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SHAPING AND TERRACING OF THE MENITLRRANEAN

AIM AND INTRODUCTION
This article aims to f£ill a gep in material available in English

ehout ths msjor form, shape, and terrace patterns of the Mediterranean
Basina Diverse items of European literature related to the subject
would fill a library. However, nc up-to-date comprehensive or summare
izing work, undorstandeble by the educated laymen, has been found in
the English lengnage. Rasearch projects under way at the Geographical
Institute, University of Virginia, have brought this need sharply into
focus. Something more than an eumpirical description of thesc basic
physical patterns is needed in order to make worthwhile interpretations
of innumerable related aspects of regional character - physical and
humen. Only through some grasp of tho developing theories and know-
ledge of geology; geomorphology, and related sciences, could we gain
the necegsary understanding. It is felt that a similar need iay exist
in other centers of study and research.

Most of this paper is besed on compilotion, but it contains some
original contribution. The writer and his research associates ét the
Virginia Geographical Institute* have travelad widely and made consid-

erable [ield observetions in the Wediterranean Region. A sizable vol-

% Gratitude is hersby sxnressed for support, encouragement; edi-
torial essistence, consultsticn, and advice, by Sidman P. Poole,
Directors Charies V. Crittenden, Chief Researcher; aud Ceza Telelig
Senioxr Rezaarcher, of the Virginia Geographical Instituta.
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ume of air photography has been obasrved end studied. HNumerous proe-
files have been made from recen%t nautical charts, and several original
meps and diagrems were drawn. Fersonal correspondeace with Mr. Pfan=-
nenstiel and orai discussion with Dr. Geza Teleki (a geologist and
geographer of European training and background) helped to clear up
verious questions. Great aid waa rencered by the Inter-Library Loan
Systam, of %the University of Virginia and eepecially of the Library of
Congress. A numbered bibliography of principal sources appears at the
end of this article: and cccasional citation of these sources is made
by the parenthetical numbers throughout this text.

It is probably unnecessary to suggest a bit of caution in reading
this report. The proccsses which made the lMediterranean are extremsly
complex, and much that follows hereafter is necessarily a digest and
simplification of what is known and theorized tedey, There are vary-
ing interpretations of the evidence and not all could be ajequately
pregented. It is hoped, howaver, that the work will stimulate better
understanding and further interest in a region which again occupies an

importent placs in the affairs of men all over the world.

The liediter-anean Sea is unlike any other sea. Wedgoed batween
throe continents, connected by narrou straits or cenals to other seas
and oceans, it is what its neme implies = a "land-locked sea”. Geo=-
logically it is most complex, and its development goes back to the ear=
liest eras of the earth's history. From the everchanging outlines of

this region during the Pasleozoic and kesozoic eras emerges a general

(2)



picture, 1In the south was the large, solid bloock of Gondwena (larger
than present ifrice), which was rarsly submergedj in the north were
located several blocks, or “shields", such as North Atlantis, Skane

dis, Sino-Siberia, etc. (22)

[EVELOPLENT BEFORE THE ICE AGE

THE TETHYS SEA
i ~ AP
NORTHFATLANTIS

: Y o
FIG. 1 TVE TETHYS SEA == An ancient sea girdled the Eastern Hemizphere before the Alpine
orogeny. 1t varied in shape and size through the ages and often overflowed north and south.

NYorth-gouvth extent wes wider tlan slown hsre because Africs snd Eurasia (dot-line bounds-
ries) were pushed togetrer in the Alpire orogseny.

P

In between Gondwana and the northern blccks was a geosyncline =
a downwarped, rather mobile part of the earth’s crust which was sube
merged and called the Tethys Sea. This sea reached to what are now
India and Australia in one direction, to "“Caeniral America™ in the
other, and received sediments botk from the north and from the scuth.
Quite often the sea spilled over to arsas which are now Germany, Eng-
land; thse Baltic Region, and, occasionally, into the region of the

present Sahara. (21)

(3)



ALPINE CROGENY

During the grsater part of the llesozoic era, the lands north and
south cf the Tethys Sea were reduced by ercsion and this material was
deposited in the sea. Thus was the Tethys Sea filled with sediments,
weighing heavily on the sub-sea ccustal portions; while the land blocks
were constantly worn doun or degraced to becoms lighter.

It is tnough% that the earti coniracts and in general tends to-
ward an isostatic balance. An equilibriumx is supposed to be maintained
under grevitational stresys (changes in surface weight distribution)
by th2 yielding or plastic flow of rock materiel beneath the surface.
It is assumed thrat each unit column or elongated pyremidal portion of
the earth, from surface to center, tends to have the same weight.

The interaction of these factors produced a mountain-meking period =
the Alpine orogeny.

For some time during e shifting of weight, the ecrth's somewhat
rigid crust remeins inert or rosists readjustment to unbalanced logd.
When the stresses reach the snapping point, or overcome this state of
inertia, the earth undergoes an Morogeny'" or mountain-making period.

Such mountain-revolution (orogeny) starts at one place and then ex=

D

pandg all along the geosynclines. The contraction moves the rigiad
blocks or "shislds" toward each other. The sediments and the less-
recistaut and less-rigid masses of the geoswvncline, in between the
shields, ars squeczed - sideways and up. The material beiween the
shields under the greatest pressure and heat is remolded. Soms of

this materiel is squesezed uuder the shields vhere it may be completely

(2)



molten into ths plastic zone. All this was accompanied with a great
deal of volcanism, molten meterial of the granitic type ascended into
the upper orogenic zone or even reached the surface along faults and
fractuies.

The Tcthys geosyncline of early lLiesozoic era is believed to have
been 800 miles broad, on the average, before its later compression.
Sinking kept on until the middle Cretaceous vhen the first phase of
the Alpine orogenic cycle begins. This orogeny had many mountain=
folding phases, alternating with quieter periods, to appear as a pul-
sation lasting u. to present time., It is estimated that the net
north—south‘contraction of the Tethys geosyncline during the period
of Llpine orogeny is some 160 miles « the liesozoic Tethys of 800 miles
was compressed to 640 miles for e shortening of one fifth. (22)

The structure of the crogenic velt is far from simple. Between
the great "shields" a number of detached smaller rigid bodies or
“piocks" resist pressure. The compressing forces act first on the
week "channel" zones, between ths blocks (see Figs. 2b and ¢). The
interposed "blocks" seewm to float in the bioader orogenic belt and
arg shifted, tilted and broken up. Folding of masses of "channel
synclines” between these "blocks" and the big “shields" provides =
strongly bending, curving and recurviag "band" - system of folded
mountains. The major folded and overthrust nappes generally run to-

ward the rolatively lewer (or submerging) shields.

(5)
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F1c. 3 EASTERN MEDITERRANEAM BasIN, SCHEMATIC NORTH-SorTH Brocx Sections:

(a) Western portion; and (b) Eastern portion

Both sections show considerable fracruring, torsion, and up-and-down movement of blocks. Black arrows indicate direction of pres-
sure in the earlier compressive orogeny; white arrows show movements of later dilaticnal stages.

