription (i) surface (em)

TiplePS-1 | Brown blisier surface with shiny and

twinned gypsua coy stals, 0.2 0.2
Tyl S-2 | Green, soft algac Jamina 0.1 0.3
TiotP,S-3 1 Greyish brown, medium gypscous sand, 2.5 28

Tiol 61'5-4 [ Black, crumbly laniinated medium gypseous
sad, 13 158

Tiot6P S5 |Giey changed into giecnish giey Jaminated

gypscous sand. 3 23.8
Tol-61",8:6 {Grey. hard, crumbly laminated gypseous

sund. 12 358
Tiobel’S-7 JLight greenish grey, soft, Juminated

gypscous sand. 6 41.8
TigleVyS-8 [ Light grey, medium, gypseous sand. 8.2 50

- Ground water level was at 23 an. from the surface.

Soluble-1nsoluble Resicdue:

Sample No. Organic matter % Carbonate % Insol. Residue %
TiplePyS-3 10.68 18.73 70.59
TiolgPyS-4 11.52 1771 70.717
Tiol6P;S-5 9.38 8.24 82.37
TiolP15-6 931 13.0 77.64
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Binocular description of the sediments in this pit is as
follows1 The sediments are ocomposed mainly of gypsun
erystals of lenticulay, euhedral, prismatic, transparent
with slightly ocurved edges, oross-gutted, interlocked and
twinned, 8ome gypsum cryséals reveal slightly corroded
surfaceas, Jlumps of carbonate minerals and few Ostracods
ocourred, 8ire increases downward.

The particle gigze analysis and ite statiatical treatment
reveal that the sediments are of medium sand size, poorly te
mederately sorted with serting coefficlent (o f ranginq
between 1.06 to 1,28 and skewness (SKy) ranging Between .08
and 0,06, (Fig. 6). ‘

Pit Ty,LgP,
This pit is eituated inaside the lagoon at about 20 m from

the southern 1lagoon "margin, The lagoon water above the
sediment surface 1n this position was about %0 cm.

Sedimentary Sequance.
_Bed and

e . Deacription Thick

Sample No. ‘;cm) I(J:g}h
T1p%6P38-1 Brown, soft, crumbly algae tissuea, 0.2 0.2
Ty gligP38-2 Green to ?reenish grey bande aof algas

Stromatolite with medium gypsecus aand

and carbonate minerals. 10.0 10.2
TyoleP35-3 Light grey, hard, mottled, medlum

gypseous sand, Jg.0 40.2
T1plgP35-4 Light grey, medlum gypseous sand. 9.8 50
Solbule-Ipsoluble Resjdue:s
Bed anad Organic matter Carbon- Insol.
sample No. ate Residuet
T3 pLePyS-1 3.9 23,08 53.08
T10L6P38-2 21.22 25.42 53,18
TioLeP3S-23 9.49 24,65% 73.86
T)oLgP39-4 15.24 12,34 13.42

Binocular description of the sediments reveals that the
wain components of the sediments are lenticular,
sublenticular, and slightly corroded gypsum crystals, lumps
of carbonate minerals and algal tissues.



The particle size analysis and its statistical treatment
reveal that the sediment are of medium sand, poorly sorted
with sorting coefficient (oy ) ranging 1.23 to 1.30 and
skewness (SKy) ranging between 0.08 and 0.09, v

Traverse TyiLg: Pit Ty11LeP3

This pit is situated inside the lagoon at about 2 m from
the southern lagoon margine. Because of the presence of
algal heads and salt marshy area, it was difficult to go far
inside the lagoon.

Fedimeptayy Sequance
_Bed _and__ Description Thick Depth
Sample No, (cm) (cm)

Ty3l.,gP35-1 Brown, Soft, Stickly crumbly algal
layer. 0.2 0.2

Ty1LgPy5-2 Blck, ruckled, banded algal tissues
with medlum gypsum and carbonate
mineral. 16.0 16.0

T11ULgP48-3 Dark grey, medium fossiliferous
gycseous sand changing to brownlsh

downward. 8.8 25.0
Solbule-lnsoluble Residue; — e »
Bed and Organic matter Carbonate: Insol.
sample No. % Residuet
T11L6P3S‘1 14.11 23,89 62.0
T11leP35-2 22.37 14.88 42.75

T11LgP35-3 18,84 38.02 43.14

Binocular description of the sediments in this pit is as
follows: The sediments are carbonate minerals, Ostracods,
carbonate ooids, gypsum crystals, few quartz grains and
algal tissues.

