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ABSTRACT

Data on oceanographic conditions in the Levantine Sea In the eastern

end of the Mediterranean Sea were compiled . Water masses , bottom sedi-

ments , and bottom topography ar e descr ibed . Four loca ti ons were chose n

as representative of the Levantine Sea. Acoustic propagation was modelled

for four di fferent months in the 50 to 5000 Hz frequency range for source

and receiver depths of 21 to 300 ft at each location. Optimum passive

detec ti on o f su bmar i ne tar gets was foun d to occur when source and rece i ver

were at the same depth. This could be achieved with the sonar either on

a submarine or lowered below a surface ship.
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I. INTRODUCTION

The most i mportant naval app lication of oceanograph y is sound rropa—

gation through the sea . There have been many attempts to establish rela-

tionships between oceanic properties and sound propagation . Effect ive

naval use of the seas requires detailed description and understanding of

the i mportant environmental factors . The Eastern Mediterranean has re-

ceived little attention yet relative to antisubmarine warfare (ASW); it

is a critical area.

The purpose of this thesis is to examine environmental properties of

the Levant ine Sea such as water mass , bottom topograph y, sediments and

their compositions , and to relate them to sound propagation . The verti-

cal soun d velocity profile and acoustical transmission loss are examined

at four specific sites using a range of frequencies (from 50 to 5000 Hz),

target depths , and sonar depths . Four selected months were used to obta in

the seasonal picture .

10



-
~

-- -
~

-

II . GEOGRAPH Y OF THE LEVANT INE SEA

The Med iterranean Sea is divided into two major sections , Wes tern a nd

Eas tern , by the ridge which includes Ital y, Sicily, and the submerged

par ts of th e s i ll between Euro pe an d Afr i ca .

The Eastern Mediterranean exclusive of the Aegean Sea generall y has

been divided into two parts , the lonian and Levantine basins (Sverdrup,

Johnson , and Fleming, 1942). The boundary between these basins formerl y

was placed at the ridge extending from Greece to Africa . Recent bath y-

metric data , however , show that the two continents are not connected by

a ridge . A better western boundary is a line from Ras-al Hila l on the

Libyan coast to the island of Crete by way of Gavdhos Island (Fi gure 1).

The area covered by the Levantine Sea is approximatel y 320,000 square

kilometers with a maximum depth of 4384 m (Carter , F l ana gan , Jones ,

Marc hant , Murc hi son , Re bman , Sy lves ter , and Whitney , 1972).

The Levant ine Sea is bordered on the north by Crete , the Dodecanese

Islan ds , and Turkey . On the east it is bordered by Syria. Lebanon , and

Israel and to the south by Egypt and Libya. The Island of Cyprus is

located in the northeast quadrant of the basin. The northwest marg in of

the basin includes an island arc extending from Crete throug h the

Dodecanese Islands to Rhodes .

11
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III. HYDROLOGY

The physical oceanography of the Mediterranean Sea is primaril y con-

trol led by the climatology of the reg ion . Water loss by evaporation is

greater than the gai!1 resulting from precip itation and river discharge .

Lacombe and Tchernia (1972) descrIbe the Mediterranean as a machine which

balances both Its water and salt contents. Incoming water from the

Atlantic is evaporated and in the winter season cooled at the surface ,

and to a lesser extent diluted by rain and river outfl ow , resulting in the

• typical dense and salty Mediterranean water mass which ultimately fl ows

back into the Atlantic at subsurface depths through the Strait of Gibraltar.

The mechanism of this machine determi nes not onl y the physical properties

of the Mediterranean water masses , but the i r ma i n fl ow pa tterns as wel l .

A. VERTICAL STRUCTURE OF WATER MASSES

There are four dis~~nct water masses in the Mediterranean Sea (WUst ,

1961). The Levantine Sea has all of these masses ; in fact , this area ~s

very i mportant because it is the source of intermediate Levantine water.

Vertical convection currents which can cause a complete overturning

of the entire water column are an important factor in the formation of

subsurface water and are most likely to occur during periods of minimum

surface temperature (Pollak , 1951).

By means of the vertical distribution of salinity , oxygen , and tem-

pera ture , the Levantine Sea water Is separated into four different water

masses :

1. Near Surface Water of Atlantic origin between the surface and

75 m depth ,

13
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2. The Intermediate Water between 200 in and 600 in depth ,

3. The Deep Water between 1500 m and 3000 in depth ,

4. The Bottom Water at depths to 4200 in.

Each of these water masses Is now treated In more detail.

1. Near Sur face Water

Summer prevailing winds strengthen the eastward fl owing surface

currents. These waters of Atlantic ori gin are recognizable by their rela-

tively low salinity and are found everywhere in the Levantine Sea . North

to northwes t winds (Etesian winds ) prevail over this area in summer. These

winds are both strong and consistent In direction which results in effec-

tive mixing of the near surface waters . Zonal transport of Central

Mediterranean surface waters adds to the Levantine surface water with the

winds mixing them to a depth of 20 to 75 m .

In winter the Infl uence of the At lantic surface water in the

Levant ine Sea Is decreased because In the Centra l Mediterranean much of

It Is defl ected north toward the Adr iat ic.

During the summer and winter seasons the circulat ion of the sur-

face waters of the Levantine Sea is very comp l ex . Figure 2 shows the

general circulation January through December. The most intensive and

stable feature is the cyclon ic gyre north of Crete. Between Crete and

Africa there ~s a fl ow from the central basin into the Levantine Sea in

the surface l ayer. This easterly surface current In the Levantine Sea

weakens in summer (Ov chinni kov and Fedoseyev , 1968).

Nielsen (1912) showed the most commonly presented picture of the

currents In the Eastern Mediterranean. His description should be modified

on the basis of later studies ; for example , study ing the influence 0f the

Nile flood waters along the Israel i coast two varieties of water

14
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developing side by side have been discovered (Enge l , 1967). On the other

hand , hydrological conditions in the Gulf of Iskenderun (northeastern

corner of Levant ine Sea) show that the surface circulation there forms two

eddies .

The velocIty of the currents seldom exceeds 6-12 nautIcal mi l es

per day . The general pattern of the geostrophic circulation at the surface

and at a depth of 20 in, Indicat ing genera l counterclockwise flow in the

eastern part of the Levant ine Sea , are shown in Fi gures 3 and 4, respec-

tively.

The seasonal variation of the surface salinity in the Levant ine

Sea is affected pri marily by evaporation and to a lesser extent by the

annual cycle of rainfall. In fall and winter the surface water tempera-

ture is higher than the air temperature . The surface waters of the

northern Levantine Sea are sl ightly cooler than those to the south. The

average values of a ir and surface temperatures calculated for a strip of

five degree squares along the Turkish and Egyptian coasts are shown in

Table I. The seasonal air -sea temperature differences are such that

evaporation and cooling are a minimum in summer (May-July) and a maximum

in fall and winter. The annual cycle of rainfall in this region , shown

in Table II , tends to reduce the salinity in the winter season . The

minimum salinity occurs earlier In the southern Levant lne Sea , presumably

under the Influence of the Atlantic Ocean surface water entering from the

wes t (Mo rco s , 1972). More salinity and temperature Information for the

Levantine Sea are shown in Appendix B and FIgures 11 through 19.