Fic. 2 (ON FACING PAGE) OROGENIC PHASES OF THE WESTERN MEDITERRANEAN BAsin REPRESENTED IN SCHEMATIC NorRTH-SouTH Brock
[ .
SECTIONS:

Phase 1: (a) Compressicn — Earth contraction forces solid shields of Africa and Europe together — thus compressing the sediment-
laden, weaker zone of the Tethys Sea.
(b) Increasing Compression — The Alps are thrust to great heights; T'yrrhenis and the Algero-Ligurian blocks emerge.

Phase 2: (c) Dilation — Forces and movement of the great shields reverse — thus parts of the central blocks sink and, around them,
volcanoes belch basic lavas.

(59)
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Volumes have been written abcut the nature of Alpine folding.
For us it is sufficient = know that, in the Alps, Pyreneces, eng Car=
pathians, Tethys sediwents wern folded and thrust toward the noiiihiern
"shield"; while in the Atlas, in the wastern Balkans, and the Taurus
Mountains, a somewhat simpler kind of folding, called the Dinaric,
was directed toward the southern "shield". 1In between tihe folded
ranges were the solid firagments or blocks, like the Spanisn Meseta,
Anatolio, and several oithers. PartiLularly importawmt for us are the
Alboran, the Algero-lLigurian, and ths Tyrrherisan blcecks, which occu-
pied much of the preseut Western Basia of tha Mediterranean Sea (47).

While the mountaine were rising, they were attacked »y rain and
123

rivers. Great thicknesses of sediments were depositsd near the shore
gravel, send, marl, and clay. VWe find “these solidified and folded,
fossil=-poor beds, called Flysch, from France to Indo-China, In the
Mediterranean region, Flysch iz found in the western Apennines
(Flysch-Apennines), lifted later to heights reaching 1700 meters.
In Crete a much-disturbed Flysch is found at even greater heights.
(44) Sedimentzi'y formations of gravel, sand, occasional coal and
gelt. ‘shish derived from fans and talus of the higher mountains of e
later stage, are czlled the "molasse" and are common along the Spanish
and French coasts. ibralitar was not yet in existence, but ssaways
south and north o¢f it allowed a warm-water Atlantic faune to invade
the forerunner of the Ladiverrencan Sea. (47)

Alpine orogeay was not ell compression, The movement of "shields"

accelerates first toward compensating tlie unbalanced situation; and

(6)
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then, hecause of inertia, it surpasses the condition of balance and
svings lilke 2 pendulum over the ""dead poizt”. The movemen’. now revzrses,
During thc backswing period, dilating occurs, broadening the synclines.
The rigid blocks tilt and break and siide down along the tectonic frac-
ture=s, thus presenting a secondary period of sinking and marine in-
grescion. The pendulvm swings again and orogeny of a next phase comes
into beinz, foliowad by another sinking or dilating period - and so on.
This puisstion is pait of every orogenic cycle of the globe. (21, 73)
e £leir2 creogery begar with a weak phase in the Middle Cretaceous,
after which ithe fcorcefuluness of the orogenic phases increasad aud
reazhci their pezk in the Eccene. Then there was a decrecsc ¢f inten-
eity up tn the present, with two phases c¢f secondery intensitr-nzaks

in the Miocene and in the Pliocene. The dilating perisds, however,

had the opoosite pattern. The greatest broadening cceurred in the
Middle Mesonnic, became less and less toward the REocene, and increased
since. (3tille)

Both processes were responsible for shaping the McJditerranean re-

gion. The majestic mountains werc the result of the contracting phases
mostly in the eariier stages; but the basins and rift valleys sunk to

their various depths in tlhie later periods.

MEDI TERRANEAN SEA

During the dilating stages of Alpine orogeny, block faulting was
prevailing. The most important event wss the foundering of the Alvo-

ran, the Algero-Ligurian, and the Tyrrhenian blocks and the creaiion

)
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of the Western Basin of the Mediteiranean Sea. It was not a smooth
process; many volcanoes flared vp, particularly around the Tyrrhenian
Basin, and the Etna-Lipari-Vesuvius chain of volcanoes originated at
this time. While granitic (acid) type of lavas prevailed in the moun-
tain-molding phases, andesites and basalts {the basic type of lavas)
poured forth from greater depths in the dilating periods. (22)

The founderirg was complicated by some torsional forces. In gen-
eral the Western Basin was forced more to the northward than the East-
ern Basin. (Lli) The specific mechanics of this are nct well under-
stood. The foundering of the western blccks was compencsa’ . with a
rise around them in the Atlas Mountains, in thes Betic Cordillera in
southerr. Spain, and in the Apennines. The Sirail o Gitraltar was
opened while the adjacent seaways closed. (L7) Tarsugh svch varied
processes, a flat-bottomed basin about 3,000 moters deep wes formed,
with sfeep sidewalls and occasicnal volcanic peaks, and some sub-
marine scarps.

Fig. 6 shows the closing stages of Alpine orogeny in the Pliocene
period. The picture is not very different from the pre ¢ outlines.
The Sarmatian Sea was beginning to break up into lakes and smaller seas.
(47) A wide landbridge then connected Europe and Asia over which ele-
phants, rhinos, horses, etc., migrated - to be hunted by early men.
One fact shows up clearly on this map - even better than on a map of
the present - that the Mediterranean Sea is really two seas, acci-
dentaily ccnnected. The Western Mzditerranez:n Sea became o downlolded

basin completely surrounded ty Alpine-Ifoided ranges. Similarly, the

(8)
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Adriatic Sea and the Aegean Sea are much ghallower betwesn-fold basins.
The Eestern Basin, however, originated as a "sub-alpine foreland". All
along Furope and Asia, the Great Tertiary Mourntninc are flanked on the
south by a lowland, which is at many placea submerged. We find such a
lowland south of the Atlas Mountains, and in the area of the present
Chotts of Tunisia-Algeria. Low paris and basins of Mesopotamia, the
Percian wlf, “‘ke Arakjan Sea, and the Indo-Gangetic lowland, etc.,

are also suth fcrzianc typa of depressions., If the lowiand south of
the Ailas Mountains were today a few hundred meters lower, the Eastemn
Basin wouid therety connect with the Atlantic, as it was indeed con-
nected in the earlier periods. The only major shallow portion of the
Mediterranean Sea is the Tunisian "Ramp” where the bottom of the East-
ern Basin gradually rises to the Chotts, as shown in Fig. 7.

This, however, is not the completc picture. Similarly to the
Western Basin, the Eastern Basin also foundered and was krolken up bty
block fauvlting. The former subalpine foreland sani aleng faults to
about 3,000 meters, a similar depth to that of the Western Basin.

Thus we have here somewhat of a "graben'" structure = an east-west
elongated, down-dropped block of the earth's crust. East of Sicily
and Malta is a 1,000 meter wall of a submarine fault scarp, along which
the Iopian Sea foundered to its great depth. Besides these major dis-~
placements, the whole Mediterranean area is criss-crossed by fault
scarps. Particularly important are a series of northwest-southeast
faults which did much to shape Greece and the Acgean archipeiago. (L)

Besides the east-west elongaticn of the basins, there is also a series

(9)
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ef north-south anticlines and synclines which break up the Msditerra-

nean Se2 into smalier basins, named on Fig. 7.

