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SOVIET MARINE GEOLOGIC PROJECTS s
IN THE MEDITERRANEAN SEA raah

! V. P. Goncharov

>

‘LéTne history of the oceanographic study of the Mediter- /3
ranean Sea, staxrting in 1870, includes a total of about 200

scientific research expeditions. During this time 30-40 ‘ ®
expeditions were engaged in geological projects (including

individual depth soundings), approximately 10 expeditions : -

)
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speciall& studied cediments or conducted gecphysical
research. The first geological projects deserving of atten~
tion appeared at the end of the 19th century. Among them
may be included the corresponding sheet of the Monaco
Bathymetric Chart and the first descriptions of the deepwater
sediments of the seatzgade by the Frenchman Pruveau in 1894
(Bourcart, 1953). — =

A number of works on sediments in the first half of the
20th century were produced by Tule, Chevalier, Andre, Boggil'd,
Buen, Arrigo. In the postwar years, extensive materials on
the soil of the Mediterranean Sea were obtained in expedi-
tions on the ships "Skagerrak" and "Albatross" (approximately
40 long cores of ground), the “Atlantis" (approximately 70
samples from the ground surface), the "Calypso", etc. The
results of these projects have been described in numerous
articles by Peterson, Norin, Olausson, Bourcart, Blanc,

Custeau, Gennesso, Douglas, Parker, Todd, etc. The sediments ) 3

i} of the Adriatic have been described in the works of Alfirevic '
(1958) and Ercegovic (1958), the sediments of the African
shelf have been described in the work Hilmy (1950). The ma-

jority of the abovementioned investigators, however, whose

works are of undoubted interest, consider either individual
narrow questions connected with the study of sediments, or

limited regions of the sea. These works arz not infrequently

based on a nonuniform and not always justified classification,
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and do not give a complete conception of the sediments of

the entire sea and the rules governing their formation.
At the same time we do not have up to now a sufficiently

complete general map of the sediments of the Mediterranean

*y

" Sea. An exception is to be found in the survey map of silts
in the Marine Atlas (1950), prepared by M. Qi Klenova. It
is also possible to mention the Atlas of silts of the
Mediterranean Sea, primarily for the coastal regions, which
. was published during the war in Germany.
Geophysical research, mainly seismic determinations of
the thickness of the sedimentary layer in the upper part of
" the earth's crust (14 small profiles and 28 point-sounding
stations), is known to us from the works of M. Ewing and
J. Ewing, Gaskell, Hill, Swallow, etc. A gravimetric map of
Europe and North Africa, including the Mediterranean Sea,
with isoanomalies in the Buge reductior every 25 mgal, was
.- published in 1855 (sic) (Bruyn, 1955).
In spite of the fact that soundings ia the Mediterranean
. Sea have been made since the middle of the 19th century, up
- to 1950 there have been no good bathymetric charts of the sea.
Thus, in his work "The Relief of Oceans and Seas," Bourcart
(1953) writes that the relief of the Mediterranean sea bottom
.;s known only in its general features. 1In 1955 was published
the Soviet Marine Atlas, containing several sheets of maps

of the Mediterranean Sea basin, although on a small scale. /4
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However, on these maps it is also impossible to distinguish
many of the largest forms of the relief of the sea bottom.
Only in the most recent years have sufficiently detailed

' bathymetric maps appeared, made on the basis of postwar echo

~l

sounding materials. At that time the ships "Albatross® (1947~

1948), "Challenger" (1952), "Calypso" (several times since

1955), "Vema" (1956), and "Atlantis" (1948, 1958), were

A

working here as well as the hydrographic services of France,

Italy and several other countries. Of the bathymetric maps




that have appeared, note should be taken of the large-scale

ones and the 1:1,000,000 scale map of the western part or

the sea, published by the Monaco Oceanographic Museum and
edited by J. Bourcart (1958-1959), the map of the continental
slop of Algiers by A. Rosfelder, the maps of the northern
parts of the Tyrrhenian and the Adriatic seas edited by

A. Segre (1959), the map of the Strait of Gilbraltar by !
G. Giermann (1961) (Bourcart, 1960; Carte..., 1960; Giermann, %
1961). For the eastern Mediterranean region, a bathymetric
map was compiled under the leadership of M. Pfannenstiel (1%60) ;
with the principal isobaths every 500 m, between which iso- ‘
baths every hundred meters are given in dotted lines. This
map contains considerable inaccuracies and is insufficiently

well produced carthographically.

Interesting geological results have been obtained by
means of underwater still and motion-picture photography and
with the lowering of bathyscaphs.

All this indicates a constantly increasing attention tc
the geological study of the Mediterranean Sea.

From the geological point of view the Mediterranean Sea
is located in an extremely interesting zone. The tectonic
development of this zone is closely linked to the development

of the enormous Alpine geosynclinal belt in the Mesozoic-

Censozoic period. Many of the greatest structures are now
either cut off or completely covered by the sea. These
include first of all: the northern edge of the African-
Arabian platform, the Crete-Rhodes island arc and the belt of
deep troughs connected with it, the structures of the young

Aegean Sea, the peripheral regions of the Tyrrhenian Eea,

characterized by contemporary volcanism, the regions of
closure of the Pyrennees and the structures cf the Balearic
islands, the northern wing of Atlas.

Considerable interest is afforded by study of the sediments

of the Mediterranean Sea, which is located in the region of
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transition between an arid climatic zone and a‘humid one. In
addition, the uniqueness of the sediments of the sea is
determined by the features of its hydrologic-hydrochemical
rggime, as well as by the distribution of the terrigenous,
volcanic and volcanogenic materials.
: Soviet. geological prcjects in the Mediterranean Sea
started in 1957, when twc sounding tacks were made on the
.vessel "Ob!'" and an aqueous and atmospheric suspension was
collected. An echometric sounding was made during the 3lst
-and the 33rd trips of the expeditionary ship "vityaz'" (1960);
ih addition, in the 33rd trip a silt core was collected in a
large~diameter tube. Sinces;§g8, projects have been carried
out. in the Mediterranean :Sea b& the expeditionary ship of
the Sevastopol Biological Station "Academiciﬁn A. Kovalevskiy,"
in five trips of which dredging'sémp}es were collected. These
) sﬁips performed the follcwing scope of operations, the
%hgﬁerials of which may be used for purposes of marine geology:
jbver 15,000 km of continuous echo sounding, 22 dredging
samples, one silt <ore, more than 250 samples of aqueous and
"3£§Sspheric suspension {Lisitsyn, 1961).
The geological research of the Black Sea Experimental
L§§¢i§ntific Regsearch Station of the Institute of Oceanography,

g@gﬁﬂémy of Sciences, USSR in the Mediterranean Sea was started
iiiﬁ 1959. during the first trip and continued during the second-
:fourth trips of ithe expeditionary ships "Academician S. Vavilov"
.(Petelin, 1961; Kovylin, 1961; Neglyad, 1962; Ochakovskiy,
‘f£§?3).' These projects encompass a rather extensive complex
'{Qg}iniestigations and may be divided according tc the follow-
?;ﬁ; trends: 1) geomoiphology and tectonics; 2) the study of
;ediments{ including the ‘distribution of contemporary sediments, /5
their stratigraphy and miner6logy, water suspension, sediment
water; 3) seismoacoustic operations carried out by the
reflected wave methéd. Underwatgr photography was carried out

L ’

in a limited scope, and prcjects were carried out with a
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deep-water television installation (Yemel 'yanov, Marakuyzv,
1962).

By 1962, expeditions on the expeditionary ship
"Acadenician S. Vavilov" carried a large scope of geological
operations (see Appendix). Over 46,000 km were travelled
with continuous echo sounding (the total length of the routes
was about 62,000 km), 301 geological stations were made.

At these stations 153 samples were taken from the surface by

a dredger, 74 cores were taken by silt tubes, including two
cores by a piston tube (the length of these cores was 8.3 and
11.1 m). The total length of the silt tubes was over 150 m.
Approximately 300 samples of water suspension were collected
by the membrane filtration method, including 123 samples

frcm deep-water levels. A total of more than 4,000 samples
was selected from the silt tubes and the bottom dredgers for
various types of analysis and for study of the water suspension.
In the second to fourth trips five seismic reflected-wave-
method profiles were made in the easterrn pu; % of the sea, in
the Ionic and Tyrrhenian Seas. Their total length is about
180 km. A total of 35 point seismo~acoustic soundings in all
the basins of the sea were made, except .n the Aegean Sea and
the Sea of Marmara. Under observations with 1 television .
installation were cafried out at three stations, the bottom
was photographed at 6 stations. The illustration shows tne
results of Soviet marine geclogical projects, including the
projects carried out by the expeditionary ship "Academician

S. Vvavilov."

A rather large amcunt of factual material, collected in
the four trips of the expeditionary ship "Academician §. Vavilov"
and obtained from other organizations, is at present being
processed and will be generalized in the corresponding sections
of the combined work "A General Oceanographic Characterization

of the Mediterranean Sea."
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On the basis of echo sounding data, with account taken
‘og available domestic and foreign materials, sheets of the
bathymetric map of the Mediterranean Sea in a scale of
1:1,000,000,000 are being compiled. A bathymetric map with
;:xiiébbaéhs every 500 m and a tectonic diagram of the sea (all
N ,dn a scale of 1:3,000,000} have already beer. compiled and
transmitted for the Tectonic Map of Eurasia."

‘Oﬁ.the bagis of the new bathymetric chart it has become
‘possible to carry out regional geomorphological zoning, to
27" -delineate the largest shapes of the relief of the bottom,

p

1;éither unknown up to now, or such to which the prorer attention

S e

'~fh§§~ﬁot been paid, and to unify into one¢ entity the entire

éystem of cdeep troughs extending along th= Balkan peninsula

and the islands of Crete - Rhodes into a single trough, which
has been given the name of Hellenic trough. This trough
apparently constitutes a contemporary geosynclina in the

iﬂ;@;t;;l stage of its development, forming alcng an abyssal

e

fracture with a length of approximately 150G xm. Within the

*

7

q.
. 1imits of the trough is located the maximum depth known in

4

“<§herpéditerranean Sea (5121 m), discovered by the expeditionary

ax
P

"fihi§~khcademician S. Vavilov" in 1962. Considerable interest

is afforded by the wide arched uplift -- the Central Mediter-

i
Ak

faﬁé@n Bar, which has definite features of similarity with

.oceanic bars. In addition, attention is drawn to the special

'éiéathfep of the distribution of the forms of the m2sorelief
i %éitpin the limits of the largest basin of the sea, which
“:gﬁggzcterize similarity or difference in the history of the
;f;fqiﬁgé;bh of ‘their relief.
, . Material dealing with the sediments of the Mediterranean
%ﬁ%gﬁééi are processed principally at the Black S<a Station oi the
Institute of Oceanography, A;ademy of Sciences, USSR. Here
analyses are carried: granulometric, mineralogical (both of

‘sediments and of suspension), chemical -- for curbonate content




and Corg, for iron, manganese, titanium, amorphous silica,
phesphorus, and some other elements; a study is made of the
foraminifera. A part of the analysis is made, upon the order
of the Black Sea station, in other organizations ~-- in the
University of Rostov and in various laboratories in Moscow..
At these places are made certain mineralogical analyses, a
full spectral and thermal analysis, a study is made of the
sediments with x-rays and under an electron microscope. él_
Generalization of all the data (the number of various analyses
have already exceeded 2,500) is carried out at the Black Sea
stetion of the Institute of Oceanography, Academy of Sciences,
USSR. On the basis of these materials are compiled charts

of the distribution of individual fractions of sediments, a
summary diagram cf present-day sediments, based on a classifi-
cation of silts worked out in the Institute of Oceanography,
Academy of Sciences, USSR, and a diagram of sediment distribu-
tion on the basis of carbonate content; diagrams of the
location of other elements are compiled. Individual results
of the first investigations have been published in the press.

On the basis of seismoacoustic operations, several
sections have been constructed which characterize the thickness
of the unconsolidated sediments in the western basin, in the
Adriatic, and in the regions of the troughs of the eastern
part of the Mediterranean Sea.

Some basic results of the projects of the Black Sea
Experimental Scientific Research Station on marine geomorphology,
tectonics, sediments, and seismo-acoustic research are being
published in tle present collection.

It can be seen that in recent years extensive, variegated
and rich material.has been collected in the Mediterranean Sea;
this has made it pcssible to undertake the solution of many
general problems of the geology of the Mediterranean Sea.

Nevertheless, the data obtained in Soviet expeditions have
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inadequacies are due to the fact that all the geological

operations were carried out as a sideline, and sometimes

optionally. Thus, up to now we still know very little con-
@;gidgring the geomorphology of the most interesting zone of
'Ehe Hellenic trough and the structures connected with it.

"?Tbére is absolutely no information concerning the depth

E@é%;ugturg cf the earth's crust and its thickness; little is
_ - khown about the velocity section even of the upper sedimentary

- geries, not to speak of the "granite" and "basalt" layers.

tet G2 1)

iﬁé rﬁles éoverning the replacement of sediment types in the
k"tgihgi;ion from shallow shelf zones to deep-water zones have
ﬁ§§95'ih§ufficiently studied, as well as tl.e variability of
f;%%ﬁé~§ediments within the limits of each zome. It is necessary
“£o dggélop methods for studying the variability of sediments,

<

if@ithout which serious charting to the contemporary sediments

,@§f%qny»reservoir is impossible (Yemel'yanov, Shimkus, 1362).
“There are very few long cores of silts (only 3), therefore it j
.jﬁ}is'not yet possible to carry out a correlation of the basic

¥

) udﬁ;gtigraphic horizons between regions that differ substantially

:;gﬁﬁﬁjfespect to conditions of sediment formation in the present

E
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.gpqéh and in earlier ones.

s

Ty Further geological study of the Mediterranean Sea urgently

34;5@&@%&93 the carrying out of special geological trips, which

-Qfgﬁﬁyt‘be'charged with the following basic tasks:

;
. .
g .
‘
.

;<ti6Qgh and the Cretan Sea, and to follow through the eastern
, TFough a

25

., .

iw'tc study in detail the geomorphology of the Hellenic

. 7and western continuations of the Central Mediterranean bank;

b
b,

‘2, to carry out, by means of buoy setups, a detailed

+'straverse: echometric survey of the bottom in the open regions

at these polygons;

3. to obtain lony (up to 15-20 m) cores of soil by means

of heavy tubes in the principal basins of the sea;

some very substantial inadequacies. A large number of these §
§

of the sea with subsequent selection of series of soil samples ’1

e
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Appendix: /8

Scope of geologic operations in the Mediterranean trips

e

ﬁg—f‘éf the expeditionary ship "Academician S. Vavilov" in 1959~
- 1962,

-

!
-
o
1
|
L T e T e o

- v Trips l |
R Total
;. lst_ | 2nd |3rd  4th | l
X . !
+Echo sounding, km . . . . . [ 3.0 , 5
o : . G4 42 03 268Y ¥ de2i
Number of stations . . . . 99 H ‘gg § 57) f ll!)') “101) '
Dredgers . . . . . . ... 50 e 16 st 3o Y
. , Silt tUbeS . ° LI 3 . . . [3 3‘3 9 16 13 ‘I-Ii
‘Total length of cores, m . " 8 . . o
Samples from dredgers ey 23 28 % ot
AN J’;F\Oist *® e o s & s+ e s o l"? 43 1S 24T 313
B < A 85 ic 83 i I
Samples from tubes
- - mOiSﬁ e o ¢ o o & & e o 714 2."9 '_)_lﬂ 21s [ K
. d}.’y e & & s 6 e s e @ . 809 247 25') 285 Iu
- Water suspension . . . . . g:’ - 43 151 2
including deep-water . . . -} 20 O
i Submarine photo, series . . 3 T3 — - 6
, Submarine television, series| - - 3 - 3
" .+ Seismic reflected-wave- ! ;
E method profiles, km . . - 66 95 17 1S
%" Point seismo-acoustic .
- - 3 32 35
’?‘{:,’ Soundinqs e & & e o e o o —
. 5
E.'&‘f“ \
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THE RELIEF OF THE MEDITERRANEAN SEA BOTTOM

~
—
o

O. V. Mikhaylov

Information of the relief of the Mediterranean Sza
bottom can at present be reduced to numerous, frequently

L3
-3

j 1nsuff1cxently reliable data of cable depth soundings and a

.considerable number of echo soundings carried out {pnrimarily

“

., ‘during the postwar years) by various research vessels of

s L " yarious countries. Attempts at generalization of the
‘-3 -~ accumulated data have been expressed in several bathymetric

o w;ﬂ : charts, compiled by foreign oceanographic z2né marine :

institutes for individual regions and parts of the sea.

‘;;,_ " Among che most reliable bathymetric charts cf the
T,k bﬁMediterzanean Sea are the charts cf the Algiers-Provence
] »Fi" - basin, published under the editorship of J. Bourcart (1960},

R maps of the northern part of the Tyrrhenian Sea and the !

:fiuriatic Sea under the editorship of A. Segre (Carte..., 1960)

P and the map of the Strait of Gibraltar compiled by Gisrmann

KlSGl). The bathymetric chart of the eastern part of the

- “Mediterranean Sea, published under the editorship of

M: Pfannenstiel (1960), contains many inaccuracies connected,

. ift our opinion, with inadequate compilation methods, the
e ... abseénce of thorough analysis, and subsegquent geomorphological 3
-0 intérpolation of the data of continuous echo sounding and

'i an insufficiently critical approach to the marks of navigation

Ko 0

0 \':’"t ;. 2 AN T 1
ﬁ R N 8
pal ! AN

- charts. On the whole, this chart does not correspond to the

&

~}‘;£1"p§esent-day level of sea-bottom cartography.

Due to the absence of a reliable bathymetric chart of the

£
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'hnti'e sea, it is inpossible to tie the numerous separate
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“into a central whole, and to interpret them with sufficient
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. justification. Study of the relief of the Mediterranean Sea
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bottom is of great interest, since this sea is located in a
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SATE

o zone with a transitional type of earth crust, and is characterized
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by a very complex tectonic structure, high seismicity, and

contemporary volcanism, and its geomorphology casts light

upon the processes of the formation of the Alpine folding.

In 1959 the Marine Geology Laboratory of the Black Sea

Y Ty T AT R SR e e e

Scientific Research Station of the Institute of Oceanography,
Academy of Sciences, USSR started a systematic investigation

of the Mediterranean Sea with the aim of detailed geological

.
L e AR U

3
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study -of this most interesting region. The material accumu-

oy

lated by the expeditions of the expeditionary ship "Academician

ENOTaE

P
[RIRVIRE TS

§. Vavilov," the sounding data of other Soviet and foreign
ships, as well as numerous domestic and foreign navigational
charts and some bathymetric charts, made it possible to
start the preparation of a new detailed bathymetric chart.

The preliminary bathymetric chart of the Mediterranean Sea

shown in Figure 1, with isobath sections every 5060 m, and a
supplemental 200 m isobath, is based on most of the available
echo sounding data and navigational charts, all of the marks
of which have been taken into account by us in plotting the
isobaths, with the exception of individual obviously
erroneous depth values which crudely fail to coincide with
the echo sounding data. The preliminary chart, made to a
scale of 1:1,000,000, was then converted into a scale of /11
1:3,000,000 with the necessary generalization. The Algiers-
Provence basin was plotted almost: entirely according to the
data of the maps of J. Bourcart; however, we have introduced
some changes and additions based upon material from the
soundings of the expeditionary ship "Academician S§. Vavilov."
In processing the material and in compiling the chart, use
was made of the method developed in the Institute of Oceano-
graphy, RAcademy .of Sciences, USSk (Udintsev. 1951, 1954, 1956,

1957, 1¢59; Budanova, 1958; Marova, 1958 d; Budanova et al.,

ARENDANE

1960). As a result of the work done, it was possible to

distinguish important and characteristic features and the
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largest shipes of the bottom relief, particularly in the

o i ot e e e Pt et <

eastern part of the sea, and to carry out the geomorphological
. zoning of the entire sea in a new manner.

The morphological diagram (Figure 2.) has been compiled
by the author jointly with V. P. Goncharov. The diagram
shows only the largest forms of the relief, and the very most
general division of the sea bottom into regions is given,
with -the basic genetic types of the small forms. The
morphological characteristic of the shelf is nct given in the
diagram in order to avoid overloading the drawing.

It is customary to divide the entire basin of the
Mediterranean Sea into two extensive regions: the western and

the eastern. The morphologv of the two regions, determined

first of all by the tectonics, dififers sharply. The western
part, including the Algiers-Provence basin, the Tyrrhenian

Sea, and the African-Sicilian £11l; is characterized by a

relief formed entirely under the influence of the processes i
of the development of the Alpine f£0lding. The relief of the

bottom of the eastern part is determined by s complex inter-
s Y 38

relationship between the rigid massifs of the African-Arabian

platform in the south and young folding in the nor:h.

The outer boundary of the Algiers-Provence pasin
‘corresponds on the map approximately to an iscbath of 2560 m.
It closely approaches the feet of the continental slope of
Corsica and Sardinia, the eastern and southern slopes cf the

Balearic projection and the slope of Algiers, but remains
far away from the French and Spanish coastline. The bottom
e ~Oof the basin is extremely even, with depths everywhere close

to 2800 m (Figure 2; Figure 3, profile A). The region of
the greatest depths (2850-2870 m) is located in the southern |
. part of the basin. The maximum depth, according to sounding

data of the expeditionary ship "Academician 3. Vavilov," is

? 2877 m (38° 36.0' N, 6° 556.1' E).
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Figure 1 - Bathymetric map [remainder illegible].
underwater volcano of Vavilov.
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Figure 2 - Morpholoc«ical diagram of the Mediterranean !
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- edge of the she.f, with a sharp transition to a coi
nental slope;

- the same, with a gentle transition to a continenta;

- the same, with a smooth trarnsition to a continenta;
-~ foot of the continental zlnpe;

- contours of the deep-witer Jenressions and basins;
- valleys within the limits of the continental slope:
- Hellenic deep~-water troughs;

- other troughs;

- contours of underwater elevations and plateaus;

- contours of the Central Mediterrancan bar;

- limit plains of non-wave accumulation;

~ sectors with accumulative planation of primary rouc
- ancient planation suriaces;

- sections of bottom with retention of primary rouglu
- individual submarinie mountains and volcanoes;

- presumed submarine mcuntains and volcanoes.
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The bettom of the Algiers-Provence basin genatically
constitutes a limit p.ain of non-wave accumulation. Its
analoas are, for instance, the 3lack Sea, the South-Okhotsk,
and the Japanese deep-water basins. Therefore individual
depressions (deeper than 2900 m) or elevations, to be found
on the bathymetric charts of J. Bourcart, are not shown on
our bathymetric chart within the limits of the Algiers-
Provence basin. The origiration of individual marks on some
navigational charts, which formally confirm the existence
of these unevennesses, is most probably of all connected
with errcrs inherent in cable sounding.

The continental slope of the Algiers-Provence basin is
complexly dissected and steep, with numerous underwater
valleys. The greatest steepness and complexity of its
structure usually corresponds to sectors attached to regions
of young mountain structures and regions of structure closure
of the Pyrenees and the Maritime Alps. However, not a single
one of these structures is followed through in the relief of
the bottom for any distance out to sea. In these places the
slope freguently has scarps, and its steepness changes from
5 to 15-20°. Thus, a steep scarp between isobaths of 1000
and 2000 m is exrressed in the northern part of the slope of
Costa de Ponente, scarps between isobaths of 500 and 1000 m,
as well as between 500 and 1500 m are marked on the slope of
the northwestern islands of Asinar and on the slopes of
southern Sardinia, where still another scarp corresponds to
a depth of 200-500 m. The western slope of Corsica abounds
in short trenches, which attain 1000 m in depth. Some under-
water valleys are continuvations of terrestial valleys, such as,
for instance, the Ajaccio valley, which retains its contours /12
down to 2450 m. The coast of Algiers has a rather steep
continental slope, on which can be traced small structures,

connected with the Atlas mountain chains which are perpendicular
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to its strike. The steepest part of the slope is contained
between the isobaths of 200 and 1500 m. The valleys descend

almost to the foot to depths of 2000-2500 m.

The submarine elevation of the Pityusae 1slards and the
‘Balearic Islands is clearly contoured by the 1900 m isobath,
The horst structure of the Balearic projection is well
expressed in the relief of its continental slope by precipitous
sczrps between 500 and 1500 m (south of the island of Majorca)
and 500-2000 m (east of the island of Minorca). On the whole,
the relief of the slopes is rather moderate, with the exception
cf a small sector iz the east and northeast. Scuth of the
island of Minorca and north of the Island of Ibiza, ancient
planation surfaces are encountered on the slope.

The continental slope of the bay of Lyons is the most
gently sloping in the Algiers-rrovence basin. The valleys
within its limits can be traced to 220C m, and disappear at
these Jdepths under the cover of contemporary sediments. A
characteristic feature of the morphology of these valleys is
the development of lateral scarps along the thalweg. The
first scarp usually corresponds to a depth of 300-600 m, the
#econd corresponds to approximately 1060 m.

North cf the Balearic projection and from the Bay of Lyons
eastwards to the Ligurian Sea, the transition from a steep
continental slope to a peneplain is characterized by a wide
zove of hilly, gently sloping relief, located at depth between
2200 and 2700 m. The gradient of the bottom here .5 not great --
less than 1° (usually the continental slope of the Algerian-
Provence basir. abruptly passes directly into the basin bed).

The boundary of the shelf of the seas of the Algiers-
Provence basin is ‘rather well indicated on the map by the
200 m isobatih. The coastal shoal usually constitutes a narrow,
2-5 mile strip. Only in some regions (the bays of valencia

and Lyons, the coastline of Sardini~) does it extend for 10~30
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miles. The edge of the coastal shoal basically corresponds
to depths of 110-130 m.

