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INTRODUCTION 

The present study of the southern Levant basin (defined as the area 
within Lat. 36° 00 N and Long. 20° 00 E) is based on 205 oceanographic sta­
tions occupied by the R/V ICHTHYOLOG during 1966. The stations represent 
the main bu~k of the data availa:ble for this area siince 1959 (205 out of 351 
stations) and can be considered as the first systematic study made over four 
consecutive seasons. Furthermore, this study represents the first detailed ocean­
ographic investigation of the Egyptian coast soon after the damming of the 
Niile River. It is beyond the scope of the present paper to compare the oceano­
graphic conditions of the area prior to the damming of the Nile. 

METHODS AND MATERIALS 

Four seasonal cruises were made by R/V ICHTHYOLOG to investigate the 
water masses and circulation in the southeastern part of the Levant basin of 
the Mediterranean. The area investigated extends 50 miles off the Egyptian 
coast between El-Arish, Sinai (Long. 33°40') and the Arab Bay, west of Alex­
andria (Long. 29° 05'). Six sections perpendicular to th~ coast were repeated 
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in February, April, August and November 1966 (Mo usta fa - H a s s a n, 1969; 
Mo r c o s and Mo u s t a f a H a s s a n, 1973). Figure 1 shows the sections 
and stations occupied during this study. 
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Fig. 1 - Location of stations. 
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RESULTS 

Figures 2 and 3 represent the vertical distribution of temperature in the 
four season in the most eastern and western sections A and F , respectively. 
In winter, the temperature is higher in the eastern section A (17 .5 to 17°C) 
thai!1 in the western section F (17 to 15° C). This trend becomes feeble -đr 
disappears in other seasons. The vertical gradient of temperature is very weak 
in winter due to winter convection. Thermal stratification increases in April 
and culminates in a strong thermocline in August (25 to 75 m) which becomes 
weaker and deeper (50 to 100 m) in November. 
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Fig. 2a - Vertical distribution of temperature in Section A, El-Arish, Sinai (Long 
33° 40') in February 1966. 

The salinity sections A and F (Figures 4 and 5) Hlustrate the great homo­
geneity of the water column due to vertical mixing by winter convection. 'fhe 
offshore station in the eastern section (A) shows a typical isohaline water of 
39.31 %o compared with a similarly isohaline column of 39.270/oo in the western 
section (F) . In spring, the upper layer becomes warmer and less saline than the 
lower layer. This may be attributed to the process of vertical convection be­
coming weaker, and the evaporation becoming less intensive. Evaporation 
reaches its maximum in winter (S v e r d r u p, Jo hns on and F 1 e mi n g, 
1942; W ti s t, 1959; Mo r c o s, 1972) . In spring, the influence of the less 
saline, surface and eastward coastal current is more restricted to the upper 
warmer layer. 
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Fig. 2b - Vertical distribution of temperature in Section A in April 1966. 
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Fig. 3b - Vertical distribution of temperature in Section F, Arab Bay, in August 
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Fig. 4a - Vertical distrib-ution of salinity in Section A, El-Arish, Sinai (Long. 
33°40') in February 1966. 

In summer and autumn, strong stratification manifests itself in the salinity 
sections as well. Figure 6 represents the vertical distribution of salinity in 
August and iNovember in a secti-0n parallel to and 50 miles north of the 
Egyptian c:oast. Three layers are identified including a surface layer of max­
imum salinity, a subsurface layer of minimum salinity at about 50 to 100 m, 
and an intermediate maximum salinity behveen 150 and 300 m . The latter 
laye.r wa:s identified by Ni e 1 se n (1912) and attracted the interest of many 
oceanographers includi,ng W u s t (1959, 1960, 1961), L a com b e and 
T ch e r ni a (1960) and Mo r c o s (1967, 1972). They have discussed charact­
eristics of this layer, its seasonal and spatial distributi.on and possible mode 
of formation. 
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Figure 7 represents the T-S diagrams for the four seasons of the most 
offshore stations in the eastern, central and western sections. In winter, the 
T-S diagrams illustrate the typical isohaline water column and the slight 
decrease of temperature with depth. As a result, the T--S curves only occupy 
a very small range of density from 28.8 to 29.401. In spring;-trfe "T-S . diagrams 
stretch to extend between 28 and 29.301 due to the onset of heating, they 
range between 25.8 and 29.201 in summer., and they decrease again in No­
vember. 
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Fig. Sa - Verticai distribution of saiinity in Section F, Arab Bay, West of ALex­
andria (Long. 29°05') in February and ApriL 1966. 
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Fig. 6 - Vertical distribution of salinity in a section parallel to the Egyptian 
coast in August and November 1966. 