The particle size analysis and its statistical treatment
reveal that the sediments are of medium sand size, poorly

sorted with sorting coefficient (o; ) ranging 1.45 to 1.67
and skewness (SKj) ranging batween 0.06 and 0.17.

The Seventh Lagoon (Al-7)

This lagoon is situated at about 2 Km west of the sixth
lagoon. It is nearly rounded in shape and irregular in

"*"‘*"‘“"‘—*"—*—-~——a~—-—~__*g_§i;__*;___;__*;__*;__ﬁ;___;___;__%;___;_-



margins, (Fig. 7). It is about 500 m long and average width
is of approximately 400 m. This lagoon is separated from the
Mediterranean Sea by the coastal ridge. The main source of
lagoon water 1is through the underground water seepage from
the sea. The water depth in the lagoon ranges from a few
centimeters at the margins to about 1.5 m in the central
part of the lagoon. The lagoon is separated from the east
and west directions by the supratidal sabkha zone. The
morphologic features around the lagoon are similar to the
other lagoons as revealed from the following:

(i ) Light brown loamy alluvial fan zone extending for
about 800 m.

(ii) Supratidal sabkha zone extending from the northern
end of the alluvial fan for about 450 m northward.

(iii) Intertidal =zone (Tidal flat) extending for about
200~300 m north of the supratidal zone toward the lagoon and
characterized by the brown blister surface with shiny,
twinned intertidal gypsum crystals flattened on surface
(010) with various sizes, In this zone there are islands of
supratidal features wers scattered and small ponds
containing gypsum heads toward the lagoon margin, trash
lines and wet brown blistar surface was observed and the
margin of the lagoon is nearly flat without mounds of algal
stromatolite heads, but soopy feel polygons of blister
surface are common.

Traverse lex.r]
This traverse was sampled from the supratidal zone to the
coastal ridge. Brown blister surface, shiny gypsum crystals

on the surface are common, with decrease in size of gypsum
crystals toward the lagoon margins.

Pit T127¢P3

This pit is situated at about 100 m south of the lagoon
margin in the intertidal zone.

Sedimentary Sequance
Description Thick Depth
Sample No. {cm) (cm)

T12L7B;5-1 Brown blister surface changed into
black downward with medium gypseous

sand. 3.0 3.0
T1aLyPy5-2 Light brown, coarse gypseous sand. 18.0 19.0

Brown, coarse, rigid gypseous eand. 10.0 29.0
Ty,15P15-3 Light brown, very hard, massive,

coarse gypseous sand. 5.0 34
Ty2L;P;8~4 Greyish green, coarse gypseous sand. 16 40.0

The ground watar level was at 24 cm from the surface.
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fiolbule-Insaluble Residue:

Bed and organie mattay €arbonale  ¥nsoi,
sample Na. L] Residuel
lep,p‘s—l 7.3 16,64 77.06
TpalyPy6-2 11.16 19.36 69,48

i i i follpwst The
inocular description of the sediments is as
sedfis;xgnt consists wainly of gypsum crystals ifdlent‘ﬁ:}lgg,
sublenticular, prismatic, zoned, interlocke &h suﬁ
cross—-cutted crystals and carbonate lumps. e tggp by
crystals reveal slightly corroded habits cemnene

carbonates downwards.

The particle size analysis and its ipatist;cgl gzezggg?:
t the sediments are of medium san .
;eviai tgil"to coarse sand size downward, poorly sorted with
12

sdrtzné coefficient (06) ranging around 1.33 and skewness
{SK1) ranging between 0.09 and 0.17.
Pit Ty5lgPy

This pit is situated at the southern margin of the
lagoon.