The eastern end of the Mediterranean Sea lonks as if the great
east-west dcim-~cropped foreland had been abruptly cut off. This is
ei:act-ly wnat happened ae the result of the northward extension of the
Great Rify Valiey of Africa. It is béyond the -scope of this paper to
discuss the origin of rift valleys. Their nature iz shown, by Fig. 8,
as an eloegated "graben" with elevated ramps on both sides and much

voleanisn airl along,

“WesT RAMPF EAST RAMP
and Sea-Jordan
](zmnxmayf rift vall

Sea

FIG. 8 THE JORDAN-BEKAA RIFT VALLEY AMD TS TYO SIDE-RAMPS
In this case the g'raben is the Agqaba-Jordan-Bekss "valley", bordered

by the Judea-Lebanon Mountains on the west and the Syrian plateau in
the east, Hundreds of craters south of Damascus and near Homs testify
that volcanism was not wanting. This rift valley was formed in the

later dilating stages of the Tertiary period.

This chapter has outlined the development of the Mediterrapean
region *throungh the Mesozoic and Tertiary eras. . The ancient Tethys .Sea

wes broken up by Alpine orogeny. The contracting and dilating pulsa-

(10)



RN U

tions of this revolutibnary perini'u-re briefly snalysed. Likewise
outlined were the processes whereby the greét ranges were forced up+
ward, followed by sinking and rifting, until the major shape of the
Mo&iterranean Sea was ~learly rcccgnizable at the beginning of the
Quaternary era.

Thus at the end of the Tertiary era the major structural elements
of the presen£ Mediterranean region were all there, but this is not the
end, however, of the ups and downs of th2 region. Although structural
chanzes still go on - as we are So vividly reminded by ihe Ionian

earthquiks (395%) - the major chaages in the Quaternary era were econ-

-trolled largely Dy giaclation as described in the follcowing.

JCE ASE PACTERUS' - MARINE TERRACES AMND DEPOSITS

ey & B e de rea S mAmEeL RRC S WA ABWMIE P O T

Under Ice Age we understand the pericd of great glaciations of thw
Quater;ary era including tha iaterglacial stages. It is now ﬁell es-
tablish2d that grsat ice sheets covered much of North America, North
Europe, ihe Alps, etc., in the geological yesterday. There is far less
agreement. upon causes of the glaciations., Some a&vance the ideas of
lessened sun<radiation, others of more volcanic dust and carbon dicxide
in the atmoaphere. Some scientists connect it with astronomical causes.
There is even a theory that warmer ciimate, but greater snowfall wés
the cause. That it may have had somebthing to do with Alpine orogeny
is supported by the fact that, after other great orogeniss in the geo-

logic past, there were other glaciations. The merits of the various

(11)
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hypotheses can not. be discussed nere. The fac* remains that at least
four timas did the ice advance ovar Northein Furope. In thz first, it
advanced from the Scandinavian center as far scuth as the line off pre-
sent London, Amsterdam, Cracow, and Kiev; the later advances wen. less
far southward. Corresponding glaciations are recogniz=1 in the Alps.
The interglacial stages were probably longer than <he glacial stages,
and in most of them the climate was warmer thaa at present. Now we
are living at tha end of one of the glacial stages; the ice caps of
Antarctica and Greenland are still here.

Each glaciation withdrew millicns of cubic miles of water from the
oceans, piled it up in the form of ice and lowered the sea level by
hundrads of feet. In each interglacial stage the ice melted, causing
a maring transgress.on. At its higher levels the sea cut terraces and
depocited fossil-bearing €and and sravel upon them. Theese terraczes
now renain some-h it brokenly encircling the Mediterranean; +heir study

contributes greatly to an wiraveling of the history of these times.

'l. THE CALABRIAN TERRACES

At the enc of the Te:xtiary, the sea probably stood 150-200 meters
higher in average rclation to the land than 2t present. Marinc terraces
had notched the land margins, ard characteristic forms of life became
fossils in sediments upou those coastal shelves. Three-quarters of
these foseilized species are now extinct. Some of these terraces now
stand in Calabria at various levels such as 300-LOO meters, 550-700

meters, 100C-13C0 metors above sea level (lower in the north, higher

(12)



in the sou‘h) - thus indicating that Italy was a low archirczlago which
vas rising at that tine. {15) On the olher hand a landuridge connetted
Europe and Acia, and the Aegean depressicn contained only a seriss of
lakes. (47) The Syriiac Bay (present Cuif of Sidra) extended well into
Saharan Africa, while Cyrenaica stood out as an island. Marine foesils
corrslated with the Calabrian are also found at more normal elevations

in the Po Valley, Cyprvs, and Sicily.

2. THE POST-CALABRIAN STAGE AND THE FIRCT GLACIATION

At this tinc the ciimate became colder, indicated by the cold-wa%er
fossile of some of the lower Calabrian terraczs. (18) In the Alps the
abundant snows could nct melt off completely during summers; in tire a
hzavy ice cap formed, above which ice platean only the highest peaks
protrudsd. Much larger ice mosses were formed in North Europe, North
America, and Antarctica. More and more water was withdrawn from the
sea and piled up in the ice caps. Such ice caps Gepressed parts of
the earth's crusf and made place for still more ice. At the height of
glaciation, it is thought that enough water was withdrawn from the
oceans to decrease depths by hundreds of meters. Shallow seas ran
dry, land bridges formed; and thus developed the first regression.
The Straits of Gibraltar and Bosporus were dry; and the Mediterranean
became ene, or perhaps two, cold inland seas. As it is very difficult
to trace shores which are now under the sea, the extent of this re-
gression is not known - perhaps 200 meters below the present level or

about LCO meters below the Calabrian level. (35) The Strait of

(13)
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Gidraltar ie today 320 meters deep, but prebably reached this great
depth by later down=faulting, {36)

There are some indications that this lowering of sea level may
have been much greater than generally thought. In this case animals
could have migrated freely fram Africa to Sicily a::xd Eurcpe. The fauns
of both continents then appzared the same. The early man of Abbevil-
lian and later Chellean cultures left chipped tools in their caves and
camps.

This was a tims of crustal unrest. Block faulting in the eastern
Mediterranean elevated Greece, broke down the Aegean and Marmara
troughs, and Italy was hodily elevated; while in the Urnited States the
Cascadian Revoiution shaped the Pacific coastal regien,

Most geologists ccrrelate this with the Gung glaciatiocn in the
Alps or the Nebraskan in the United States. The Gung glaciation is

variousiy estimated as 600,000-1,000,000 years ago.