In winter, one type of water is recognized at the corner of greatest den­
sity, i.e., high salinity and low temperature. In spring, two layers are distin­
guiished :in two of three stations whi,le three layers aTe distinct in the T--S 
diagrams of August and November. 

In Figure 8, the T-S diagrams at the four seasons are represented 
t~elthejr ror each station. A iStriking feature is that the water column in. 
winter is nat only isohaline from surface to about 300 m, but also the coolest 
and heaviest over the year. Heating from the surface after January will result 
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in a two layer columen; the upper la.yer is warmer and less dense, but retains 
the same salinity as the lower layer. This is the case in the central station 
(station Dv) which is presumably the transitional stage leading to the con­
ditions in station A,. and F" in April, where the upper layer is not only 
warmer but also less saline than the lower layer. However, it should be noted 
that even the lower layer (150 to 300 m) loses part of its salinity from January 
to Apr'il. This results in a limited decrease of density (0.2 to 0.4at) since the 
temperature of this layer remains almost unchanged. The new characteristics 
acquired by this layer in April are almost the same a!s the layer of inter­
mediate niax:imu:m salinity i:n August. The T-S diagrams in Figure 8 ·a:re 
suggestive in indicating that the origin of the intermediate maximum salinity 
can be traced to t.he \I)receding spring and winter rather than looking for its 
origin in the northern part of the Levant Basin as discussed below. 
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Fig. 8 - Seasonal characteristics of the T-S diagrams at selected western, cen­
tral and eastern stations. 

Figure 9 represents four T-S diagrams (Februmry, Ap:riil, August and 
November 1966) wlrich are obtained by using all salinity and temperature 
values of the deeper stations i:n the whole area. One wa·ter mass occwpies the 
whole reg-ion in winter. Characterized by a very narrow range of salinity 
(39. to 39.4%0) and temperature (14 to 18.2°C), it represents the heaviest water 
mass 'in the four seasons (28.6 to 29.4at)- Again, two layers aippeaT in spring 
aind three layers appear in summer and autumn. In autumn two different 
tyipes of water masses appear at the surface, one in the east wii:th higher 
temperature and sal'inity and the other i:n the west with lower temperature 
and salinity. Each has almost the same density and mixing between them may 
take place along a t lines between 26.60 to 26.80. 
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DISCUSSION AND CONCLUSIONS 

Characteristics and Circulation of the Main Water Masses. 

In order to trace the circulatiron of the three water masses mentioned 
above, the core method of W list (1936) was applied. Figure 10 is a T-S 
diagram of the values representing the core of each of the three layers. The 
t:ore of the layer is that part of the layer within which temperature or salin­
ity or both reach extreme values. In this paper, salinity is the only criterion 
used. At each station three values were identified: the maximum salinity 
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within the upper 50 m, the subsurface m~mmum salinity, the intermediate 
maximum salinity within the whole water column, Figure 10 represents 
August and November since they are the only two seasons when the three 
water masses are clearly identified. 

Layer of Maximum Surface Salinity. 
This layer does nat appear in winter and spring as a result of the verti­

cal mixing by winter convection. With the increase of air and surface water 
temperature in summer, a strong thermocline develops below an upper warm 
a\nd less dense layer. Increase •Of salinity by evaporation becomes •mostly 
restricted to the surface layer (about 50 m) which remains isolated from the 
rest 1of the water column by a strong discontinuity layer. The increase in 
salinity is accompanied by increase in temperatUJre and the resulting density 
remains below 26.5at in August and 27.0at in November. The increase of den­
sity from August to November is mainly due to decrease of temperature. 
Surface oooling results in an increase in the thickness of 1:he layer t,o about 
75 m (Figure 6) but the salinity remains high or even shows a slight increase 
of the THOR along the North African coast in July 1910. 

Layer of Subsurface Minimum Salinity. 
Little attention has been given to the subsurface mm1mum salinity layer 

in the literature dealing with the Eastern Mediteranean. Ni e 1 se n (1912) 
noted a decrease in salinity at station 156 which was the most eastern station 
of the THOR along the North African coast in July 1910. 