Located entirely within the bounds of the continental
slcpe zones, the Sea of Alboran has a dissected topography.
represented by a series of dopressions extended in a latitu-
dinal and a sublatitudinal direction. and individual elevations,
which include, for example, the volcanic projection of the
island of Alboran. The depths of the sea in the depressions
vary from 1000 tc 1500 m. The maximum depth shown on the
navigation charts is 2000 m, but, according to our data, there
is little probability of the existence here of any depth
greater than 1600 m.

The Tyrrhenian deep-water basin is outlined on the bathy-
metric chart by the 3000 m isobaths. The most greatly levelled
sector of the basin bottom is lccated deeper --- at 3550-3600 m.
It occupies a rather extensive area ain”, with respect to
relief type, is similar to the basin of the Algerian-Provence
hasin. Apparently there are no Adepths here greater than 2650,
and the maximum sea depths drawr on the map of A. Segre {3840 m)
is not likely to be reliable.

The zone of the coritinental slope of the Tyrrhenian
depression may be divided into several morphological non-
uniform parts.

The shallow north Tyrrhenian region, containing the area
of the Tuscan islands, has a very uneven bottom, shallow (up
to 500 m) sectors of which alternate with deep grooves and
wide valleys. The gradient of the bottom gradually increases
southwards, and with increasing depth the relief acguires a
sloping and hilly character, not infrequently with peneplanation
planes. The region is separated from Corsica and northern
Sardinia by the flat-bottomed Corsican-Tuscan trough.

The upper part of the contirental slope of the Italian

coastline from Naples to Calabria (to 1000 m) is gently
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; sloping and hilly, not infrequently complicated by volcanic
_upheavals. Peneplanation planes are encountered here almost
everyvhere. The lower part of the continental slope is con-

- 8iderably steeper. Most of the vallcsys end at depths from

~
w

1000 to 1500 m and only south uf the Bay of Policastro are

=

e e —

E{ ‘ Figure 3. Profiles of the bottom of the Mediterranean Sea.
x . (Ratio of the horizontal and vertical scales 1:37).

some of them traceable to the foot of the slope. /14

The region adjoining northern Sicily includes numerous

protrusions of volcanic islands -~ the Lipari Islands, Ustica :
Island. Between prolonged depression with depths of 1000 to

1500 m. Its Sicilian slcpe is cut up by numerous short valleys.

The continental slope of the Lipari Islands descends by a é
steep scarp to the bed of the basin. It is very steep in the

region of the island of Strombeli (up to 47°), but becomes less

steep towards the west.
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Figure 4. Bathymetric charts of the submarine volcano of
vavilov (A) and the region of the maximum depth of the
Mediterranean Sea (B).

The south Tyrrhenian region is characterized by a com-
paratively wide continental shoal (up to 25 miles). The
continerntal slopz is gertle, with numerous banks, islands,
and ranges of hills with a northeast strike. The continental
shoal of the eastern coast uf Sardinia and Corsica is narrow
(2-4 miles) with the exception of a sector north of Orsey Bay
and the Strait of Bonifacic, where its width is on the average
10-15 miles. Small valleys have developed within the bounds
of the slore, which end at a depth of 1000-1500 m. On the
continental slope of S~uth Sardinia three scarps are noted:
to 1450, 1450-2800, and 2800-3G00 m.

Of interest is the existence, in the center of the
Tyrrhenian deep-water basin, of a solitary volcano, investiga-
ted by the expeditionary ship "Academician S. Vavilov" in
1959 (Figure 1l; Figqure 3, profile B; Figure 4, A). The least
depth of its peak is 731 m (39° 51.2' N, 12° 36' E). It rises
above the bottom at 2850 m, the width of its base is about
30 km, the steepness of its slope is up to 11-15°.

Of interest in the relief of the Arrican-Sicilian sill

are three parallel depressions with &« northwest strike,
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separated by low connecting links (Figure 3, profile B). The
bottom relief of the remaining regions of the African-
Sicilian sill is conplicated by small elevations, possibly of
volcanic origin, similar to the Island of Pantelleria. Just
és in the other bases of the western part of the Mediterranean
Sea, it is possible to distinguish peneplanation planes here,
)particularly along the African coast. The greatest depth
measured in the center depression of the sill is 1730 m (36°
25.5' N, 13° 25.3' E).

Of greatest interest in the extremely dissacted topography /15
of the eastern part of the Mediterranean Sea, in our opinion,
is the complex of the Crete-Rhodes island arc. It includes
the mountain range passing from Peloponnesus through the
islands of Crete, Karpathos, and Rhodes intc Turkey, the
system of narrow deep-water troughs extending along the arc
from the Ionic Islands to the Gulf of Antalya, and the
de?ression of the Cretan Sea. The troughs of the exterior
(southern) side of the arc can be clearly traced on the echo
‘so?udinq tacks of the expeditionary ship "Acaderician S. Vaviiov"
(Figure 3, profiles E~L). South of the Strait of Kasos there
exist three parallel troughs, separated .y mountain ranges.
Sometimes the troughs are separated by low connecting links
oxr arcs situated echelonwise, but everywhere they retain their
principal direction and form a single system, which girdles
the Crete-Rhodes island arc from the south. The prelZile cf
the trough usually has a V-shaped form, zithough here and there
are also encountered sections of bottom levelled due to the
accumulation cf sediments. The width of the troughs iz from
3 to 20 miles. Sometimes they pass into wider valleys with
more gentle slopes.

For this system there is proposed a single name -~ the
Hellenic trough. 1Its origin is apparently brought about by

a regional abyssal fracture with a length of over 1500 km.
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The depth of the Hellenic trough (according to the enveloping
isobath) almost everywhere exceeds 1000 m. We cite the values
of the maximum depths measured in its depressions on the
expeditionary ship "Academician S. Vavilov": at the Ionic

Islands -- about 4000 m, at Strophades Island -- 4224 m (35°
28.2' N, 27° 41.9' E), west of Peloponnesus -- 5121 m (36° 33'

N, 21° 05.4' E), at the Strait of Cerigo =-- 5015 m (35° 52.5' N,
22° 18' E)*, at the Strait of Antikythera -- 4490 m (35° 32.7'

N, 22° 37*' E), south of the western end of the island of Crete ~-
3591 m (34° 46.2' N, 23° 40.2' E), south of the island of Gavdos =--
3590 m (34° 35' N, 24° 10.6' E), south of Cape Lithinon on the
island of Crete ~- 3530 m (34° 07.3' N, 24° 46' E), at the

Strait of Kasos -- 4034 m (34° 49.9' N, 26° 31.5' E), southeast
of the island of Rhodes -- 4486 m (35° 55' N, 28° 38.2' E),

south of Lycia -- 3054 m (35° 58.7' N, 29° 58' E), at the

Gulf of Antalya -- 2671 m (35° 58' N, 30° 59' E}).

The cited depths are the greatest of those measured by us,
but possibly are not the maximum depths. Individual depressions
of the trough have a ;trike cross-wise to the general axis,
and are apparently connected with transverse faults. Precisely
in such regions are encountered the greatest depressions. The
greatest of the presently known depths of the Mediterranean
Sea -- 5121 m (Fiqure 4, B), was discovered ir the fourth trip
of the expeditionary ship "Academician S. Vavilov." The slopes
of the Hellenic trough, particularly the northern one. are
very steep (15-20°), and are sometimes precipitous.

The depression of the Cretan sea, which belongs to the
complex of the Crete-Rhodes island arc, has a complicated
configuration and structure. A large part of it is well out-
lined or the hathymetric chart by the 1000 m isobath (Figure 1).
A wide bucket-shaped depression, pdassing along the northern

slope of Crete, passes at the island of Kasos intc a narrow

* Sounding of the expeditionary ship "Calypso," 1955-1856
(Lacombe, 1960).
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parallel trough having a V-shaped profile (Figure 2; Figure 3,
profiles O-R). This trough is probably connected with a
tectonic seam. 1Its depth varies from 1000 to 1500 m. The
maximum depth of the sea in one of the depressions of the
'trough west of the island of Karpathos is 3591 m. The greatest
of the depths measured by us here is 2480 m (36" 04.8' N,

27° 05.7' E). The small depression passing along the northeast
slope of the islands of Cerigo and Antikythera is apparently

a tectonic continuation of the basin of the Cretan Sea; its
maximum depth of 2167 m (36° 13.9' N, 23° 31.2' E) is doubtful.
According te our data, there are unlikely to be any depths
here which exceed 1400-1500 m.

The southern continental slope of the island arc from

the Gulf of Antalya to the Ionic Islands is characterized by
an extremely complicated structure. 1Its steepness varies
wigh@n rather wide limits, but even at the most gently sloping /16
ée;tions the average gradient of the bottom is not less than
5°. The steepest slope adjoins the region of the northwest
extremity of Crete (Cape Krios). dHere, between 150 and 2000 m,
is clearly expressed a scarp with a gradient of about 40".

The mean steepness of the continental slope is apparently

about 20°. Within the limit of the slope, scarps are developed
almost everywhere. Only the Turkish slope of the basin between
~Rhodes and Lycia has a comparatively simple (for this zone)
structure. South of the islands of Rhodes, Karpathos and the
eastern part of Crete, on the continental slope can be traced
mountain ranges with high peuks, parallel to the Hellenides,

as well as ranges of hills and eievations of varying height

and orientation. Numerous valleys and canyons cut through

the continental slope in various directiong, frequently
descending to the foot. Below 2500-3000 m the contirental
slope passes directly into the slope of the Hellenic trough.
The coastal shoal along the southern shores of the Crete-Rhodes

arc is very feebly developed. It extends into the sea usually

A4 b,
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not further than 2 miles, and in places is completely absent.

The complex of the Crete~Rhodes island is, in the morpho-
logical respect, the most complex one in the entire Mediter-
ranean region, and requires detailed study.

The system of depressions of the Hellenic deep-water
trough is contoured from the south by a large arched uplift,
rising over the level of the bottom to the extent of 500-800 m.
This uplift, called by us the Central Mediterranean Arch,
extends along an arc from the Ionic islands to the Sea of
Levant. The arc is clearly distinguished cn the sounding
profile (Figure 3, profiles F, S, G-L), and on the bathvmetric
chart is well outlined by the 2500 m isobath (Figure 1l). South
of Lycia, on the arch, there is located a small plateau with
depth of 1200-1400 m and a minimum depth, according to our
data, of 1156 m (35° 35' N, 30° 34.8' E}). Ncrth of Cyrenaica
the arch joins the extensive Mediterranean Plateau (Figures 1
and 2, Figure 3, profile G), the depths of which are less
than 2000 m and which has minimum depths of about 1350 m. The
least depth, according to our sounding data, is 1318 m (33°
45.3" N, 22° 49.2' E). The western and the eastern ends of
the arch have not yet been determined by us; however, it may
be assumed that in the east it tuxns from the Lycian plateau
to southern Cyprus, and west of Peloponnesus gradually flattens
out. The middle plateau is separated from the continental
slope of Cyrenaica by a narrow trough with depths greater
than 2300 m. The depth of the trough is on the average 25G m.
The mesoforms of the relief of the arch and of the middle
plateau have been insufficiently studied. Acccrding to our
data, the relief of the arch is hilly, with xndividual low
hills and small depressions.

The central plateau divides the deep-water regions of the
eastern part of the Mediterranean Sea into two basins: the
Central Basin in the west and the Levantine Basin in the east

(Pigure 2).
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The bed of the Central Basin is contoured on the map by
the 3500 m isobath. Considerable areas within the limits of
the basin are located at depths of over 4000-4100 m, the topo-

graphy of the bottom flattenirg out only in these sectors.

The main area of the central basin is characterized by a
“dissected, rollirg topography with depth variations of 100-
150 m. The width of the feet of the hills is approximately
1-2 miles, the steepness of the slopes if on the average
':) close to 7°. Several small depressions are located along the
foot of the continental slope of Sicily. Posgibly a shallow,
flat trough extends here. The greutest depth measured by us
in the central basin is 4116 m (36° 10.3' N, 18° 30' E). The
+ maximum depth according to navigation-chart data is 4297 m.
Most of the individnal high mountains (volcanoes) shown within
the limits of the bed of the basin on the map of M. Pfannenstiel
are very doubtful, since they have been entered on the map
only on tie basis of single depth soundings.
The Levantine basin, bounded on the north by the central

Mediterranean arch, is well outlined from the east and south

by the 2500 m isobath (Figures 1 and 2). The extensive area /17
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in the center of the basin has depths in excess of 3000 m.
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The topography of the bottom is here more restrained than in
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the central basin. Comparatively gently sioping hills (up to
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~2°) within its limits attain heights of 200-250 m. Within
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the region of the maximum depth of the basin -- 3174 m (32°
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23.8' N, 26° 40' E) -- a small area of the bottom is peneplained.

South of the island of Cyprus is located a local plateau
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with depths of less than 1000 m above some of its peaks. Two
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small troughs separate the plateau from the underwater base
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slope of Africa on the sgouth. East and west of the plateau
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are located two basins, ¢f which the deepest one is the western
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one (its depths are 2400-26(0 m). The eastern, Phintian basin

ir characterized by a rather lat topography anrd depths of not
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more than 2200 m.

The underwater base of the island of Cyprus has outlines
which differ consider. tly from the shape of the island above
the water. The western and southern slopes of Cyprus are cut
up by deep valleys and are complicated by individual elevations
and mountains. The steepest slope is the western one (18-20°).

Of interest is the link (bridge) connecting the eastern
underwater continuation of the island with the projection of
the contirental clope of Syria. The depth above this link is
less than 1000 m. At depths of 1500-1700 m, within the limits
of the southern slope, a bend is to be noted, the siope
becomes considerably more gentle (2.5-3° instead of 10-15°).
The western and the southern slopes of the islands pass rather
steeply into the bed of the basin.

The continental shoal of the western coast of the Ionic
Sea conxtitutes a strip 2-5 miles wide. In the gulf of
Taranto it is wider -- about 10 miles. The transition from
the continental slope is rather smooth and corresponds to a
depth of 100-110 m. The continental slope may be divided
into two sectors: the southeast slope of Calabria and the
sector from the Strait of Meczina to the latitude of the island
of Malta. The slope of the first sector is gentle, smoothly
passing into the bed of the basin at depths of 2700-3000 m.
Outstanding among *he largest of the valleys located within
its limits is a wide, trough-type, bucket-shaped valley, passing
from the Gulf of Taranto to the foot of the continental slope
(Figure 2). The slope of the second sector is characterized
by considerably greater steepness (up to 10-15°) and acute

ruggedness. Thus, one of the valleys of the continental slope

r

at Cape Isola delle Correnti (Sicily) has a depth of over
1500 m. The transition to the bed of the basin is very sharp
along the entire sector and corresponds to depths of 3000~
3500 m. Somewhat south of Sicily (at the latitude of Malta)

the continental slope turns east, includes within itself

individual elevations and separate uplifts, and as it moves.
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east gradually passes into the calm and even slope of the
Sidra Sea.

» The continental slope of the African-Arabian platform may
be divided into two types: a steep and rugged slope, probably
connected with faults, and a quiet slope of submerged edged
sectors of the platform (Figures 1 and 2). The slope of the
first type extends along the coast of Syria and Lebanon and
from the Arabian Gulf westwards to the Gulf of Syrtis Maior.
Its steepness varies between 4 and 10°. Most of the valleys
are well developed and can be traced to the foot. The slope
of the second type is located at the shores of Egypt, where its
mesoforms are overlaid with mud depcsits, and in the Sea of
Sidra. The gradient of the bottom at the sectors is equal to
only 40" ~ 1° 30'. The length of the continental shoal at

all these sectors varies. 1Its average width is of the order
of 5 miles. It attains considerable size only in the Sea of
Sidra (about 15 miles) and in the region from Alexandria to

El-Arisha (30-40 miles). The narrowest continental shoal is

at the coast of Syria, between Latakia and Ras-El-Bast.
The Gulf of Iskhenderun and the shoal from Cape Karatash

to Cape Ovadjik are broad and shallow. The topography of the

bottom is most even of all in this region. The continental
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slope is almost not traced at all, although between 100 and

N

500 m a comparatively steep scarp is noted. 1In the central

part of the ragion the depths increase gradually from east

to west; this is probably cexplained by intensive filling of
the synclinal bend hetween the Cicilian Gates and Cyprus with
deposits. From Cape Ovadjik to Cape Anamur the scarp of the
continental slope is more clearly expressed.

in the to inhs Mdriatic Sea bottom are tc be

[t1]

2

distinguished a northwest shallow-water region and a south-
eastern basin. The mesoforms of the topography of the north-
western part of the sea have been buried by a thickness of
sediments carried in by numerous rivers. The depths of the

shallow~-water region increase gradually from northwest to
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southeast, reaching 170 m at the Palagruza islands. There
apparently exists an insignificant gradient of the bottom
surface from the Apennine coast to the Dalmatian islands.

The southern slopes of some of these islands are precipitous
and deep. A small transverse depression with depths of up

to 270 m intersects the shoal from Cape Ferruccr to the
island of Girier, and probecbly constitutes a very young graben.
The gently sloping banks located north and northwest of
Gargano peninsula, as well as the islands of Tremiti, Pianosa,
and Palagruza apparently constitute a submarine extension of
the Gargano massif.

Layering data obtained in soundings show that the bedrock
here is covered with an insignificant thickness, only a few
meters, of unconsolidated sediments. The rcck lies at the
most various angles to the surface of the bottom. The south-
east deep basin of the sea constitute a wide depression with
a well levelled bottom and comparatively gentle slopes. On
the northwest slopa two terracelike surfaces are to be
distinguisheé -- at a depth of 200 and 300-350 m. The maximum
depth in the basin is unlikely to exceed 1300 m.

The structure of the basin of the sea of Marmara, which
is small in area, is connected with the fault which continues
on its bottom the north Anatolian fault. The trough passing
alo. the northern deep slope consists of 3 depressions
(to 1225 m), separated by low connecting links. At the foot
of the northern continental slope pasces a shallow trough,
which is well expressed only in the easternmost part of the
sea. At the south, an extensive part of the body of the sea

constitutes a shoal with depths of the order of 60-80 m.

northern part of the Aegean Sea. The first of these, passing
from the Gulf of Saros to the Magnesia Peninsula, is a con-

tinuation of the north Anatolian fault. It has the shape of
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a wide, flat trough. The deepest part of the trough starts
approximately at the Akte Peninsula. The depths here are
everywhere greater than 100-1200 m. The second fault is
legs cleariy expressed by a system of narrow depressions,
~extending from the Bay of Edimit to the island of Skyros.
The depths increase from east to west, reaching 1000 m at the
foot of the island of Skyros. The comparatively shallow
elevation contained between these faults, with the islands
of Imiroz, Lemnos, and Agios-Evstratios is characterized by
precipitous slopes. The central and the southern parts of
the Aegean Sea have been little studied. 1In the topography
of the bottom it is difficult to trace the expression of any
tectonic lines. The numerous basins and the elevation
geparating them have a most variegated configuration and
orientation and, on the whole, have the features of a block

structure. The greatest depth in this region is 1262 m

135° 49' 09" N, 26° 20' 02" E), and is located in one of the
basins near the isle of Samos. A second deen basin (over

) 1000 m) is located 10 miles southwest of the isle of Antiparos.
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SOME SPECIAL FEATURES OF THE GEOMORPHOLOGICAL STRUCTURE AND /20

TECTONIC DEVELOPMENT OF THE MEDITERRANEAN SEA

Ye. M. Yemel'vanov, O. V. Mikhaylov, K. M. Shimkus

The problems of the tectonic structure of the Alpine
geosynclinal zone of Europe, covered by the waters of the
Mediterranean Sea, have already for centuries been the center
of attention of the greatest tectonics specialists of the world
{(Suess, Stille, Staub, Argan, etc.}. 1In spite of this, the
contemporary concepvions of the tectonics of the Mediterranean
basin are still far from complete.

As a result of oceanographic research in s2as and oceans,
in the last few decades a large amount of new material has
been obtained concerning alsc the structure of the Mediterranean
Sea bottom. The greatest contribution in this has been made
by Frenéh, Soviet, Italian, and English scientists. The
principal items of this research are the following: 1. bathy-
metric charts of individual basins and sectors of the sea
(Bourcar.., 1960; Pfannenstiel, 1960; Segre, 1960; Gi<rmann,
1961); a bathymetric chart of the entire basin, compiled in
the marine geology laboratory of the Black Sea Experimental
Scientific Research Station of the Institute of Oceanography,
Academy of Sciences,; USSR (Goncharov, Mikhaylov, 1963; Mihaylov,
1963); 2. valuable data of direct observations by means of
descents in bathyscaphs (Peres, 1958, 1959); 3. samples of
bedrock from the sea bottom (Bourcart, 1953, 1959; Segre, 1958);
4. data concerning the structure of the sedimentary series on
the basis of seismic research (Moskalenko, the present
collection); gravimetric charts (Bruyn, 1955; Morreli, 1961);
6. data concerning submarine volcanism (Neymayr, 1902;
Pfannenstiel, 1960); 7. data concerning submarine earthquake
epicenters (Caloi, 1937; Griland, 1955; Galanopoulos, 1960,
1961).
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The correctness of the tectoaic interpretation of the
enumerated data depends to a great extent upon the trustworthi-
ness of the concepts concerning the tectonic structure of the
dry land surrounding the Mediterranean Sea. In this respect
there is great value in the new international tectonic map of
Europe (Shatskiy, Bogdanov, 1%61). In this map is reflected
the more or less coordinated latest opinion of various schools
concerning the most complex theoretical problems of the gecloay
of Europe. In the opirion of the compilers, the map possesges

also many substantial drawbacks, since "some cf the problems

formulated in the wrocess of compilation of the map are in
by no means &ll of the cases solved in a sufficiently satis-
factory manner" (p. 24). This, for example, can explain the
appearance of the work of M. V. Muratov (1962), in which the
tectonic structure of S.cily and the southern Apennines is
represented in a different form than in the tectonic map of
Europe.
In connection with the fact that the Mediterranean Sea
is located in the folded belt of Europe Figqure 1), let us
briefly recollect the basic features of the structure and
development of Alpine structures that have been described in
a number of works (Shatskiy, Bogdanov, 1957, 1961; Salvin,
Yaranov, 1960; Muratov, 1960; A. A. Bogdanov, 1961, 1962, etc.).
The Alpine folded structures of Europe, North Africa, and
Asia Minor constitute a superposed geosynclinal system which
has originated on the cite of previously formed ancient systems
(the Caledonian, the Hercynian). The possible bhreakup of the /21
Alpine region into individual closed geosynclines may be

linked to the general tapering out of the alpides to the west.

Within the limits of the regions of Alpine folding, there are
clearly to be distinguiched myosynclinal and eusynclinel kelts,
the eusynclinal systems being principally developed in the

east, and the myosynclinal systems being principally develcped
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in the west. On the boundaries of the alpine folded regions
foredeeps are well developed, tilled with neogenic mollases.
Sonie of these features of the structure of the alpine
folding zone of Europe unquestionably put their mark also on
the structure of the Mediterranean Sea, which extends across
this entire zone. The most general analysis of the topography
of the bottom, the structure of the sedimentary layer, and of
the results of geophysical research has confirmed the correct-
ness of such a conclusion. There has been brought out a sharp
heterogeneity of the tectonic structure of this basin; in
compressed form this is also shown on the ftectonic diagram of
the Mediterranean Sea compiled by us (Ye. M. Yemel'yanov,
K- M. Shimkus) (Figure l). The basic principies and premises
of the construction of such a diagram and its brief characteri-
zation have been given in another work (Yemel'yanov, Mikhaylov,
Moskalenko, €nimkus, 1964). But due to the restricted scope
of the previous article, a number of questions touched upon in
it has been very incompletely treated. The aim of the present
work is to fill some of these gaps. 1In connection with this

it is necessary to examine additionally the features of the

morphological structure of the Mediterranean Sea; this will

make it possible to determine to some extent the basic trends
of the tectonic development of this basin.

Already upon first acquaintance with the topography of
the Mediterranean Sea bottom, attention is drawn to sharp
distinctions in the morphological structure uf its individual
basins. They differ from one anotlier with respect to depth,
the nature of the structure of large forms of bottom topo¢graphy
(continental shoal, zone of continental slope, deep-water
basin), and configuration.

In spite of the differing structure of the continental
shoal (variable width, the character of its gradient and bend)

and of the continental slope (steepness, ruggedness,
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scalaraformity), the interbasin differences are most sharply
manifested in the structure of their central regions. Thus,
for instance, the central part of the sea of Marmara is
taken up by several depressions, separated by low connecting
links, which in their totality form the Jdeep-water basin of
the sea. The central region of the Regean Sea consists of a
large number of shallow depressions of varying configuration.
Deeper depressions of a sublatitudinal direction extend along
the northern and the southern parts of the sea. In the
Adriatic Sea a comparatively deep region occupies only one
quarter of the body of water (in the south), and is represented
by a cup-shaped depression of rather simple structure. The
central part of the Tyrrhenian Sea is a deep basin of round
shape with volcanic cones.

The morphological differences are most sharply manifested
when the Algiers~Provence basin is compared with the eastern

part of the Mediterranean Sea. Thus, the central deep-~water

region of the Algiers-Provence basin is represented by a flat-

forms and microforms of the bottom topography are developed
only on a small sector in its northern half. The increase of
depths in the basin is gradual; the maximum depths Aare observed
in the central part of the basin.