3. SICILIAR STAGE

The climate turned warmer, and in time the great ice caps
duindled., Meltwaters filled the Mcditerranean basins agzain, but not
quite up to the Calabrian level. Cold Atlantic waters cswept through
Gibraltar, and Suez was under the ssa. The deeply-depressec North
Europe was gradually rising, A slight tilt in the terraces in France
and Italy is probably due tc upwarp in the periglacial areas toward

the former ice centers. QOstrea edulis (oyster) shells were dzposited

in sands, today in terraces at 80 meters in Sicily and near Pisa. (5)

(k)



(9) (16) Terraces at 9% meters in Lebanon, Si meters in Algeria, 75
meters in Catalonia, and 95 meters on the Rivisra ars probably the
same age. {28) The Mediterranean was connected with the larges Black-
Caspian-Aral Seas, not through the Bosporus, but through ths Sakaria
river-gap father east. (3L) Yellow clays, with srails irdicating a
dry, wamm climate, were deposited in Southern France, red soils in
Corsieca.

Volcanism was intense and commonly associated with tectonic in-
stability all through the early Ice Ages. This is indicated by fresh
lavas in Libwva, Syria, and Tripoli. {37, 38) Velcanoes arc known to
have reddened the cky in Southern France, and in Italy volcanic tuffs
cover gome of the *erraces. The terraces in Cyrenaica and the Atlas
regicn were slightly tilted vpward +o the wec?; and Thrace was somewnat
uptiited northward - thus indicating sane pest-Sicilian crustal move~
ment. (34) The terraces at 95, 65, and LS meters in Lebanon, heusver,
do not show tilt along their north-south extent. (L9)

The climate of the period ranged from cold to what we now call
Mediterranean type. This was comfortzable enough for the early people
whe left us crude campsites and tools of Chellean type. (30) They

hunted animals extinct today, such as the Elephas meridionalis, Equus

antiquus, Cervus elaphus, etc. (36) The Heidelberg man may be of this

age. Only onz half of the marine species of the Sicilian exist today.
The Sicilian stage is variously dated 500,000 to 660,000 years

past, and several other aspects remain as partly-solved problems. At

Milazzo in northern Sicily a terrace is described at 60 meters; similar

(15)
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terraces are found in Lebanon, Sardinia, and other regiorns, These are
poorly developed and carry a nondascript fauna of neither Siciiian nor
Tyrrhenizn species. (9) FPfannenstiel regards these as evidsence cf a
later stage of the Sicilian (36); others, like Zeuner (50), however,
assizn them to a later age correlating with the thdel-lias inter-
acial tinss (Pemultimate Interglacial). In ~werica, the Sicilisn is
correlated with the Aftonian interglacial stage.

k. THE ROMAN REOXESSION ‘
Ones again the climate turned cold. A new ice esp formed over the
northland (Elster glaciation) and hugs glaciers, the Mindel glaciatien,
descended from the Alps and Pyrenees. In North America the icy fingars
of the Kansan glaciation shaped the course of the Missouri River. whe-
ther this glacial stage took more water from the sea than the Gimz is
not well known for the same reasons mentioned before. The shoreline
patterns of the Roman Age are at present well beluw the preseni sea
level - perhaps 200 meters or more. The only evidences are found in
eand and gravel extending, at that depth, cut beyond and bslow present
river mouths, and in some other submarine forms, which could have been
deltas or benches, submarine valleys, etc. But, whether these date
from the Roman stage or from some later regression is hard to prove.
Not enuugh deep borings on the coasts and shelves have been drilled
or studied to give a firm chronology. However, the Mindel was an ex-
tensive glaciation, and it seems reasonable to assume a general 200-

meter lowering of the sea from the present level. This would mean a

(16)
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300~-meter lowering below the Sicilian terr. ces,

Most of the Aegean and Adriatic Seas were dry. (S) A bore hcle
on the northermmost Nile delta encountered fresh water in the sand
strata at 167 meters without reaching sub-delta bedrock. (36) This
fresh vater may well have been preserved in sand, deposited at the

lowered sea level.

FIG. 11 ROMAN REGRES3'0Y TN JTALY (alter
Blanc) The sea level was vrobably 200 reters
lower than at rresent.

Gibraltar was probably dry, at least part of the time, and tha Mediter-
ranean was almost split into two basins, but faunal evidence shows that
for most of the time the Sicilian Strait was open. Malta, Crete, and
perhaps Cyprus were attached to the cc»ntinént of Ecrope. Rising sea
level end dom-fauliing later made them islards; and this isointeld the

elsphante and sune other animals, which, thereaiter, degenerated into
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dwar? forms. (S) Although the ges of the Roman Regression was e’ off
from the oceans, its lewvsl was relatively sieady. Lower evaporzticn,
higher rainfall, and larger inf{low from rivars compensated for ihe loss
of intaks from the Bic~k Sea.
B E K I I IR P

DIFFERING CORRELATIONS DURING LATER ICE AGES =- What appears to
have been a considerable period of time betiween the Roman Regression
and the last glaciation left various marks and clues, which are goner-
ally fragmental or only partially understood 2nd correlated. There is
a poorly developed terrace around the Mediterranean at about (0 meters,
the Milazzian, a very prominent terrace at 28 to 35 meters called the
Tyrrhenian, and a universal fresh-looking terrace called Monastirisn
at 12 to 15 meters. The correlation of these terraces is still dzbatsd.
Blanc and Pfannenstiel regard the Milazzian as being a later cdevelop-
ment of the Sicilian stags, the Tyrrhenian terrace as of beth the
Mindel-Riss and the Riss-Wiirm interglacial times, and the Monastirian
e3 representing a later stage of Tyrrhenian IXI., (5) (35) Zeurer re-
gards the Milazzian as one of the greal interglacial stages (Penultie
mate Interzlacial). (S0) Others regard the Tyrrhenian altogether as
of the Riss-Wuirm stage. Ceartainly a great de21 more investigation is
necessary before a generally accepted corrzslation can be made. For the
purposes of this discussion, the Milazzian is tentatively regarded as a
later stage of the Sicilian, the Tyrrhenian as Mindel-Riss, and the
Monastirian as of Riss-Wirm age.
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S. TYRRHENIAN TRANSGRESSION

The Tyrrhenian Transgression seemz to have left well-marked
coastal terraces. All around the Mediterrancan a very censpicueus
terrace rnns at about 20 to 35 meters (arcund 100 feet). This terrace
is characterized by Strombus bubonius, a waim water sea shell, which
is now found on the tropical shores of the Atlantic in Morccco and
Senegal., (35} This tcrrace shows 1little tilting or variatien in
heisht - Sa~diria, 35 mcters; Italy, 35 meters; and Fayum, 3L metels.
(9) (19) In Lebanon a L5-mater terrace is conspicuous and probab’
of Tyrruenian age - the elevation of which may be due to a later rise
of the land. (ii?) In Corsica this 35-meter level is the highes® ter-
race, thus indicating that this island may have sunk considerablj' be-
fore the Tyrrhenian stage. Even post-Tyrrhenian instability is indi-
cated by the fact that, loecally, fossil-bearing Tyrrhenian terraces
are found to extond under more recent fluviatile, or marine, Flandri.n.
deposita (Etang d'Urbine). (25)

Distinctive comnections appear to mark this stage in Medi' ‘anean
evolution. Atlantic waters and 1life forms again entered through the
Strait of Gibraltar. The comection with the Black Sea was through the
Sakaria river-gap - the Bosporus was not yet open. That waters cor-
nectad with the Mediterranean invaded the Black and Caspian Seos is

indicated by some shells of edible oysters (Cardimus edvie). A 30-

B e N I Lo LR

meter uplifi iz recordad in the Marnara Sea rezica, pescilly because
of tre "rehouud" of land whizh was depressed by the w:ignt »f the lce

during the previons glaciaticn in Nertnemm Fawope. (24 A »aunciion
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- arith Aral-Caspian Sea was likely during the earliier stages, before the

slow rebound was completed.