2. Intermediate Water

The formation of Intermediate Water depends mainly on climato logi-

cal conditions resulting In vertical mixing and sinking of relativel y

16
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TABLE I

AVERAGE MONTHL Y TEMPERATURE OF SEA SURFACE AND OVERL YING AIR IN A ST R IP
OF 5° SQUARES ALONG THE TURKISH AND EGYPTIAN COASTS (°C) (Mo rcos , 1972)

Turkish Coast Egyptian Coast
(°C) 1°CMonths

Sea Al t -t Sea Air t -tWater r w u Water w u
• January 17.0 15.2 1.8 17.2 15.9 1.3

Februar y 15.5 14.4 1.1 16.3 15.4 0.9
March 16.2 15.6 0.6 16.0 16.3 -0.3
Apri l 16.9 17.3 -0.4 17.4 17 .9 -0.5
May 19.5 20.2 -0.7 20.0 20.6 -0.6
June 22.0 23.5 -1.5 22.9 23.5 -0.6
July 24.8 25.8 -1.0 24.9 25.5 —0.6
August 26.5 27.1 -0.6 25.8 26.2 -0.4
September 25.2 25.4 -0.2 25.4 25.2 0.2
October 23.3 23.1 0.2 24.0 23.5 0.5
November 20.6 19.6 1.0 21.9 20.8 1.1
December 18.2 16.6 1.6 19.2 17.8 1.4

Annual range 11.0 12.7 9.8 10.8

TABLE II

AVERA GE MONTHLY PRECIPITATION AT COASTAL METEOROLOGICAL STATIO NS IN THE
NORTHERN AND SOUTHERN LEVANTINE SEA (mm )(Morcos , 1972)

Northern Levan t Sea Sou thern Le van t Sea
(mm ) (mm )

• Months Cyprus
Rhodes Anta lya Cape Port Alex- Saloum

An d reas Sa id an dr i a
January 237 247 96 18 48 21
February 123 151 74 13 24 15
March 110 75 47 10 11 8
April 25 39 36 5 3 <1
May 30 27 22 3 2 5
June 0.5 13 2 0.0 0.0 <1
July 0.0 2 0.0 0.0 0.0 <1
August 0.0 1 <0.1 0.0 <0.1 0.0
September 4 11 16 0.0 1 <1
October 96 49 26 3 6 2
November 152 129 61 10 33 26
December 199 267 138 15 56 18

Total 973 lOl l 518 77 184 95

19
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cold saline waters to intermediate depths . Al ong the coast of Asia Mi nor ,

the temperature drops in February to values of about l5.5°-16.0°C. At the

same time the surface salinity is high (39.0%.). The combination of low

temperature and hig h salinity forms relatively dense surface water on both

sides of Rhodes . This large homogenous water mass is formed in the upper

250 m , then spreads at subsurface depths as a core layer that is called

Levantine Intermediate Water (Morcos , 1972). While spreading westward ,

It mi xes with l ower salinity water from above and below resulting in a de-

crease in salinity and temperature , with an associated increase in depth

from 50-100 m to 100-250 m and finally to 300-400 in . 1-S diagrams of the

core layer of the Intermediate Water in the northern and southern Levant ine

Sea are shown in Fi gure 5.

After hav ing passed the central Jonian Basin the main flow goes

over the Sic ilian ridge through the Strait of Sardinia. Distri butions of

salinity within the core of the Levantine Intermediate Water in winter

and summer are shown in Fi gures 6 and 7, respectively.

In the summer , the Levant ine Intermediate current is perceptibly

weaker than in winter. Apart from this fact the main trends of the dis-

tri bution of the salinity within the core l ayer remain the same in summer

as in winter (Wtist , 1961). During the summer the circulation of the

intermediate waters in the Levantine Sea shows a degree of complexity

simIlar to that of the surface layer.

3. Deep Water

Accord ing to Nielsen (1912) the source of the deep water is the

southern Aegean Sea , but Pollak (1951 ) showed that this is not true . Only

one of the three passages from the southern Aegean into the Mediterranean

has an appreciable sill depth. This is the And ikithara Channel , north

of Crete, w i th a max i mum dept h of 805 in. The other two channels have

20
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depths of 137 m and 290 m. Moskalenko and Ovchinnikov (1968) state

that formation of deep water depends to some extent on the warmer and

salt ier waters which penetrate the Levantine Sea from the Crete Basin

of the Aegean Sea . This idea is consistent with Nielsen (1912) but is

contrary to Pollak (1951). Wiist (1961) showed , on the basis of the

oxygen distribution in the deep water (Fi gure 8), that the ma i n source

reg ion for the high oxygen content Levantine Sea Deep Water is the

Adriatic Sea . On the basis of these investigations it appears that

the Adriatic Sea is the princi pal source of the Levan tine Deep Water

and that a s i gn ificant Aegean source would be unlikel y due to the shallow

sill depths. Future research may provide confi rmation .

If the upper limit of the deep water in the Levantine Basin

were defined by marked changes in the gradient of water properties , a

depth of about ~QO in would be sel ected ; on the other hand Pollak (1951 )

using absolute values as criterion , specifi ed 1600 in as the upper limit

for deep water. The deep water mass has nearly uniform temperature and

salIn ity values (13.5 °C < T < 13.7 °C -- 36.6%.< S < 36.8%~.

4. Bottom Water

Bottom waters in the western and eastern Mediterranean are sepa-

rate and distinct due to the shallow 330 in depth of the Sicilian si ll.

Bottom waters are best characteri zed by potential temperature ,

sal inity , and potential density (Wiist , 1961) . The map of potential tern-

perature , which is the temperature that a water sample would attain if

raised adiabatically to the sea surface (Sverdrup et al ., 1942), is shown

in Fi gure 9 for the bottom waters . At the borders there is a weak tem—

perature gradient , whic h ~neans that the isothe rms are here nearl y parallel

to the contour lines of depth. 
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The bottom water In the Levant ine Basin originates at the surface

• in the Adriatic Sea in winter. The main flow of Adriatic bottom water is

at fIrs t directed to the south and accompanied by marked vertical mixing

on the Otranto Sill (between Italy and Albania). From here , similar to

the deep water , it turns to the east and enters the Levant ine Basin where

It flows with a nearly constant temperature of 13.27 °C into the great

depths south of the Rhode Sill and Cyprus (WUst , 1961).

There Is a thick transition layer between intermediate and deep

waters , but between deep and bottom waters no signifi cant transition layer

• exists. WUst (1961 ) described the properties of deep and bottom waters

• using temperature , salinity , and oxygen . The differences between these

water masses are slight so that it is difficult to determine a boundary

between them. Lack of detailed observatIons from the eastern Mediterranean

• compounds the problem .

B. SALINITY AND TEMPERATURE DISTRIBUTION

In the Levantine Sea vertical salinity gradients are small. Isoha llne

conditions are approached from near the surface to the bottom . Figure 10

shows locations of the salinity profile sections during summer which are

shown in Figures 11 and 12 , respectively.