Sedimentary Sequance

_bPed _angd Descripbion 0 77077 dhlek ™" T Bepth T
Sample Nao. {cm) {~m)
T1,038,3-T Beawn bl inkter Buiface with black” — 77 T
laminae. 0.2 0.2
Ty20LP,8-2 Black, soft, sticky, algal stiowat-
olite with fine gypseous sand, 1.0 13,0
T12LyP28~3 Greyish green to black banding of
algal stromatolite with medium
gypseous sand, each band of about
0.2 cm. 16 23.0
T;2L,P,5-4 Greylsh green, medlum te coarsae
gypseous mand. 8.0 ' 31.2
‘T12L7PJS~S Grey, coarse, banded gypseous sand. 5.0 16.2
T12L7P;5-6 Grey, fine to medlum gypseous sand. 3.0 39.2
TyaLyP,5-7 Greenish grey, hard,coarse gypseous
sand. 5.8 45

~ The ground water lavel was at 24 cm from the surface.
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Solbule-Inscluble Resldue;:

Bed and Organic matter Carbonate Insol.
sample No. L Residuex
T1,0L7P,5-2 21.38 13737 65.25
T12L7P25-3 16.94 16.2 66.85
Ty5L7P55-4 11.39 10.05 78.56
Ty 217P;8-7 14.85 12.48 72.67

Binocular description of the sediments is as follows: The
upper beds are composed of lumps of carbonate, algal
tissues, and corroded lenticular to sublenticular gypsum
crystals. The small sizes have euhedral prismatic crystals.
Downwards the size of the crystals increases with elongate,
prismatic, zoned, interlocked, cross cutted and twinned
crystals.

The particle size analysis of the sediments and its
statistical treatment reveal that the sediments are of fine
to medium sand sizes, poorly sorted with sorting ccefficient
(or) ranges 1.60 to 1.46 and skewness (5K1) ranges between
O.%B and 0.03.

Pit T;,1-P,

Thi: »it is situated at the northern margin of the
lagoon.

Sedimetary Sequance

_Bed _and Dencription Thick Depth
Sample No. (cm) (cm)
T1:L7P48-1 Light brown 1is¥», “arfacel 0.5 0.5
Ty,17P45-2 Black,soft, lami,.ated sandy layer. 20.0 20.5

Ty,L7P48-3 Grey,soft,gypsecus sand with
carbonate coids. 9.5 35.0

Binocular description of the sediment in this pit is as
follows: The sediments are composed 'of mainly carbonate
sands (ooids), carbonate lumps, lenticular, sublenticular,
prismatic gypsum crystals and few Ostracods.

The Eighth Lagoon (Al-8)

This lagoon represents the western end of the studied
lagoons. It is situated at about 7.5 km to the west of
El-Alamein Rest House, (Fig. 7). An artificial canal has
been dug between the  seventh and the eighth lagoons. This
canal is of zigzag shape (zigzag~cut), connects between the
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coastal ridges and runs southward to the supratidal zone,
(Fig. 7). The canal is about 1 km in length, and about 20
m width. The elevation of the two banks which are bounding
the canal is of about 2.3 m above the water surface. This
cut is similar to the straight cut located in sixth the
lagoon (Al-6). The sediment which is extracted from the
canal and represents the type of banks, and in the mean time
reflects the sediment underneath the lagoon is . composed of
shell fragments, Cardium sp., Gastropods, Ostracods,
Frominifera shells, Carbonate lumps, laminated stromatolite
with gypsum crystals and carbonate minerals between the
laminae. The banks have considerable amount of gypsum
crystrals with crystals reach about 10 cm in length. Various
shapes of gypsum crystals predominate, mostly of
lenticular, sublenticular, zoned, euhedral, prismatic,
twinned and shavron shapes. The morphologic features in the
traverses taken from the asphaltic road to the coastal ridge
are as following:

(1) Light brown loamy alluvial fan extending from the
road to the supratidal zone and for a distance about 700 m.

(ii) Supratidal zone extending next to the alluvial fan
toward the ncrth, for distance about 400 m. Small
hyprrsaline pond:r were located half way in this zone. Gypsum
heads with , ruckled shope are predominant at the pond
margins.

(ii1) Intertidal zone (Tidal flat), separated from the
supratidal zone by break in slope of abobut 0.5 m. This zone
extending northward for a distance about 200 t0 3¢0 m, is
characterized by brown blister surface, small scattered
gypsum c¢rystals and scattered small pends. Gypsum heads are
predominant around the poad margins. No fossils were seen in
the laguon margin and no mounds of algal heads. but f£'at
laminated stromatolites occurrad in the lagoon margin - in
slightly brown salty surfaces. Trasii lines along the ma~ :n
of the lagoon are present. The lagcon is nearly roundea Jin
shape and includes supratidal islands inside it
particularly toward the north. The lagocn is about S$G% m
long and approximately about 350 m in width. The water depth
in the lagoon ranges between few centimeters near the margin
to about 1.5 m in the central part. The lagoon is separated
from the Mediterranean Sea by the coastal ridge. It is
likely that sea water seepage through the coastal ridge, and
‘brine water from the zigzag cut are feeding the lagoon.