During the long wara Tyrrhenian stage, red soils developed in
France, Sardinia, and Africa. An older loess, bearing concretions and
found in many places in the Balkans, may be of this age.

By samewhat elastic estimates the Tyrrbeniam took a very long
time - from 400,000 to 250,000 years - and is called the Great Inter-
glacial., It is thought to correlate with the 30-meter Wicomico terrace
of the Sangamoon interglacial in Florida. If true, it indicates an
eustatic stage of global proportions. (7)

There is just as much controversy in correlation of cultures as
there is with terraces. Same authors assign Chellean, others Leval-
loisian, but most assign the Acheuilian cuiture to the Tyrrhenian
stage. There is no question, however, as to the przsence of abundant

human lifs during this stage. (30)

6. RISSIAN REGRESSION
If the Tyrrhenian terraces were cut during the Mindel-Riss inter-

glacial stage, it is necessary to postulate a regression of the sea
when the Rigs glaclation withdrew great amounts of water from the
oceans. This piled up as ice in the Alps and upon Northern Europe
where it is called the Saale glaciation and corresponds to the Illi-
noian ice stage in North America. The littoral borings examined by
A. €., Blanc indicate such regression. (3) Otherwise we know little

about this stage. The indications are perhaps 150 meters below sea
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level, but are hopelessly mixed up with marks of ths earlier Romon an?
the later Wirm regressions.

In the cold periglacial barrens, especially wsdnter winds carried
much dust and deposited it in the surrounding grasslands in the fcrm
of loess. Several layers of loess cover paris of France, Gemany,
Hungary, and the Balkans, and their correlations to glaciations have
been attempted.

7. MONASTIRIAN (TYRFHENIAN II) STAGE

The freshest locking terrace around the Mediterranean Sea stands
soms 12 to 15 meters above the present shores. Although the wave-cut
coastal bench is generally less wide than in the case of the 30-meter
terrace; the coastal cliffs are sharply cut and commenly undercut by

waves, forming sea caves. In the sands on the bottoms of these caves

are the shells of the aforementioned Strombus bubonius (Lamarek), and

Cenus testudinarius (Martinij, Natica lactea (Guilding), etc. These

species are missing at present, - thus indicating a warmmer water than
now found in the Mediterranean., Exzmples of these cliffs and caves
are well known in Gibraltar, in Spair, on tha Balearic Islands, and in
Corsicc; but the name of this stage came fram Monastir in eastern Tu-
nisia. (36) The famous Grimaldi caves near Monaco (6), the caves of
Palermo, and the long row of hollows in the clirfs of the Syrian coast
are readily visible to the seafarer. We also find these caves on the
Prince's Islands near Istanbul in the Mammara Sea and all alorng the

Black Sea - as near Varna and in the Crimea. They all contain a
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Strombus bubenius fauns. {36)
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- i warm - water mussels

F1G. 12 EVOLUTJON OF TtZ JEFARA C0AST "TAR TRIPOLI (eafter Lipparini)
Both contineqtal and mari-e deposits are at higter levels farther inlard.

The Strait of Suez was flooded. Yet the fauna of the Indian Ocean
ard fled Sea did not mingle with that of Mediterranean-South Atlantic
character. The answer to this puzzle lies in the Nile. At that time
this mighty river ran in an easterly course frem the vicinity of
Cairo, cut tarraces somewhat sbcve 15 meters, and spread its sands
upon the area of the present Suesz Canal. There the stream sands be-
eame intervedded with marine deposits - a condition indicated by the
respective presence of fresh-water shells in the riverine sands,
Strombus-bearing Mediterranean layers extending from the north, and
idsntifiable Red Sea bads reaching here from a southerly direction.
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(Fuchs) So strong was the influx of fresh water that it appears to have
prevented the mixing of the marins faunas of the two seas. The present
Nile delta was missing until a later spread to the northward. (35)

Tha Bosporus was still not in existence, bu% Mediterranean waters
linked with those of the Black and Caspian Seas. The abundant melt-
wat=rs from the Black Sea reached the Marmara through the Sakaria
river-gap, passing from Adapazar to the Gulf of Ismit. Another cen-
nection east of the Bosporus through the Ergeni-Maritza lowland is
recognized by Loczy and Teleki. The Blazk Sea waters were ccnnected
through the route of the present Manyc«i Canal with the Caspian. Medi-

terranean mussels, such as Cardium edule, invaded even the less salty

waters of the Caspian Sea, where they still survive. (36)
e % o thoteltaoleiaedide

THE LAST GLACIATION - After the Monastirian (Tyrrhenien II) wam
period, the climate be<ame cold again and the ice piled up. Ve are
today living at the closing stages of this glaciation. It is called
the Wurm in Europe; in America it bears names of the Iowan and Wis-
consin, with the Peorian interglacial substage between. In Europe
there were three major re-advances, called the Wurm I, Ii, and III,
with warm periods in between during which the ice front retreated far
to the north.

8. THE WURM I (Post-Tyrrhenian Regression)

About 150,000 years ago - the fourth time since the Gunz glacia«

(23)
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tion - the climate became gradually colder. As lece accumulated in the
north, the sea level was lowered and the former sea caves became dry.
Tho Strombus-bearing sands at the bottom of the caves were covered
first by layers of clay derived from the weathering of the cave walls.
In these clays we find the charcoals, kitchen refuse, and the chipped
flints of man of Mousterian culture, along with bones of the elephant,
rhinoceros, hippopotamus, hyena; etc., showing that the climate was
not yet cold. Then it became colder. Frost cracked the cave walls
and sharp stones fell upon the clay, forming a layer in which we find
the bones of reindeer, mamot, and mammoth. Apparently the shiverﬂng
human inhabitants moved to more genial southern lands. (36)

As more and more water was withdrawn into ice, the sea depths de-
creased. The total was about 105 meters; but this is a level 90 meters
below our present sea level - considering that the Monastirian sea was
15 meters higher. This lowered level was proven by Blanc by borings in
the Pontine marshes and in Ve 3silia, north of Pisa, where peat and moor
s0il and lake beds were encountered down to 90 meter depth as shown by
Me. 1k. (3) Similarly Pfannenstiel examined the numerous borings in
the Jaffa plains and found rough river-laid gravel down to a depth of
90 meters. This cravel can now be traced higher and higher landwards
until it connects with the river terraces of lne present - thus forming
a key horizon for the archeologist. This older gravel, with lenses of
river and lake beds bearing land snails at depths down to about L5
meters, belongs to this regression. Farther inland, dunes were built

which later weathered to the red sands - now the favorite soil of the
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Jaffa oranges, Similar conditions are now found 2t the Nile delta;
its front lobes rest on a rough sand and gravel bottom at a depth of
90 meters. (36)