An entirely different pattern is observed in the eastern
part of the Mediterranean Sea. In the region of the bed of
the bottom, here are developed three very large morphological
structures, predominantly with a latitudinal strike: the

bottom basin, most of it being ~umulatively levelled, Meso~- ‘
Central Mediterranean Arch, the system of deep-water depressions l

of the Hellenic trcugh, and the southern chain of gently
sloping extensive basins (Goncharov, Mikhaylov, 1963). The

overwhelmingly greatest part of the bottom is perceptibly or
or sharply dissected, the clevations are usually more sharp-

peaked than in the western part of the sea. The maximum
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depths are to be found at the edge parts of the bottom bed.

A notable characteristic of the morphology of the
Mediterranean basin is its complex configuration. 1t is
morphologically detarmined by the strike of the principal
basins in a latitudinal direction (the Sea of Marmara and the
Cratan Sea, the esastern part of the Mediterranean Sea, the
western half of the Algiers-Provence banin{ the Sea of Alboran)
and by their intersection with some depressions of submeri-
dional and meridional strike (the Aegean, and the Tyrchenian
Seas, the eastern part of the Alglers-Provence basin).

Besidos the large interbasin morphological differences,
in the Mediterrancan Sea there also exist intrabasin difference
They are most sharply manifested in the structure df the shoal
and the slope. Thus, for instance, in the eastern part of the
Mediterranean Sea, within the limits of the continental shoal
and slope two large zones can ba distinguished, which &iffer
with respect to their structure: the zons along the coast of
the southern Apennines and Africa and the zone of the Balkan-
Anatolian coastline.
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Pigure 1. - Tectonic diagram of the Nediterranean Sea.
(see legend on following page).
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1-4 Region of Pre-Cambrian folding: 1. regions with deep
bedding of the foundation (syneclises); 2. regions with
shallow bedding of the foundation (underground slopes of
shields, and anteclises); 3. regions of Pre-Cambrian folding,

1 submerged under water; 4. latest bends in the regions of

3 Pre-Cambrian folding, submerged under water; 5-8 regions

: of pre-Cenozoic foldings; 5. sections of epihercynian

: platform with outcrops of folded base (on dry land); 6. the

3 same sectors in the region of the sea, covered with a sedi-

8 mentary layer; 7. sections of epihercynian platform covered

3 with a sedimentary mantle (on dry land); 8. the same sections
i in the region of the sea, covered with a thick (more than

2 cm) sedimentary mantle; 9. regions of Cenozoic folding;
\ 10. alpine eugeosynclinal zones; 1ll. alpine myogeosynclinal
zones; 12. foredeeps and internal depressions; 13. central
massifs; 14. projections of foundation within the limits
of alpine felding systems, submerged under water; 15. latest
< bends within the limits of alpine folding systems submerged
1 under water; 16. deep troughs; 17-18 areas of earth crust
’ without a "granite" layer: 17. without a thick (less than
¥ 0.8 km) thickness of unconsolidated deposits; 19. boundary
§ contours; 20. presumed boundary contours; 21. boundary of
the African platform; 22. fractures; 23. fractures along
axes of deep-water depressions; 24. edge of continental shoal.

% In spite of the relatively inhomogeneous structure

(steep sectors of continental slope with a narrow shoal alternate
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with sections characterized by a gentle slope and a broad shoal),

0 ~ESAES Y
Vo AT s e

o
W ey}

the first zone has the simple structure of a ccntinental slope
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and a simple system of submarine wvalleys. The ccntinental
slope in the upper part is steeper than in the lower part.
In the Balkan-Anatolian zone the structure of the conti-

nental slope is characterized by complex dissection, with almost
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elevations, situated in the form of arcs, etc. (Mikhaylov, the

0

present collection).
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In the Tyrrhenian Sea the gentle continental slope with

AT,

By

R 8

ranges of hills on it is typical for its northern and southern
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parts, and a step-wise slope of complex structure with strongly

e
o

R
——

dissected gently sloping steps and steep scarps is typical for
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é regions adjacent to the western and the southeastern coasts
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& of this basin.

%é In the Algiers-Provence basin the zone of the continental
.%z shoal and slope, extending along the Algerian coast, consists
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of alternating steep and relatively gently sloping sectors.
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The steepest sectors lack morphologically well defined valleys.
There is noted a block structure of the slope and a frequent
absence of shoal.

The Balearic-Catalonian zone is characterized by a wide
shoal and a slope of simple structure, having sectors with
greater steepness and weak dissection. The region of Lyons, /24
in addition to an extensive shoal, has a gentle continental
slope with strong dissection. The zone at the coast of
Provence is characterized by the presence of a continental and
an island shoal, and a very steep continental slope cut up in
a complex manner by submarine valleys.

In the region surrounding Corsica, hardly any continental
shoal exists. The slope is for the most part cut up by short
trenches; long deep valleys are seldor encountered. The

Sardinian coast shoal is broad, and the slope is much more

gentle and less cut up than in the vicinity of Corsica.

A more detailed description of the topography of the
bottom is given in the article of 0. V. Mikhaylov, "Topography
of the Mediterranean Sea Bottom"” (see the present collection).

In the general analysis of the present-day morphology of
the Mediterranean Sea bottom, note is taken only of certain
features of the ancient relief which "peeks" through a series
of loose sediments (V=1.7-2.1 km/sec.). Determination of the
masking role of these deposits makes it possible to judge the
extent to which the features of the ancient relief, buried
under a series of sediments in the Neogenic-Quaternary period,

have been preserved in the present-day morphology of the bottom.
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Figure 2. Diagram of the distribution of loose (V=1.7-2.1
km/sec.) sediments cn the bottom of the Mediterranean Sea.
1. less than 0.25 km; 2. 0.25-0.50 km; 3. 0.50-1.00 km;
4, more than 1.00 km; 5. point of seismic sounding.

In Figure 2, compiled by V. N. Moskalenko (see the
present collection), it can be seen that the most intensive
sediment accumulation in the last stages of the tectonic
development of the Mediterranean Sea took place in the Algiers-
Provence basin and in the Levantine Sea. It is natural that
the primary relief is smoothed to the greatest extent particu-
larly in these regions. Feeble changes in the thicknesses of
the sediment series in the Algiers-Provence basin may serve
as testimony to the rather evened-out character of the under-

lying relief. Great variations of thicknesses of the eastern

part of the sea characterize the more acw.ce dissection of the

_primary bottom. The character of the increase of the thicknes-

ses of the loose sediments permits the assumption to be made
that one of the basic sources of sedimentary material in the
Neogenic-Quaternary period in the western Mediterranean Sea
region was the region north of the Bay of Lyons, and the Alps,
and in the eastern Mediterranean Sea region -- the elevated
parts of Cirenaica and Marmarica and the Nile River. The
possibility is not excluded that the greater part of the Nile
sediments then went not in the direction of the Israel-Letanon

coast, as is observed at the present time, but was carried
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away in a northwest direction from its delta.

The following features may be noted in the distribution
of the loose sediments with respect to arca: 1) a decrease in
the thickness of the sediments (to 0.2 km) is observed in the
regions of the continental slope, at submarine elevations and /25
on their slopes; 2) a gradual increase in the thicknesses of -
the sediments takes place in the direction towards the foot
of the continental slope and the basin adjacent to the slope;
} 3) in the central parts of the sea basins, the thicknesses of )

the loose sedimentary seriez are somewhat less than on their

edges; thus, the thickness of these deposits depends both on
the distance from the sources of detrital material and on the
dissecteéness of the topography c¢f the bottom.

The character of the distribution of lcose sediments in

the Mediterranean Sea permits thz conclusion to be made that

the pre-Quaternary relief of the bottom in its eastern part,
with tne exception of the regions of the Hellenic trough and
the Aegean Sea, was considerably more complex than its present
topography, whereas for the western part such differences
were far less pronounced. From what had been said, it also
follows that the basic features of the pre-Quaternary rellief
are not masked by sediments, since their thicknesses are
ccmparatively small, particularly in the zone of tne continental
slope and within the limits of the elevations.

The last stages of the tectonic development of the Mediter-~
ranean region are integrally connected with the development
of the Alpine geosynclinal belt in Europe, Africa, and Asia
Minor. It is natural that the movement of the Alpine tectecnic
cycle should be in some manner reflected also in the structure

of the bottom relief of this basin, and, in particular, in its

morphology. Therefore we assume that the previously enumerated

most general morphological differences between the individual

basins of the Mediterranean Sea have a definite tectonic
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tectonic plar coincided with a more ancient one, there origi-

. it intersected the more ancient plan (the eastern part of the
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meraing., For example, they confirm the superposed character

nf the Alpine structures. Thus, in places where the Alpine

ﬁatgd meridional depressions of simple structure, and where

Mediterranean Sea), there arose very complex morphostructures
with 2 latituvdiral strike. Furthermore, the enumerated
morphological features constitute a partial proof of the fact
that the Alpine tectonic mcovements developed with unequal
force in various parts <5 the Mediterranean Basir.

The comparatively monotonous and simple structure of the
western part of the Mediterranean Sea is the result of weak
influence of the Alpine tectonic cycle (the myogeosynclinal
zone). The available data indicate that at the bottom of the
bed of this part of the sea there are no morphological signs
of underwater continuations of the Balearic projections anu the
Pyrenees. This is also substantiated by the result of gec-
physical research: in this regions are observed persistent
thicknesses of the sedimentary series (Moskalenko, the present
¢ollertion). The small thickness of the sedimentary series
{3-4 km; Muraour et al., 1962) in the region of the Bay of
Lyons rules out the continuation of the Pyrenees in the north-
east direction as well. Consequently, these morphological
features may serve as a confirmation of the assumption concer:.:ng
the disintegration of the Alpine geosynclinal belt of Europe
in the western direction into individval closed geosynclines

and the development, in the same direction, of a weakened

myogeosynclinal regime. The simple structure of the Adriatic
Sea may be explained by the fact that it has for the most part :
dleveloped at the commissure of ihe foredeew c¢f the Apennines
and the myogeosynclinal zone of the Dinaric Alps which tapers

out ©o tae west (an intermontane trough).

In the eastorn part of the Mediterranean basin, the Alpine

tectonic cvcle ha3 manifested 1tself in an entirely different
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manner. In this stage, at the site of Peloponnesus and Asia

Minor there developed a thick, tectonically very active

eugeosynclinal zone. The action of the alpine orogenic move-
ments on the area now submerged under the waters of the
Mediterranean Sea manifested itself in the formation there of §or

enormous depressions linked to the tectonically weakened e

commissure belts. Such structures can be the Hellenic trough, .

which constitutes as it were a foredeep, and the southern chain

2

of depressions (along Africa) which has developed at the site
of the commissure of the Hercynian (central arch) and pre-
Cambrian platform structures (Africa).
In connection with the fact that the eastern part of the /26
Mediterranean Sea is not an intra-Alpine, but a pre-Alpine
pasin, formed along the edge of the Alpine folded zone, there

must be reflected in it many features of the tectonic structure

and development inherent in the commissure zones of young and
ancient rcgions which has been rather well studied by Soviet
scientists (Peyve, 1945, 1960; Shatskiy, 1947; Pushcharovskiy,

1960, 1961; Chekunov, 1961, et al.).

It seems to us that according to its morphological features,

the Hellenic trough fully corresponds to the definitions of

Alpine longitudinal troughs which, for exampie, are given by

JSSECR LY AEERAAKETY

Yu. M. Pushcharovskiy. It apparently originated in the regicn
of the jointing of Alrine folded structures with the Epi-

hercyniun platform (Figure 1). In all probability, this

depression is the western continuation of the Alpine foredeep,
which extends on dry land along the Alpine zone from the Pacific
Ocean, interrupted only in the region of Siberia by a young
transvarse elevation.

n perceptible similarity is noted between the structure
of the Hellenic trough and the system of depressions (troughs)
developed aiong the Indonesian Island arc. These troughs also

developed in a zone of abyssal fractures, and are characterized




" above-water coastal strip of the Mediterranean basin it follows
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by high seismicity, low gravity anomalies (of the order of
20-50 mgl, sometimes up to 100 mgl; Umbgrov, 1952). A
noteworthy feature is also the fact that the Indonesian troughs,
similarly to the Hellenic trough, are locateda on the continua-
éion of an Alpine foredeep (see "Map of the structure of the
earth's crust™ in the book of Kropotkin, Lyustikh, Povalo-
shveykovskaya, 1958). In this connection it is interesting

to note that attempt have already been made to compare the
Indonesian deép—water depression with basins of ancient
accumulaticn (Kuynen, 1952).

Tha waich has been set forth bears witnecs to the fact
that in the eastern part of the Mediterrancan Sea therz are
features «f the manifestatiorn of young tectonics, whereas the
wwestern part of the sea is characterized by a more conservative
tectonic state.

Unquestionably the alpine tectonic influence on the
structures of the eastern Mediterranean region was iauch more
varied thar has been shown here. It has, for example, given
the impetus for the renewal of shoves along ancient disjunctive
’lines. There are grounds for assuming that the combination
of granulation wiht the resumption ¢€ movements along ancient
disjunctive lines brought about the origin of a large number of
depressions and elevations of the Aegean Sea, the eastern part
of the Mediterranean Sea, etc.

From a morphotectonic analysis of the underwater and

that comparison of the morphological features of individual
gectors of the bottom with the geological and tectonic structure
of the adjacent dry land makes it possible to determine to

s.me degree the possible continuations of coantinental structures
under water, and thereby to bring out the features of the
geological'structure and the formation of small bottom sections
of individual basins, as weil as of éhe zones of continental

shoal and the slope as a vhole. For example, the region
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adjoining che Sea of Marmara on the east consists of several
zones of tertiary uplifts and depressions that are latitudinally
oriented (Kopp, 1961).

It appears that the deep-water basin of the Sea of Marfiara
also originated on the site of a similar depression. This is
also proved by the fact that across the bed of the sea there
extends the basic North Anatolian Fault (Pazoni, 1961, and
others), which extends along similar depressions on the dry
land in the vicinity of this sea. According to the morpholo-~
gical signs, this fault can also be extended across the
northern graben-like bed of the Aegean Sea to the Magnesia
peninsula. The central part of the Aegean Sea was formed on
the site of submerged rigid Hercynian structures cropping out
on numercus islands (Pinar, Lahn, 1952; Makhachek, 1959). This

region is separated from the alpine structures on the south by

a continuation of the zone of tectonic seams extending from the
Gulf of Kerme (Turkey) across the volcanoes Nisiros, Santorin, /27
Milos, and others, which testify to the existence there of a

belt of abyssal fractures. A deeply depressed continuation of

gigantic alpine latitudinal Myocene folds, with the disjunctive

structures accompanying them, noted in Anatolia (Pinar, Lahn,

1952) may be the Cretan Sea.
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: Figure 3. Gravimetric diagram of the Mediterranean
E Sea (according to the data o Bruyn, 1955).
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In the ceastern part of the Mediterranean Sea, in the region

of southeast Italy, it is possible to trace an underwater
continuation (to a depth of 3000 m) of the Apulian plate (the

Salentine peninsula), which is characterized by positive gravity

anomalies both under water and on dry land (Morreli, 1961l). 1In

ey Lo

the region of the Bay of Taranto there is a continuation of the
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intermontane depression of Bradano in the form of Quaternary
deposits. This is confirmed by morphological and gravimetric
data (Figure 3). Judging by the high (up to +100 milligal)
gravity anomalies (Bruyn, 1955) and the morphological signs,

the vicinity of the Bay of Malta and the region east of it can

be a continuation of the structures of the Iberian plateau

(the southeast of Sicily). The morphological stages in the limits

of the continental slope east of the Bay of Malta, with indivi-
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dual elevations developing on them, are represented by limestone !
massif{s, depressed along the faults, with ancient volcanic cones
(by analogy with the Iberian plateau). The region of Syrtus
Major is a continuation of an enormous belt of depression, 3
extending in" a latitudinal direction, south of Cyrenaica-
Marmarica from Egypt.

The character of the morphclogy of the underwater region in
the vicinity of the Nile is to a great extent determined by the

influence of the efflux of the sedimentary material of the Nile

River. which started at the end of the Myorcre, when the Nile
valley was formed in Egypt in the process of the formation of
large Myocene folds (Makhachek, 1961). The region of the con-

tinental slope of the Arabian Near East Phoenician Sea is

T WP P TN

apparently a ccntinuation of one of the branches of the great

East African Fractures, which determined the fault character

of the continental'slope at the coast of Israel-Lebanon. The
island of Cyprus, being a fragment of the land of Syria ({Henson,
and others, 1540), constitutes a young horst elevation {Shmidt,

1950). Only its northern mountain chain (Cyrene) is the
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southern extremity of the arc of alpine structures of the
Cilician Gates. The complex mcrphology of the bottom in the
vicinity of central Greece is determined by the influence of

fractures which intersects the folding structures of the con-

tinent and of its underwater portion. The central group of
Ionian islands constitutes sectors of land broken up by faults,
separated by sea passages {Makhachek, 1961).

According to gravimetric data, the northern part of the /28
Adriatic Sea is a continuation of a thick Neogene-Quaternary
depression of the Po River. 1In the remaining part of the sea

are developed the rigid structures of the massifs of the Gargano

cnd of the Apulian plate, this being proved by almost analogous
gravitational anomalies in the above-water and underwater regions
(Morelli, 1961). The possibility is not excluded that these .
structures also continue into the northern part of the sea,

but there they are covered by a ver' thick sedimentary series.

It is interesting that the zone of the depression in the northern
part of the sea indergoes strong subsidences at che present time
as well (Salvioni, 1957; Puppo, 1957).

In the opinion of a number of researchers (Beneo, 1950;
Castany, 1955, 1959; Caire, Mattauer, 1960), geological and
tectonic links exist between Tunis and Sicily. The connecting
link for them are the structures of the African-Sicilian sill.
This region is characterized by considerable gravitational
anomalies and a small (about 1 km) total thickness of the sedi-
mentary series (Moskalenko, the present collection), this testi-

fies to the shallow occurrence of the crystalline foundation.

The southwest region ¢f the Tyrrhenian Sea is, in the
f:ectonic sense, a continuation shoal (the banks of Eskerki,
Frer, Estafet, the island of Galit; Castany, 1953, 1959), and
in the vicinity of the continental slope, all th2 way to its
foot. A confirmation of what has been said above may be “he

morshological similarity of the Bizerte hills with the relief
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of the continental slope of this region. Such viewpoints have )

been expressed by a number of foreign researchers (Segre,

Castany, 1955; Segre, 1958). Thus it appears that this region is

At Xk

a submerged zone of the Atlas structures. 1Its eastern bound-

ary is disjunctive, and possibly coincides with the underwater

continuation cf the Zagran fracture.
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Figure 3. Gravimetric diagram of the Mediterranean Sea

(according to the data of Bruyn, 1955).

A morphological similarity is observed hetween the extericr
hilly zon~ of the Tus«< an Apennines and the partially hilly north
Tyrrhenian region. The Tuscan islands, which irclude granite
and trachyte ones (Elba, Capraia), constitute fragments of a
submerged isthmus between Coxsica ané the Apennines (Collet,
1938). An analysis of the geological structure of the islands
and of the geological material obtained in dredging the bottcm
confirms the existence in this area of a submerged zone of the
Alps (Segre, 1958; Shatskiy, Bcgdanov, 1961; Belousov, 1962).
The presence of young instrusive ktodies in the Ligurian region
and in the area between Corsica and the Apennines characterizes
this zone as eugeosyhcline. The gently sloping character of
the ccntinental slope testifies to the smooth tectonic curve in
connectioﬂ with the closure of this zone in the Tyrrhenian Sea.
There is a number of indications Trevisin, Tongiorgi, 1957}
concexrning the recent existence (Myocene-Pliocene) of dry land

at the site of the entire Tyrrherian Sea.
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The Atlas mountain ranges, which extend in a latitudinal
direction along the Algerian coast, are separated by structures
of a meridional direction and a northeast direction. These
perpendicular structures have submarine continuations which

determine to a considerable extent the transverse undulation of

the continent.al slope (Bourcart, Glangeaud, 1954). 1In the
coastal part they form the sides of many bays (Bugi, the Bay
of Oran, etc.). The inhomogeneity of the submarine slope of

the Tunis-Morrocco coast is also brought about to a considerable

extent by the udnerwater projections of ancient (Paleozoic)
coastal massifs (Shenua, Bu-Zarea, Buzegza, Great Kabilia,

Kabilia-Kolo, Btuk, etc.). The gentle character of the slcpe
at the site of the western submergence of the Tell Atlas ranges
is caused by the underwater continuation of the Tertiary Taza
depression, which in the Pre-Pliocene period connected the

Mediterranean Sea with the Atlantic Ocean. At present the porticn

of it in the vicinity of the Mediterranean Sea is occupied by
the Oued-Moulouya River valley. The underwater continuation of /29
the meridional zone of land faults (Makhachek, 195%), which
aporoach the sea in the vicinity of the river, apparently sepa-
rates the Algerian zone of the continental slope from the Moroc-
can zone.

The region of the sea of Alboran is the site of the
commzssure of the Riphean and the Bathean cordilleras, the

underwater continuations of which are detected by morphological

signs (underwater ranges) in the region of the Strait of CGibral-
tar (Hernandez, 196l; Gierrann, 1361).

The region of -the Bay of Lyons is a sector of the flooded
zone of the He%cynian depression of the Rhone and Saone river.c.
Study of the bottom by means of dredging (Denizut, 1958; Sour-

cavt, 1959) shows that this region continued to become depressed

in the mouth of the Rhone river with rock obtained in dredging
the continental slope, Bourcart considers that the underwater

valleys in the region of the bay are of dry-land origin.
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The Maures massif (between the mouth of the Rhone river and
Nice) constitutes a sector of the submerged massif of the
Hyeres islands, broken up by meridional faults. This is res-
ponsible for the extremely great ruggedness of the continental
slope of this region. The underwater continuation of this massif
have been detected between Marseilles and Carnes (Bourcart, 1960).
East of Marseilles the sea bottom is composed of Paleozoic rock of
sedimentary origin (Sisier shales), and opossite the Maures
massif is composed of very much broken-up granite, probabily of
pre-Cambrian age. On the basis of study of the volcanic products
at the Capes of Antibes and Aix, and in the Var valley (Bour-
cart, 1959), it is ass.med that the deepwater region between the
capes of Antibes and Maillot is represented by an ancient Paleo-
zoic foundation. According to dredging data, the continuation
of the Provence Alps may be assumed to be in the zone of the
continental slope (Bourcart, 1559, 1960), and the continuation
of the serpentinite-ophiolite massif of Voltri (Segrc, 1958)
may be assumed to be in the region of the gulf of Genca. On
the continental slope of Voltri massif is bounded by two under-
water valleys, which are a ccntinuation of the above-water valleys
of Bisagna and Pultsevera Teler. On the slope of the Bay of
Genoa, in addition, Trizssic limestones have been detected,
greatly cut up by underwater valleys. The enumerated continua-
tions of the various structures along the Provence coast may
also be distinguished on the basis of a somewhat different mor-
phology of its individual sectors.

Underwater continvations of the ground-level structures
(valleys are observed also at the western coast of the granite
massif of Ccrsica.

The acute difference in the character of the underwater
relief of Sardinia and Corsica is, in all probability, due to
the various geclogical structure ot their underwater parts.
Judging by the geological structure of the east coast of Sardinia

and the result of bottom dredging, it may be assumed that in
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distinction from Corsica, the underwater part of Sardinia is
covered by a sedimentary series and constitutes the edge of the
zone of continuous submersion of the Algier-Provence basin.
Evidence for this can be found, for example, in the periodic
volcanic outpourings in western Sardinia during the Oligocene-~
Pliocene period.

A survey of the possible continuations of continental
structures under water in the Mediterranean Sea has shown
that the morphological heterogeneity of the continental slope
1s f£or the most part caused by an inhomogeneous geological struc-
ture and insufficient tectonic development of individual sectors
of the coast. It becomes obvious that the unequal dissection
of the continental slope may be due not only to an unequal
degree of ground-level and underwater erosion; but also to
non~-tectonic movement. Judging by the tectonic conditions,
the first alternative is most likely for the African coast of
Egypt-Libya, the Gulf of Lyons, the west coast of Sardinia,
and the northern and southern regions of the Tyrrhenian sea,
while the second alternative is more likely to apply to the
Balkan-Anatolian coast of the Aegean Sea. The remaining regions
have been subjected to the action of both factors to an equal
extent.

As far as the time of submergence of the indicated continen-
tal structures is concerned, on the basis of an analysis of
the tectonic development of the coastal land, it may be assumed
that in the regions of the sea of Marmara and the Cretan Sea
they were laid down in the Myocene-Pliocene period, and in the
reyion of the Aegean 3ea they were laid dowr at the end ~f the
Pliccene, when shoves along ancient faults were resumed. Simul-
tanecusly with uplifts and subsidences on land and block breakup
in the Pliocene--yuaternary period, there took palce subsidences

of regions adjoining the Apulian plateau and Calabria.
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Cenzoic warping in the zone of the depression of Africa
began probably in the Paleogenic period, when the arched uplift
of Cyrenaica and Marmaricsz were formed. Then they were -enewed
in the Pliocene, when well-defined vertical movements developed
in the entire region, bringing about the formation of erosion-
fAult latitudinal scarps on land. Thus, new sectors of the
platform became involved in the subsidence. Regions adjacent
to the Arabian Near East formed as a result of flexure-fault
subsidence in the upper Pliocene simultaneously with the uplift
of the continental plateaus. The Balkan zone of the sea could
have become involved in the subsidence in the Post-Pliocene period,
when the Peloponesus und2rwent an enormous arched uplift (Mak-
hachek, 1959). As a result of Post-Pliocene breakups of the
Crete-Rhodes arc, within its limits individual depressions and
straits were formed. The formation of the depressions of the
Hellenic trough, which developed at the site of the Myocene
foredeep, may be linked to this movement.