In the horizontal salinity distribution the maximum surface salinity

occurs in both seasons In the Gulf of Iskenderun. Fi gures 13 and 14 show

the horizontal surface salinity distribution in summer and in winter , re-

spectively. In the intermediate water , the gradient of the hori zontal

salinity distribution becomes smaller than at the surface. Figures 15 and

16 show this distribution for the depth of 300 in in summer and in winter.

Fi gure 17 shows both the surface and the east—west vertical sa linity dis-

tribution In the Levant ine Sea .
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Fi gure 10. Locations of the salinity and temperature profile
sections (Engel , 1968).
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Fi gure 11 . Vertical salinity distribution in
Section 1 during summer (Engel , 1968 ) .
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Fi gure 12. Vertical salinity distribution in Section II during
summer (En gel , 1968).

30

— • -~ _ •  •~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ • •_~~~~~~~~~~~~~ ~~~~~~~~~~~~



• T — 
~~~~~~~~~~~~~~~~~~~~~ •

- -
~~~~~~~~~~~~~~ •~~~~~~~~~~~~ T”~

25 ~O 35’
I 

~~~~~~~~~~~~ 
.
~~~~ • : •

~“ ___________

5’ 20 25 33 35’

Fi gure 13. Surface isohallnes in summer (Armanda , 1 969).

~I I I
23 25 30’ 35

Fi gure 14. Surface isoha lines in winter (Armanda , 1969).
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FI gure 15. Isoha lines for the depth of 300 in in summer (Armanda ,
1969).
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Fi gure 16. Isohalines for the depth of 300 in in winter (Armanda ,
1969).
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Fi gure 17. Schemati c block diagram of salini ty distribution
and circulation in the Levantine Sea (W Ust , 1961) .
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Vertical temperature distribut ion for the sections of Figure 10 are

shown in Figures 18 and 19 . Surface and Intermediate water masses show

seasonal temperature variat ion . A surface maximum occurs in s ummer.

Winter has both the coldest and deepest surface water masses .

Appendix B shows the monthl y 61 data at four different points .
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Figure 18. Vertic al temperature distribution in Section I during
summer (Engel , 1968). 
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FIgure 19 . VertIcal temperature distribution in Section II during
summer (Engel , 1 968).
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IV. BATHYMETRY

Information about the depth of the Mediterranean Sea is reported in

ea r l y literature beg inning with Herodotus in 450 B.C. (Emery , Heezen , and

Allan , 1966). Since then there have been many additional attempts to

determine the bathynietry . The bathymetry and physiographic provinces of

the Levantine Sea are shown in Fi gure 20. Recent studies show that the

deepest part of the sea is the Rhodes Abyssa l Plain with a depth of 4700 in

(Emery et al ., 1966).

The Mediterranean Sea is almost entirel y located within the Alpine Geo-

sync lina l Belt (Goncharov and Mikhai lov , 1963). The largest forms of

bottom relief in the eastern part are determi ned by the complex inter-rela-

tion between the structural elements of the north , in the zone of young

fnlding (the Aegean and the Sea of Marmara), and of the southern regions

adjacent to the ancient Africa-Arabian shelf. The largest bottom relief

In the eastern Mediterranean is the complex formed by the island arc of

Crete and Rhodes . The crest of this arc extends northwest into Greece and

east into Turkey . Deep troughs stretch along this arc from the lonian

Islands to the Gul f of Anta lya . The troughs , located on the convex side

of the arc , are sepa rated by antlc l ines but they are a single system and

are connected w i th a dee p 1500 km long regional rift .

The troughs generally have a V-shaped profile wi th a maximum depth of

4000 to 5000 m ( Goncharov and Mikhai lov , 1964). Between Cyprus and the

continental slope of Egypt there is a plateau bordered on the north and

south by two troughs .

37



, . .
~~~ 

.
r_ _% .,_L.~ ~~~~~~~~~~~~~~~~~~~~ ‘•  — I —

~ 
,
~ p••-•’~___ ,.__ 

______ 
• 

• ‘ ,j .  j C

~~~~~~~~I~~~~I I s ’ . ;’  ‘% \ ~ I
•~~~ ~ 

‘_—
~ I.-~~._\ .~~ ~~~~~~~ • I p 3

7 I ‘ •\\4 ~~. 
\‘~.*~—~~~._1 . ‘.‘ 1. o

.1 .~ 1,4. S.~ - ~ \\‘ ~~~~ ‘ ‘.J ..~~~~~~~~~~~~~ 
‘ , 2 ~~

~~ 4 1 V  ~ • \ ‘.. ‘~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

~~~~EA \ci& ‘~~~~
\‘ 

~~~~~~~~~~“a~ g( V ~~ 
\‘

~~‘~~~. -- r.. ~~ 
s’.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _ _  ~ \~~~-~~~ ‘~~~~ ~\ \  ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ E ~~
t’~~~~~~4 • 14 t

I 
• ,

~.,,. *. .~~I I 12)
— ~S ) 

~ ~~ , .. ,~~~ IIt ~~~ 
•. .

~~~ - 
_
‘ 1. ’~ -~~ ~ I /~~ 

C.
• p n)  • I ~~ I ‘W .  4.)

1, ~~ 
.~ !_ ~, w a / kt( I~~ Ct ~~~~‘• 

• L4~~~ 4~~ — / - \ Y  0) 
~~~~

“
+ ,O 

~ I ~~• 5. -‘ J ‘ •~j ”~ “ 
- ~~ ~ ~ ‘4’ / ~~~~~ 3

-~~~ ~~ 
a) £ , ~ 0 •V

— ~• 
• 

- V - 
• — I • ~

~_L(Lc~_ - -• - -• - -- ~,r ,. • •,~ 
- 

~
.,,, •~f ~~~~

—, •
~ C ‘~Tzi’.~r ~~~

. • cz_ r  ‘ OI v
.17 I • 4 • ~~~~~. . U

~ff~ ~I ~; -. • • J’%~41;s,/ !’ “ 0 \~~
‘ \ ~~~~~~~~~~~~~~~~~~~~~~~~~ O w

: ~~ ‘ s ” . 
_____4 ’ 4 ,~~~~~~~~ ~~~~~~~—.— -~~~~~~~~~~~~~— :  ~~~~~~~~~~~~~

~~ - 1  • • “ ,
~
.. , 0~~~ o~’• . ~ •

S 
•

C .~~t 
• 

- ‘ I ~_. — )  
S .’.