In shoreline sxtent the Mediterranean Sea shrunk but little. So
steep were most of the nearshore slopes that even a 90-meter regres-
sion did not change the map very much - as shown in Fig. 13,

The greatest changes were arownd Itsly. Dry land of Sicily was
extended towards Africa so that only a 10-mile strait separated the
Western and Eastern Basins of the Mediterranean Sea. Sardinia and Cor-
sica made a single large island. (L) The northern third of the Adri-
atic Sea was then a swampy lowiand. Sands and gravels were deposited
on this lowland by the extended lower course of the Po River and its
tridutaries of those times. The channels of these rivers can still be
detected under the sea; a map of their couisz3 was published by L. de
Marchi. (8) Such an amount of sand and gravel was deposited by these
rivers that the northern Adriatic would probably be dry even now if
the earth's crust underneath had not yielded by sinking to admit more
load. In Vernice, borings of 173 meters did not reach the bottom of
land-derived gravels; in Modena, the depth is 215 meters. (36)

The Aegean Sea also shrunk considerably. In the piace of the Dar-
danelles there was a tortuous river flowing south, while the Bosporus
was perhaps predominantly a small river flowing north. In between waz
the Marmara Sea, a much shrunken lake, landlocked and unconnectzd with
the seas. A wide land bridge connected the Balkans with Asia Minor

through which man and animals freely migrated. The Black Sea was much
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smaller; the northern shallow shelf and the Azovian Sea were dry.
There was then nc Danube Delta as the o0ld édourse of the river can be
followd under the sea where it swings southward offshore from Con-
stantsa. The level of the Black Sea was somewhat higher than that of |
the Mediterranean Sea - the Black éea received the water of many large
rivers, but not enough to overflow into the Mediterranean. (3L) (36)

It may have overflowed in the later stages to the Caspian Sea through
the Manych Canal. (1k)

In the Jefara near Tripoli, clay was deposited during the Monas-
tirian stage carrying wam-water shells. This was partly eroded during
the wurm I regression. Ai the same time dunes were formed at the
shore. These dunes are now partly submerged reefs, paralleling the
shore ac shown in Fig. ).2. (26)

The vegstation and climate of this stage can be traced by fossils,
pollen analysis, and by extent of the loess cover. The Mediterransan
region was traversed in summer by east-moving, fairly wam, and rain-
bearing cyclonic storms. The southern areas which are now parcihed in
the summer had abundant rain and North Africa was a rich grassland with
forest at higher elevations. Mixed maritime forest occupied southern
Spain, Italy, and the Balkans. Conifers and various kinds of tundra
prevailed in higher and more northerly lands which were drier than at
present. An unbroken steppe stretched from the present Hungary to
Central Asia. (k)

One of the resuits of the lower levels of the seas and of the plu-

vial climate was that the powerful rivers cut deep channels into the



soft coastal-plain sediments. These channels later filled again, more
or less, with sedimenis, but the channel of almost every larger river
can be followed to the 50 fathom lire on modern nautical charts if
enough soundings are plotted. (2) The ancient Po and its tributaries
are previously mentioned. Norti of the Black Sea, scores of invigo-
rated rivers dissected the land rather deeply. This accounts for the
present estuaries and valleys of the Dniester, Bug, Dnieper, Don, and
many others. (36) The river channels which once debruched from the
Atlas to the former east coast of Tunisia are well discernible - same
even from air photos. Large rivers drained African areas of the later
Sahara Desert, and a large lake formed over the present lccation of the
Chotts. Whether these lakes ever drained across the Gulf of Gabes
area to the former sscashore is debated, but submarine charnels abound
in the Bay of Gabes.

The Rhone delta was studied by Richard J. Russel]l, The Crau gravels
are found now inlani in borings at -50 meters. He mentions a rather
distinct bench at a depth slightly less than 100 meters beneath the
waters south of the delta. (39)

Dramatic changes occurred at the Nile during these times. As
mentioned before, the Monastirian Nile flowed east of Cairo, cut ter-
races (now at plus 15 meters), and built its delta toward the submerged
area of the present Isthmus of Suez, where the fresh waters of the Nile
prevented the mingling of the marine faunas from the north and south.
During the Wurm I regression, the Nile flowed north tc the coast over

a rather steep slope. The increased rainfall and the new low base
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level transformed the tranquil Nile into & rapid torrent of enoxmous
power and saveral times i%s prescnt volume. Tt cut dzep into Gts
former sedimcniec and carved its pragent valley as far back as Aswan.
fven this far south, the holtom of tha gravzl is below the present
higher sea level. Neer the landward head c¢f the preseni delta, at
Cairo, the bettom of the Nile sediments today lies at 82 meters below
sea level; but at Zagazig in the eastern delta the bottom of a well at
«105 meters is still in sands, In this latter case, local crustal sudbe
sidence may be the explanation; or, it seems possible that these sedi-
ments were laid down during the Roman (Mindel) or Riss regressions
vhen the sea levels were still lower. (36)

The cutting down of the Nile also invigorated its erstwhile tribe
utaries. The many present half-buried depressions may well have beén
the chanrels of the former membera of the Nile system. This sppears
most likelyr in the cases of Wadi Natrun, Wadi Farigh, and the Fayum
depressions; the sediments of which anderlie their bottom by some 20
to 50 meters. (36) whether the Qattara depression and the line of
oases to Siva and Giarabub, the southern ocases of Bahariya, and Fara-«
fra, or even Kharga and Dakhla - were formed by tributaries of the
Greater Nile is probable but needs proof.

In America the Wirm I is correlated with the Iowan which is also
called Wisconsin I. In Northern Europe it produced the Flaming-Warthe

moraine and the Little Eastern moraine in England.
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9. THE FLANDRIAN TRANSGRESSION

Some scientists theorize that a decrease of S°C in present average
temperatures would induce a new ice age. However, the changes in teme
perature during the hundred thousand plus years of the Wirm glaciaticn
were greater than that. At least twice did the climate turn wamm,
whereby the ice caps diminished and the apparent sea level rose, tc°
followed by re-advances of the ice correlating with lower sea levels.

In the Mediterranean, the marks left by the higher water levels
of the warm stages generally remained well below the pressent surface
of the sea. In the north countries, however, the sarth's crust was
relatively depressed by the weight of the ice and remained sc for a
while even after some of the ice melted. After this lag, the land wvas
re-elevated. In Scotland, for example, we now find raised beaches of
these times at about 30 meters above sea level and in Flandria at
lessor heights. (47) The term "Flandrian Transgression" applies to
all higher sea levels of the Wurm stage.