The present-day structural plan of the Adriatic Sea was
also determined by Pliocene-Quaternary movements (Grdzelov, 1962).

Of a similar age is also the graven of the African-Sicilian
sill, the Tyrrhenian Sea (Trevisa, Tongiorgi, 1957; Sigogneau,
1960), the African zone of the Algerian-Provence basin, the
Balearic zone, and the Gulf of Lyons.

The subsidence of the enumerated regions most likely of
all took place in stages. Morphological signs of this may be
steps on the continental slope, part of which, in all probabi-
lity, are peneplanation plains. The periodicity of the volcanic
outpourings also speak in favor of such a character of the sub-
sidence. Thus, in the Cenzoic in the region of the Mediterra-
nean Sea, the first wvolcanic outpourings were manifested in
the Upper Oligocene, and then in the Pliocene-Quaternary period
(Glangeaud, 1952). This is also testified bo by the eruptions

of volcanoces in west Savdinia (Makhachek, 1959},
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The questior of the time of subsidence of the central
parts of individual basins of the Mediterranean Sea is less
clear. A number of opiniouns exists with regard to this
question. Some researchers (Caire, Glangeaud, Grandjacquet,
1960) consider, for example, that certain parts of the Medi-
terranean basin (the Tyrrhenian) Se2a are a residual basin of
the Paleolithic ocean. Others (Mazarovich, 1551; Bourcart,
Glangeaud, 1954; Glangeaud, 1956; Berhmann, 1958; Kuenen,

1959; Muratov, 1960: Belousov, 1962) retain the opinion that
the basin of the Mediterranean Sea is a recent (Myocene-Pliocene
formation.

It seems to us that the formation of the deepwater part
of the Mediterranean Sea continuved for a long time, and
proceeded at unequal rates in the various parts.

In some cases, the format.un of deepwater regions probably
took place simultaneously with subsidences of coastal regions
{the Sea of Marmara, the Aegean Sea, the Cretan Sea, the Sea of
Alboran). But quite evidently the subsidences of the coastal
and central parts sometimes did not coincide, and the growth
of the depressions wes gradual or periodic (accelerated during
strong orogenic movements). An example of such an expansion of
a basin may be the Algerian-Provence basin.

Signs of young uneven subsidence of the basin of the
Tyrrhenian Sea can be seen both in the morphology of the bottom
(the graduated character of the slope) and in the nature of
submarine volcanic manifestations. The most extensive steps
have developed along the coast of the Apennine peninsula and
Sicily. They are not infreguently composed of land (Sicily) 31
and undecrwater veolcanic cones. Producte of volcanic outflows
on the steps have also been discovered on the basis of gravi-
metric data (Segre, 1958); they encircle the entire deepwater

part of the se2a in individual spots. This testifies to the
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3isjunctive nature of the boundaries of the trough of this
basin. High and sharp-peaked volcanic cones in the central
'part of the Tyrrhenian basin compensate, as it were for the
;" subsicences of the broken-up rigid base of the sea bottom.
s ﬁgnifestations of presant-day volcanism on the boundaries of
this sea testify to its continuing subsidences at the present
;ime as well.
The formaiion of the central part of the eastern half of
the Mediterranean Sea is rather complicated. The region of
. -the Hgllenic trough consists of the Myocene foredeep of the
alpine zone of the Dinaric and Anatolian Alps, complicated by
;‘uPlfobene-Quaternary vertical movements. The ihain of depres-
sions off the coast of Africa has formed on the site of an
ancient depression which has been rejuvenated during the Oligo-
ﬁ;éﬁ‘ period and later. The central part is in all probability
a continantal structure, involved in the subsidence by the
a:"Wlllp:i.ne foredeep and the African depression. True, this arch
'hgs,some external similarities with the rentral oceanic ranges

3.
ks e

;*'fﬁrelative height up to 1 km, long length -- about 1300 km, a

X

| %.gélagﬁvaly flat and broad upper part, small, up to 0.2 km,

% ;thtékness of loose sediments). But this is only an apparent

;, ﬁimilarity. As yet there is nc basis to consider the Central
Hﬁditerranean Arch to be analogous in its internal structure and
origin to, for example, the East Pacific Central Elevation

o .

s Raitt, 1959; Menard, 1960), that this elevation is composed of

(inflation of the oceanic earth crust). It is known (Shor,

mormal and even thinned-out (to 3.7 km) oceanic trougns.

T ' The features of th. tectonic development of the Mediter:.

(3 ATy

' nean Sea that has been set forth make it possible to provide

an explanation for the rather variagated structure of the earth
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crust underneath this basin. In Figure 1 it is shown that in

the Algiers-Provence basin and in the Tyrrhenian basin the central
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parts consists entirely of a transitional type of earth crust,
similar to the oceanic type. In the eastern part of the Medi-
terranean Sea such an earth crust is developed only in the form
of extensive spots. Since it has become apparent that the

eas :cn part of the Medit¢rranean Sea is tectonically v.unger
thau the Algiers-Provence basin, it is possible to state
hypothetically *hat in the western part of the Mediterranean
Sea the procesz of oceanization is in the stage of completion,
whereas in tht eastern part it is in the development stage.

It can be seen: from Figure 1 that these processes have already
encompassed also the ancient rejuvenated regions (the chain

of depression:z «! the coastal Africa), and younger ones (the

Cretan Sea). !
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STUDY CF THE SEDIMENTARY SERIES OF THE MEDITERRANEAN QA_Q.
SEA BY SEISMIC METHODS
V.N. Moskalenko

Ths Institute of Oceanography started to carry out seismic
research in the Mediterranean Sea in 1960 on the evpeditionary
ship "Academician S. Vavilov." The principai task faced by the
seismic group was to carry out reconnaissance seismoacoustic
operations in order to investigate the structure and the acoustic
characteristics of the sedimentary series in the mostc ‘nteresting,
in the geologic~-tectonic sense, regions of the Mediterranean Sfea
through which the ship's course passed. Figure 1 shows a map with
the location of the seismic profiles and stations worked by
Soviet aud foreign expeditioans. g

In 1960 M.S. Mikhno and G.N. Shchipletsov worked out two
seismic profiles by the reflected wave method: profile 1 in the
Ioni> Sea and profile 2 in the Tyrrkenian Sea. In the 1960~1961
period V.M. Kovylin and G.N. Shchipletsov completed two more
profiles by the reflected wave method: profile 3 in the eastern
part of the Mediterranean Sea ané profile 4 in the Ionic Sea. Im
1962 V.M. Moskalenko worked out a profile by the reflected wave
method southwest of the strait of Kasos, and carried out point
observations -- seismic soundings ky the reflected wave methcd -~
in the Algiers-Provence basin, the Ionic Sea, the Syrtus Sea, in
the Tyrrhenian Sea, in the eastern part of the Mediterranean Sea,
and in the straits between Tunis and the islands of Sicily and
Sardinia -~ at a total of 35 stations. In the course of 3 expe-~
uitions, seismic profiles were worked out with a total length
of 180 km.

In addition, seismic projects with the reflected wave method
and the refracted wave method {(with the use of seismic radio
buoys) were carried out by scientists from England, the USa,

France, and Sweden. They worked out 14 profiles by the refracted

s Mt
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wave rcchod with a total length of 320 km, and 28 point seismic
sounding stations, in all basins ©f the sea and on the islandc
of Malta and Cyprus. 3Scientific research on islands was carried
out with the aim of tying in and comparing the seismic data for
deep bodies of water with the geology ~f these islands.

It can be seen that seismic research was carried out in
almost all the seas of the Mediterranean basin. Ungquestionably
the scope of seismic operations carried cut up to the present
is not great for such an extensive sea with such a complex geo-
logical and tectonic sty ctures, even for the first, most general
characterization of the scructure of the sedimentary sevies. All
the geismic research in the Mediterranean Sea has to do princi-
~ally with the sedimentary series. Out of 82 stations, only at
10 stations were waved from a crystalline foundation registered.
It was impossible to isolate waves from deeper seismic boundaries.

The Institute of Oceanography carried out seismic research
'in tho Mediterranean Sea by reflected wave method. The seismic
profiles were worked out by a piezo scythe, 9-channel in the
second trip, 3-channel in the third trip, four-channel in the /35
fourth trip. The hydrophones in the scythe were located every
100 m at a depth of 15 m. Observations along the profile were
carried out every two km at profiles 1 and 2, every 3-7 km ax
pfofiles 3 and 4, and every 1.0-1.3 km at profile 5. The methods
u;ed in carrying out the seismic projects were selected directly
on the spot, depending upon the complexity of the topography of
the bottom and the capacity for correlation of the principal

é'groués of waves. Point seismic soundings were carried out in
addition to the principal oceanographic operations. The recording
of seismic waves took place on two hydrophones situat:d 1 below
the other at -a depth of 12-15 and 25-30 m. The distances between

stations varied greatly -- up to 75-110 km and more.
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Figure 1. Location and seismic profiles and stations.
1 - seismic profile and sta“*ions worked out by the Irstitute
of Oceanography, Academy of Sciences, USSR in 1960~1962;
2 - seismic profile worked out bv an American exvpedition in
1951-1953;
3 - seismic profile worked out by an English expedition in
1950-~1952;
4 - seismic stations of z French ex} 2adition in 1959 !Jarcaus,
1959).
According to the character of the seismic information,
all seismograms may be subdivided into 3 grours. On seismoqgran...
of the xi-st arzip are registered reflections from the boundaries
of the division of the upper unconsolidated sedimentary series
(stations 737, 740, 765, 774, 802, etc.). On seismograms of
second group are registered reflections from the boundaries of
the division of the uppsr ana the iower sedimentary series with
recording of the intensive R wave frcm the boundary ol the division
between them (I'igure 2). It is assumed that the lower sedimentary
series is represented by denser consolidated sediments. Sediments
of the second group were obtaincd in all regions of the Mediter-
ranean Sea (s*tations 767, 769, 807, 809, etc.). In the third
group are seismograms cn which a series of reflections from the

bottom sedimentary series is ended by recording of the multiphase
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and lower-frequency obdry wave, which is characterized by an
amplitude of the same order as the preceding waves (stations
766,775, 788). Apparently this wave is a reflection from the
base of the sédimentary series. The dynamic expressiveness of
the R and obdry waves {(with respect to the other reflections),
and the values of the thicknesses computed prior to these re-
‘:' flactions, permit these waves to be taken for reflections from
the root and base of the bottom sedimentary series of cocnsoli-

- dated sediments. The values of the thicknesses here agree well

5

with the data obt.ained by American and English researchers (Bas-
kell, Swallow, 1953; Gaskell et al., 1958; J.I. and M. Ewing,
1959).

In all regions of the Mediterranean Sea, a large number of
reflecting horizons is observed in the sedimentary series. Up
to 5-7 groupe cf reflected waves are recorded on the seismograms,
3 ‘and in individual regions their number reaches 9-10 and more

(station 803).

For calculating the thickness of the sediments an average /37
was used, calculated on the basis of thicknesses and average
velocities determined by foreign expeditions (see above), with
account taken of the gradient of the average velocity: for uncon-
solidated sediments « = 0.33, for the bottom sedimentary series

a = 0,75 sec-1,

(See Frgure 2 on following page)
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The Algiers-Provence Basin
In the Algiers-Provence basin, seismic research was carried ‘
out in the formof point seismic soundings along the meridian of
6° E in the seas of Gallo and Alboran -- a total of 10 stations.
;~) Two seismic profiles (D-7 in the Sea of Alboran; D-11 in the
- Sea of Gallo were made by an American expedition (J.L. and
M. Ewing, 1959). Profile B-11 lies almost in line with *he
Profile aleng the meridian of 6° E.
On the profile along the meridian of 6° E are distinguished
ra3flections from the upper and the loweyr secdimentary series
(Figure 3a). The boundaries between them are well correlated by
the characteristic group recording of two intensive waves. The
' second wave is 1.2-1.3 times greater in amplitude thai the first.
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The time interval between them is retained on all seismograms.
On stations 766 and profile D~11 are registered waves from the
foot of the sedimentary series.
The total thickness of the sedimentary series gradually
increases in a northward direction from 4.5 km (station 766)
to 5.8 km (profile D-11). The thickness of the uvper sedimentary
gseries ¢ f unconsolidated sediments amounts vo 0.5 km at statiocn
766 and also gradually increases northwards to 1.3% km (nrofile
5-11, station 771).
" In the series of uncorsolidated sediments in the northern
part of the profile, considerably more reflecting boundaries are
recorded than at the shores of Africa, but simultaneously «~ith
this there is observed a considerable weakening of the intensity
of the reflections from the boundary of the division of the lower
sedimentary sereis. Thus, at station 771 it was nrot possille to
distinguish reliably a single reflection from the lower sedimen-
tary series. The gentle, almost horizontal occurrence of the
Yayers of the sedimentary series, their persistence with respect
to thickness along the prof-le (particuiarly in its southern
f}part) -- all these data indicate that this region, located bet-
. ween the Hercynides of the island of Sardinia and the Alpides
of éhe Balearic Islands, is a rigid, stabilized sector of earth
‘ﬂggust with intensive sediment accumulation.
) On the profile across the S:2a of Gallo are alsoc distinguished
%ﬁe upper and lower sedimentary series, the thickness of which
decreases considerably in the southwestern part of the profile.
AIn the region of station 788 the total thickness of the sedimen-
tary series is 3.5 km, the thickness of the upper sedimentary
series of unconsolidated sediments is equal to 0.6-0.8 kmn.
In the Sea of Alboran the thickness of the unconsolidated

series is 0.7 km (station 782). The thickness of the entire

s..dimentary series on profile D-7 is 2.0 km.
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The Tyrrhenian Sea. In the Tyrrhenian Sea the principal

seismic projects were carried out in the southeast border of

the deepwater basin; a 42-km profile was worked out in a
meridional direction. Two groups of waves stand out clearly

on all seismograms. The first group includes reflections from

the upper sedimentary series, the second group contains reflec-
tions from the lower sedimentary series. 1In each group of waves

"« ) it is possible to distinguish up to 3-4 and more reflections.
It was, however, possible to correlate only the reference
reflections, the most intensive ones, with a clearly distinguished
axis of cophasality and a characteristic group recording of

<

several wavess.

The refle~ting boundaries lie horizontally along the profile.

The thickness of the unconsolidated sediments is about 0.5 km,

and only at the northern s2>gment of the profile (stations 24-29)
is its increase to 0.8 km observed. Obviously, the increase of
thickness of the unconsolidated sediments is connected with the
fact that the profile passes into a region of continental slope
with a higher sediment-accumulation intensity. On seismograms /38
6-16 a deeper reflection iz to be traced, very apparently from

the base of the lower sedimentary series of lithified sediments.
The thickness of the lithified sediments up tc the boundary is

1.6~1.7 km. The total thickness of the entire sedimentary series

5*) in this region is 2.2-2.5 km.

(See Figure 2 on following page)
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Figure 3. Seismic cross-section.
.=
- - a < along the meridian of 6° E, Algiers-Provence basin;

! fJb - across the southern basin of the Adriatic Sea.
According to the data of the American expedition (J.L.

‘and M. Ewing, 1959), 20 km east of profile 2 the thickness of

~ ¢

%> the non-lithified sediment is 0.87 km. Underreath cccurs a

~f...§eries with a boundary velocity of Vbdry = 4.9 -5.7 km/sec.

East of the island of Sardinia, at station 797, according
~i:é point reismic sounding data, the thickness of the loose

3

‘3’@ - gediments is very insignificant, apparently up to 0.1 km. Of

L'

-the same order are the thicknesses of the upper sedimentary series

---  in the region of the straits between the islends of Sicily and

fgiéa;dinia ard the Tunisian coast. Only in the central part of

R P Yy —ee AL 3 3
-"--- the bay of Tunis is the thickness 0.7 km.

The Adriatic Sea. The southern bhasin of the Adriatic Sea

is squeezed in between the Hercynian massifs of the southern

part of the Apennine peninsula on the west and Alpine structures

| on the east and nortkeast. The southern basin of the adriatic

Sea is a region of heavy azcumulation.
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According to point seismic sounding data, up to 4-6 reflec-
ting horizons can be traced in the southern basin. At all sta-
tions there is to be clearly distinguished an intensive wave,
which apparently is a reflection from the roof of the lower,
nore consolidated sedimentary series. This boundary can be /39
traced from the Strait of Otranto (station 807) northwest on
station 809, 819-A to station 812 (Figure 3b).

The maximum thickness of the nonlithified sediments has been
registered at the station with the deepest water, number 809, and
is eqral to 0.8 km. At the periphery of the baszin the thickness
of the upper sedimentary series gradually decreases to 0.5 km
at station 807 (the Strait of Otranto) and to 0.25 km at the
northwest boundary of the basin (station 812). At station 809
and 819-A a depth wave has been recorded with a time difference
of entry with respect to the bottom reflection At, = 1.81 sec
(station 819-A) and At2 = 2.30 sec (station 8069). The total
thickness of the sedimentary series up to this boundary is approx-
imately 3-4 km.

The Ionian Sea. In the Ionian Sea almost the entire scope of

seismic operations was performed in the northern and partly in
the central parts of the sea. In this region the sedimentary
series has a very complex structure. The sharply dissected bottom
topography, with large gradients with respect to height, the
presence of a system of deepwater troughs bordering the Ionic
Islands on the west, southwest and on the south, all this has
undoubtedly reflected to a considerable extent upon the formation
and structure of the sedimentary series.

Seismogramsg of all three groups were cbtained in the Ionian
Sea. It was possible to carry out a partial correlation of the
ref.ected waves only at profiles 1 and 4, and it was noc possible
to do this for the point seismic sounding stations, each of which
differs from the other with respect to cinematics, dynamics, and

the number of reflections. The greatest number of waves (more
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than 10) was recorded at station 803. The deepest boundary
at tnis station and in profile 1 occurs at a depth of approxi-
mately 2.5 km, and at station 804 at a depth of 3.2 km. The
thickness of the upper sedimentary series in this region changcs
sharply from station to station and varies within the limits of
0.3-0.7 km. Only in the central part of the sez is the series
(:’ of unconsolidated sed:merts persistent with respect to thick-
ness; at stations 28 and 29, and in profile B-9 their thickness
is 0.3-0.4 km. At prcfiie 1 the thickness of the nonlithified
sediments divides clearly into two layers with a total thickness

of 0.5 km.

oL Ml v

A

The Sea of Sirte and the eastern part of the Mediterranean

Sea. Seismic projzcts of limited scope were carried cut in the

RN Lo

iy

Sea of Sirte and in the eastern part of the Mediterranean Sea.

For this entire region there are only 3 seismic profiles (one

of them was worked out by the English; Gaskell, Swallow, 1953)
and several point seismic sounding stations.

From these scant data it is very difficult to draw any con-
clusions concerning the structures of the sedimentary series of
this region. 1In profile 3 the reflections of the upper sedimen-
tary series are represented by a series of intensive waves, the
number of which in individual seismograms comprises 7-9 and more
(station 534). The thickness of the upper sedimentary series is
more than 1-1.2 km. At stations 522, 523, 835, and 836 the
thicknesses of the upper sedimentary series are respectively equal
to 0.8, 1.5, 1.3, and 1 km. The deepest reflection is recorded

at station 835 at a depth of 4.0 km. In the eastern part of the

$sa of Levant, in profile 27 the thickness of the nonlithified g :
sediments is 0.3 km. Underneath lies a layer in which the boundary ;
velocity comprises 4.3 km/sec. Possibly this layer consists of
Miocene limestones which, according to seismic observation data
in the Bay of Famagusta, underlie the deposits of the upper series

|
|
!
of unsolidified sediments. h
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Interesting results have been obtaineéd in profile 5, south-
east of the Strait of Kasos, in the zone of deepwater troughs.
This profile passes through the crest of the uplift with a mark
of 640 m, and passes further alcng its steep slope (to 25°) to
a depth of 2700 m. In spite of the fact that the observation
‘nterval was not more than 1.0-1.3 km, it was possible to carry
out only a partial correlation of the waves at small segments of
the profile. It can, however, be clearly seen that the wave
pattern gradually increases in complexity in the direction of the
crest of the uplift. The number of intensive waves with distinct
arrivals increases; these are apparently reflections of the acous-
tically rigid boundaries of the division in the sedimentary se- /40
ries. The layer at the bottom of the slopes of this elevation
is most apparently composed of rather consolidated sediments,
and only in the hollow of the northern slope, judging by the re-
duction in the reflecting power of the bottom, does it consist
of semiliquid or very loose sediments. This is fully explainable:
loose and semilignid sediments creep down from the steep slopes
under the influence of the force of gravity, and accumulate at

more levelled-out sectors of the relief.

Figure 4. Map of the thicknesses of the upper sedimentary
series of unconsolidated sediments.

(key on next page)
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(key to Figure 4)
1l - thickness greater than 1 km;

thickness 0.5-1.0 kn;

W
i

thickness 0.25-0.5 km;

>
1

th§ckness less than 0.25 xm;

o
!

thicknaess (in km) at the given station

All the conclusions concerning tne geological and geophysi-
gal structure of the sedimentary series of the examined regions

of thicknesses and the rate of propagation of seismic waves,

#2"are preliminary and very general. This is connected with the

~wfact that, in the first place, not all thc available materials

e

,_b
?‘zf

-

_bn‘the Mediterranean Sea have as yet been thoroughly processed

’all the way through; in the second place, very little seismic
rase;rOh hias as yet been conducted in the Mediterranean Sea.

» 1smic stations and profiles are scattered over thz entire sea,

'} sentially withcut a2 system. Very few prcfiles have been worked

dun ‘to the small base of the piezo sickl: it was not possible to

5,'7.££hct a single determination of the effective velucities with

~|u£ficiunt accuracy.
- The pri::zipal value of the seismic research carried out in
‘the Mediter~-znran Sea lies in the fact that it encompasses almost

/@11 the reg.:u:s ©i the Mediterranean Seiu. On the basis or the

e e

- ‘materials of Soviet and foreign expediticns it is already now

-'pOllible to rike vsven thcogh preliminary, but nevertheless clefi-

nito conclusions ~oncerning the character of the structure of t' >
sodimentary seriee fOor meny regions of the Mediterranean Seca.
Cn the basis of the materials of these expeditions, a map has

been compiled of the thicknasses of tne upper sedimentary series

" of unconsolidated sediments (Figure 4), which, in spite of the
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larye number of blank areas in it, can be used for solving
a number of geological and tectonic problems of the Mediter-

ranean Sea, ilts geological structure and history.
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THE GRANULOMETRIC COMPOSITION OF CONTEMPORARY S:iDIMENTS Z_‘}_@,
AND SOME FEATURES OF THEIR FORMATION
N THE MEDITERRANEAN SEA
Ye. M. Yemel'yanov
The coastal bottom deposits of the Mediterranean Sea have
been studied since ancient times, whereas mention of deepwater
deposits was first made only at the end of the 19th century.
(:) In 1894 the Frenchman Pruvo first described the seliments of
the continental slope of the French coast (Bourcart, 1953).

In the beginning of the 20th century the deepwater sediments

of the Mediterreznean Sea were described by Tule, Chevalier,

TP AR AR AR sy TN s o e, X >
o SRy R R A RV &

3%: Andree, Boggild, and others (Boggild, 1912; Chevalier, 1914;
3? Andree, 1920). Two types of deep water sediments were distin-
g% guished -- blue oozes with a CaCO; content of less than 30%,

s and globigerine oozes with a CaCO3 content greater than 30%.

ég In the postwar years, deepwater and coastal sedimernts were

:‘ g studied and continue to be studied by French scientists in expe-
o ditions on the ship "Calypso" (Bourcart, 1954 a,b, 1959, 1960,
ﬁﬁ 1962; Blanc, 1957, 1958, 1959a,b; Duplaix, Cailleaux, 1957;

Nasteroff, 1959; Bourcart et al, 1960).

The materials of the Swedish deepwater expedition, collected
in 1947-1948 on the ships "Skargerrak" and Albatross," published
in the report of the expedition also contain some data concerning
present-day deepwater deposits (Pettersson, 1958; Norin, 1958;
Olausson, 1960).

In the last ten years, the present-day sedinents of the
Adriatic Sea have been described and studied by numerous Yugos-
lave ascientists, among whom should be mentioned <he works of
Alfirevic (1959) and Morovic (1951).

With respeci to the coastal and shelf sediments of the
Mediterranean Sea, some data available for the fcredalta parts
-of large rivers, the coasts of Morocco, Egypt, Israel, Lebanon,

(Buen, 1931; D'Arrigo, 1936, Hilmy, 1950; Emery, Nesv, 1960;
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Ismat, 1962) and cthers. During the second World War, for the
‘ f ' nseds of the German navy there were compiled detailed litho-
ﬂ\:iégical charts of the majority of the coastal, tactically
Iﬁpoitant shallow regions of the shelf of the Mediterranean
‘Sea (Atlas....). The Turkish and Greek coasts of the Mediter-
%?fnean Sei have been almost completely not encompassed by such
’ iprojeci:s, and at present we do not have at our disposal any
at all reliable data on the shallow sectors of these regions of
'+ the reservoir.
The granvlometric composition of the sediments of the
‘Méditerranean Sea has been studied far too little. We have
at our disposal only some scant data (Blanc, 1958, 1958 a, b)
for shallow (5-105 m) sediments of the Bay of Genoa, the French
ccast, the African-sicilian sill, and the southern part of the
jliigdin Sea, For the sediments of the regions, in addition to
quartiles, Md, and the gorting coefficier*, 3 types of cumulative
. " -cutves have been selacted; parabolic, logarithmic¢, and hyberbolic
curves. The first of these characteriz2 unsorted sediments,
- ‘the granulometric composition of which does not change during
’T;Ettan;portation, the second characterizes sediments, the granulo-
'1é'h3fric composition of which changes in the pracess of transporta- /44
ticn, the third type of curve characterizes elutriated (fine-
:;gé;in.d) sediments. Datermination of these curves (facies) helps
_A @ gc a considerable degree in determining the genesis of the
S »r‘giggig?nts. But, unfortunately, deepwater sediments have remained

%ﬁﬁéiiﬁblt untouched by such research.