. 

~~~~~ 

• • ~
,, 

~
;. -

• .~ ~~~~~~~~ r • • O~, ~~~~~ o •

- ._. . .-‘~ \ ~ 12~•
‘ ‘,-,_

__
_I•r%” 

‘•
‘~ ‘ \

‘ • I ‘•

~~

•
“

~~ 
‘ 

‘ V ,o  ~

~~~~~~~~~~~~~~~~~ 

•

_

‘%~~• 

~~~ 
‘. \ • . . ~ 

‘~‘ ~
_ _ _ _  

£ ~ ~~_..... ... \ 
. -~~~ ~~~~~~

- “ . “ I • > 0 E
— •~~~~~~

4 • ’~~ 
, .,

~~ ~ • ~
) 

~~J

0 •

• ‘ 

~~

_ _ _ _ _  _ _ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ _  _ _ _ _ _ _ _  ~

~~~~~~~~~~~~~~~~~ t 1 i ~~~~
: , L. 0 

.
~~~~ -

%~ 
g

~~~~ ~
f  

~~~~ _ _ _ _ _ _ _ _

38

- -
—• •—• -• —• -•• • — —.



A . CONTINENTAL SHELF , SLOPE , AND RISE

If the Nile Cone and Gulf of Iskenderun are omitted the width of the

continental shelf of the Eastern Mediterranean Sea is less than 15 k i lo-

meters . In these two regions the continental shelf may exceed 70 km and

both areas are of depositional ori gin.

The shelf break off the Nile Delta usually occurs at a depth of about

95 m, somewhat shallower than the average of 110 in off the south coast of

Israel . Continental shelves elsewhere in the reg i on (see Figure 20) are

too poorl y sounded to depict details of the topograph y, terraces , or even

a relia ble deptn of the shelf break. Due to sed i ment deposit ion near the

eastern and western edges of the Nile Cone there is no si gni f i can t shelf

break . Profiles of the Nile Cone also indicate several terrace levels.

Fi gures 22, 23 , and 24 show characteristics of sounding profiles of various

physiographic features taken from the area shown in Fi gure 21

The continental slope is the region between shel f break and continen-

tal rise. It has a variable depth range between 800 and 2200 m. On the

continental slo pe of the Afro -Arabian platform two types of relief can be

distin guished . A steep slope , which stretches along the coast of Syria

and the Lebanon and also occurs west of the Nile Cone , and a gentle slope ,

which is located off the coast of Egypt where i t is covered by alluvium

from the Ni le and also i n the Gul f of Sid ra alon g the coast of L i bya just

off Figure 21 (Goncharov and Mikhailov , 1 964).

Prof i les 1 and 13 of Fi gure 23 and Profile 2 of Fi gure 24 show that

the topography of the upper continental rise is i rregular (Emery et al .,

1 966). The continental rise consists of sediments contributed to the

sea by the Nile Ri ver and carried northeastward by the regional current.
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DISTANCt IN KM

Fi gure 23. Profi l es of the continental slope , rise , and Nile Cone .
Location of each numbered profile is shown in Figure 21
(Emery et al ., 1966).
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Figure 24. Characteristics of sounding profiles over various
physlographic features (Emery et al ., 1966).

43

• —-•• — • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- ••— — -
~~~

• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



B. AEGEAN PROVINCE , MOUNTAINS , AND ABYSSAL HILLS

The Aegean Province extends south from Greece and western Turkey past

Crete to a southeastern boundary at the Pl i ny and Strabo trenches. The

most characteristic feature is the presence of numerous small islands

bounded at the south by Crete and Rhodes . Topography of the Aegean Province

is determi ned by its tectonic and volcanic origin only slightly smoothed by

subsequently deposited sediments (Emery , et al., 1966).

The Levantine Basin contains severa l mountainous areas . South of

Crete there are the Ptolemy Mountains , the shallowest of which has a depth

of 1000 in . Others include the Aleximander Mountains , Hecataeus Mountains ,

Eratosthenes Seamount , and Mela Mountain , all shown in Fi gure 20. The two

most extensive mountain provinces are completely separated from each other

by trenches . For example , Pl iny Trench reaches depths of 3200 in .

C . MEDITERRA NEAN RIDGE

A deep sea ridge termed the Mediterranean Rid ge extends from southern

Italy passing between Crete and Libya and curving sinuously northeastward

to Cyprus . Cyprus and the shal l ow area northeast of the island may be

considered as a shallow continuation of the ridge . The ridge is about

1600 km long and averages about 150 km wide . Both sides of the ridge are

marked by slopes which have an average gradient of about 1:10 and a relief

of 200—600 m. They descend onto an abyssal plain along the south side and

into trenches along most of the north side. Crest depths from Crete to

Cyprus vary from 2200 in to 2500 in. The greatest relief on the ridge occurs

between Crete and Libya where it is flanked by Pl i ny and Strabo Trenches

to the north and by the Herodotus Basin to the south .

The ridge resembles other mid-ocean ridges . Its sinuous course through

the Eastern Mediterranean Sea places it almost equidistant between the
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A frican and European shores (Emery et al., 1 966). Most earthquake foci in

the Levantine Sea lie on a belt along the axis of the ridge . Earthquakes

are less frequent than in the Aegean Arc (Comninakis and Papazachos , 1972).

D. TRENC HES , ABYSSAL PLAINS , AND SUBMARINE CANYONS

The northwestern flank of the Mediterranean Ridge is bounded by two

subpara llel , northeast and southwest trending trenches wi thin the area .

The Pl i ny Trench , which divides and rejoins , surrounds the Ptolemy Mountains .

Farther east the Mediterranean Rid ge is bounded by Strabo Trench , the

• southern end of which cuts into the rid ge. The northeastern end d iverges

from the ridge toward a small circular abyssal plain east of Rhodes .

The Rhodes Abyssa l Plain contains the greatest depths in the Levantine

Basin , about 4700 m. Fi gure 20 shows long and narrow Herodotus Abyssal

Plain which separates the irregular topography of the Mediterranean Ridge

from the smoother surface of the Nile Cone. It represents ponding of

sediments from the Nile Ri ver against the medial ridge .

There are four submarine canyons in the Levantine Basin. They indent

the shel f—break and extend down to at least 1000 in depth . The largest is

Alexandria Canyon off the Egyptian coast. Gaza Canyon is named for the

ancient still existing city near its head. A sounding line crosses its

extension on the Domietta Fan as a leveed channel (see Figure 23, Profile

• 9). A third canyon lies just off the Israel-Lebanon boundary near the

former Arab town of Akziv , for which it was named. Beirut Canyon , the

fourth one , lies off the north coast of Syria.
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V. SEDIMENTS

The Levantine Sea floor topography has been modifi ed by deposition of

sediments . The chief area of deposition is the Nile Cone. Sediments

elsewhere beyond the continental slopes of the region are too thin to have

greatly modi fied the topography , but they are nearly ten meters thick in

most cores (Emery et al., 1966). Fi gure 26 shows the general stratigraphy

of 32 sediment cores located as shown in Fi gure 25.

The distribution of sediment types is dependent upon the water depth

and bottom morphology . In those areas wi th a broad shel f, coarse-grained

sediments (sand) cover broad zones and are conspicuous on bottom sediment

charts . These sediments are seldom found deeper than 50 to 100 in . Muds

cover most of the continental slope and abyssal sea floor.

There are three general types of sediment in the Levantine Basin

(Emelyanov , 1972):

1. Terri genous sediments occur in the geosyncl inal areas of the basin.

Usually they are gray in color with a moisture content ranging from 24 to

81 percent. The Nile terri genous sediments are generally quartz sands and

pelit ic muds . Muds occur in limi ted regions on the shelf and extend con-

tinuousl y over the continental slope and basin between the Nile Cone ,

Cyprus , and Syria. They are characterized by high water content , from 55

to 68 percent , and gray col or (Emelyanov , 1972).

2. Biogenic sediments are widely distri buted between Cyrenaica , Cre te ,

and Al exandria. They are hi ghly calcareous (50 to 69 percent CaCO 3),

tough , viscous , and light brown in color.