The sequence of these events in the Mediterranean margins was
studied by A. C. Blanc by observations of bhorings in Versilia « the

subapennine coastal plain north of Pisa - and By Pfannsnstiel in

Palestine and the Nile delta. (5) (L6) (36) Their results are showm
in Fig. lkL.
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WURM I-II -= The first wamm sudstage, the time detwaen Wirm I and

Warm II, is correlatsd with the Peorian loess in America. In the Med-

iterranean, the sea rose gradually about 30 meters and deposited sands,

today found at 7L to 61 meters below the surface of the sea. Fossils

in Versilia indicate warm waters, inte which even seeds of grapes and

the litter of an oak forest were washed. (5, L6) In Palestine the

coarse gravels and sands (of the previous stage), washed down from the

inland mountains, are covered with marine sands in a thickness of same

13 meters ranging between 45 and 32 meters below present sea levsl,

In the Nile delta, salt and gypsum lenses are encountered between 69

to SO meter depths, indicating this earlier warm-dry climate. About

this time the Black Sea overflowed to the Mediterranean through the

Bosporus -~ & route which has since remained open. (36)
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WURM II -~ The second re-advance ¢f tha ice wam less intsnsive
than that of wurm I. This second ons prodiced the Pomeranian morainesa
in Northern Europe, tne Little Welsh moraine in England (L7), and is
correiated with the Tazewell and Cary substages in America. In Ver-
silia, peat-bearing clays are encountered st 60 meter cepths. The
gradual change in climate is indicated by analysis of the fossil pol-
lens, mixed in the sedimentary layers., In relation to present sea
level, at -60 meters 20% comes from pines, 704 from fir, and 10¢ from
oaks, while 2% -h5 me*ers 0% comes from a pine, which now grews only
at elevations of 1800 meters in the Apennines, indicating a changse to
colder. In Paiestine, gravel and above it sand dunes of the "second
generation? beleng to the Wirm IX. In the Nile Delta, coarse
hornblende-sands wera deposited by the invigorated river. (36)

WURM II-III ~- This warm stage brought the sea level to about 10
meters below the present level. Marine Purpura (purple) shells of this
age are found in Italy and arourd the margins of the Eastern Basin.
The sea advanced four milas inland in Palestine and covered the Nile
delta as far as Basandila, 35 kilometers south of Damietta. The ice
withdrew to Scandinavia, and the Baltic Sea came into existence in the
depressed belt arcund the ice. (36)

WURM III -- The Finiglacial of Northern Europe and the Manksto
aub-stage of America produced a still smaller ice cap. How far down
vas the sea level of Wirm TII is not well sstablished. Ruseell reports
undecomposed vegetahle material to a dz2pth of 20 to 30 meters in the

Rhone delta - these materials may possibly be of Wurm III times. (39)
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At Versilia amd in Palesiine dune-sand, such material was found at the
depth of 10 meters. (36)

The regression of the sea produted dunés sround the Mediterranean
at the present shorelines. Some of fheso, and scme of the eariier ones,
vere limo-bearing and hardened into liméstone reefs. Particularly a-
long the desert coasts, these reefs now parallsl the shoreline for
hundreds of miles; and, many a good ship has been wrecked upon them.
These reefs produce good building material for local harbors. (26) Al-
though we may well imagine that the duniss, which formed on the large
cold coastal plains of the Wirm I and II, were partly destroyed by
wvaves of the sea of the warm periods, they may have been rsbuili dur-
ing the succeeding transgressions. Many of the dunes produced at the
times of Wurm III contaln pollens and other remains of cold-weathér
conifsrs. These "dunes of third generatinn" are light-colered and
scarcely weathered. (36)

MAN DURING THE WURM GLACIATION -~ Before the last glaciation,
trides of "Warm Mousterian" culture lived around the Mediterranean;
their name is derived from a cave in the south of France. They were
small sturdy people with protruding jaws of the Neanderthal race. In
the wam period, they painted their bodies in lieu of clothing, and
used bone and chipped flint for tools. Inventiveness was not their
main virtue; their life resembled that of the earlier Paleolithic;
but they managed to survive for a very long time, (30) (L43)

When the climate became cold in the Wirn I they adapted them-

wasvay

selvee. Thay utilized sea caves which were inid dry by the retreat
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of the ssa, dut their camps en the shore are new tubmerged. They made
better tools during the celd peried, and must havs worn single pilts,
attached by ravhide, fo:* protection against the cold.

Driven by advancing ioe and vigorous winters of the Asiatic
steppes, a new people ef large stature and higher culture advanced
upon the Mediterranean and replaced the Mousterians. They belonged to
various races and a later tribe of them, the Cro-Magncns, became famous
for their cave-wall paintings. Their first culture is called Aurig-
nacian froam a cave in Southern France. Their flint instruments were
slender, blade-like, and often curved; javelins were of bone, reindeer
horn, and ivory. Some of their tools were even polished. Fine Au-
rignacian remains are found from Foland to Northern Spain, none in
Switzerland, and very few on the southern shores of the Mediterranean.
Heving such an advanced culture so far north plaees them in the warm
period of Wirm I-IT (30), but they continued for a time into the ice
advance of Wirm II. The finest of these slender types of tools were
founc in the Loire-Saone region and named Solutrean culture. It is
quite possible that this culture developed in the Wurm II-IITI warm
stage. A similar contemporaneous culture, Chatelperronian, is sup-
posed to have come from Africa because skeletors of these people show
negroid characteristics. (30)

During the last advance of the ice, Wurm IIT, different culture
prevailed along the Mediterransan coasts, the Magdalenian, remains of
vhich are found from the Yenisei to Northern Spain. Magdalenian tools

were nct as fine as the best of the later aurignacian (Solutrean)
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work; but the people were of distinct artistic and inventive ability.

10. POST GLACIAL STAGH

Once more it became warmer and the ice retreated. 3o much ice
melted that the sea stood some 4 to 5 meters higher, in relatien te
land, than at preseni; here its waves cut the Nizza (Nice) terraces.
These terraces are rarely deeply notched in the coasts, but are well
distributed. In about 3500 B.C. the Aegean volcano, the Santorin,
erupted and ejected much ash which floated in the eastern Mecditerranean
Sea. Waves carried thiese ashes t5 various shores and depcsited them
at 4 to S meters abovs present shorelines. Pfannenstiel reports thsses
ashes from the Arabian cemetery in Jaffa and from various Aegean is-
lands, (36)

Why did this higher sea level retreat to the presant level? The
most likely answer seems to be that climate became colder and new ice
formed. It is also possible that some cruscal adjustments are respcn-
sible - there were several local changes in sea level since then. The
columns of the Serapis temple in Puzzvoli are bored by sea mussels in
their lower part - indicating a down-and-up motion of 6 meters since
Roman times. Climatic fluctuations since the Ice Age are well estab-
lished. Even at present we experience a warming period with the uni-
versal sea level rising, according to Mammer, about one-half inch per
decade. (29) Recent subsidence of deltas is supported by Russellds

report on the Rhone. (39)
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THE STRAIT OF GIBRALTAR -= The main physical contrel for Mediter-
ranean waters is the Strait of Gibraltar. The Mediterranean lies in a
relatively dry and warm part of the globe and evaporates mors water
than it receives from rain and rivers. Thus it is more saliy and denser
than the oceans. Cold ocean-bottom water can not penetréte through the
high sil1 of the Strait of Gibralvar; thus the temperatures of the
depths of the Mediterranean Sea are remarkably warm - about 13°C (55°F).
The Eastern Basin is slightly wammer than the Western. Some physical

properties of the Mediterranean Sea are shown in Figs. 15 and 16.
SAUNITY TEMPERATURE

o
q’ -
R %o in C°
538 385 39 _13°  14° 150 b
200 — F16. 15 SALINITY
ooy [ N AND TEMPERATURE OF
600
300 TWO STATIONS OF THE
looo[——xj = -3 n§ DANA SURVEY
~ vy w
1200t — b & —FS Note relatively
| e ve
1400L———$‘ ™ __5' N
1600f— § 1’.’,\.‘ —:\: high temperature
1800 of the depths.
2000 o

