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Thickness of Unconsolidated

Sediments in the Eastern Mediterranean Sea

ABSTRACT

The unconsolidated sedimentary layer in the
eastern Mediterranean Sea becomes more variable
in thickness toward the east. The distribution pat-
tern suggests that the primary sources of sediment

in Cenozoic times have been the Nile River,
elevated areas of Cyrenaica, the Taurus, and the
Apennines.

INTRODUCTION

During cruises 43 (1963) and 61 (1966) of the
R/V Chain, a series of continuous reflection
profiles were made in the eastern Mediter-
ranean Sea (Fig. 1). From an analysis of these
profiles, we are able to show the distribution
pattern of the upper, unconsolidated, sedi-
mentary layer.

Many investigators have divided the sedi-
ments of the Mediterranean Sea into two
distinct units, one consisting of unconsolidated
sediments, and the other of consolidated or
lithified sediments (Gaskell and Swallow, 1953;
Gaskell and others, 1958; Ewing and Ewing,
1959; Moskalenko, 1965). The boundary
between these units is observed as a distinct
reflecting horizon throughout most of our
continuous seismic profiles, as illustrated in
Plate 1*. In the Levant Sea, this horizon can be
correlated with the top of the 4.3 to 4.7-km/s
layer of consolidated deposits, to which a
Cretaceous age has been ascribed (Moskalenko,
1966). By measuring the travel time required
for the seismic waves to traverse the sedi-
mentary strata above this reflector and by
assuming a compressional wave velocity of 2
km/s (following Gaskell and others, 1958; and
Ryan and others, 1965), the thickness of uncon-
solidated sediments can be calculated. The
velocity assumed may be a little high for the
topmost sedimentary layer; its over-all effect
would be to increase the computed layer
thickness slightly. The distribution chart of
Figure 2, in addition to the measurements just

* See Plate Section for all plates.

described, also includes published data from 24
seismic reflection and refraction stations and 2
oblique reflection profiles (Gaskell and Swal-
low, 1953; Ewing and Ewing, 1959; Kovylin,
1964; Yelnikov, 1966; Moskalenko, 1966).
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THICKNESS OF UNCONSOLIDATED
SEDIMENTS

The distribution pattern of unconsolidated
sediments in the eastern Mediterranean shows a
number of interesting features (Fig. 2). In the
Ionian Sea, the unconsolidated sediment cover
is comparatively thin (0.2 to 0.7 km) and is
conformable with the underlying consolidated
layer. Farther east, in the Levantine basin, it
thickens to more than 1 km, and local varia-
tions in thickness are also substantially greater.
The thickest sections are found off the shores of
Libya, Egypt, Israel, Lebanon, Turkey, and
eastern Sicily. In the southern Aegean, the
sediment cover is thin, and there is an area off
Port Said covered only by a thin veneer of
unconsolidated sediments (less than 0.25 km).
This distribution pattern suggests that the
primary sources of Neogene and Palaeogene
sediments are the Nile River, Cyrenaica, the
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Figure 1. Chart showing data coverage and a compilation of sedimentation rates in the eastern Mediterranean.
D detailed survey area (Cham 43); — survey tracks (Chain 61 and 43); * seismic stations (data used in Fig. 2);
* = * continuous reflection profile (data used in Fig. 2); 5.2 sedimentation rate in cm/1000 yrs. A Swedish deep
sea exploration: Olausson, 1961; Parker, 1958; o Vema 14: Ninkovich and Heezen, 1965; • Vema 10: Ninkovich
and Heezen, 1965; • Chain 61: E. Olausson (personal coramun.); o estimates from Ryan and others, 1966;
D estimates from Ryan and others, 1967; A estimates from Emery and others, 1966.