,:5 y" For the Mediterranean Sea, up to the present neither general

‘\'é.

‘ diagrams of the distribution of individual fractions with respect
to area, nor sumnary charts of sediments has been compiled. The

f;ﬁ: : rules governing tie arrival and accumulation of sediments have

| 4.1;0 not yet been determimed. The soil diagrams published in
%h. Mexine Atlas (1950) and in the Atlas of Physical Geography
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Data (1957) are very schematic and imprecise, while the works

of foreign scientists dealing with the distribution of presen:-
day sediments do not go beyond the limits of individual regions
of the Mediterranean Sea. The first diagram of the distribution
of sediments aleng the entire area of the eastern part of the
sea was compiled by the author onl; in 1960 (1°261), but due to
lack of data it does not reflect many features in the distribu-
tion of sediments.

Soviet geological research in the Mediterranean Sea started
in 1959. As a result of four expeditions of the Black Sea
Experimental Scientific Research Station of the Institute of
Oceanography, Academy of Sciences USSR (1959-1962) on the
expeditionary ship "Academician S. Vvavilov," samples were col-
lected from 250 stations (Figure 1l). In the same period, other
Soviet ships of the Academy c¢. Sciences, USSR ("Academician
A. Kovalevskiy" and "Vityaz'") collected additional samples at
30 stations (see article by V. P. Goncharov in the present col-
lection). The sediment samples we.¢ obtained according to the
procedure adopted at the Institute of Oceanography, Academy of
Sciences, USSR and were takeu by the "Okea:n-50" dredger (Lisit-
syn, Udintsev, 1952), a direct flow tube and a piston tube
(Sysoyev, 1956), and a piston tube of large diameter (180 mm)
with a length of up to 11 m. The granulometric analysis was
carried out by staff members of the Lithology Laboratory of
the Black Sea Experimental Scientific Research St-ticn Jf the
Institute of Oceanography, Academy of Sciences, USSR under the
leadership of N. G. Prokoptsev by the s ‘reen and comkined water
method (Petelin, 1961; Prokoptsev, the present =oollecticn). The
graphic treatment of the granulometric analysis data and the
classification in connection with differentiation of the sedi-
ment types Qere carried out according to the procedure adopted
in the Institute of Oceanography, Academy of Sciences, USSR

(Lisitsyn, 1956; Bezrukov, Lisitsyn, 1960).
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On the kasis of the obtained material were determired the
principal features of the arrival and accumulation of sediments
in the Mediterranean Sea. A special part in obtaining kxnowledge
of the mechanism of sediment formation was played by study of'
the granulometric composition of teh deposits.,.Granulometric
analysis, along with other forms of research, made it possible
to trace the sources and the paths of arrival of sedimentary
rmaterial from iand. With detailed granulometric charting it
is possible to detarmine the classes and conditions of the
formatiorn of a given sediment type, to expose the part played
by various factors (biogeric, atmogenic, volcanogenic, river
runoff) in sediment formation. It is specifically the granulo-
metric composition of the sediments and their sorting that
make it possible to determine more fully the complex pattern
of the hydrodynamic regime of the basin and of the residence
of various benthomic organisms.

On the basis of what has been said, the author considers
the study of the granulometry of deposits as a first-priority
initial stage in the integrated study of the sediments of
marine reservoirs.

The Mediterranean Sea evokes great interest among geolo-
gists due to its special geographic and tectonic position. It
is located between young, tectcnically active mountain struc- /45
tures on the north and southwest, and the African, tectonically
little active platform on the southeast. It is known that with
respect to the area of its body of water, the Mediterranea. Sea
is the largest marine reservoir in the world. The area of the
watsr~cocllecting basin (B) of the Mediterranean Sea is approxi-
mately 3,700,000 kmz, while. the area of the reservoir itself
(1) is 2,855,000 km2, The ratio of D:L=1.3, which but little

exceeds such a ration for oceans and is considerably lower than

in the Black Sea (3.7).
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Figure 2. The water-collecting area of the Mediterranean Sea.

-~ boundaries of the water-collecting basins;
hydrographic network
- boundaries of the humid and the arid zones;
- boundaries of different intensities of mechanical
denudation in the water-collecting basin;
5 - washout of prQducts of mechanical denudation in
tons per 1 km“ (according to Strakhov, 1961);
6 - mechanical denudation in the basis of the largest
rivers (1, 8., and 10, see Table 1) in tons per 1 km2;
7 - directions of surface currents of the sea;
8 - names of rivers designzated in Table 1 by numbers (1-15).
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The northern and the western parts of the basin are in a
humid climatic zone, while the southeastern part is in an arid
zone. The water-collection basin of the Mediterranean Sea
(Figure 2) belongs to the belt of intensive mechanical denuda-
tion (Strakhov, 1961). The intensity of washout from 1 km2 of

surface of water-collection basin varies within the limits of

10 to 440 m and depends on the dissection of the region and the

hydrcygraphic network.

Along the coast of the Mediterranean Sea it is possible to

distinguish a number of regions with signs of young {Alpine)
tectonic and morvhological regimes (The Algiers~Morrocco, the
West Apennine, the Balkan-Anatolian regions, etc.), as well as

regions that are tectonically rather stable (platform regions)

with a weakly broken-up relief (the African platform the Pyren-~

nean peninsula; the eastern coast of the Apennine peninsula,

atnz.).
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In places where the regions of a young tectonic regine coincide
with regions of high humidity, maximum values of the volume

of washed-out materials are observed. This, for example, may
explain the high-wash-out modulus (50-240 t per 1 km?) of the
Alpine, the Apennine, the Dinaric-Balkanic and the Anatolian
zones. These zones are usually drained with a dense network o:
mountain rivers (Figure 2), whereas in the other regions there
is considerably less of them, while the region of the African
platform (from Tunis to Israel) is entirely drainless. The
onilly exception is the Nile River. Some data concerning the
axeas of the basins of the largest reivers and their runoffs
are cited in Table 1, compiled according to the data of G.F.
Topatin (1950), N.M. Strakhov (1961), and the Great Soviet
encyclopedia (1952).

Anothey very important supplier of detrital material is
shore abrasion. The quantitative characteristic of this factor
has not yet been accounted for, but since the majority of the /%6
shores of the Mediterranean Sea are abrasional (Marine Atlas,
1950), with the exception of the shores of the large gulfs, its
high value is obvious.

A considerable part in supplying some of the regions of
the Meditaerranean Sea with sedimentary material is played by
" land and underwater volcanism. Volcanic eruptions took place

in historical times and are taking place in the contemporary
period in the regions of the Apennine peninsula and Sicily,

the African-Sicilian sill, the Ionic Sea, and the Aegean Sea
(Neumaier, 1902; Pfannenstiel, 1960). The principal masses of
pyroclastic nmaterial arrive inr the southeastern part of the
Tyrrhenian Sea and in the southern part cf the Aegean Sea. But
it is knownthat ashes are also carried ocut beyond the kounds

of these regions. Thus, ash from erupting Vesuvius bhas more
than once fallen on the decks of ships in the Aegean Sea, and

haa reached Syria and Africa (Neumaier, 1902). According to our
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observations, the regions of the bottom adjoining the cone of

the volcano Stromboli are completely covered with ash material.

A certain amount of pumice ejected by volcanoes into the sea

is also carried cut over its entire body of water; this has

more than once been observed by us in various regions of the

sea, within the water layer, and on the surface of the bottom.

Largest rivers
of the

Table 1

of the water-collecting basin

Mediterranean Sea

River

Length of Area of ri-{Average an- Solid run-

river ver basin, Inual water off, mil-
km km2 idisgharge, lion m3/yr.
- . _m2/sec.
African part of the basin.
1. Nile | €500 2 867 000 2600% | 62-88%
2. Oued-Medjerda 460 22 000 - - ! - -
3. Oued-Moulouya 520 - - 1000-~1 ; - -
4. Oued Sheliff i 700 35 000 4000-1 I - -
European part of the basin.
5. Segura X 341 . 14 400 - - ‘ - -
6. Khukar | 408 P 22 400 -- - -
7. Ebro 928 % 86 800- 615 - -
8. Rhone 812 | 90 000 1 700 up to 31.5
9. Riber 405 17 170 210 | - -
10. Po 658 75 000 1 500 18-300
11. Vardar . 368 - - - - - -
12, Struma 392 16 800 T o= -
13. Maritsa 530 53 800 - - % - -

Asiatic part of the basin.

14. Great Menderes

15, Dzheykhan

* At Aswan
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5 ’*A definite part of the terrigencus material is supplied

t*‘ﬁ§§ atmogenic activity. Thu greatest gquantity of aeolian mate-

-

f-In this'fespect, some figures cited by Bernard (1959;

v19
IR -t
L Y
T %
..

é' ’; ~j.ndicative. It has been calculated that the number of
y dplréicleu of corroded aeolian sand up to 30 u in size reaches
I f :l.n certain places in the eastern part of the Mediterranea Sea,
*170 7000 ‘per 1 ml of water, which exceeds many hundred- and
'hthousandfold the content of pairticles suspended in water at
Honaco and in the region of Algiers. The maximum quantit; of
cgppended particles was observed north of Cyrenaica.
A In spite of the obvious part played by the aeolian factor

.4&q3thc delivery of terrigenous material to the Mediterranean

. §q§, its significance in sediment formation is not infrequently
ot ;;fn;diibilued. This is coanected with the fact that aeolian mate-
7é§§; arrives in the sea primarily in the pelitic fraction, and
‘3;; is not always possible to distinguish the aeolian particles
W?igfdftthp terrigenous material.
,,{? . The granulometric composition of a sedimentary substance
‘B:ouqhé into a reservoir becomes strongly distorted as a result
- of'éhg transformation of solid particles in the reservoir itself.
.,nigq_firlt plice in this process is occupied by the biogenic
, . etgcgbr.. ‘From the works in the present collection it can be
‘ seer. that in spite of the extensive develcpment of the specific
. ocomposition both of the benthos and the plankton, which exceeds
@aéy a factor of 2-5 the specific composition in the Black Sea,
their biological mass in the Mediterransan Sea is rather insigni-
ficant -- ga2veral dozen times less than the biological mass in
the Black Sea. Thus. the biological mass of the benthos is

smaller by a factor ot 10-100 and more, and fluctuates in various

types of sediments from 0.3 to 18.9 g/mz, whereas at the southern
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coast of Crimea it reaches on the average from 54.6 to 326,5
g/m? (see the article by Kiselev and Chukhchin in the present
collecticn). The benthos, as has been shown by our resemrch{_'@}v
resides principally at small depths within the limits of the
continental slope and is but rarely encountered in the region
of the bed bottor.

The biological mass of the phytoplankton in the Mediterranean
Sea is also much smaller than in the Black Sea (2-10 times).
Thus, the net biological mass in various sectigns of the
reservoir fluctuates within the limits of 3.3-159.0 mg/m3 of
water (see the article by Kondrat'yeva in the present collection),
whereas in the Black Sea it is equal to 30.5-201.0 mg/m3.
Numerically predominant in the Mediterranean Jea, among the
phytoplankton, are the small flagellates and dinoflagellates;
with respect to biological mass, the dinoflagellates and the
diatoms predominate. The biological mass of the coccolitho-
phorids, small flagellates, and other phytoplankton is rather
insignificant. According to the data of Bernard and Lecal-
Schlauder (1953), the part played by the coccolithophorids in
sediment formation should be considerably greater. 1In the
western part of the sea, at the shores of Tunis, their biologi-
cal mass, according to Bernard, is so great that the coccoliths
alone could form 57 cm of sediment 'in one thousand years. But
these data appear exaggerated.

The biological mass of the zooplankton in the waters of
the Mediterranean Sea is also comparatively small. According
to the data of V.N. Greze (1963), the upper lavers cf the
waters of the Ionic Sea contain up to 57.3 mg/m3 of zooplankton.
But already at a depth of 1000 m it falls to 1.4 g/m3. Under
1 m2 in a'column of water at a depth of up to 2500 m, there

are approximately 9,860 mg of zocplanktons.
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A certain quantity of solid sedimentary particles is

formed in the reservoir itself by chamical means. Thus,

'\gfn;suspenaion and in the pelitic part of the sediment we have

vnral times noted well defined crystals of calcite 1-5p in
(*li:o“ formed, ir our opinior, by chemugenic means. The granu-
rlcm‘tric compositzon of those parts of the sediment which have
buen deposited from the water layer is sometimes distorted by
diagenetically formed solid particles on the bottom. Such a
éghonomenon, more precisely -- the formation of calcareo-argil-
ééiacoaul concretions, has been ohserved by us in the eastern part
- of- the sea. The size of the concretions is 1-5 mm, but scme-
times they attain 5 cm and more in diameter. An insignificant
part of the solid particles within ¢he limits of the African
sHélf are formed within the water layer and on the surface of
‘the bottom in the form of ovlites, which have been observed by
fgjfin present-day sediments.
_“ The total quantity of material contained in the water in
‘?ﬁﬁﬁform of s0l)id particlas (suspension) in the Mediterranean
g'éihhia not great: 0.5-0.8 g/m3 of water (Yemelyanov, 1962),
Vlomctlmes rises to 1.0-2.0 g/m3 (the Algiers-Provence basin).
# Hinoralogical reserach of the suspension under a microscope

has~lhown that the sandy-aleuritic part consists primarily of

bioqonic material. Consequently, sandy-aleuritic particles /48

A

A.v.r‘

7 0 not carz-ed into the central parts of the sea, or are

Y;a
‘5) }barried there in insignificant quantities (fine-aleuritic frac-

'3g§§93!)-
‘f?- Of the physicochemicali features of the waters of the Medi-
%leanoan Sea, indicated in article on the hydrology of the sea,
let us note only the good miscilibity of the water to the very
bottom, its saturation with the oxygen, the particularly high
temperature of the water at the bottom (13-14°), and the salinity

(up to 39.5¢, in the eastern part of the sea).
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Arrivirg material and material formed in the reservoir
itself is subjected to processing in the coastal part of the
sea, undergoes the effect of wave activity, and is carried
akout by sea currents. The velocities of these currents depend
uron the season and upon the meteorological conditions. The
mean values for August, according to the Dutch oceanographic
and meteorological atlas for the Mediterranean Sea (Middellandse
2<e, 1957), in the open parts of the sea fluctuate within the
limits of 8-20 cm/sec, i.e., they are capable of transporting
not only pelitic but also sandy-aleuritic particles. 1In the
straits of the Aegean Sea the velocites of the currents some-
times exceed 60 cm/sz2c. In the strait of Gibraltar, tha marine
constant (compensational currencs attain a velocity of 125 cm/sec,
but already at the traverse of the Cape of Oran (Rlgeria) they
fall to 25 cm/sec (Shlyamin, 1949). Tidal currents, in spite of
insignificant filuctuations of the sea level (on the average
0.5 m; rarely more than 1.0 m), reach considerable velccities
in the Strai* of Messina (up to 25 cm/sec: Shlyamin, 1949) and
are capable cf carrying away not only sand, but also gravel.

In other straits the velocites of the current are also quite
considerablie and reach 5-75 cm/sec (for example, in the strait
of Tunis, where pelite is almost totally absent at depths of
up to 200 m). As a consequence of such strong currents, which
do not attenuate even at the very surface of the bottom, in
some places there is not only observed a so-called zero rate
of sediment accumulation, but even a washout of alrzady formed
sediments is possible.

Landslide phenomena have been observed by us in the Medi-
terran2an Sea only in one ¢ase -- at the steep underwater slope
of Crete (station 539, depth 2,750 m). 'The grecat steepness of
the slopes of the sea basin, the active tectonic life as well

as constant and strong eartquakes in the northern, mountainous
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;9 part of the water-collection basin and in the reservoir itself

2

(Galanopoulos, 1962; Yemel'yanov, Mikhaylov, Shimkus, s=2e the
‘;giﬁiggent collection) make it possible to assume that landslide

f%?%ﬁﬁﬁpmena should take place in the Mediterranean Sea rather

-

o

3. extensively, and thus should facilitate the redistribution of
, already deposited sediments. Particularly active phenomena of
. this kind are observed in the northern part of the Algiers-
"Px‘iwence basin, where the continental slope, greatly dissected
. by canyons, almost completely lacks present-day sediments
(Bodreart, 1957).
II
The deep water sediments of the Mediterranean Sea consist,
in the majority of case, of argillaceous and aleuritic-argil-
laceous ocozes, usually of a light brcwnish-yellow color, some-
times with pink anc gray shades. The oozes are plastic, viscous
%and very viscous, of soft, less frequently -- of semiliquid
consistency. The moisture of the sedi.ients of the Mediterranean
Sea, in compacison to the sediments of the northern or far
' Zgigttern seas of the USSR, is not high and varies within the limits
of 37-63%.
‘ The content of some of the components in the sediments is
" shown in Table 2.
’;" Ir the Mediterranean Sea, it is 'possible only in a few cases
(@) ' to distinguish weakly ferrigenous and weakly manganous sediments.
_?A content of orgunic carbon higher than 1% is also rarely encoun-
%goged. ‘Thus, the sediments are either ferrigenous, or weakly
téilcareous, calcareous, and strongly calcareosus. The distri~
bution of the total content of carbonates with respect tc the
area of the sea may be acen in Figure 1 of the article of Ye.

M. Yemel'yanov (3ee the present collection). Among the carbonates

are also to be distinguished ferrigenous, biogenic, chemogenic,

(and diageretic), and pelitomorphic (cryptogenic) ones.
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Table 2

Composition of Sediments

No. of Fluctuation | Mean

Samples limit Content
CaC0;, 215 3,6—92,3 40--30
C 215 0,2—1,6
oo o1 - 1,0 0.6
50,07 9 1% 0,2—1,9 (3
fe “auth 130 0,4—0,1 3,0
Tl 150 Traces -0,93 0,2
Mn 143 Traces -0,24 0,07
p ot Traces 0, 0,0%

R R .
;.

Ferrigenous carbonate: do not differ in dimensions

from other ferrigenous minerals. Biogenic carbonates consist

of shell material of benthic and plankton orgarisms. The
dimensions of benthos shells (as well as ptercp.da shells)
and their detritus corresponds primarily to the gravel-sandy
fraction. Foraminifera are most often of all ercounte:ed
in sandy and aleuritic fractions, coccolithorhcrids are most
freqqeﬁtly of all encountered in the medium pelitic (0.005~
0.001 mm) fraction. Gréund—up shell materi:l (organogenic
slime) is observed in the entire grannlometric spectrum of
the sediment, all the way to the colloidal fraction. h
Calcareo-argillaceous concretions and crusts are usually
greater in size than 10-1 mm and aré encountered at various
depths. Oolites and pseudooolites constitute fine and medium-
grain sand, which cccurs on the shelf from Alexandria to Tunis.

Chemogenic and cruptogenic calcite enters into the compo-

sition of pelite (pelitomorphic carbonate).

Although volcanogenic material is frequently encountered '
in the sediments of the Mediterranean Sea, it comprises only
fractions cf 1%. The only exception is the southeast part of

the Tyrrhenian Sea and the southern part of the Aegean Sea

N
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(the region of the island of Santorin). The pyroclastic
:material consists of ratner coarse ash (sand and aleurite),
"“,%Aﬁuto infrequently, pumice fragments and glass.
: ., Due to the small dimensions of its particles, aeolian
‘ﬁﬁiﬁer&al (pelite) cannot as yet be separated from the rest
u\fpf the ferrigenous material. Comparatively coarse aeoliar
’ ,:fittlcles (they differ from the others in that they are well-
= ;rbundéé and has a yeilow-brown film) axe encountered in deep-
J'ﬁgtgr sediments only as individual grains, rarely in large
quantities.
i On the basis of the obtained <ata, the first attempt was
'}_;;éqg to distinguish in the Mediterranean Sea the fundamental,
* énnd%ically different types of contempo.ary sediments.
»:~; Type 1. Sediments with an acute predominance of terri-
. ;.gggpu; material (terrigenous and weakly calcareous, CaCO3 < 30%).
\ Type 2. Sediments with a considerable content of CaCO3
j@~ (30-50%) These ara mainly organogenic-detrital shell and
’ ;ifptogenic pelitomorphic muds.
fff g'?*Type 3. Sediments with a predominance of calcareous
' materials (CaCO; usually 50-70%). These are mainly pteropod-
to:aminlferous, organogenic~detrital shell and cryptogenic
e politomorphic deposits.
:ﬂ; : . Type 4. Sediments with an acute predominance (over 70%)
@; ;o gf calcareous materials. These are organogenic-detrital shell
37?;;ndn.'
, Type 5. Chemogenic sediments (oolites, pseudooolites,
calcareous concretions and crusts).
ﬁéggf" Pvne 6. Vclcainogenic sediments.

The sediments of Types 2-4 may be consolidated into a sinrgle

type -- organogenic sediments (biogenic material predominates /51

over chem: enic material). Thus terrigenous, biogenic, chemogenic,

and volcanogenic sediments have neen noted in the Mediterranean Sea.
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The tormation of genetically different types of sediments
i¢ a result of the interaction of all the factors enumerated
aliove, which take part in sediment formation and in the supply
or redimentary matrrial to the reservoir. 1. is natural that
all thz features vi the water-collecting area and of the basin
itself must tc somz degree reflect on the granulometric compo-
sition of the bottom deposits. This is proved first of all by
the distribution of individual frac*-ions with respect to depths
and with respect to sea area.

The gravel fraction (>1.0 mm) is not ' idely distributed
in the Mediterranean Sea. It is enccuntered mcst frequently
of all in carbonate organcgenic-detrital sands which occur at
depths of up to 20C m in the form of chell detritus and entire
mollusk shells. Rock fragments and individual minerals of the
gravel fraction have bzen cbserved by us almost not at aJi. 1In
terrigenous sands there is, as a ruie, very little gravel --
up to 7.8% (in shell sands -- up to 43.7%). 1In large aleuritus
the fraction >1.0mm has beer. distinguished only once (19.i8%),
in fine-aleuritic oozes it has been distinguished several times.
In deep aleuritic-argillaceous and argillaceous oczes the gravel
fraction neither of terrigenous nor of organogenic origin is
encountered. The onlyexception is a small admixture of plankton
pteropod shells, the quantity of which rarely wuceeds 2-3%.

In the aegean Sea, soath of Peneponesus-Crete to the qulf cf
Syrtis Major, in the gravel ‘raction are frequently chs::rved
argillaceous concretions, the Aimensiony of which not :iufre-
quently exceed 3-5 cm in diameter. Sometimes in deerwacter nuds
arc observed large pieces of round pumice, scattered over the
entire body of the sea.

Thus, it is obvious that terrigenous detrital material
of gravel size is not carried into the deepwater parts of th=
sea. In its formation, part is taken only by biogenic, chemo-

genic-diagenetic and, to a lesser degree, volcanogenic materiai.

%{
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The sand fraction (the total of fractions >0.1 mm) is
distributed unevenly with respect to area (Figure 3). The
relationship of its content to the depth and distance from
shore is shown in Figure 4 (la, 1lb). It can be seen that as
the depth increases and as the distance from shore increases,
“he content of the sand fraction rapidly decreases, and it
appears ajain only at a depth of approximately 200 m and at a
distance of 10~40 km from the shore. Below the depth of 200 m
the;e is already 50-10% of the sand fraction, and deeper than
700 m its quantity does not exceed 10% and on the average fluc-
tuates within the limits of 2-5%. The relationship of the
content of the sand fraction to the distance from shore is not
entirely clear, since its maximum values are contained in regions
which are at a distance of more than 100 km frum the nearest
shore. Some increase in the content of the sand fraction at
a distance of 50-200 km from the shore in deepwater oozes is
explained by the abundant presance here of shell foraminiferous

and pteropod material, and its maximum values at a far distance

from the shore are explained by features of the relief (shallow l
projections, covered by shallow material), the residence of
penthos at small depths remote from land {the African Sicilian
sill), and some washout of aleuritic-pelitic particles from the
sediment, which also to a considerable extent enriches the
sediments with the sand fraction. On the whole, in the eastern
part of the sea the content of the sand fraction in sediments

is somewhat higher than in the western part of the sea.

The large-aleuritic fraction (0.1-0.005 mm) is less uniferm-
ly distributed in the sediments than is the sand fraction. 1In
its placement there is observed some shift of the maximum to
depths of 200-500 m, i.e., the large-aleuritic fraction accu-

mulates in the upper part of the continental slope. In the

coastal part its quantity fluctuates within the linits of
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0.1-19.8%, below 500-700 i the mean values are equal to 8.5-
8.0%, and only in one place do they read 44.7% (large aleurites
south of the Strait of Messina). The minimum values of the
large-aleuritic fractions in deepwater argillaceous oozes /52
reach trace values, i.e., this fraction is practically entirely
missing here. Some concept of the content of large aleurite

€:> in various types of sediments is given by Tables 2-8 and by
histograms of the sediments (Figure 5). The large aleuritic
fraction, as has been shown by mineralogical analysis, consists
of organogenic detritus, quartz, plagioclasms and, to a lesser
degree, of heavy terrigenous minerals and, in the Tyrrherian
Sea, alsc of pyroclastic materials. Consequently, part is
taken in the formation of this fraction principally by two
factirs -- the biogenic and the terrigenous (arrival from shore).