Traverse T13L8

This traverse was taken from the supratidal zone to the
coastal ridge northward.

Pit Ty3LgPq

This pit is situated at about 40 m from the southern
margin of the lagoon in the intertidal zone.
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Sedimentary Seguance _

Bed and Description Thick Depth
Sample No. (cm) (cm)
T13lgP15-1 Brown bllster surface followed by 370 3.0

brown gypseous sand.

Tq3LgP15-2 Creyish bown, hard,ruckled,gypseons

sand. 16.0 19.0

LgP,8-3 Pale brown, relative hard gypseous
T13taP sand. ’ 20.0 39.0
T,3LgP;5-4 Black, gypseous sand layer. 10.0 49.0
T,31gP8-5 Grey, hard gypseous sand. 11 60.0

Binocular description of the sediment in this pit is as
follows: The upper sediments are composed of gypsum crystals
of lenticular, sublenticular, transparent, slighty corroded,
zoned, interlocked, <cross-cutted and twinned shape and
carbonate lumps. Downward the size increases with less
corrosion, zoned and interlecked crystals which predominate
with algal tissues.

Pit T;5LgP,
This pit is situated inside the lagoon at about 15 m from

the southern margin. The height of water above the sediment
surface was at about 40 cm.

Sedimentary Sequance ____
_Bed and _ Description TTTHRIGK TTepth
Sample No. {cm) (cin)
Ty3LgP5~1 Pale brown, soff,Tuckled with soopy
feel surtace.
Green laminae of algal tissue. 0.1 0.3
Black,soft,laminated algal tissues 9.0 9.3
with medium gypseous sand.
Ty3LgP35-2 Grey, soft banded gypseocus sand. 6.0 15.3
Black gypseous sand layer. 2.0 17.3
Grey gypseous sand layer. 1.5 18.8
Black, soft,gypseous sand. 3.0 21.8
Greenish brown,coarse gypseous sand. 4.5 26.3
Black, soft, gypseous sand. 2.0 28.3
Ty4LgPy5-3 Grey gypseous sand layer. 40.0 68,3
Ty 4LgP35-4 Grey, hard, coarse gypseous sand. 06.7 75.0
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Solbule~Insoluble Residue;

Bed and Organic matter Carbonate Insol.
sample No. 4 Residuet
Ty3LgPy5-1 25.68 28.38 45.92
Ty3LgPy5-2 28.78 40.22 30.99

Binocular description of the sediment is as follows: The
sediments are composed of lumps of carbonate minerals, algal
tissues. Gypsum crystals are lenticular, sublenticular and
slightly corroded, and soma of them are zoned and twinned.
No fossils were seen .

The particle size analysis and its statistical treatment
reveal that the sediments are of medium sand size, poorly
sorted with sorting coefficient (oy ) 1.87 and skewness
(SKp) 0.29..

SUMMARY AND CONCLUSTIOHNS

The area studied some 116 km west of Alexandrie is a part
of the northern coastal sone of Egypt, and extends 20 Xm
east and 20 Km west El~Alamein Rest House.

The coastal zone investigated, 1latitude 31°N, lies near
the northern hemispherec arid@ =zone. The annual rzinfall is
aboit 16 to 19 cm. The mean monthly average air temperature
is about 13° C with e summur maximum of about 30°C. The
average relative humidity is about 67 2%. Annual evapgration
is about 10 times the rainfall, so the area is arid : <. h
for the development of hypersaline lagoon and the format'on
of evaporites. The topography of the region is distinctively
characterized by a series of carbonate beach, dune sand
ridges and depressions that parallel the coast (Ali, 1981
and West et al., 1979; Ali and West, 1983; West et al.,
1983, and Osman, 1986). The most seaward carbonate ridges
are Pleistocene in age, and are cemented into firm
limestone. The seaward ridge consists mainly of unlithified
ooid sands (Hilmy, 1951).