A comparison of this station with ICHTHYOLOG station 30 in August 
1966 (Figure 11) shows the presence of a subsurface minimum salinity at 
about 50 m in both cases. The presence of this layer is charracteristic of the 
a1rea1 .,iin summer, and autumn but disappears in winter and spring due ta 
mixing by winter convection. Moreover, it is developed under the influence 
of the Atlantic Ocean surface water entering from the west. This current is 
recognized during the summer along the North African continental slape as 
dearly shown by the well-defined sub:rnrface minimum salinity at 20 to 75 m 
depth in the core chart of L a com b e and .T ch e r ni a (1960) and Mo­
s ka 1 e nk o and O v ch i nn i kov (1965). However, the magnitude of the 
current in winter cannot be inferred from the vertical distdbution of salinity, 
since the subsurface m'inimum layer disappears under the influence of winter 
mixing. 

The core of the minimum salinity layer represented in the T-S diagram 
in Figure 10 indicates that the salinity values are higher in August than in 
November. However, they spread .over the same range of density, mainly, 
between 27.8 and 28.401. The same density is maintained because the decrease 
in salinity was compensated by a decrease in temperature. The vertical 
sections (Figure 6) show that the care is deeper in November than in August. 
It is assumed that the current of Atlantic origin finds its level of density at 
a deeper level in November than in August. 

More details about the development .of the minimum salinity layer from 
August to November are given in the charts of horizonta! distribution of the 
care (Figure 12). In August, the layer appears in most stations at between 50 
and 75 m. The main axis lies between the two 38.600/oo isolines enclosing water 
of less than 38 .60%0 which flows eastward parallel to the coast. In November. 
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;the core layer is deeper (75 to 100 m). The shape and distribution ·,of the 
i$oha1ilnes are -different. A tongue of lower salinity (38.300/oo) in the west 
ilncreases progressively to higher values in the east (38 .90%0). This eastward 
increase of salinity is very peculiar. Compared with August the salinity is 
much lower in the west but exceeds that of August in the east. 

The ma'in axis of the minimum salinity layer runs closer to the shore in 
August than in November. The origin is generally attribci:ted to an eastward 
How oI Atlantic waters. The present study of the core layer shows that this 
current is subject to seasonal variations in its position, depth and magnitude. 

The 'November chart (Figure 12) shows signs of decay of this layer 
towards the east, presumably under the influence of mixing with the more 
saline aind thick surface layer. As shown before, the layer of maximum sur­
face salinity in November is thicker and slightly higher in salinit.y than in 
August. 

The above discussion is based on the generally accepted theory that the 
layer of subsurface minimum salinity is developed under the influence of the 
Atlantic Ocean surface water. However, the T-S diagram in Figure 8 can 
be taken as an evidence that the layer of subsurface minimum salinity which 
appears in the T-S diagrams of August may be traced to the surface, less 
sahne layer of the proceeding spring. The excessive evaporation and absence 
of rain during summer results in the increase of the salinity of the uppermost 
layer which remains in position due to the great salinity resulting from 
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heating of the surface layer. Such interpretation raises the question of the 
origin of the layer of subsurface minimum salinity, which may be formed 
by advection from the west or traced to the surface layer of the preceeding 
spring. Both sources can be considered as contributing by various degrees to 
the formation of this layer. 

Layer of intermediate maximum salinity 
The T-S diagrams in Figure 10 show that the care layer of the inter­

mediate maximum salinity has a slightly higher density in summer (28.60 
to 29.2001) than in auturnn (28.60 to 29.00.01). The salinity of the ćore layer 
in August is higher than in November. Mo r c o s (1972) demonstrated that in 
both northern and southern Levant the care of the intermediate layer in 
summer is cooler than in winter, which suggests that this layer is deeper in 
summer. 

Figure 13 a, b, c and d shows the diistribution of the care in the four 
seasons. In February no intermediate maximum appears but the whole water 
column from O to 300 m has a homogenous water mass with identical salinity. 
In April the higher salinity appears at the lower levels mostly between 
200 and 300 m. 
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In August, the intermediate maximum appears at 150 m in the eastern 
region, at 200 m in the central region and then tends to increase in depth in 
a westwar<l direction. This tendency is also accompanied with a decrease in 
salinity towards the west. In November, the eastern area shows higher values 
iJl1 1salinity than the central and western areas. Figure 13 shows a 1sltght 
variation in depth compa,red with August. 

The vertical sections of salinity parallel to the coast (Figure 6) show 
that the layer of iniermediate maximum salinity has nearly the same depth 
in August and November in the eastern area (150 m), while it is deeper in 
August in the western area. 

In November, the layer of intermediate maximum appears as a tongue 
of high salinity ranging between 150 and 300 m and showing a decrease of 
salinity within this tongue in a westward directions as indicated by the iso­
halines 39.10, 39.00, 38.90 and 38.800/oo. The tcingue shows a slight tendency 
to go deeper toward the west. 