FIG. 18 THE STRAIT

OF GIBRALTAR ArcaNtic OcsA / MepiTer. Sea
The evaporation

2 Wl - . ’
ices from the Medi xlooc. AT

terranean Sea is sy
replaced by the .falinib'Jb'.;%a ) 728

surface current. 0 —— T A
The bottom current T
prevents Mediter- TR
ranean waters {rom

becoming more salty.

(357



That the Mediterransan Sea doss not get even more salty is dus to
the salinity countar-current at the bott:m of the Strait of Gibraltar
(20 Jon. wide, 320 m. desp). Heavy saline water slides westward down
the sill; and this counter-curreat cmies'marly ag much water out to
the Atlantic as the surface current brings in. It is fortunate that
ths average salinity of the Mediterranean Sea does not rise much over
388, and thus it can maintain a rich fauna similar to other seas.

Fig. 17 shows ths nature of the currents across the sill of Gibraltar,

FIG. 7 CURRENTS OF THE MEDTTERRANEAN SEA
These currents are weak and occasionally offset by

winds. Bottom currents (dashed) carry highly saline
water outward over the threshold of the straits.

The economy of the Mediterranean waiers (after Kusien) i{s the following:

Ke3/year Km>/year
Inflow from Atlantic 0. 5LOOO Outflow to Atlantic 52060 ~
Infiow from Plack Sea Loo Outflow to Black Sea 200
Rainfall 1000 Evaporation oo
Kivers 200 88400 Ym3
55600 im>
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If there were no Strait of Gibraltar, evaporation would excced
the water added by rain and rivers by 2200 km> per year and the whole
sea would become, in a few thousand years, a deser? studded with salt
lakes and salt pans at varicus levels, some of which may be two miles
below current sea lewvel. Our eivilisation could not have devalopad in

this surrounding.

CULTURAL DEVELOPMENT -- The Mediiesrranean Region became the center
of human progress. It would be bsyond Lhe purpose of this paper to
trace the Neolithic development, the Brenge Age, and the Iron Ags.,
However, the scene bscame set for the Egyptian, Minoan, Phoenician,
Oreck, and Roman ecivilisaticns, Here devsloped Judaism and Christi-
anity, and hers flourished the Moslem Culture., During the Renaissance
the Mediterrans=n fRegion reached its cultural peak, dbut has deelined
scmevhat since.

Our civilisatior origiaated in the Mediterranean Region. Monue~
ménts of its great past abocund sveryhere. Cvery yesr thousands of
Americans find inspiration thers. Politically and strategically it is
still important. Around the Mediterransan ars located the certer of
the land ares of the world (near Varna), the center of the world
wealth (S. France). This region is called "the crossroad of mankingd",
and it is pnaid that whoever controls i%, controls the destiny of man-
kind,
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SUMARY

The Mediterranean Sea is the remnant cf a mueh larger sea of the
past - the Tethys which girdled the globe from Spain to Indonesis.
Alpine orogeny folded and thrust the sediments of the Tethys Sea into
high mountains, the Great Tertiary Rangzs. These ranges broke up the
Tathys Sea. The northern part, called Sarmmatian Sea which extended
from present Cemany to beyond the Aral Sea, gradually emerged and is
now mortly dry land. Basins between the folded ranges now form the
Western Basin of the Mediterranean Sea and aleo the Adriatic and
Aegean 3eas, The Eastern Basin of the Mediterranean Sea is a "sub-
alpine foreland", a lowland south of the Creat Tertiaiy Range which
once extended to the Indo-Gangetic plain and beyond, but was cut off
by the northward extension of the Great Riff Valley of Africa. A great
deal of up and down movement, foundering, and bleck faulting accampanied
by much volcanism gave the Mediterranean Sea its presen! shape,

In the Quaternary period (Ice Age), tectonic changes still went
on particularly in the early stages. The emergence of Italy and the
Tell Atlas and the formation of the Aegean Sea were the main events.
In the later stages the land changed little. It is not yet in still-
stand, however, even today. TIuring the Ice Age the main events were
ths ups and downs of sea level. Every glaciation withdrew millions of
cubic miles of water from the seas and piled it up on land in the form
of ice, lowering the sea level by hundreds of feet. Every wam inter-

glscial period releasad these waters and flooded the coasta.
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Four major glacial stages are recosniged in Alpine Furope - the
Ginz, Mindei, Riss, and Wirm ~ each followed by an interglacial stage
although the Wirm iecs still covers Greenland and Antarctica. It seems
that in every interglacial stage the land was flooded to a lesser and
lesser height, thus producing a series of terraces at decreasing zle-
vations atove the present level of the Mediterranean Sza. These are
the Calabrian at 180 meters nnd above, the Sicilian at about 100
wmeters, the Milazzian at approximately 60 meters, the Tyrrhenian at
roughly 30 meters, the Monastirian at some 15 meters and the Nizza at
L meters. The correlation of these terraces with the interglacial
periods is still uncertain. Each glacial stage lowered the sea level
much below the present level, but the evidence is now submerged and
littie known. Borings, however, indicate a -390 meter sea level at
the maxiznrm of Wiirm glaciation, after which followed two wamm perioda
and re-acdvances of ice which can be correlated not only by marine de~
posits, but also with human cultures.

Never through its history, however, did the Mediterrsnean Séa
stand long enough at a single level to complete or even advance very
far in a marire cycle of eresion. The coastz are in a youthful stage
of development which adds much to their teauty, but also to the navi-
gational hazards, such as calcified dunes - now under the sea. The
stecp submarine slopes make anchorage difficult in many parts. More
knowledte of the Mediterranean Sea will further enhance an appreciation
of its beavties and daagers.

All the Ice Age correlaticns should be read with a grain of salt.
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The whole sesn~nce of four glaciations is challensed by many. That
svery interglacial stage produced a terrace juvst about one-half as
high as the previous is just a little suspiciously neat, Until there
are studles, based on more deep borings and on a great many more sound-
ings, and until ws know the bottom of tha Mediterranesn as well as the
coest, much of this developmental histery is hased on 2ssumptions.
There is also another factor to consider. While glacial studies went
oo smocthly in America, they were rudely interrupted by war and im-
poverishment in Southern Europe. They are rresently resumed, however,

and the results of = decade may yield 2 much clearer understanding.

(L9)
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