3. Chemogenic sediments of calcareous composition (oolites ) probably

cover the south edge of the Levantine Sea (Emelyanov , 1972 ) .
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• The thickness of unconsolidated sediments may exceed one kilometer in

some areas with sizeable local variat ions (Wong and Zarudzki , 1969). The

thickest sections are found off the shores of Libya , Egypt , Israel ,

Lebanon , and Turkey .

The prevailing winds in the region are from the north , however , winds

from the south and southwest do exist and are important in transporting

sediments from the north African desert to some parts of the sea

(Venkatarathnarn and Ryan , 1971).

The main fresh—water sources for the Levantine Sea are the Nile River

and the Black Sea . A major portion of the sediments carried into the

Black Sea by ri vers is trapped there . During periods of usually high

rainfa ll , floods and local torrents along the rugged southern coast of

Peloponnesus , Cre te , and Turkey mi ght locally contribute relatively im-

portant quantities of easily eroded surface soils.

There are four clay mi nera l assemblages in the Levantine Sea (Figure

27). The Nile assemblage containing very high amounts of smectite (more

than 50 percent) and considerable amounts of kaolinite (15—25 percent)

characterize the sediments of the eastern Levantine Basin. The second

assemblage is found in the southeast Aegean Sea. Smectite is more

abundant (40—60 percent) than other minerals but its concentration is not

as hi gh as in the area of Nile assemblage . Third , a relatively kaolinite—

rich assemblage is present in the sediments of the Mediterranean Ridge

south of Crete and its extension into the eastern Jonian Basin. Fourth ,

the Kithira assemblage with very hi gh proportions of illite (50 percent)

and 20—40 percent of smectite . Table III shows the total chemical compo—

siti on of the upper sediment l ayer in the Levantine Sea .
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Fi gure 27. Distribution of the clay-minera l assemblages in the eastern
Mediterranean Sea; l =Nile assemblage ; 2=southeast Aegean
assemblage ; 3~kaol inite — rich assemblage ; 4=Kithira assemblage
(Venkatarathnam and Ryan , 1971).

Fi gure 28. Poros ity distribution in the Mediterranean Sea sediments
(Keller and Lamber t , 1972).

50

_ _  • - •—- —- -- - --••-• ••-• •~~~• - •



LJ PS U 0~ 0 Ifl U (‘4 U (‘1 lfl
0 . . . . • . . . . .

— 0 0 0 0 0 0 — 0 - C
I—

a’ ,~~ p. PS ..a p.) o ~ u’ it, P.o

La.’ C o
0 •o-

0 a’ (‘J .-. ( (‘4 (‘.f C 0 0

C ‘0 10 10 (‘1 ~ PS 0 (‘4 ‘0 (0 ‘0 ‘0o o.  p.. p.. (‘4 (‘4 (‘1 (‘4—
— 03 0 (‘1 03 0~ (‘4 0 11 0 (‘.
U -. 0 0 0~ PS ~~
-• .. .- d .- - .- p.. -

i~ In (‘4 • 0 ‘0 PS.. 0 (‘J — ~ . 0 0
— . ~~ U e a’ 03 a’ a’ U~ a’ ~ 0— — ..,~ — ~~ —I~-•
0 In 0 0 I0 0 10 0 U’ 0

03 p.. U a’ P.) (•‘J C ~. ~
— I (0 U’ ~ I~ U (‘~ U In In

In In • 0 0 0 0 C 0 0 0 C)

C 10 .-. ‘0 PS 0 ( ‘ 4 0 0  0’ f0~ 0’ 0’
— P. U 4°~ PS .— .4 0’ 0’ I~ .— ‘0 C

0 * t  (‘4 (‘4 — (‘4 — — (‘4 (‘4 (
~1 (‘4

0- 03 U a’ Cl P.) 0
0- .— 0 0 0 0

— (‘4 I • I . • I I • •
— - C’.. 0 0 0 0 C) 0

LU >
LU ~~ 0 In Ql ‘0 10 ‘0 (0 U U’ 0
.‘ ~~~~C ~ 9 9 9 9 9  • 9 9  9

C 0 0 0 0 0 0 0 C 0

4-. (‘4 0 0 0 0 II C C 0 0 C 0 0
C) .— 0 10 0 U 0 ‘0 03 U’ ‘0 ~U ‘0
— • • I • . . . .

I— LU.) I— — a— 0 — I. — 0 0 0 0 0 0
4.)

LUL) 0 U U 0’ (0 ‘0 U —P~ C (~~ U ‘0 0 PS 03 0’ 03
(‘4 U’ 10 1 0  I~I (0 10 U~ 1 0 1 0  ( ‘ 4 1 0

z
— C C — — (0 .. (‘4 0 U ‘0 0’ a’

(‘4 ‘0 (‘1 U a’ I~l C U~ a- i4. ‘0 — 0’

~~ d ~~ ~.. 0’. 0 (‘4 d O  • 0
= a-
0 0 (‘4 (‘4 0 C 0 (‘4 0 U ‘0 03 03— 0 (‘4 U .~~ C) ‘0 03 10 (‘I ~~ U

— (0 a - PS 0 ~) ~~ ID ID V 1  PS Cl P..) 03
— (‘4 1’~ I~~ — (‘4 (‘~ (‘4 (‘4 —

z
‘0 P.. a- — — U’ 0 (0 0 In

L) 0 0 03 1°’. Ps U, a’. C 10 (‘4 0’ 141 p..
(‘1 UI (‘4 PS (‘4 (‘1 0 03 ‘0 -.

-~ 
5- (‘4 (‘4 (‘I.) (‘4 — —I.L) ‘o Ui Ui Ui U) U.) I..) U) U) (Ii IA) (A) U.)

— :3
04 U’. 10 In U (‘4 UI (‘1 (‘1 ‘0 ~~

LU Cl’ 0’. ~~ P.. 0 0’ - ‘ 0  In U’C C U — U Ia) In (~I (‘4 In C)

‘0 10 P.. (0 (0 — — (‘4 .4 U ‘.0 14)
(‘4 (‘4 (‘4 (‘4 (‘1 •-i (‘I (‘1 (‘1
I • I I I I I I I I Iz = ~~ x ~~ ... r

— (‘4 0 (‘I (0 U 0 0 U (0 C P..
P . . .)  ~ a ~o ~ - ~~,

— 0 (U (‘4 a- (‘4 (‘1 — C) In U UI

~

51



Porosity of the Levantine Basin sediments is shown in Fi gure 28.

The relativel y low porosities found north of Crete are associated with

fi ne-grained ash and pumi ce deposits. Highest porosities are associated

with the lutites of the Nile -contributed sediments.
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VI . CORRELATION BETWEEN SOUND VELOCITY AND OTHER
PHYSICAL PROPERTIES OF THE BOTTOM SEDIMENTS

Low frequency propagation mode ls emp lo y the env i ronmental  parame ters

of both t he wa ter column and the ocean bottom . The sea bottom i s a re-

flec ting and scattering boundary of the sea having some characteristics

similar to the sea surface . Sound velocity i n th e Me dit e r ranean  Sea sed i-

men ts has been intensive ly examined and is reviewed here . Relevant

physical properties of marine sediments include grain size , porosity ,

void ratio , and moisture content.