Taurus, and the Apennines. The Nile, which
supplies some 120 million tons of sediments
annually (Holeman, 1968; Shukri, 1950, re-
ported 57 million tons; Babbs, 1893 reported
54 million tons), is probably by far the most
important source. Previous investigators (Em-
ery and Bentor, 1960; Emery and George,
1963) have established that Nile sediments are
being carried northward by the presently
observed regional circum-Mediterranean cir-
culation (Ovchinnikov and Fedoseev, 1965).
Our results indicate that at least some of these
sediments must have been transported north-
westward to form a thick accumulation off
western Egypt, as has also been observed by
Hersey (1965). Morphological studies by G. F.
K. Giermann (1969, personal commun.) in-
dicate that the thinly sedimented area off Port
Said corresponds to the top-set and fore-set
beds of a relict position of the Nile delta
during the time when the eustatic level of the
sea was low. Since the delta subsequently
regressed southward to its present position as
the sea encroached the shores of Egypt, the
unconsolidated sediment cover here is not
expected to be very thick. Our results there-
fore are in agreement with those of Giermann.
The Aegean Sea is sealed off from a major
sediment source (the Nile) by the Hellenic
trench to the south and the Caso and Scar-
panto sills in the southeast (Fig. 1); its deposits
are mostly derived from the Greek and
Turkish mainlands and the Aegean islands.

Studies on the distribution of sediment
types show that the bottom material in the

eastern Mediterranean is mostly terrigenous
but contains a significant admixture of shells of
Foraminifera and pteropods in the deeper parts
(Yemelyanov, 1961; Bezroukov, 1961; Nek-
ritz, 1963). Detrital material from Cyrenaica,
the Taurus, and the Apennines is carried either
by winds or rivers and is distributed over the
nearby continental shelf and slope. Sediment
ponding, particularly within abyssal plains, is
very common. Frequent seismic disturbances
presumably trigger sliding and turbidity flows
that carve out steep submarine valleys, par-
ticularly in the Messina cone. Volcanic erup-
tions have added numerous widespread ash
horizons to the unconsolidated sediments, and
the frequent occurrence of sapropelic layers in
recent deposits indicates periods of stagnation
(Ninkovich and Heezen, 1965; Emery and
others, 1966).

Recent sedimentation rates in the eastern
Mediterranean as determined from cores by
various investigators (Parker, 1958; Olausson,
1961; Ninkovich and Heezen, 1965; Ryan and
others, 1966; and Ryan and others, 1967) are
plotted in Figure 1. They show a general
agreement with the distribution pattern of
Figure 2, but the correspondence should not be
overstressed as the sedimentation rates apply
only to the Quaternary, while the uncon-
solidated sediments have perhaps been de-
posited since Cretaceous times.

Average sedimentation rates for the area
have been estimated at 10 to 30 cm/1000 yrs
and 40 cm/1000 yrs by Mellis (1954) and
Pettersson (1957), respectively. A somewhat
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Figure 2. Thickness of the unconsolidated sedimentary layer in the eastern Mediterranean Sea. Data from
R/V Chain cruises 61 and 43 and from other published sources (see text). Thick trench sediments are not shown
to avoid congestion.

lower value of 10 cm/1000 yrs, based on radio-
carbon dating supplemented by foraminiferal
correlations, has also been reported (Emery
and others, 1966). Assuming that the Cre-
taceous age attributed by Moskalenko (1966)
to the top of the consolidated layer in the
Levant Sea is correct, and taking an average
observed sediment thickness of 0.5 km, the
mean sedimentation rate since Cretaceous time
would turn out to be on the order of 0.5 cm/
1000 yrs. A somewhat low value of 2.5 cm/1000
yrs still results, even if a Miocene age is
adopted. Hence, the recent sedimentation rate

must exceed that which was applicable during
Tertiary times.

Note added in proof: Ryan (1969) has noted
the occurrence of a widespread reflecting hori-
zon (Reflector "M") in the crustal layer with a
compressional wave velocity of 3.4 km/s, to
which he attributed an age of 4.3 + 0.3 m.y.
If this reflector were indeed the same as the
one we identified, then the average sedimenta-
tion rate since the Pliocene would be about 12
cm/1000 yrs., a value close to recent rates as
deduced from cores.
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