El-Alamein eight Recent lagoons from east to West (AL.1,
AL.2, AL.3, AL.4, AL.5, Al.6, AL.7, and AL.8) are located in
the shallow first depression that slopes gently northward
toward the coastal ridge. These lagoons are bounded on the
northern side by the first ridge (Coastal Ridge) and on the
southern side by the second ridge (Abu-Sir Ridge). The
lagoons are characterized by the following morphological
features:

(1) Supratidal zcne: This zone extends along the first
depression, the wldth of this zone in the northern and
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southern sides of the lagoons varies from the first to the
eighth lagoon. This zone ranges from a few meters to about
300 m,

(2) Intertidal zone ((Tidal flat): This zone follows the
supratidal zone toward the lagoon margins. It 1is often
separated from the supratidal zone by break 1in slope of
about half to one meter with dip angle of about 7° to 17 ©
N. The width of this 2zone ranges from 2-400 m. Peculiar
small hypersaline ponds of about 1.5 m depth and with steep
or overhanging sides occur scattered on the intertidal flat
of the hypersaline lagoon particularly the fourth, fifth and
the sixth lagoons. The unusual morphology of these ponds is
explained by local dissolution of gypsum bed (West et al.,
1983). The gypsum heads are best developed at the margins of
these bonds. Details of the stromatolites and gypsum mounds
are given elsewhere (Ali and Osman, in press). The surface
of the sediment in the interidal flat rises from 10-60 cnm
{average) above the ground water level and is subjected to
regular flooding from lagoon water particularly during the
winter season. .

(3) Shallow subtidal zone: This zone 1is next to the
lagoon southward, with a width of about 16 m. This zone is
covered with water. Algal stromatolite heads of blue green
algal species of 10-20 om, are growing at the margin of the
lagoons at and near &he water. These algal heads sometimes
continue and form mounds of about 3 m in length particularly
in the thrid, fifth and sixth lagoons. Shells of cardium,
turrated Gastropods and shell fragments are characterzing
the 1a?oon margins of the first, second, and third, lagoons.
This s because these lagoons receive more water through
seepage than the other lagoons, and in turn the salinity is
less relative to the other 1lagoons, to the west.

(4) Alluvial fan zone: These depositg flank the second
and third ridges. Alluvial fan that flanks the second ridge
on both sides is composed of light brown loam with shells
of land snalls of genus Ermina (Ali, 1981), shell fragments
and halophyte plants. Thin sheets of this loam overlie the
supratidal zone.

The sediments of the tidal flats range from medium to
coarse sand size, moderately to poorly sorted with sorting
coefficient ranging from 0.7 to 2.0. The grains show
symmetrical to coarse skewed with SK ranging from 0.1 to
0.3, However lagoon and lagoon margin sediments range from
fine to medium sand size, moderately to poorly sorted and
near symmetrical to coarse skewed.

Fine grained dolomite occurs in rhomb form through the
intertidal and lagoonal sediments, particularly the western
lagoons. These dolomite rhombs developed in the carbonate
sediments are associated with gypsum and sometimes occur
scattered on the surface of the ypsum- crystals. The
occurrence of fine grained dolomite associated with
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sediments from El-Alamien hypersaline lagoons particularly
(AL~4,AL-5 and AL-6) resemble those described from
hypersaline lakes of western Victoria, Southeastern
Australia (Deckker and Last, 1987). Also Ali and Osmam (in
press) reported simillar fine grained dolomite occurred in
the same environment, but associated with stromatolites and
gypsum mounds. Details of the origin are given elsewhere.

The evaporitic minerals occurring in the studied lagoons
consist of gypsum, halite and celesitite. Gypsum is the only
calcium sulphate mineral present in the investigated lagoons
and intertidal sediments: no anhydrite was detected in the
investigated samples from the above mentioned zones. Similar
fact is reached by Ali and Osman (in press) in the sediments
associated with gypsum and stromatolite mounds from the same
environment.

The diagenetic changes and precipitation of the evaporite
and associated carbonate minerals under lagoonal and tidal
flat environment which were reflected in brine chemistry are
given elsewhere.

Each lagoon is characterized by topographical featuers
including shape, size, relief and nature of sediments. In
general, Hankanson (1981) reported that the shape of each
lagoon, its or‘entation to prevailing winds, and its inflow
are of great inmportance for its water budget.

The wochanics of the water exchange betwen the lagoons
and open sca 1s through the porous sediments of the coastal

ridge as shown in Figs. 2 to 7. Similar situation occurs
today in. Lake Larnaca on the 1sland of Cyprus, Lake
Tekir-Ghoil in Romania, Lake Assal in Eritrea, and Solar

Lake in the Gulf of Aquba, Sinai (Sonnenfeld, 1984).
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