Sound velocity is positively correlated to the mean grain size as

shown in Figure 29. There is an over-all increase in sound velocity as

the skewness values ch~in ge from negative to positive , in f i ne—gra in ed

sed imen ts , if coarse mud is dominant and clay is secondary , the size dis-

tribution is negatively skewed (Horn , Horn , and Delac h , 1968).
V V

Porosity is defined by n = ~~~
- , and void ratio by e = 

~~~~
- , where

n = porosity

e void ratio

V volume of voids

= volume of total mass , including solids , water , and air

V5 volume of the solids

A study of 14 Mediterranean Sea cores by Horn et al.(1968) correlated

sound speed wi th measurable physical sediment properties (Fi gures 29—34).

Porosi ty is the prime factor af fect ing compressional sound ve loc i ty  in

the unconsolidated sediments (Fi gure 3 0 ) .  The scund ve loc i ty  was found

to increase as sediment porosity decreases ; the highest sound velocity
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(1832 m/s) was in a l ayer of fi ne-grained sand that had a porosity of 0.34.

Void ratio and moisture content are also inversely proportional to sound

velocity . Fi gures 31 and 32 show these relationships . The hi ghest velocity

of 1832 rn/s coincided with a moisture content of 16 percent.

Density and sound velocity are directly proportional (see Fi gure 33).

The l owest sound velocity , 1478 m/s, was in a sandy mud with a wet density

of 1.44 grams/cubic centimeter. Since this approaches the sound velocity

of the adjacent sea water much of the impinging energy would penetrate the

bottom rather than being refl ected back into the water column .

The highest velocity 1753 rn/s in coarse sand occurred in a sample having

a wet density of 2.08 gm/cm3. The sediments tested from the Mediterranean

Sea had wet densities that range from 1.22 to 2.14 gm/cm3. Little relation-

ship was found between carbonate content and sound velocity (Figure 34).

Uri ck (1967, page 130) shows the relation between porosity and bottom

• reflection loss. The data presented by Horn et al. (1968) shows that the

sampled areas of the Levantine Sea represent a nearly mean value of bottom

loss. On this basis a bottom type of four out of nine was selected for

acoustic modelling purposes . A value of eight was chosen for Location A

due to the Irregular bathymetry of that area.
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V II , SOUND PROPAGATION FOR ANTISUBMARINE WARFARE

Four specifi c sites (see Figure 1) were chosen for computing the

acoustical transmission loss (TL) for the Levanti ne Sea , as follows

Site Latitude Longitude

A 350 00’N 23° 1O 1E

B 330 0O’N 27° 00’E

C 350 OO ’N 31° OO’E

0 340 OO’N 340 OO ’E

The Integrated Carrier Acoustic Prediction System (ICAPS), for passive

sona r , was used to calculate TL. Inputs to ICAPS consisted of BT data

from Fl eet Numerical Weather Central ’s hydroclimatology file , wave heig ht

from atlas data (Oceanographic Atlas of the North Atlantic Ocean , 1963),

+ source and receiver depths , acoustic frequency , bottom depth , and bottom-

loss type .

A target depth of 50 feet was assumed for a submari ne at periscope

depth , and a receiver (sonar) depth of 21 feet was taken to simulate a

surface ship hull -mounted sonar. At Location C additional target and re-

ceiver depth combinations were examined in order to simulate variable

depth sonar and submarine sonar. BT data were selected from February ,

July, Novem ber , and December for all four sites to show seasonal effects ;

BT data for all months of the year are tabulated in Appendix B. All TL

curves are shown in Appendix A. In order to cover a broad frequency range

and simulate a submarine source , 50 Hz , 300 Hz , 850 Hz , and 5000 Hz fre—

quencies were chosen.
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Location A is the deepest of the four locations . Fi gu res 35—42 and

Table IV show the sound propagation and TL properties at the Location A

for the four different months . The 50 Hz frequency showed no convergence

zone (CZ) at any time of year. The higher frequencies demonstrate CZ

propagation . Maximum CZ range occurs in sumer.

Location B has IL characteristics simi lar to tha t of Location A. Fig-

ures 43—50 and Table V show the sound propa gation and TL properties at the

Location B for the four different months. The 50 Hz frequency does not

show a CZ. The 5000 Hz transmission has the maximum IL. The 300 Hz and

850 Hz IL patterns are parallel and have the same CZ range . Maximum CZ

range occurs in sumer.

Location C sound propagation and TL properties are shown in Fi gures 51-

82 and Tables VI-X. The longest CZR of 58 kyds appears for 300 Hz and

- 

I 

850 Hz in summer . The 50 Hz frequency showed no CZ again except in Novem-

ber and 5000 Hz has the longest IL. In February , various target—sonar

depth combinations demonstrate only minima l differences in propagation

loss and CZ range . In July and December , the deeper combinations show

shorter CZ range and IL is a minimum for the sonar and target at the same

depth. The advantage of locating the hydrophone at target depth is a

reduction of TL of about 5—10 Hz. In November using 100 ft as the sonar

depth the possibility of detection of a submarine near the surface is high

wi th low TL In low frequencies . Using deep sonar , then , the possibility

of detection of a submarine in deeper water increases .

Location D shows a CZ for 50 Hz propagation in July and November , as

may be seen in Fi gures 83—90 and Table XI. But TL is also high at both

times . The 300 Hz and 850 Hz frequencies show longer ranges to CZ than

the other points . Once again , seasonal variation in CZ range is signif i —

cant.  
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Sound propagation conditions , as mostly dependent on the temperature

changes , show unique differences between winter and summer. Maximum

sound velocity occurs simultaneously with maximum surface temperature in

August. The Levantine Sea has the hi ghest sound velocity in the

Mediterranean Sea. According to Urick (1967), a shallow summertime channel

exists in the Mediterranean Sea . However , i n  the Levantine Sea this

“summertime channel ” lasts from spring to fall. It is most intense in

summer.

Reflection from the ocean bottom can extend propagation ranges ; this

is known as bottom-bounce. Major factors affecting bottom—bounce trans-

mission include water depth , angle of incidence , frequency , bottom com-

position , and bottom roughness. A flat bottom allows maximum accuracy

in estimating range . Because of the rough topography and generally shallow

depth s, bottom—bounce path prediction in the Levantine Sea is difficult.

The sediments consist of mud in the deeper portions of the sea . In the

coastal areas sed iment composi t ion is either a mixture of mud— sand—rock

or mud—rock. They are all poor refl ectors . Therefore bottom—bounce

propagation is expected to be weak. Duct prop agation in the surface

l ayer is limi ted in winter , because the mixed l ayer depth in the Levantine

Sea is very shallow .

+ 

63 

~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~ -~~~~~~~ - - 

+ +
~~~~~~~~~~~~~~~~



—+- - -  - -—.---_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

U)
0)0) N. a..)

0

~•J 
C~J 0~ a-

I- (I) N. N. N.
4-’
C

.
~~.2

q.. U)
•‘-

+ U
4) NJ

L) I C-) ’.O
Il ’.

C 
_ _ _  _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _

.f-

a;
C > ‘~~~~~~~ 

c.’J ,.0
0 .~: ‘ . .

•1” .J -~~ C-) ~~ 0 N. C-I
4.) I’- N. N. N. N. N.