The fine aleuritic fraction (0.05-0.01 mm) is shifted

still farther into the sea than the large aleuritic fraction.
Its maximum quantity is observed at depths of 3U0-700 m, i.e.,
also in the upper part of the continental slope, at a distance
of 3-50 km from the shore (on the average, 10-30 km). The
fine aleuritic fraction occurs most extensively of all in the
regions of the eastern part of iLhe Tunisian sill and in the
Gulf of Syrtis Major, as well as in the Aegean Sea. Here its
quantity reaches 48-59%, and sediments containing maximum

(:) quantitites of this fraction are at a distance of 75-160 km
from the shore. 1In other regions of the sea the aleuritic
fraction accumulates in a narrow strip in the upper part of
tha continental slope several kilometers from the shore. 1In
the shelf deposits the fine aleuritic fraction plays a subordi-
nate part, and its quantity does not on the average exceed 10%.
In the deepwater oczes, on the contrary, the part played by

this fraction increases. Thus, in the aleuritic-argillaceous

ooz2es8 its content is on the average 20-27%, with a maximum of 37%.
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Argillaceous muds contain a little bit less of the fine
aleuritic fractions -- on the average 15-20%, but in spite
of this it always forms one of the peaks in histograms.

The fine aleuritic fraction consists primarily of detrital
terrigenous and shell material (foraminifera and pteropods),
and in the Tyrrhenian Sea -- also of pyroclastic materials.

The pelitic fraction (<0.1 mm) in the Mediterranean Sea
has the most extensive distribution, it predominates on an
enormous area of sea bottom. Its distribution with respect
to area is shown in Figure 6. The minimum content (up to 10%)
of the pelitic fraction is noted only in the coastal sediments
(sands). As the distance from the shore increases and as the
depth increases (Figure 4, ITa, IIb), the content of pelite
in the sediments increases very rapidly. Thus, already at a
depth of 500 m more than 45% of pelite was detected at 97% of
all stations, and deeper than 700-800 m the pelitic fractions
predominate. Starting approximately with the 1000 m isobath
its guantity does not change with depth and is equal on the
average to 72-75%. As the distance from the shore increases,
the content of pelite increases sharply at a distance of 10-25 km.
Farther from shore its quantity remains almost constant --
approximately 72-75%. Such a distribution of the pelitic
be explained by features of the bottom relief, with
which it is in close relationship {(at elevations there is less
pelite, in depressions there is more pelite).

Since large depths reach close to the shore almost every-
where except for the southeast part of the sea, the fine frac-
tions are alsc located at a short distance from the shore, i.e.,
the average curves of the distribution of the pelitic fract:on
as a function of the depth and the distance from the shore are
very closely related to the hypsometric curve of the sea.

Some deviations from this rule are the result of special features

AT A > A it A DR b B A £ e S 0N Sk BB b bS8 L
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of the supply of sedimentary material to the reservoir. Thus,
in the regions of the foredelta of large rivers (the Nile,

the Po, the Rhone) a large content of pelitic particles
(50-85%) is observed at a distance of only 5-10 km :rom the
shore at depths of 20-60 m. On the other hand, the somewhat
lower content of pelite in the open parts of the sea (the
eastern part) at depths of 2000-3000 m is due to the deposi-
tion here of a large amount of organogenic-shell material of
aleuritic and sandy dimensions. The high content of the
pelitic fraction in the sediments of northern districts of the
sea which adjoin mountainous regions is apparently connected
with the fine pulverization of the material washed out frem
land to pelitic dimensions (the conditions of the warm moist /54
climate of the humid zone of the lithogenesis).

The content of the large pelitic (0.01-0.005 mm) fraction
in almost all of the ooze sediments is considerably less than
that of the other pelitic and fine-aleuritic fractions, and in
fine~alauritic oozes there is even less of it than of the sand
fraction. The content of the large pelitic fraction in oozes
fluctuates within the limits of 1.€-15.4%, and in Aleuritic-
argillaceous oozes its content is 10-12%. The distribution of
this fraction in an exception for all the fractions, since it
‘spends almost not at ali upon the depth, distance from shore,
and sediment type.

The minimum-content values of the large-pelitic fraction
in the granulometric spectrum of sediments are due above all
to the biogenic factor of sediment formation. As is known,
foraminiferous shell material has larger dimensions than doces
large pelite, and the dimensions of coccolite shells are usually
less than 0.005 mm. Thus, this fraction includes only fragments

of foraminifera and pteropods and large coccolites.
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Figure 4. Relationship of the distribution of various fractions to
depth (a) and distance from the shore (b).
I -- for the fraction > 0.1 mm.
II -~ for the fraction < 0.0l ms;
III -- for the fraction < 0.001 mm;
1l - in zand samples; 2 - in sanmles of large aleurites;
3 - in samples of fine-aleuritic cnzes; 4 ~ in samples of aleuritic-
argillaceous oozes; 5 - in samples of argillaceous oozes.
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Figure 5. Typical histograms characterizing individual seas, basins,
or sectors *thereof.

I -- sands predominantly large- and medium-range {(organogenic-detrital);
il -- sand predcminantly fine-grain (terrigenous).

Content cf fractions (in 8): l; - >mm; 2; - 1.0-0.5 mm 0.5-0.25 mm;
47 - 0.25-0.1 mm; 57y - 0.1-0.05 mm; 517 = < 0.1 mm; - 5 05-0.21 mm;

71 - < 0.01 mm;

III -- large aleurites

IV -- fine aleuritic ooozes;
V -- aleuritic-argillaceous zooes,

VI -~ argillaceous oozes. Content of fractions (in %):
i-~->0.1;2-20.1-0.05; 3 - 0.05-0.01; 4 - 0.01-0.0005; 5 - 0.0005-0.0001;

6 -<0.0001l mr. The numbers to the right of the histogram (516, 798,
etc.) are numbers of stations.

_M) The content of the medium-pelitic (0.005-0.001 mm) frac-
tion in deepwater aleuritic-argillaceous and argillaceous oozes
is 1.5~3.0 times greater than the conten* of the large-aleuritic
fraction, and in sand their quantitites a:e approximately equal.
In aleuritic argillaceous oozes the content of the medium-pelitic
fraction is on the average 25%, and in argillaceous oozes it s
somewhat more (Tables 3-8). The greatest limit of fluctuation
(14-41%) are observed in the eastern part of the sea (on the

average 33%), in the western part of the sea the limits of variation
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are comparatively small (25-32%), on the average 30% in argil-

luceous oozes and 22% in aleuritic-argillaceous oozes. Similar
fluctuations in the content of the medium-pelitic fraction have
been noted in the Adriatic Sea and in the Sea of Marmara.

Thus, we see that the average content values of the
medivm-pelitic f£raction are more constant and are lower in those
rugions of the sea which adjoin mountainous water-collecting
areas. In districts remote from such regions (the eastern part
of the sea), sharp fluctuations in the digtribution of this
fraction with respect to area and comparatively high content values
of this fraction are observed; this ;. possibly also due to the
precipitation of biogenic and chemogenic components in these
regions. Mineralogical analysis has shown that in the medium-
pelitic part o the sediment, there are observed considerable
accumulations of coccolite shells and foraminifera fragments,
as well as large accumulations of carbonate grains, possibly of
chemogenic origin. The possibility is not excluded that sharp
fluctuations in the content of the medium-pelitic fraction in
the eastern part of the sea are also brought about by the abundant
arrival of aeclian material from the arid zone of the African
platform, since the dimensionality of the aeolian particles
corresponds to the dimensionality of the pelite.

The content of the colloid and the subcolloid (< 0.001 mm)
fraction in all types of sediments with the exception of sand .s
very considerakle. The relationship of its distribution to the
depth and the distance from shore and to the granulometric type
of the sediment is shown in Figure 4 (IIIa, IIIb). It can be
sesn that its quantity sharply increases to a depth of 500-1000 m
and an offshore distance of up to 40 km. Depper and farther out,
the average curves of the content cf the colloid fraction remain

practically constant. 1In the Azgean Sea and the Adriatic Sea,
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and in the region of the H:llenic troughs (south of the Pele-
ponnesus-Crete Turkey) this curve is in second place after the
medium-pelitic curve, and at Cyprus, in the regions of the Nile
foredelta, in the Sea of Marmara, the Tyrrhenian and in the
Algiers-Provence basin, it is predominant among all the remain-
ing fractions. The content of the colloid fraction in the Sea
of Marmara reaches 52%, in the Tyrrhenian Sea it is equal to
28-48%, in the depression of the Tunisian sill it is 37-47%, in
the Algiers-Provence basin it is 26-50%. The total mass of the
colloid fraction in sediments predominates among all the other
fractions. It comprises the principal mass of the argillaceous
and aleuritic-argillaceous oozes which cover about 80-90% of
the entire area of the sea bottom.

Some conception of the overall distribution of the various
fractions with respect to cross-sections through the principal
basins of the Mediterranean Sea (see Figure 1) is yielded by
the lithological cross-sections represented in Figure 7 (I-V).
The sand fraction on them is represented in the upper part
(byt dots), and the colloid fractiun is represented at the bottom
of the cross section. Above the cross sectioiu, the diagrams
show a schematic curve of the depth at the stations. The cross
sections are convenient by virtue of the fact that t':ey make it
possible rapidly to measure the content of individual fractions
at each of the s*ations, and show the relationship of the con-
tent of a frastion to the depth and forms of the relief.

Study of the distribution of fractions with respect to
area, their relationship to the depth and to the forms of the
relief makes it possible quickly and reliably to distinguish the
granulometric types of the bottom deposits, which are the final
result of all the sediment-formation processes and mixing of the
above-mentioned fractions. Distinguishing the sediment type on
the basis of the classification of the Institute of Oceanography,

Academy of Sciencc.s, USSR sometimes brought about difficulties.
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Figure 6.
with respect to area.

Diagram of the distribution of fractions < 0.01 mm (in percent)

l -<10; 2 - 106-30; 3 - 30-50; 4 - 50-70; 5 - >70 (to 91%).

Thus, large aleurites, fine aleuritic cvoze and sand were nct

always clearly distinguished, and in distinguishing of aleuritic-

argillaceous and argillaceous ocozes, their Md was almest not
taken into account. 1In the sediments of the Mediterranean Sea
the Md is, as a rule, lower than is indicated in the classifi-
cation, and fluctuates within the following limits (in mm):
sands, 0.023-0.85 (on the average 0.33), large aleurites
0.17-0.54 (on the average 0.37), fine-aleuritic oozes 0.010-
0.33 (on the average 0.018), aleuritic-argillaceous oozes
0.0020-0.0095 (on the average 0.0048), argillaceous ooze 0.0009~
0.0045 (on the average 0.0022). Some data on sediment types
are available in the article of V.P. Petelin (1961).

Outcrops of bedrock (Figure 8) have been shown by us only
in several cases (in regions remote from the shere}, since it is
not possibie¢ to represent numerous outcrops within the limits of

a shelf in a diagram of the adopted scale. Boulder and gravel
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Figure 7. Lithological cross section (I-IV) of the upper laver (0-2

and 0-10 cm) of the bottom deposits of tne Mediterranean 3oa {itne POs ) -
tion of the cross sections, see Fiqgure 1). The upper cross soct il
show the depth at stations (in m), the bottom Crnss sections show i
content of fractions (in %): 1 - >0.1; 2 - 0.1-0.05; 3 - 0.05-0.01;

4 - 0.01-0.005; 5 - 0.005-0.001; 6 - <« 0.601; 7 - accumalation ~f pumice
piece.
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Figure 8 -- Diagram of the distribution of the principal granualometric
types (2-7) of the present day-bottom deposits of the Mediterranean Sea.

outcrops of bedrock (established ariéd presumed);
sands, predominantly large-and medium grain;

sand, predominantly fine-grain;

large aleurite;

fine-aleuritic oozes;

aleuritic-argillaceous oozes;

argillaceous oozes;

accumulation of calcareous-argillaceous concretions.

ORI EWN -
R T I T T O




of the Mediterranean Sea.

Erincipal gqranulometric

.
’

da)

cretions.

.
’




- 103 -

deposits are not shown, since in the regions of our operation
they were almost never encountered. Such deposits are observed
only in the immediate vicinity of the shore, and this i1s also
difficult to show in our diagram. Gravel deposits at on» of

the Aegean Sea stations, consisting of shell detritus, are

2 320m3.

shown as sand. :
Sands are indicated by two signs: as large-grain sands

and us small-grain sands.

Sands usually occupy a narrow strip along the ccast. onirv
in shallow-water regions, projecting far out inte the se., do
sands conc out from the shore to considerable distances. The :

granulometric composition of the sands is shown in Tables 3 and
4 and is represented on histograms (Figure 5), and on the fic! .-
of cumulative curves (Figure 9, IA and Ib) obtained by combinira "7 4
cumulative curves plotted for each available specimen. It can
be seen that the granulometric composition of terrigencts sand.

is rather monotonous: principally they are medium-and fine-grainc.i,

well scrted (So = 1-2), and yield single-peak histograms (sec
Figure 4, II). Such sands have been encountered by us in the
foredeltas of the Nile and Po Rivers, south of Crete and at
depths of up to 30-40 m, in the Adriatic Sea at depths of up
to 70-100 m, and south of the Strait of Messina at a depth of
1,833 m.

Shell sands have been sortcd medium well (So = 2-4) and
poorly (So 4), the content of various fractions fluctuate
within wide limits; this greatly hindered the distinquishing ot
sands as sediment types. Shell sands are medium- and well sortel
only within the limite of the African-Sicilian cill, where
as has been noted, there takes place a total or partial wash-

out of the pelitic fraction, or a zero speed of its deposition

is observed due to the presence here of high marine current
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velocitics. Histograms of shell sands usaally have tvwo or

/38
three peaks. On the diagram, the sign for organogonic--shell
sands is also used Lo indicatc the so-called pseudooolitic

and oolitic

sands which occur on the shelf from Alcexandria to

] the Gulf of Syrtis Minor. Their granulometric composition is

shown on the histogram of

station 390 (sce Figure 5).
Large aleurites have been encountered by us only at 6
j stations. Such rare occurrence of sediments of this type is
explained by the narrow strip of their occurrence in the upper
part of the continental slope, on the average betwaen the

200-500 m isobaths. On the sediment type diagram the large

aleurites are shown by a narrow strip separating sands from
fine-aleuritic oozes. The granulometric composition of large

aleurites is shown in Table 5, and is represented on the histo-

gram of station 359 and on the field of cumulative curves

(Figure 9, IIa). The fluctuation limits of individual fractions

are largc, the histograms have two peaks. Consequently the
sorting is also poor (with the exception of large alcurites in

the western part of the sea, where "o = 1.9).

Table 4

Composition of predominantly large-grain and medium=-grain
shell sands according to fractions
|
Particle a. Aegean Sea. e. Bay of Tunis.
sizes (in - - .. - e s e e e
mm), sort- : ;
ing coef- , Fluctua- |Average, No. of Fluctua- Average, No. of
ficients z tion li- %. Samples | tion 1li- %. Samples
‘mits, %, mits, %.
—+ o i 2 -
v >1.0 ;o 835-322 L g5 g4 7 0,73—42,78 10.75 6
i 1,0-0.5 (3.40-19.75 | jalgg 8 8.56—35.36 2.9 ¢
0.3-0.25 i T82-16.06 , (100 8 12,10--41,50 a3 o1 6 ;
0,25-9.10 . 9.23-23,07, 14,43 5 8.33--16,52 2.6 6 l
0,10-0,05 ' 5.37-19.77 12.0 10 1,5716,07 3.3 ] 5
o010 23 S 7,39 10 0,94-15.85 e ;oo
0,01 —0,005 L 4.7 . | - R
0,005—0,001, - FT3~ --19.02 ?s.z? 8 332 i 30 R
<0001 C€S -5 10.95 8 2,33 | 2 6 -
£0.0 0.2-15.7 19,31 l 10 3853036 1 i3les 6 :
ald 0'0':’"0-6-’0 0,460 i 0,00)-0.5%0 0';3‘) I 6’ l
. “So l 3.5-5.6 4.2 ‘ 10 1,7.-4.0 n3 6 ,
F N aonr | 24 8538 12,39 8 3615 99,82 6752 5
. |
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basis of station 390 (sece Figure 5).

primarily largc-and mediun~grair sanis
predondinantly fine-grain (terrigencas)
large aleurites;

fine-aleuritic oozes;
aleuritic-argillaceous oozes;
argillaceous oozes.
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Table ¢

Composition of large aleurites according te {ractions

Particle ! c. Ionian Sea g. Western oot of i
sizes (in Mediterrencar fca
mn), sort- _ L
ing coef- T
ficients Fluctua- | Average, ! Ne. of Fluctua~- | Avirazae, | "¢
tion 1i- 3. Samples ; ticen 11~ S. Sar
mits, %. mits, %.
>1,0 8,87--28,04 19.€5 3 {,64--36.S3 {5,061 3
0,1—-0,05 12,74--4%.44 8§ 3 32.42--32.%3 51,53 3
0,05--0,0¢ 16,65--22.00 19,54 3 9,15~ 37,40 20.3{ 3
0.01-0,003 4.38--3,8 .83 e 2.85- 3,65 4,21 3
0,025—0,00t 8,73--i3,93 03 | 3 1,64-2,87 1 2 2
<0,0! £2,61--17,27 14,42 ¢ 3 6,87--1,1) ; 7.2 3
<t,0t 26,67--35,93 29,95 i3 6,60--15,42 K | S 3
e 0.045- 1,054 0,039 2 0,035—0,005 5,962 3
So 3,0- 10,0 6,3 3 f,8-.1.% Lo 3
¢
| i
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Fine-aleuritic muds are distributed more extensively than
are the large aleurites, but they too occupy a narrow strip in
the upper and middle parts of the continental slope, rarely
descending to its foot or rising to the shelf. The granulometric
composition of fine-aleuritic muds is shown in Table 6 and is
represented in histograms (see Figure 5, IV} and on the field
of cumulative curves (Figure 9, (Ib). The composition of the
fine-aleuritic oozes is quite varied, the fluctuation limits
of the individual fractions are large; as a result of this the
histograms have two or three peaks and the oczes are poorly
sorted. Such a composition of the oozes did not always make
it possible to separate fine-aleuritic oczes from large aleurites
or even from sand. In separating sediments of these types we
were guided by the wvalue of the median diameter.

Aleuritic-argillaceous oozes {(containing 50-70% pelitic
fraction) also occupy a narrow strip within the bounds of the
continental slope far into the sea. The bottom of the sea bed
(up to depths of 3,000m) is covered by aleuritic-argillaceous
oozes only in regions where active precipitation of shell material
takes place on the bottom (the eastern part of the sea). The
granulometric composition of the oozes is shown in Table 7, and
is represented on histcgrams (Figure 5, V) and in the field of
cumulative curves (Figure 9, IIIa). Histograms of oozes, /59
as a rule, have two peaks: one of the peaks almost in all cases
is for the shallow-aleuritic fraction, while the second peak
(the maximum) is for che medium-pelitic muds, and more rarely
for the colloid fraction. |

The sorting of the oozes is usually poor, this being
explained by the effect of shell miterial upon the terrigenous
part of the sediment (this has been mentioned above). The Md
of oozes in the western part of the sea is usuaily less (0.0020-

0.0044 mm) than in the eastern part (0.0026-0.0080 mm).
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Table 6

Fine-aleuritic mud

Pgrticlg ~ a. hegean Sea b. Eastern part g. Western jyart
sizes (in of the lMeditor- of the lediter-
mm), sort- ranean Sea. ranean sea.
ing coef-
ficients
Fluc- 0 No. Fluc- " No. Fluc- No.
tua- o of tua- o f tua- T f
(o] u ]
tion J. sam- tion O e Sam- tion S Cam-
o li- 4 ples 1li- g ples 1li- o ples
, mits, « mits, < mits, b
: %. %. %.
>1,0  |1,59-36,4t [2r.33) 8. | 0.14=39.22 11,54 7 {0,18--18.93 | 10,13 5
o 0,1-0,05 | 2,34--23,00 [19.{0 ] 9532403 113,54 70 1,99--19,63 117,12 5
0.05-0,01 |13,05—30,57 120,34 ] 8 112.17—62.65 130,04 7 90.63--53,39 | 32,18 3
0,000,003 2,22—17,13 | 6.40| 8 ! 7253102 3,7 7 15.31—7,13 | 6,42 5
0,05-0,001]12,74—~30,7 115,77 8 55.63—23,11 16,36 7 ]7,52-3!.33 13,59 5
£0,001 | 9,2(-.21,85 13,14 8 i 3.43—21,86 17,30 70,9024, [ 15,74 3
<00 |32,45—18,6S 142,01 s ':c,ss-ao.ssial,sg T 2,18-49.80 35,67 5
Yo bot—o0olomyd 8 lhou-oms]ooy 7 000-0017] 0,035 5
S | 382 s2 | s | "t.s—70 |33 7l 1,7-5,0 | 3,3 5

Argillaceous oozes (containing more than 70% of the
-pelitic fraction) occur on extensive areas of *he seca bottom,
frequently rising up along the slope all the way to the very

shelf.

Adriatic Sea, the Aegean Sea, and the Sea of Marmara, where

such phenomena are observed in the Tyrrhenian Sca, the

they occi'r not only in the basins of the sea, but also on the

shelf, at a distance o~ 10-15 km from the shore. In regicns

of the foredeltas of large rivers, argillaceous oozes rise to

20 m and occuz at a distance of 4 km from the shore. 1In thesc

regions the argillaceous oozes usually occur in spots, rapidly

. tapering out along the horizontal. Individual spots of oozes
are noted in portions of the sca near river mouths and in
several bays (the Bay of Lyons and others).

due to the small scale of the diagram.

They are not shown
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"he granulometric composition of argillaceous oozes in
individual regions of the sea is shown in Table 8 and is re-
presented in histograms (Figure 5, VI) and in the field of
cumulative curves (Figure 9, IIIb). The thinnest cozes occur
in the western part of the sea (Md = 0.0019) the histogram of
station 489 is typical for the entire deepwater part of the
Algiers-Provence basin), the coarsest oozes (Md = 0.0029) occur

in the eastern part of the sea. The oozes are best sorted of

all in the Adriatic Sea and in the basin of the Tunisian sill.
Histograms of argillaceous ocozes as a rule have two peaks. bu

the maximum is not always in the same place. Thus, on histo-
grams oi the oozes of the Nile foredelta, the western part of the
Mediterranean Sea, the Tyrrhenian Sea and the Sea of Marmara,

and at some stations of the Ionic Sea, the maximum is situated

in the colloid fraction, whereas in the Adriatic Sea and in the
Aegean Sea and at several stations of the sea of Levant and

the Ionic Sea, the maximum is situated in the medium-pelitic

fraction.

(See Figures 7 and 8 on following pages)
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Table 7

Composition of aleuritic~argillaceous ooze accojf

Particle size,
(in mm), sort-

a. Aegean Sea

b. Eastern part of {

terranean Sea.

ing coeffi- Fluctua- |Average, | No. of Fluctua- |Average,
cients tion move-| %. Samples| tion move- .
ments, %. ments, %.
>0,1 0,64—16,70 9,43 ) " 9,i5—23,78 | 15,70
0,1—-0,05 3,062—34,92 9,88 4 1,56—44,72 | 1,54
0,06—0,01 9,01—37,40 24,48 i 12,07-=36,48 | £6,85
' 0,010,005 0,04—13,21 16,99 0 7,28-21,91 | 11,04
0,(05—0,001 | 20,24-37,9 . 29,u8 10 $4,95—41,83 | 31,68
. <0,001 4,95—-20,83 . 21,63 10 32,06—33,21 | 20,75
0,01 54,47—07,15 Gt 50 16 54,55—09,08 | 43,75
Al 0,003—0,008 6,64 10 0,0026~0,008 | 0,003
Su 3,4—8,3 i /.‘-‘7 10 3,0-06,8 3,9
Particle size, e. Tunisian Strait f. Tyrrhenian Sea
(in mm), sort~ _
ing coeffi- Fluctua- . |Average, i No. of Fluctua- Average,
cients tion move~1. %. Samples! tion move- %$.
ments, $%. ments, $%.
>0,14 7,30—17,72 12,51 2 1,64—=26,30 . 1,89
0,1—0,05 12,03—18,98 15,50 2 G,32—24,450 11,04
0,05--0,01 15,44~15,94 15,4 2 9,72—34, 13 2:.28
0,0{—-0,05 - 4,70 i 3,91-11,98 5,51
0,005—0,001 - - "17,29 1 17,00--24,52 20,28
<0,001 - 2,7t 1 19,28 -43,65 29,16
<0,01 §4,70—-58,58 6,04 2 50,0368, 14 59,47
Md - 0,005 ' 0,008 =0, 136 0,155
Sv - 10,0 ) 4,3-=9,4 74

et oy -




ooze according to fractions.
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opar— - AP

n part of the Medi- c. Ionian Sea d. Adriatic Sea.
nean Sea. _ -
Average, [ No. of | Fluctua- |Average, | No. of Fluctua- {Average, No. of
- $. Samples | tion move- $. Samples tion move-| $. Samples
ments, %. ments, %.
78 | 19,76 28 1,11=2,11 1,5 | 6 0,14~23,54 | 8,05 3
F&z 1,54 28 0,44—17,40 5,66 6 0,43~ 0,52 | 3,5 3
48 | 26,85 28 | 21,22-29,69 27,53 6 12,33-=35,24 | 23,9 3
o1 | 11,04 28 | 10,81--17,3) 13,61 6 11,22—18,4% | 14,91 3
83 | 31,68 28 1 13,i0--33,79 27,20 | 6 23,92-30,02 | 26,36 3
21 120,75 "8 | 35.10~31,00 25,03 6 20,85--25,07 | 22,50 3,
o | 13,75 8 | 99,74-60,72 65,28 ¢ 60,39-G0,81 | 63,79 3
0,0045 24 | 0,0035-~0,006 -, 0,0045 o 0,0045-0,0066| 60,0053 ]
rlm 3.9 28 3,6-5,0 4,2 (1 3,2-3,5 8,1 3 -
Table 7. (Continuation). . '
heniai. Sea g. Western part of the
’ Mediterranean Sea.
Average, | No. of | Fluctua- |Average,| No. of
= $. Samples| tion move- %. Samples
mer.ts, §.
. 1,80 8. 0,40—11,60 4,79 9
11,34 8 " 2,2513,26 6,00 0
21,28 8 14,27—31,90 24,47 9
- 8,51 8 6,50~25,00 12,05 9 .
20,28 8 8,44—29,45 24,35 ¢ 9 .
29,16 8 23,0-37,58 29,1t 9
59,47 8 52,9/ =G4, 46 64,09 9
. 0,055 ] 0,0020 —4),0080 0,0040 9
74 8 4,070 52 ° )

RO




Table 8

Argillaceous ooze.