In August, the layer of intermediate maximum appears as a water mass 
of salinity higher than 38.900/oo. Salinity higher than 39.200/oo is observed as a 
nucleus in the western and centra! region from where it decreases towards 
the east. A very clear tendency of increase in depth is observed in August 
with the core of the layer below 300 m at some stations. 

The above observation agrees with the conclusion of M,o r c o s (1967, 
1972) that the formation of the layer of intermediate maximum salinity starts 
to ta.ke place in the southern Levant Sea during winter, becoming better defi­
ned in summer and autumn. The formation is more probable in the east 
from where it flows to the west. 

This does not, however, contradict the conclusion of Ni e 1 se n (1912) 
that the main source of this layer takes place near the northern region of 
the Levant Basin from wher.e it extends to the south and west. There still 
remains the possibility of finding in the Levant Basin tw,o types of water 
of intermediate maximum salinity, one having its origin in the main source 
region in the northern Levant Basin, and the other being formed in the 
southern Levant Basin during the preceding winter. 

A careful examination of the T-S diagrams of W ii s t (1960, 1961) shows 
that the points representing the core layer of the intermediate maximum 
salinity at various stations in the Levant Basin reveal a more or less hetero­
geneous character oompared with the homdgeneous character in other basins 
of the MeditePranean. They spread accr,oss the 01 - lines of the T-S diagram 
in the Levant Basin, while they aggregate along the 01 lines west of the 
Levant Basin. This comparison may be taken as an evidence that there is 
more than one source of formation of this layer in the Levant Basin. It indi­
cates various source regions with respect to space and time. These waters 
acquire, by mixing, more homogeneity in spreading towards the Ionian Sea, 
and is recognized as a well identified water mass west of the Strait of Sicily. 
A thorough understanding of this problem requires more frequent, dense, 
close (in levels of sampling) and deeper observations inside and outside the 
present area of investigation. 
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Fig. 13 - Core layer of intermediate maximum salinity in February, April, August 
and November 1966. 



217 

The present investigations indicate that at least two alternative or com­
bined sources contribute to the formation of the subsurface minimum salinity 
layer as well as the intermediate maximum salinity layer. It is recommended 
that future investigations be directed towards the study of the sources, com­
position and rprocesses of formation of these two layers. 

SUMMARY 

The present study depends on 205 oceanographic stations from four sea­
sonal cruises which represent a major source -of information from an area 
where data were hitherto scarce. 

A layer of subsurface minimum salinity (50-75 m) appears along the 
Egyptian coast and is developed, under the influence of the Atlantic Ocean 
Surface currerrt flowing eastward from Gibraltar. An alternative source is 
inferred from the present data, where the layer of subsurface minimum salin­
ity in August can be traced to the surface, less saline layer of the preceeding 
spring. 

Similarly an alternative source of the intermediate maximum salinity 
layer can be inferred from the present data. This layer a.ppears as a tongue 
of h1gh sal<inity ·between 150 and 300 m, wi:th a tedency to become deeper and 
less saline towards the west. It is ,generally accepted that this layer finds its 
source in the surface water of the northern part of the Levent Sea from where 
it sinks in winter and spreads towards the south and west. The present study 
shows evidences that the layer of intermediate maximum sa-hnity is formed 
locailly during winter and becomes better defined in surnmer and auturnn. 

At least two alternative or combined sources eontrtbute to the fovmati,on 
of the subsurface minimum salinity layer as well as the intevmediate maximum 
sahnity layer. 

This is a matter which requires further investigations in the processes and 
sources of formatioo of both layers. 
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KRATAK SADRŽAJ 

Istraživanja su vršena na krstarenjima u različitim sezonama. Vodene 
mase su određene na osnovu T-S dijagrama. Promatran je sloj površinskog 
maksimuma, podpovršinskog minimuma, te intermedijarnog maksimuma sla­
nosti. Iznesena je mišljenje da podpovršinski slod minimuma slanosti nije 
uslovljen jedino utjecajem atlantske vode, ka'ko je ranije bilo iznošeno, nego 
da je u vez1 i s pov,ršinskiom slađom vodom iz ranijeg proljetnog razdoblja. 
T~kođer je zakljUJčeno, da postoji mogućnost formiranja intermedijarne vode 
visoke slanosti na više lokaliteta levantilllskog bazena, a ne samo na jednom 
mjestu. Na to ukazuje nehomogenost te vode u samom levantinskom bazenu. 