0)

0
—I _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _

U)
a-’ >

0

4.),
4) NJ Q~~LCI N.

LI I ~~~N. ~1N. C-)
a-
40

(1)
Ill —
0 U)

C ‘ ‘
0 -~ C’.) 0 C’J (0

I’- N. CO N. N. N.
U) 01
U)
.‘-

‘n—S >1a-
-3

‘0 N.) NJ C-I a-
C U)  LI I ‘~ ‘ C O  ‘~~ CO
15

U)
0*- _ _ _  _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

C 
__

45
4) C-I 0) 0) N. CO C-I C)
C u )  . . . .
0 ‘0 -~ 

NJ *4) 0 Nj N. ~~
~~ 3.4 I’- 0 N. CO 03 N. N. 03 N.0)
4)
C .—  >1 ____  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

a) S..
45

1~~’.-U)
• .0

La., NJ 0 C’.) N. (0.- (0 *4”.
LI I NJ *4) N. NJ U) N. NJ

3., N N N N
U = =C
U) 0 0 0 0

0 U”. 0
+ 0’ C-) 0) 0

U) U)
I-

64
—



-——- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -- -a -.—-—- - -

-a”

U)
3. C-)

-J 
— 

U”.
0 N. N. N. N. 03
C)

4-’ S..
C 4) 

_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _

Q .0
E

U

U NJ (D C’.) (O N)
LI S C’) N. C-I N. C”

C

U)
03 3.

(‘.4 0) 0) 0) U’)
C _l -‘-- ‘ . a , ‘
0 ~— U) a - ’0  0 N. U)

03 N. N. N- N. 03
4-’
45
U
0 

___________ ____

.0
E

k 5— 4)
+ 0 3.

0

U) NJ 0)03 0103 CI
U) LI I (‘)N. C-I N. C-I

45
3. 

___________

,d1 —a-
u, 4)
0 3.

U) (0 C’) 0)

C .,j ~~~
(0 0) N. N.

.
~~ 

I— 0) N. 0) N, N,
(1)
41’.

>1
C

I- ,

I-$ NJ NJ’~’ C’4 U) C’.)
LI 5 03 ~~

. 03

‘5
a)
DI
C —
45 a)

3.
N. a- (0 0) C’.) NJ (0

U) a-— . . . .
C _J c”,s a- N. 0) 03 U)

01 N. N. N. (0 N. N, 03

>-‘o
C
U)
a’.

.04) 4)
3. II.,
C Ni NJ ~~~‘0 NJ ~~ ‘ (0 NJ

3 LI I C-I 00) C-) ‘.00) C-I

3.., N N N N
La) o =
—~ C03 4) 0 0 0 0

U) 0 U) 0
I— 0’ (“1 0) 0

U) U) +
5-

65

- —~~~~~~~~~ ‘-—---—---~~~ ~~
_
~I~ _ -



U;
3.

C’.) 4-’.
U

_J *4) a- 03 C’.) (0
03 N. N. N. N. 0

E

1~~ 
U)
0

NJ ( O N)
LI 5 (“IN.

U)

C

LI 0) ~~~
‘ C’)

C’.)

66

- —- .- 
- - 

~X 
- - —-—... a_,_.~+ -.. —. m. A_.a~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_+____ __ +__ - -14



—~~~~~~ -~~
- .-

~~~
- - - y in ,,

-
~~ N- U) ‘0

4.) 9.) ~~I 
> C’) 03 *4) (“4 0

(4,.. (4 . ~~ ‘~~ N- N. N. 03 03

U) 00 
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

‘4 00 —
(“IC”.

0
U) “..

N.) a- a- N. N- 0
LI I (“I ’0 NJ *4)

•
0 —

5-
‘5 44 01*4) 0 a-
3. 3. .

4,1 4.) ~ .~~ C-) 0) (“I
5- ~,, I— ~~~~‘ N- N- N- 03

o 0
0 0  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _

00  —
LI

C
o .. .. C”J C’.J 03 03

00 LI N) N)
4-’. I— U)
10 

____________ ____________ ____________
U — —
0
-~ 4) 01(0 C’) ‘0
4-’. 3. ‘

‘5 4,’. a.,’. a- ¼ 0  C”)
(4,, 

~4 ,  I— a - N -  N. N. 03

00  —O *4)0
-4 C-)

C
o .. .‘ C\J C-I NJ 03

0 0  LI I C-I’0 (“I N)
(I, I— U)
Ill 

___________ ___________

4) N) (0 a-
C >
45 4.) ~~ ~~J ‘~~ 

U) (“I
(4.. *4.. l~ ‘- N. N. 0)

I-S ’ 
N)

‘
~~~~ 

oo
‘00 00
C U )  C- Ia-

4 ) 4 1 )  .. ,.
0) .C 00
C 4-’ I-- U) LI I N) N) N)
4 5 0 .

~~ a) 
_____ ____ ___________ __________ __________ __________

‘0
U) CI N., a - N)  C’)

0 4 )  > . •
NJ > .~j  ~.,i -a-i < N) ’.O C) NJ

*~~ ~~. ~~
‘ N. N. C-, N. 03

4 ) 4 )  0
‘4 0  00 

_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _C U )  004 ) 5 -  a - a -

3. ‘5 0 00) 0) 0) 0)
C LI I C-) U, N) U) NJ
0—
I- — —  

-—
4) 00) N) C”)
3. ‘ .

~ ,~ .4,’. -~~~ ~~I ‘~~ a- ’.O U) CO
5- 4-) *~~. 

N. N. N. N. CO
.00. U)

~~~~) 00 _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _

*4)0 — _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _____- -

a-

NJ 00 00  0
00  LI I C”) ’.O C’) tO C-)

5 ’ .
— —

-J
03 N P.1 N N

= = =
I’— r I,

0 0 0 0
U) 0 *4) 0

C’) 03 0
U’)

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—— — ‘  — - - — 
~+.—-‘a— --a -—-—.a -,+.-_ .’—_.----+ _---__ ._,_._ —w - _w

~~
___
~~.-—_-+~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -— -—- - ‘-

_ _ _ _ _  — — 
N- ~C) C’) ~~ C-)

4~-a) 3. C) LC)
I— < (ON. N- N- N-

0-0 - 0
0 0  —
(“I C’)

U)
U
5.. .. •‘  NJ (‘) U’) NJ~~~

. NJ
0 0  LI I C’) IO C’) ’.O C”)0 I— U )

(fl

U)
a) U)0

N.5- 4 ) 4)  I-- a-— I 03
‘5 4- 4- a

-
5. 

030-C)  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _

5- 0- 0 —
0 a-C ’ )
‘4-

NJ U)
LI .‘ ‘. (~) 5 5 I (“ I

0 0
C I— U )

•
0

4’.
‘5 a) N. N.J
LI 5.
0 ..J .

~~ (CI C) ‘04 ) 4 ~) I-- a-— 0) 014~~ 44.~4) 
03

‘5 0 0-  _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  -- 
*4 )0

U, C”)
U)
0 NJ N, N- N.J

LI I U) U)
0 0

C I-- U)
0 

______ ____ ___________ ___________ __________ _________

41, — 
C•a~1 U’)4)1 U)

-4 5, N, N.C 4 ) 4’ .  ~~. N, 1 03
Cal • ‘4- 9-

a-(00 0 - 0 -  0)
5 - U )  0 - 0 -
I-~~~~
‘0 4))

NJ 0- U)
‘5 4’ .  0 0  