Particle size, a. Aegean Sea b. Eastern part of the
(in mm), sort- terranean Sea.
ing coeffi- Fluctua- |Average, | No. of Fluctua- |[Average,| Nc
cients tion move- 3. Samples |tion move- . Se
ments, §. ments, %.
>0,1 0,33—9,58 3,40 10 0,14—11,62 0,77 a6
0,1-0,05 | 1,63—5,45 3,53 10 0,18—15,77 3,60 36
0,06—-0,01 10,341--23,64 16,91 10 9,00-34,44 17,98 36
6.01—0,M5 7.02—12,80 9,4 10 1,25—-22,67 1,11 36
0,005—0,00¢ | 92,30-42,8% 36,23 1) 23,00—44,54 30,84 36
< 0,004 19,43--34,75 .29,03 10 25,(8—52,93 34,05 36
<0,08 71,81—%1,62 76,00 10 70,06—9%0,61 7,2 36
. M @,0019-0, (27 04025 | 10 0,0008 —0,0137 0,0029 | 36
So 2,5--3,8 3,2 10 2,4—6,2 3.5 36
'
o
~
~-
' Particle size, e. Tunisian Strait f. Tyrrhenian Sea
(in mm), sort- . _
ing coeffi- Fluctua- [Average, | No. of | Fluctua- |Average, | No
cients tion move- $. Samples | tion move- %. Sa
ments, %. ments, §%.
>0,1 1,56-3,51 2,38 5 0,25—9,63 2,9
0,1-0,05 1,704,314 2,37 [4 0,36—7,9% ! i
0,06—0,01 5,58—17,70 9,95 5 “ 1 6,06—22,79 15,17
0.0‘—0.@5 5.”“8.57 7,22 ] GOM-‘aoﬁz ’oom
0_.(1)5—0.(1)1 33,02—~34,58 33,80 5 23,24--37,63 -1,84
<0,001 387,38—46. 74 42,06 5 21,711—48,26 35,06
<o, 84,09--59,79 25,28 (4 0,00—10,08 75,53
Md 0,001 10,004 0,003 | °5 0,0011—0,0028 0,021
Se g 2,7-=3,5 K [ 3,0~4,0 3,7
i
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ze.
part of the Medi- c. Ionian Sea d. Adriatic Sea.
ean Sea.
Average,| No. of |Fluctua- |Average, |No. of | Fluctua- |Average, | No. of
$. Samples |tion move- . Samples| tion move- . Samples
ments, %. ments, $.
0,77 | 3¢ 0,13—4,98 | 2,23 1 0,27-2,60 0,99 o
3,60 | 3 0,52—90,66 | 3,62 1 0,69—2,64 1,66 ¢
17,98 36 9,36—24,31 | 15,64 11 13 52 24,00 20,32 ¢
11,11 36 3,03--13,81 | 9,31 11 1,94 —17,2 15,42 ¢
30,84 3G 27,10—39,26 | 33,04 11 30,90—40,03 32,00 ¢
34,05 36 24,22—-41,94 | 34,94 1 26,24 —32,51 28,51 6 -
7.2 36 73,42-89,40 | 78,78 11 72,95 81,88 76,57 6
7 0,020 | 6 0,0043—0,0045] 0,0022 1" 0,0047=0,0005 o2 -
3.5 86 3,2~4,5 3,8 1 2,7-3,4 i 1 e
Table 8. (Continuation).
thenian Sea g. Western part of the
Mediterranean Sea.
Average, | No. of Fluctua- Average, [ No. of
- %. Samples | tion move- s. Samples
ments, §.
2,93 15 0,15—17,39 2.3 16
o3 151  0,471-6,91 2,68 16
15,17 15- 10,60—-25,51 16,48 10
10,20 15 4,415,517 U, 84 10
31,84 15 | - 24,51-33,28 29,82 16
35,06 15 30,01—44,52 8,7 16
75,53 is 70,10—88,98 78,5% 10
0.0021 1S | 0,0011—0,0030 0,0019 | 10 -
3,7 15 3,050 4,0 16
I
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§5 Granulometric analysis has shown that the distribuvtion of

~.; the fractions with respect tov area and in individual granulo-
‘A%:ibﬁgic types of sediment is quite variel. 1In each tyne are
sediments with a different spectrum, a different profile, a
different median diameter and different sorting. This can be
. seen particularly well in the histograms. If. however, the
histograms zre examined within the limits of a single genetic
type of sediment, a rather clear link is observed between the
granulomet:r .c composition and the material composition of the
sediments.
Oozes of the first type (terrigenous and weakly calcareous
E deposits) are represented by histograms with two peaks: one
peak with a sharply expressed maximum in the colloid fraction,
the other peack (a small one) in fine-aleuritic material.
"ﬁiatograms of sands and of large aleurites are usually single-
peaked (two winged), more infreguent. (in the deepwater part)
they have two peaks with a small peaklet in pelite.
Common f~r all iistograms of the first type of sediments

is the presence of a sharply expressed maximum, good for

¢

(large-grain sediments) and medium (sometimes poor) sorting
(Figure 10 II). Such an arrangement of peaks on the histograms

of coze sediments is determined by the granulometric composi-

o

tion of the terrigenous material washed out from land, pulverized
3 to colloidal dimsnsionality under the conditions of the mcist

— ) and warm climate of the Mediterranean Sea region, with a well

. developed crust of weathering. The second (smaller) peak is

3 " obtained due to terrigenous and, to a lesser degree, biogenic
material. The fine-alcuritic fractioan serves as a kind of limit
in the pulverization of clastic (light and heavy) minerals.
Axgillaceous minerals are the most developed in the fraction

<0.905 mm (Strakhov, 1954).
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Thus, the medium-pelitic fraction remains ir an inter-
mediair: position and, as a rule, forms one of the mianima in
the histograms.

Oozes of sediments of the second type (calcareous) are also
characterized by two-peak histograms, but the maximum is shifted
from the colloid fraction to the medium-pelitic fraction, and
if it is not shifted, which is observed reqularly (in the northern
part of the Algiers-Provence basin) is in any case expressed
considerably more weakly than in histograms of the first type.
The second peak retains its position.

The shift of the maximum is the result of a considerable
quantity of admixture of calcareous material (pelitcmorphic
calcite and coccolithophorids). In the Adriatic Sea, due to
the presence there of shallower depths and a strongly dissected
water-collecting area, the shift of the maximum is possibly
brought about by the washout of material with a dimensionality
coarser than colloidal.

Characteristics of strongly calcareous sediments (the
third type) are two- and three-peak histograms without sharply
defined maxima (the sediments do not have sharply predominating
fractions). The peaks are usually situated in the medium-
pelitic, fine-aleuritic and sand fractions. The content of
coarse fractions in the sediments increases perceptibly and that
of pelitic fractions cdecreases. The variety and the large number
of peaks of the histogirams is obtained due to the admixture of
bencl.ic and foraminiferous material and pelitomorphic cailcite.
Due to the presence of a large amount of admixtures with various
granulometric spectra, sediments of the third type are worse
sorted than are the sediments of all the other types.

Histograms orf ca:bonate organogenic-detrital shell sands
(the fourth type' have a single peak, are une- and two-winged,

with an unclearly expressed maximum in one ¢f the sand fractions.
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More infrequently (at great depths) are observed two-peaked
histograms with a weakly expressed peak in pelite. The shift
of the maximum into one of the sand fractions is brought
about by the deposition, in such regicns, of a large amount
of shell material (detritus). The sorting of sediments of
the fourth type is good or medium.

Chemogenic sediments are characterized by histograms with

~
=2
w

|

a single peak in the fine- or medium- sand fractions. More
infrequently, at depths greater than 15 m, the single-peak
histograms become 2- or 3-peaked ones due to the admixture of
shell and pelitic materials. The sorting of chemogenic sedi-
menls is good.

Histograms of volcanogenic sediments usually have two
peaks: the ash material forms a peak in one of the aleuritic
fractions, the terrigenous :inaterial forms a peak in the pelite.

It can be seen that in the formation of one shape or
another of the granulometric profile, the principal part is
played by various admixtures to the terrigenous material. The
Juantity of the admixture, its spectrum, and its profile deter-
mine the granulometric composition of tlie sediments. These
observations are confirmed by the conclusion of N.M. Strakhov
(1954, p. 415) concerning the fact that the presence of two
peaks cannot serve as a reliable indication of the washout of
sediments, as is sometimes considered to be the ~ase (Klenova,
1948).

Knowledge of the rules governing the changes of the granulo-
metric profiles of the sediments is helpful in distinguishing
without detailed study of the material composition, the princi-
pal regions of the formation of this or that type of sediment,

and this has been done by us for the Mediterranean Sea (Figure 10).
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Terrigenous and weakly calcareous sediments accumulate
in regions adjacent to large river arteries or mountainous
sectors of the water-collecting area -- to sources of terri-
genous material. Naturally there are numerous deviations from
this system. Thus, on the banks of *he western Mediterranean
region, the Aegean Sea, calcareous and strongly calcareous
sediments accumulate and calcareous crusts form (Blanc, 1958,
1959b). But these deviations do not change the fundamental
pattern.

Calcarecus sediments are pushed away from the shore by
terrigenous sediments to considerable distances and to great
deptis. Only in the northern part of the Algiers-Provence
basin and in the Adriatic Sea do they come close to the shore or
even all the way to the shore. Within regions of the deposition
of calcareous sediments are also noted numerous casec of the
formation of terrigenous or weakly calcareous deposits (for
example, in the region of the continental slope of the French
coast, where landslide processes and sludge flows are actively
manifested in numerous canyons)- Their granulometric profile
must differ subscantially from the profile of the surrounding
sediments.

In the diagram (Figure 10) it can be seen that the first
and second types of sediments with the granulometric¢ composition
characteristic of them accumulate in the humid zcne of litho-
genesis (under the.conditions of a warm and humid climate) with
the active arrival of detrital material and weak carbonate for-
mation.

ftrongly calcareous sediments (pteropod-feraminifercus,
organogenic-detrital shell, oolithic sediments, etc.), i.e.,
sediments of the third-fifth tvpes, are formed principally
within the limits of the arid zone adjacent to the drainless

African region. In the deepwater par: of the sea (mainly at
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‘:gediments of the Xediterranean Sea.

uplifts) and within the limits of the continental slopes there
takes place an active deposition of biogenic material and
pelitomoxphic calcite. Organogenic-detrital shell sands are
deposited on the edge of the shelf or on underwater banks,
oolites and pseudooolites are deposited in the shore region
mainly to a depth of 50-70 m. Almost everywvhere within the
region of the deposition of strongly calcareous deposits there

takes place the active formation of calcareous crusts and

concretions, the precipitation of chemogenic calcitc.
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terrigenous sediments sharply predom:nate the (index
histograms characteristic of the given sediment type);

strongly calcareous sediments (containing 50-70% CaCO,4j;

- strongly calcareous sediments (crganocenic -detrital shell sands,
containing over 70" CaCOj3);

5~ chemogenic {calcarecous) sediments.

6- volcanic sediments

7- regions of the occurrence of aeolian material;

8 - main arteries cf thc a.rival of terrigenous materials;
9 -~ arteries of teh arrival of eaolian materials;

WY N
1

10 - sources of pyroclastic materials;

fcontinued noxt page)

- terrigenous sediments with a large admixture (30-50%) of calcarcous materials;
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1 - Example of the dependence of some componencs on the content of the
fraction smaller than 0.01 mm (average for the entire sea);

I1 - graph of the dependence of sorting {(So) and some compecnents on the
sediment type (horizontal lines are average values for sediments cf
the entire sea);

A - sand histograms.
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Figure 1l. Diagram of the distribution of moisture of the sediments of
the Mediterranean Sea (i %).

1 - <30; 2 - 30-40; 3 - 40-50; 4 - 50-60; 5 - >60.

& The different granulometric composition of the sediments

k ?) of the humid and the arid zones cdetermines their different

| - physical and mechanical properties. The moisture -~f the sedi-
ments of the arid zone is considerably lower than the moisture

in this hvmid region (Figure 11). A close relationship has

fraction, but also between the humidity and the carbonate con-

s

|

|

\ Laen established not only between the humidity and the pelitic
‘ tent (Figure 12): when the content of .ne fraction < 0.01 mm

| )

is decreased to 10%, the moisture in the sands and aleuritic-

lacecus oozes by up toc 5%. An increase in the carbonate content

%
#rgillaceous oczes increases or the average by 3%, in argil- i
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of oozes to 2.5% rcduces numidity by 1%. The deepwater sedi-
ments of the arid zone are considerably dense, more viscous, /66
and more clastic than are the sediments of the humid zone.

In these differences are manifested some features of geographic

(climatic) zonality and sediment accumulation of the Mediter-

ranean Sea.
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Figure 12. Graph of the relationship of moisture of the

content of the pelitic fraction in sediments (a) and to the
carbonate content of oozes (b).

- in sand samples;

- in samples of large aleurites;

- in samples of fine-aleuritic cozes;

-~ in samples of aleuritic-argil.aceous oozes;
- in samples of argillaceous oozes.

[0 W S

The volcanogenic sediments are azonal. They are formed
in regions directly adjacent to active volcanoes, although
pyroclastic material is encountered at all depths and at
various distances from the shores.

Thus, it can be seen that sediments of different material
composition are characterized by a definite granulometric profile
or, on the cintrary, the granulometric profiles helps in dis-
tinguishing- the material contert of the sediments. A similar
relationship should be observed in other water reservoirs that

are similar to the Mediterranean Sea.
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MRTHODS OF STUDYING THE MECHANICAL COMPOSITION OF PRESENT-DAY /69

SEDIMENTS OF THE MEDITERRANEAN SEA IN THE LITHOLOGY LABORATORY
GF THE BLACK SE2 EXPERIMENTAL SCIENTIFIC RESEARCH STATION OF
THE INSTITUTE OF OCEANOGRAPHY, ACADEMY OF SCIENCES, USSP

N.G. Prokoptzev ¢

The mechar =zal composition of <ilt sampies of present-
day marine sedi 2nts as c-.ilected by the expeditionary ship
"Academician S. Vavilov" was determined in the lithology
laboratory of the Black Sea Experimental Scientific Research
Station of the Institute of Oceanograpny, Academy of Sciences,
USSR by various methcds of agqueous analysis. In the first
stages of the organization and setting up of agueous mechanical
analysis at the Black Sea Experimen;al S:ientific Research
Statinn in 1955, it was carried out in the lithology laboratory
according to the methods developed in the Institute of Oceano-
graphy, Academy of Sciences, USSR, by S.I. Malinin, (1952).
This method, based on "elutriation” and subsequent separation
of the aleuritic fractions in &« calm water column, makes it pos-
sible to obtain free particle fractions of the sample undergoing
analysis: a fine-aleuritic fraction, a large-aleuritic fraction
and a fraction with particles greater thar C.1 mm; the latter
is separated in a sieve with 0.1 mm apertures, through which
the silt fraction that has been prepared for analysis is passed
in a moist state. The residue on the sieve is washed, dried,
weighad, etc. The large~ and fine-aleuritic fractions are
separated by settling in clyinders with water. The dimensions
of the prured-off particles, as well as the purity of the
obtained fractions, sre controlled under a microscope in the
process of analysis. In addition to the three indicated fractions
obtained directly, there is detu-mined the quantity of pelitic
material (pa;ticles smaller than 0.01 mm in size) through cal-
culation according to the deficit irn the sum of the weights of

the cobtained fractions in comparison with the total weight of

the sample going intc analysis (in terms of dry materials).
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It is obviuus that such an overall characterization of

»ﬁhe me.hanical composition of the pelitic material of preasent-

“f?It was necessary to subject to supplementary analysis the pelitic

w“‘fx‘a;‘....t.’l.ons {particles less than 0.0l mm). For this purpose we

gggﬁitﬁe (Vasil’vey¢, 1953). For installation of the pipette,

3n§e was made of a carriage especially designed for this purpose,

. ”‘ﬁﬁich was mounted on a rail track installed above the apparatus

fe GQM@OUS analysis according to the method of S.I. Malinin.

Bhilylis of the pelit/.c material was carried out before its

'éqlutr;ation £rom a silt sample prepared for analysis by the

'ﬁaitnin method. Thus, the indicated methods were combined by

vossible to obtaia fundamentally more precise data concerning /70
the relationship of che argillaceous and the colloid fractions
“of the sediments. This opinion is based upcn the fact that in

. the course of analysis by the pipette method, during the drying
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of samples selected by the pipette, the natural state and

the cumpositios of the <olloid and partly of the argillaceous
fractions are disturbed (at a temperature of 105° partial dehy-
dration can take place), whereas analysis Ly means of suspension
scales, based on change of the concentration of the pelitic
material-water suspension, is obviously free from the indicated
érawback. At the same time, in the dosigning of suspension
scales, the precision of whose measurements can in individual -
cases be less than the precision of the pipette method, some
drawbacks still remain. Thiz indicates the necessity of

additional improvement in the design of suspension scales.
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THE CARBONATE CONTEN™ OF THE PRESENT-DAY BOTT
DEPOSITS OF THE MEDITERRANEAN SEA

Ye. M. Yemel'yanov

The distribution of carbonates over the area of the
Meiiterranean Sea has been stwdied comparatively liutle.
Tﬁd'ﬁ;rst references to the content of carbonates in deep-
water oozes arue encountered in the baeginning of the 20th
century. In 1920 Andcee (1970) described the calcareous
ocozen of the Tyrrhenian Sea and noted that they reach to the
shore of the Bay of Haples. Boggild (1912) named *he oozes
collected by the Dutch expedition on the ship "Tor" in the
western part of the sea, globigerine oozes. 1In ihe eastern

part of the -sea the Danish expedition on the ship "Pola"

. discovered calcareous oozes and argillacecus-calcareous con-

cretions occurring in the Strait »f Cytliera and petween Crexze
and AZrica at a depth of 30-3130 m. Two types of owzes were

distinguished ~- blue with CaCO3 less than 30%; and globigerine

. {with CaCO3 mcre than30%).

French scientists (Bourcart, 1954; Blanc, 1956, 1959;
Bourcart, Boillot, 1958) indicate that deepwater cczes can
contain from 20-3: to 75-93% Cal0O3. Oozes with a Ca’0; content
of up to 50% occur at the French coast et a depth of 50-6C to
2,000 m, and even 2,500 m. The accumulation cf carbonate shell
materizl within the limits of the Mediterranean shelf has not
infrequently been written about by Bourcart (1957), Blanc (1356,

195¢) and other French scientists. Some questions dealing with

the accumulation and transformation of carbonates in the sedi-

ments of the western part of the Mediterranean Seo have been
studied by Blanc and 4olinier ({Blanc, Muiinier, 1355; Blanc,
1958) and Lz2lou (1957). Bernard and Lecai-Schlauder (1953)
have pointed out the active part played =5y coccolithophorides

in the carbonate formation of the Mediterrcanean Sea, and have
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indicated that their significance in the sediment of oolltes
on the shelf of the African coast from Alexandria to Tuunis
has been studied by Hilmy {1950) and Lucas (1955). Lucas has

proved that oolite formation in the Mediterranean Sea is taking

}

3
. place very actively. Oolites have a concentric stru-ture, and

KREERR N R AR w3 Yonbe

various mineral grains can serve as centers of crystallization

"
T
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(:) to>r them.

Consequently, in the Mediterranean Sea there ha. k::n noted

o

AN
-A’_hf e

the presence of terrigenous calcareous, and.-strongly calcareous

Py
iy

sediments; terrigenous, biogenic, and chemogenic carbonates have
been established. #
In spite of the large number of the enumerate@ works, up
to now there is not yet any work that summarizes the distribution
of carbonates alcny t:he area of the entire Mediterranean Sea.
The works of foreign scientists deal either with one of the aspects
of carbona2 formation. or with the distribution of carbonates
on a small sector of the sea bottom.
During the four Soviet oceanographic expeditions on the
expeditionarv ship "Academician S. Vavilov" (1959-1962; see
the article by V. Goncharov in the present collection), about
250 samples of bottom sediments were collected which encompass
the entire body of the Mediterraneai: Sea. In almost all samples,
under laboratory conditions (the analyses were carriel out in the
analytical chemistry laboratory of the Black Sea Experimental
Scientific Research Station under the supervision of V. S. 123
Sevast'yanov) CO, was determined, which was then recalculated in
terms of the total content of CaCO3. The analyses were carried

out on the basis of air-dry samples by the Fresennus-Knopp method.

Ve
The Mediterranean Sea is located at the boundary of tvo zones
of lithogenesis with diff~rent conditions of supply of the reser:-
voir with sedimentary material and of the formation of sediments

in the reservoir itself. The northern and the western parts of the
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, besihr, located in a humid zone, are surrounded by mcantainous
_regions with the active arrival of detrital terrigenous maierial.
..~ The. southern part of the sea, located in an arid zone, adjoins
i’tne tectonically calm platform part of Africa and lacks this

material. The conditions of supply »f the Meliiterranean Sea

*'ﬁith detrital material, the topography of the bottom, &i.d the

{ 'ab hggfologic faatures of the basin have been dealt w: th by other

' authors (see the article of Ye. M. Yemel'yanov, O. M. Mikhaylov,
and I. M. Ovchinnikov in the present collection). We shall touch

.only upon some features of the l'-drochemical conditions of the
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R .¢érning the supply of carbonate materials co the Mediterranean

fbﬁSPa, but it is known tnat in the loess of the Mediterranean red

‘% ’crusts are formed (Bouline, 1961), which indicates considerable
accumhlations of calcareous material in silt waters. However,
w;gpezdegree of saturation of the river waters of the Mediterranean

J‘E;éggian with dissolved carbonates has not as yet been clearly
4i.;3£ablished. It may »e azsumed that the rivers of the humid zone
. %

" ‘collecting area, should suppliy the carbonate predominantly in the
ﬂ,;?xm of detrital material. 1Its arrival in the northern regions
i’ghould be more conaidersble than in the southern regions, also

~4§3bause achﬁve abrasion processes take place there (Marine Atlas,

& 1950) . Thus, in the region of the Rhone delta, terrigencus car-

. bﬁhatei are a product of the disintegraton of underwater lime-
;;gigng outcroppings (Duboul-Razavet, Kruit, 1957). The carbonate
content of the ocozes of the delta increases as the particles

_become finer, and may attain 39%.

| At

of this region, due to the strengly dissected relief of the water-

=
|
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From cthe arid water-collection area of the sea, a certain
amount ‘'of carbonate detrital material should arrive in the form
of eolian material (Hilmy, 1950). The Nile River does not carry
out a perceptikle guantity of detrital carbonate, since the cal-
careoisness of the river detritus within the limits of the delta
rarely exceeds 2%,

Arriving in a marine medium, the detrital and dissolved
carbcnate material undergoes a' number of complex changes. The
processes of the dissolution, its behavior in aqueous solutions,
as well as the processes of the precipitation of carbonates are
determined by a combination of four hasic factors: 1) the pres-
sure of carbon dicxide in the air and its masses in the solution
itself; 2) the temperature of the solution; 3) the influence of
salts which enter into the composition of the solution, parti-
cularly sulphates and chlorides of sodium, potassium, calcium,
and magnesium; 4) tne influence of "living substance"” in natural
waters (Strakhov, 1951 a, b; Teodorovich, 1960). wha2n «n cne of
the factors changes, the equilibrium of the carbonate compounds
is disrupted; this leads to their precipitation or to their addi-~
tional éissclution.

The carb. iate regime of the Mediterranean Sea differs from
the regimes of the Black Sea and the A:lantic Ocean (Table 1).

The temperature and the salinicy of the waters of the Mediterranean
Sea are considerably higher tha. in other zeservoirs. Here, even
in the water layers adjoining tne bottom, the temperature does not
sink below +13°. The specific alkalinity of the waters is approxi-
mately equal to the alkalinity of the eguatorial waters of the
Atlantic Ocean, but in the Mediterranean Sea no increase of this
.specific all:alinity is observed at greater depths. On t?e con-
trary, it is sometimes even lower there than on the surface of the

sea. The waters of the Mediterranean Sea are alsc distinguished
| J
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by a comparatively high pH und a low pCO,. These values hardly
change at all with depth (according to the dates of V.A. Yegorova -
approximately to de»th:z of 2090-30C0 m).

It is known that the usolubility of calcium carbonate inc.eases
with an increase nf small PCO, and decreases with an increase
in the temperature, salinity and pH, and conversely. Knowing
the solubility At a specific temperatue and the pCO;, it can
be computed that in the case of fluctuations of the temperatures
of the waters of the Mediterranean Sea, it is 1.5 times higher
in winter than in summer, and equals approximately 1.(8-1.55 mg
X equiv/liter,

It has been established that a close relationship exists
between the pCO; and the pH: when the pCO, increases the pH
decreases. But since the two factors are almcst constant in the
Mediterranean Sea, and the pCO, indicates the quantity of car-
‘bonate dissolved in the water, it follows (with a negligible
pCO,) that the reserve of carbonates in the waters of the sea
is very small.

Wattenberg and Timmerman (1936) have established that at

a water temperature of 10-30° (the fluctuation limits of the

temperatures of waters of the Mediterranean Sea), the waters
become saturated with calcium carbonate when the pH is 7.62-
7.20 and the pCO, is 12.6-16.G x 10~% atmospheres. Thus, in
spite of the negligible arrival and reserves of carbonates, the
waters of the Mediterranean Sea contain a potential possibility
not cnly for the active extraction of carbonates by organisms
but for their chemical precipitation everywhere (presumably
to deptiis of 3000 m).

This asgumption i; confirmed by the data of cur observa-
tions. A map (scale 1:3,000,000, Figure 1) compiled according

to the data of Soviet observations, shows the total content of
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The data of foreign scientists are taken into considera-
tion for those regions with regard to which observations are
lacking principally for the coastal sectors of the sea). The
boundaries of sediment classification of prercrent-day reser-
voirs have been adopted as the basis of the boundaries of
carbonate content (Bezrukov, Lisitsyn, 1960).

Non-calcareous sediments are distinguished in regions of the
active arrival of terrigenous and pyroclastic materials, or in
regions with strong sea currents, which hinder the precipitation
of light carbonaceous shell material.

Weakly calcareous sediments (10-30% CaCO3) are noted in
similar regions, as well as deep-water troughs and basins (up
to 4,000 m in depth) and in the Algiers-Provence basin.

Calcareous sediments (30-50% CaCO3) predominate in the
Mediterranean Sea. They lie at the bottom of the bed, on the
slopes, and on the shelf.

Strong calcareous sediments (50-70% CaCO3) occur in small
spots in the northern part of the Aegean Sea, in the depres-
sion of the Cretan Sea, at the bottom of the African-Sicilian
sill, and cover an extensive area of the bottom between Crete
and Cyrenaica, descending sometimes co a depth of over 3,000 m.
Sediments containing 70-90% CaCO3 occur in small spots, mainly
within the limits of the shelf and on underwater banks. Sedi-
ments with a CaCO; content greater than 90% (up to 92.32%) have
been noted only in several plazes, particularly within the limits
of the African shelf. Possibly the upper boundary of the CaCO,
content is even in excess of 93%, if it is recomputed in terms
of an absolutely dry substance. In recomputing CaCO3 for an
air-dry sample, an inaccuracy is always introduced due to moisture,

which sometimes reaches 3-5%.
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Prom what has been said, it can be seen that the distribu-

tion of carbonates in the Mediterrarean Sea is rather varia-

~gated. In the western part of the sea there is considerably

less cf them than in the eastern part. This is explained by the
more intensive arrival, into the western basin, of detrital ter-
rigenous material which dilutes the carbonate material, as well
as by less favorable physicochemical conditions for the habitat
of lime - extracting organisms and for the chemogenic deposition
of carbonates, than in the eastern part of the sea.

Less calcareous sediments occur principally in regions
adjacent to sectors of the shore with a well-develop=d river
network or with active abrasion processes, which deliver a
large quantity of non-calcareouas detrital material.

The high content of calcium carbonate in the deepwater
parts of the eastern Meditrranean region is due to the intensive
deposition here of foraminiferal and pteropodal shell material
as a result of which deepwater aleuritic-argillaceous oozes
may be called foramirireral. The carbonate content of the oozes

occurring between Crete and Africa is also increased due to /76

-pelitomorphic (biogenic and chemogenic) calcite and as a conse-

quence of the formation here of argillaceous calcareous con-
cretions.

The strong calcareocusness of “he sediments of the northern
part of the Aegean Sea and the African-Sicilian sill is due to
the deposition of organogenic residua, but already of benthic
fauna. Organogenic shell sands occur in these regions. The
strong calcareousnezs of the shelf sediments of the African
coast . from Alexandria to Tunis, is due to the occurrence here
of chemogenic oolites and shell detritus.

Figure 2 shows the relationship of the carbonate content to

the depth. The greatest scattering of the points corresponds to

%
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depths of £-500 m and an offshore distance of up to 50 km,

In thics case there is observed a maximum and a minimum content
of carbonates. This zone curresponds to the occurrence of
sands, iarge aleurites, and small-aleuritic oozes (see the
article by Ye. M. Yemel'yanov "tlhie granulometric composition of
present-day sediments..." in the present collection). The
large scattering of points at small depths and close to shore

is obtained due to the occurrence here both of terrigenous and
strongly calcareous sediments. Deeper down they gradually
intermix, and the scattering of points on the graph becomes less
pronounced. The dzcrease in the content of carbonates at depths
of 500-1100 m may be explained by less favorable conditions for
the deposition of easily transportable fine shell material
(foraminifera, pteropods, coccolites) on a steep continental
slope, and the absence of fragments of large shell material of
benthic fauna. Below 1100 m and further than 50 km offshore,
the quantity of CaCO3 varies within the limits of 15-65% (on

the average 40-590%).

The relationship of the content of CaCO3 to the pelitic
fracticn is shown in Figure 3a: as the quantity of this fraction
increases, the carbonate content decreases (coarse differences
of sediments are most enriched by CaCO3), but unevenly. The
sharp drop of the average curve (excluding coastal terrigenous
sanis which have been insufficiently studied by us) correspond
approximately to 20 and 70% of the content of the pelitic frac-
tion. On the sector between 20 and 60% the curve flattens out.

Thus, sharp bends of the curve are observed at boundaries
of the separation between sands (maximum and minimum content
of CaCOj3) and aleurites, and between aleuritic-argillaceous
and argillaéeous (minimum content of CaCOj) oozes. This pat-
tern is average for all types of sediments in the Mediterranean

Sea.
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Figure 2. Relationship of CaCO3 content to depth.
s l .- Argillaceogs’ooze, 2 - aleuritic-arg%llaceous ocze,
3 * 3 -~ fine-aleuritic ooze; 4 - large aleurite, 5 - sand.
'+  If, on the other hand, individual sectors of the sea
-are taken, the pattern changes substantially. Average curves of
7£pe ¢atent of CaCO3 in relation to pelite for individual sectors
j;of the Mediterranean Sca are shown in Figure 3b. The curves of ‘77
S ? .the Adriatic Sea and of the African-Sicilian sill are not stbject
. to the general rule. 1In the fi-st instance this is explained
fﬁy the predominance of terrigenous non-calcareous particles in
';he entire sediment spectrum, in the second case this is explained

- g

1 ‘:’ - by the large amount of pelitomorphic calcite in the sediments.

e
A

A Such a dependence of CaCO3 on the enumerated factors is

X3

gé“'7"“"?%f_}!p.’l.a.’t.ned by the special features of the supply of terrigenous

. :*.and organogenic material to the water reservoir and, to a

=

""" lesser degree, by the chemogenic precipitation of carbonates.

\-:Fz,'ﬁ\he T

It is known (see the article by Kiseleva and Chukhchin in the
%- present collection) that the Mediterranean Sea is very poorly

supplied with benthic life forms. The biological mass of benthos
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13 50-100 times less than in the Black Sea, and fluctuates in
various biotopes of the sea from 0.3 to 18.9 g/mz. Benthic
organisms, constructing their skeleton from a calcareous sub-
stance, on the average inhabit depths up to 500 m. At greater
depths, we have encountered only individual shell fragments,
ie.,; the part plaved by them in carbonate formatior in deep
water of the pelitic fraction, the first place in carbonate
formation becomes occupied not any longer by benthic organisms
but to plankton organisms-- foraminifera, pteropods, coccolites,
pelitonorphic calcite.
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Figure 3. Relationship of the content of CalO3 to the

content of the fraction more than 0.01 mm (a) and average

curves of the relationship of the content of CaCO3 of the
fraction less than 0.01 mm (b) for sectors~f the Mediterra-
nean Sea.

1l - Adriatic Sea, 2 - Ionic Sea, 3 - African-Sicilian sill,

4 - Tyrrhenian Sea, Ligurian Sea, 5 - Algiers-Proven~e basin,

6 - Aegean Sea ard Sea of Marmara, 7 - eastern nart of the

Mediterranean Sea.

Terrigenous calcite occurs mainly in regions adjacent to
mountainous regions (Turkey, Crete, Peleponnesus, Italy, the
Ligurian Sea, the Strait of Gibraltar). Here it ccmprises on /78
the average 6-10%, going as high as 46.6% (station 718, south of
Karpathos Island) and 60% ‘Ligurian Sea).

In the southern part of the Mediterranean Sea, the Aegean
Sea, and particulariy in the Tyrrhenian Sea, there 1s considerably

less calcite (Table 2).
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Terrigenous dolomite occurs in the same fractions as does
calcite. 1In the light large-aleuritic subfraction its content
ig- on the average 1-2%, only in rare cases dces it reach 18%
(étation 539). In a heavy subfraction (specific gravity greater

o

’ xhan (2 9, the dolomite content fluctuates within borader limits -

-w\"'

" £rom .0 to 38.9% (on the average 1.0-2.0). An increase of the

b 4
Q golomi:te content is observed at most of the stations south of ;

‘ Crete-Rhodes, at stations 599, 405, 410, 529, 412 (fOxr the loca-
tion of the stations see the article by Yemel'yanov, "The
5§ranulometric composition of present-day sediments..." in the

presvnt collection) to 5-25%. On the whole, dolomite comprises

‘, *
i SEMR AR NS WS

3-4% of the large aleuritic fraction, and south of Crete -- up
to 30%. 1In distinction from calcite, dolomite most frequently
of 211 consists of -ogyular, clean, rhombohedrul with Ng = 1.682.

BSo0ils and irregular grains, as well as grains with a zonal struc-

pra, are encountered more rarely.
vi‘

A

Anchorite, magnesite and ferrous anchorite are found among

ffifrugenoue carbonates. Their total content does not exceed 1%,

.
P

{bﬁﬁ;sometimes increases greatly Thus, at staticn 539 (south of
w;?fpte) magnesite {Ng = 1.702) comprises 1%, anchorite (Ng = 1.692)

~”@o&prises 5%: Fe-anchorite (Ng =1.718-1.734) comprises 30%. Ter-

5o

: tugenous carbonates are mostly clean, oval, without cleavages.
Rhanohedral shapes were not observed.
' A mineral of the type of the siderite is frequently found

7¥"i7 sediments of the Mediterranean Sea. Its refraction is usually
N ’,‘ ~1’\ N

*hiqher than 1.75-1.78, the birefringence is very high. Siderite

4‘. \x;
; rains are oval and more infrequently - irregular.

'?UJ%;"The distribution of carbc ates of the heavy fraction in
\\\"’ﬁaa arcas varies. Dolomite occurs principally in the same
Ysgions as does calcite. There is particularly much of it at
stations 374 (30.5%) and 299 (38.9%).

Ferrugenous carbonates are most frequently of all eacountered

H ,
,* ~ in the sea of Marmara and in the Aejean Sea, where they occupy
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first place among the heavy carbonates with regard to frequency
nf occurrence, while in the Ionian and Tyrrhenian Sea and in the
region of the African-~Sicilian sill, they are either absent or
are very rare.

Siderite, on the other hand, is very scarce in the Sea of
Marmara and in the Aegean Sea, and is frequently Zound in the

Ionian Sea and in the regicn of the African-Sicilian sill. With

respect to contents in the sediments of the Mediterranean Sea,
siderite is second to dolomite and ferrugenous carbonates.

'fhus, the arrival of terrigenous minerals in the Mediterranean
Sea is unequal: there are regions which receive an abundant sup-
ply of them, and regions where terrigenous carbonates are almost
totally absent (the southeast part of the Tyrrhenian Sea).

The maximum-content values for individual types of terrige-
nous carbonates most frequently of all do not coincide; this
indicates that their sources are different.

Organogenic-detrital shell carbonate is a component c¢f the
entire spectrum of the granulometric compositior of the sediment.
A negligikle admixture cf it is encountered only in coastal
terrigenous sands. In shallow-water sediments, as has kteen indi-
cated, the larger part of the carbonates is formed by mollusk-
shell fragments. Under the microscope, these are rounded and
irreqular fragments, semi-transparent or almost opaque, yellowish-
{:) white in reflected light. The content of CaCO3 in such fragments
(in the Tunisian Strait) is equal to.93.5%. In deepwater sedi-
ments the sand fraction and the aleuritic fracuvion consist of
foraminifera and pteropods and their fragments. The shell
chambers of foraminifera are uaully empty (under a micr..scope
yield a black ring) or are filled with calcite, which with crossed
nicols, always yields a black cross. Sometimes fragments of
fragile planktnon orgaiisms indicate 2V = 5-20°, on the basis of

which they may be inclided with aragonite.
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The foraminifera and pteropods of the eastern part of the

sea contains 82.7 and 85.7% CaCO3 respectively, and in shells

e that have heen thoroughly washed frec of argillaceous particles

4which is almost never possible), the content of CaCO3 is up to

f90% and more. The part played by foraminifera and pteropods in
‘.carbqnate formation increases with depth up to 3,000 m. Deever,

}}”Ehefi quantity decreases somewhat. The possibility i& not ex-

cluded that decomposition takes place at greater depths, and that

the shell material dissolves in part, this decreasing the car-

" ;. bonate content of the oozes that occur at such depths. To clarify

LA e TT

i-“ this question, additional material must be collected in the deep-

>y Yo 4 1k

~water depressions of the Mediterranean Sea.

Lo oy s

i%n Whole-shell foraminiferal material usually predominates in
the sand fractica and in the large-aleuritic €vzction. The sand
B é:aétion, according to planning data, consists almost entire.y of
s lhells. The lacge-aleuritic fraction contains from 0 to 84%
Afforaminifera, on the average they amount fo 40-45% of the entire
siygr;ction. There are few foraminifera only in the zone of the
;'iétive arrival of pyroclactic material. A rzlztionship is not
'“Lg;yays noted between the content of foraminifera and pteropods
iﬁﬁisand-aleuritic fractions and the carbonzte content of the
lediments, this indicates tte subordination 2f the organogenic
Yfactor of carbonate formation in such regions. A more or less
g ciear relationship between cthe content of CaCO3 and the content
’f.; ;iqf organogenic shell material in fracticns more than 0.05 has been
’Kg“'?%”égtabiished only for aleuritic ocozes and sands.
t o A large part of the carbonate formation in the Mediterranean
‘“3;i§Q§,is é}gyed by the calcareous algae, the coccolithophorides,
f}f\ﬁﬁ;se'siénificance'in this process, as has been shown by Bernard
“and Leval-Schlauder (1953), has been greatly underestimated by
'5f§oologists. Coccolithophorids rmultiply very rapidly. One liter
‘;f them contains up to several million, or up to 1-5 mm3. Ber-
d%gd'conaiders it probzole that coccolites alone can form up to
b R e y

:
2L A p et S E
R

_“_




-4

g e aTing
\ L\

C

57 em of sediment in 1,000 years. Our research on oozes in
smears has shown that ccccolites in actual fact comprise a
considerable part of the pelitic fraction. Coccilites of
elliptical and disklike shape usually predominate. There are
also rhabdoliths and discoastera. Of the species most frequently
encountered in sdeiments, mention may be made of Tremalithes
rotulatus sp. In spite of the miniscule dimensions of the
coccolites, thre is no doubt that they, as well as the larger
shells, decay into tiny crystals, therefore the part played by
them in carbonate formation is probably greater than what we
have observed.

Oolites and quasioolitic carbonates have been encountered
by us on the shelf of the African cocastline. According to the
data of Lucas (1955), oolites are formed particularly actively
tn the Gulf of Syrtis Mi:.or (Jerba Island). Serving as the
center of crystallization are shell fragments, lithotnramnium,
quartz grains, plagiocalses. hornblende, etc. Oolite grains
usually have on oval shape -1nd 4 concentric structure. 1Ip
crossed nicols they yield in & cross. Along the Egyptian coast
occur the so-called pseudooolites, broiaght there by the wind
from the Eocene-Cretaceous formation of the Western Desert of
Africa (Hilmy, 1950) and then well rounded in the coastal zone of
the sea. Pseudooolites sometimes consists of well-rounded shell
fragments, almost opaque under the microscope. Up to now it
has been impossible to determine the depth of occurrence of
pseudoooiites and oolites. In the —egion of the Arabian Gulf

(station 390), pesudoolites and oo Lites have been encountered at

a depth of 61 m. They comprise 72.5% of the ligyht large-aleuritic
subfraction.

Carbonate crusts and calcareous-argillaceous concretions
are forred mainly in the southern part of the A2gean Sea, in the

region south of Peleponnesus-Trcete in the Gulf of Syrtis Major, i
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on the Tunisian shelf and in the Strait of Tunis. Calcareous i
crusts are formed around worm tracks (tubes; Gulf of Syrtis
Major), they cover mollusk shells, lithothamnium, bryozcans

bedrack, etc. Calcareous crusts in the form of irregular con-

. choidal formations frequently exceed 10 cm in diameter. They
_have been detected at depths of 101 m (Aegean Sea, station 726)

and 50 m (station 764-7A).

prenTvs

Lithothamnium have been encountered in large numbe-s in 3
the sands of the Darnanelles sector of the Aegean Sea at a
depth of 71 m. These :re usually rounded calcareous concretions /82
with a rough surfcae, reaching 2-3 cm in diameter. A laver 3
structure can be found in the cross section ~f calcareous crusts

| and carbonate tubes, as well as in lithothamnium. Calcareous-

T STEES

argillaceous concretions have been encountered by us to a depth
of 2167 m. At station 536 (between Crete and Cyrenaica, depth

2130-2167 m) they cover about 20-40% of the entire sea-bottom

ek S Ak L

area. The shape of the concretions is irregular, vesicular-con-

choidal, similar in external shape to a wedge which has grown

by its "roots" into a viscous aleuritic-argillaceous ooze of soft
consistency. The surface 2f the concretions, which is at the
r-me level with the surface of the noze which contains them,

is rough and differs almost not at all in color from the color of

the ooze (light brown, sometimes light yellow). The principal

the very surface of the bottom. This indicates tkat diagenetic

}
1
é QE. mags of such concretions occurs at the 0-5 cm horizon, i.c¢., at
3
%

carbonate formation takes place at the very watar-silt boundary,
or in aﬁy case in the very uppermost centimeters of the sediment.
Lover, within the sediment series, the concrecions dissclve.
Serving as a confirmation of this cer be the sharp increase of
cthe alkaline-chlorine coefficient - from 0.120-0.122 in the 4 f
"hottom level” layer of the water to 0.136-0.169 in ocoze water

at horiz-ns of 0-10 and 21-40 cm (stations 538 and 56.; Yemel'-

yanov, Chwnakov, 1962)
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The carbonate composition of the concretions was studied
by the coloringmethod and optically -- under the microscope.

It was established that it consists of calcite. 1In lithothamnium
(Aegean Sea), aragonite was also detected (Mor, salt yields a
green color). The calcite grains in the concretions are clean,
needlelike, or wedged-shaped. They frequently converge at a
single point at a center, forming "stars." Argillaceous aggre-
gates are sometimes observed in the center. Irregular crystal
growths exists, as well as individual crystals.

Pelitomorphic cryptogenic carbonate is contained in oozes
everywhere. Its grains are of various sizes, but small crystals
from fractions of a micron of 10 1 predominate (the principal
mass is 1-4 u). In rare cases the size of the crystal exceeds
these sizes. Study of the fine fraction in microscopic sections
and in oriented film preparations has shown thac pelitomorphic
carbonate consists predominantly of calcite. Dolomite (rhombo-
hedrons) and siderite are rarely encountered.

The crigin of pelitomorphic calcite is tn date unclear
(cryptogenic). Presumably it is formed by chemogenic and bio-
genic means (decay of shells into the finest crystals). Evi-
dence of the chemical precipitation of crystals fiom sea water
is borne by the clearly defined facets of the tiny crystals and
the occasionally encountered crystal gw.wths. Coccolite shells
frequently enter into the composition of pelitomorphic calcite.

The chemogenic precipitation of CaCoOj is also confirmed by
large wedge-shaped calcite crystals in the pores of floating
and already sunken pumice, as well as by the filling of fora-
minifera shell chambers with calcite. Calcite and dolomite
of pelitomorphic and aleuritic dimensionality, presumably of
chemogenic origin, have been observed by us in a suspended state
in the upper layer of the waters of the eastern part of the

Mediterranean Sea when the suspension was studied by means of

-
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membrane filters. A particularly large amount of calcate
and dolomite was detected in the upper layer of water east
_.—of the islands of Malta and Sicily. Possibly the clean,
regular crystals of dolomite are also of chemogenic and diage-
* petic origin.
‘ In the western part of the Mediterranean Sea, there ig
4:’ much less pelitomorphic calcite than in the eastern part.

il Since the pelitic fraction in deepwater sediments comprises
60-92%, and czicite of biogenic and chemogenic origin predo-
minates in it, it follows that these factars of carborate forma-
tion predominate in the deepwater sediments of the Mediterranean
Sea.

Thus, Mediterranean Sea water containing negligible reserves
of carbonates are a medium in which the evolution and redistri- /83
bution of carbonates takes place very rapidly. 1In this respect,
the Mediterranean Sea differs from the Black Sea, the waters
of the lower deptﬁs of which are strongly enriched with carbonute
(Strakhov, 1951 a, b). Consequently, the cucle of carbonate
formation in the Mediterranean Sea is completed much more rapidly

than in the Black Sea or in the northern reservoirs.
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A HISTORICAL SURVEY OF HYDROLOGIC RESEARCH /84
IN THE MEDITERRANEAN SEA

I. M. Ovchinnikov, Ye. A. Plakhin

The European Mediterranean Sea is one of the most in-
teresting basins in the World Ocean regarding its history
of hydrologic research; it serves as an example for tracing
the development of ocearography, from the first, primitive
and inaccurate readings of water temperature to integrated
oceanographic research work. As we study the history of
the research it also becomes possible for us.to trace the
constant improvement of oceanographic instruments and marine
research methods.

The extent to which the Mediterranean Sea has bheen

studied is determined to a considerable degree by its geo-
graphic position and the overall historical development of
European civilization, trade, and navigation. Naturally,
that the first attempts to study its conditions were under-
taken by representatives of countries located on the coast
of the Mediterranean Sea, principally by representatives of
France and Italy, which were highly developed countries ac-
cording to the standards of that time.

The early period of research and the subsequent stage
of more thorough and detailed study of the principal features
of the hydrologic regime of the Mediterranean Sea have been
excellently set forth in the basic work of Nilsen, "The
Hydrology of the Mediterranean Sea and of the Waters Adja-
cent to It" (1912), including details on all achievements in
the field of Mediterranean Sea research since the beginning

of the 18th century. In this work, which even today is con-

sidered a classic, thorough consideration is given to the
instruments and observation methods used, and a critical

evaluation of these is offered.
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1840, and by Captain Verer in 1831.-1832.
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To complete the historicai survey, we considered it
neces:ary to our work to deal briefly with this period of
research (sections I.and II), taking Nilsen's detailed sur-
'vgy as a basis, and supplementing it with some data not
tqééhed upon in his work.

‘The first data on the temperature regime of the surface

@rd deep-waters of the western basin of the Mediterranean

" Sea were ubtained by Marsigly in the winter of 1706-1707, by

‘Saussure in 1780, Dumont d'Hurville in 1826-1829 and 1837-

On the basis of material obt.ained by d'Hurville and

Varer, in 1838 Arago replaced the very important conclusion

'£hqt the cold deep-water mass extending in all bottom layers

of the Atlantic Ocean cannot penetrate into the Mediterranean

Seca, therefore the temperature of the deep waters of the

. basin (12.7-12.8°) is comparable to the mean winter tempera-

5

B . L. - . .
ture of the given region of the sea. This assumption wac an

'iupértaﬁt stage in the study of the hydrologic regime of the

Mid;gerranean Sea.

In 1841-1845, more complete and important research on

'~ the temperature regime of the waters of the Mediterranean

K
-~

- . 888 war carried out by the outstanding French oceanographer

Bxe (?). On the basis cf a prolonged series of observations.

. ./? . 2

‘Bme found that ihe diurnal temperature fluctuations of the

. waters penetrate to 18 m, and that the maximum depth of pen-
;fzotration of annual fluctuations reaches 350 m. At this

depth, a constant temperature of 12.6° was observed. In ad-

.dition, Eme dstermined that the mean temperature of the water
at the surface in the winter is equal tc 12.7°; this corre-
sponds to the temnperature of the deep waters of the Madditer-

ranean Sea.’ On the basis of this Eme concluded that "the

minimum temperature of the deep layers of the Mediterranean

~N
0
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Sea is equal to the mean temperature at its surface in win-

ter," i.e., that the deep waters formed by the process of

the descent of cocled surface layers in the course of the
winter. Thus, in his works Eme substantiated the assump-
tion, already @vp- ‘ssed by Arago, about the isolation of
the deep waters c¢. the Mediterranean Sea, and proved the
participation of cooled surface layers in the process of
their formation.

Great credit is also due to Eme for the fact that, for
his research, he was the first to use a veversing thermom-
eter of his own design. The quality of his findings is con-
siderably lesser than the earlier results, and they are
scienti