~~~ I ~~~‘0. I--U)
4 4 4 )
C
‘ 5 5 -  ~~~~~ a- a-

~~~ U) 5. ‘5- -J .‘~~ 0 - 0 3  C) 0)U) .. +4 I-’ — N, N- N- N.C U )  4 - 4 -  00 ’ .)  0)N J U )  0 -0  
_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _

~~ 0 0
U) a— a-

C C
NJ N- U )  N- ‘.0
LI I C’) U) C’) C”)

4 4 0
5- I-  

-

______ ____ ___________ __________ ___________ ___________

C ’-.-
0 QJ a- C’)L I U )  5- ,

0) *4’) a- C’)
~~~~~~~~ 4~~ 

I-- 
U, 

N - C —  0) 0)

03D C)  
_ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _

— NJ (“ I N- C-) C’)
C ( LI I *4) ‘d’
1- 41)

w
—~ P.) N N N

,c3uanba.~ 0
U) 0- U) C)

03 C) +

68



---a- 
a. —--

~~~~~~~ 
~~~~~~~~~~~~ — a

— 
(‘4 (ON- 0) 0) 0)

4,.) 4-’. .J C”) 0) ~~~‘ C) 0)
(4- 4- I-- N- (ON- N- N- N.

DC)
a) D C)  —
o C’1 C’)
5-

0-cl NJ C’) a- N) C) NJ
LI C”) (‘)‘0 (‘, (0

+ 41)

0
4) N) C’)
5.

4-) 4.) (1) (~) C”)
I— a-— N- N- 0)

N 

_ _ _ _ _ _

1- 
~cDuan baJ~ 0 Cl C)

U) C’ 1, 1 CC)
UI



-
~~~~~~

--a—-a — — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

C”. m ~~~‘ (Oa-  C’)

+4 4-) .-~ 0 ~~~‘ C’) U)
‘4- *4- I- N- N, N- (ON. N.

0 0  
_ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _0-0

(‘IC’)

0 ,. - .
0-C)  NJ N) a- N.J a- a- C)
I-- u) LI C’) (‘1(0 (“‘0 C’)

0

a; 0) -  “‘,~~~
5- 4-) 4.) J .~Z ~~ 0 N- 0) N.J
5,. ‘4- 9- I-- ‘-~ N- 0) N. N- 03

0
00  _ _ _  03 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _

0 0-
LI a -C- ’ I

C , ., NJ N- C )  C-)N)  C’)
0- 0- LI S C”) N. C”) N. C-)
I- u)

IS _ _ _

C_I —
0

5- N)0 O C’) C”)
4,) . .

4 4 + 4  J —.~ C”. 0) U) C”) 0)
9-4 -  I- a- N- N. N. CO C’)

3D
U) 0 0  ___  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  — _— - -  -

o *4) 0
C”)

C ,, ,, NJ N-C’)  N-C”)
0 0 LI I C’) N- C-) N.. C’)
1- U)

U, —

E U) CIa- U)C)  03U) 3. . ‘

‘5 4’. +4 .-J ~~~
‘ C) N- 0”. (‘4

5- ‘4- 9.- I— — N, 0) N- N. CO
I-- 

• 03
‘0— 00
C C)
IS 41)

.5— ..“

0) U) 0 0-  NJ N- C) C-) N) C”)
C ~~ I-- L/) LI I C-) N- C-I N- C”)

(5 4-)
—a-

0 - N .  ‘~~‘ 
0)

1.~ 
5. . . .

4,) 4.) _J ~~ 0) (‘4 a- 03 C’)
9.- 4- I— a-.- (ON- N- N- CO

U .  CI

~~~~~ 
0 0  03 

_ _ _ _ _ _ _

C U  00  —
4 ) 4 )  a-a-
Ol 5-
5- .. ..
5- C 0 - 0 -  NJ U’) a - U )  0 U)
C 45 1- U) LI I C-) N- C”) N- C’)

0 
___________ ___________L I --  -

a)
U) (D C-’. C”) N. 0)

4,) 4.1 -~ a-.- C) ~~ 00) NJ
4) ~~ 

9- 9- I— a- ‘.ON. N. N- 0)
‘4 0 .
~~~~ 

0 0  
—

0- ’0

NJ U, a- U, a- U)
0 0-  5-) C’) N- (“ I N- C’)
1-U)

-I _____  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

N N N N

I-. =

‘.~Duan ba~4 ~ g
(“I aD 0

La-I



a-— --~~- a.a+.a.-.,- -- - . — — ~~ --~~~~- 

~

--

~~ 

a- - .~ 
- -

U)
5.

0 0)  N.,
-0 • N, .- 3D U)

I— C) N- N- N. N- 0)
4)
.0 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _E
a)

4-’. U
C
0
E

4-4 I’-’ ~~~ N. ~~~‘ N.
“-a LI I C-) N, C-I N- C”)

9-

U -a.’
4)
0. 5’



V I I I .  CONCLUSION

Sound propagation patterns are created by sound speed gradients.

Sound rays propagate away from any l ayer that has a sound vel ocity maxima .

In the upper layers of the Levantine Sea , heating by the sun together with

the absence of the surface mixing by the wind , creates a sound channel .

This channel occurs all year long except in winter when the isotherma l

water and a positive velocity gradient extend throughout the water column

from bottom to surface. The sound channel becomes stronger in summer ,

with a maxi mum sound channel axis depth of 1000 m in August , and weaker in

spring and fall . When the sound channel is strong, a near-surface negative

gradient and resulting downward refraction greatly limi t the surface duct

range of ship sonars . Long ranges then become possible via the CZ path ,

In a weak mi xed l ayer , high frequencies are ducted in the surface layer.

Low frequencies leak from the surface l ayer and propagate along other paths .

Seasonal temperature variation affects only the upper 125-150 rn (sur-

face layer) of water. The rest of the water column has nearly the same

temperatu re all year long. At the surface , maximum and minimum tempera-

tures occur during the months of August and February . The sea surface tern—

perature di fference between these two months is 9— 10 °C. Seasonal salinity

changes are small; therefore the sound speed profile is mainly influenced

by the temperature in the upper layers . Temperature changes cause a 25-30

rn/sec sound velocity variation in the surface layer.

Bottom refl ectivity depends on the bathymetry and the composition of

the bottom sediments. Rough topography and mud sized sediment causes poor

reflectivi ty In the basin. 
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Finally, in one-way sound propagation , hi gh frequencies have the

highest IL as usual. The l owest transmission losses occur for the 300

+ 
and 850 Hz si gnals. Optimum passive detection of submarine targets was

found to occur when source and receiver were at the same depth . This

could be achieved with the sonar either on a submarine or l owered below

a surface ship ,
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APPENDIX B

MONTHLY BT DATA AT FOUR DIFFERENT LOCATIONS

(Rata conta ins depth in meters , tempera ture in
C , salinity in parts per thousand , and sound

velocity in meter/s econd .)
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