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CHAPTER 1B GENERAL OCEANOGRAPHIC PROPERTIES: GEOGRAPHY, GEOLOGY AND
GEOCHEMISTRY

N. Panin

Natlonal Instiuts of Marine Gaology and Geo-ecology GasEcoMar, Romania

1B.1 Geographic position and physicgraphy

The Black Sea is ons of the larngest almost enclosed seas in the workd: its area is about 420 thousarws kn?, the maximum water depth 2.212 m, the total water
volume of about 534,000 km®.The Black Sea Iz placad In the southeastam part of the Europe betwesn 40° 547 407 and 46° 347 307 northem latiudes, 27 277
and 417 467 307 easten longludes. The sea Is roughly ovalshaped. The maximum exient of the sea In the east-west direction Is about 1175 km, while the
shortest distance Is of some 260 km between the southemmost tip of the Crimea and the Cape Kerempe on the Turkish coast (Fig. 1B.1). The Black Sea ls
connectad to the Mediterranean Saa to the west and o the Saa of Azov o the north. The connaction with the Meditamanean Sea Is limitad to the Istanbul-
Canaklaale {Bosporug-Dardanslles) giraite. The letanbul Sirait is a rather namow (0.76 ? 3.6 km large) and shallow sirait (presently 32 7 34 m at the sill}
restricting the two-way water exchange betwesn the Black and Maedibsmanean Seas. The other connection, with the Sea of Azov is realized by the Strait of
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Fig. 1B.1. Geomorphologic zoning of the Black Sea (after Ross et al., 1874, Panin and lon, 1897).

Legend: 1, continental shelf: 2, continental slopa; 3, basin apron: 3 a - desp 2aa fan complexas: 3 b - lower apron; 4, deep sea (abyssal) plain; 5, paleo-
channeds on the continental shelf fillad up with Holocene and racent fine grained sediments; &, maln submadne valleys - canyons; 7, paleo-cliffs near the shelf
break; 8, fracture zones expressed in the botbom morphology.

The Black Sea is summounded by high folded mountain chains representsd by the Balkanides-Pontides belts to the south-west and south, by the Great and Little
Caucasus o the sast and by the Crimsa Mountalns to the north. Thers are low-standing plaieaux and the Danube deita lowiand only In the west and norih-west.
On the opposite eastem side there is the Kolkhida lowland of smaller extent. Congequently the relisf energy is much higher on the sastern and southern costs
than on the northwestem shora.

Legend: 1, Orogene cverthrust front; 2, Gravitational faults of the rif; 3, Major sirike-slip faults; 4, Major faults; 5, Limits of depressions and/or ridges; 6, Zona
without granitic crust; 7, Thinned crust. Explanation of abbreviations:? |. Platform reglons: East European, Scytlan, Moeslan: Il. Crogenic reglons: North
Dobrogaa Orogene, Greatar Caucasus, South Crimea Orogena 7 SCO, Balkanides, Westamn and Eastern Pontidas; |Il. Dapresslons and ridges: PDD 7 Pre-
Dobrogaan Deprassion; NKLD 7 North Klila Depresalon; KD 7 Karkinlt Depreasion; HD 7 Hiatria Depreasion; SD 7 Sorokin Dapreasion; KTD ¥ Kercl-Taman
Daprasalon; NKD ? Nijne-Kamehilsk Dapreasion; BD ? Burgas Daprassion; ATD ? Adjaro-Trialet Daprassion; TB ? Tuapss Basin; SSR 7 Suvorov-Snaka laland
Ridge; KR 7 Krymalyi Ridge; AR ? Azov Ridge; GR 7 Bublin Ridge; IV. WBS 7 Westem Black Sea; V. EBS 7 Eastern Black Ses;

The Black Sea basin can be divided into four physiographic provinces: the shelf representing about 29.9% of the total area of the sea, the basin slops - about
27.3% of the total area, the basin apron, with 30.6%, and the abyssal plain - 12.2% (Fig. 1B.1}). One of the most prominent physicgraphic features is the vary
larga shalow (less than 200 m deep) continental shelf within the northwestern Black Sea (about 25 % of the total area of the sea). The Crimean, Gaucaslan and
southem coagtal zones are bordered by very narrow shehves and often Intersected by the submarine canyons.
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1B.2. Geology of the Black Sea

Goeologlsts conslder the Black Sea a back-arc marginal extenslonal basin, which orginated from the northward subduction of the Neo-Tethys along the southem
margln of the Euraslan plate under a Cretaceous-Early Tertlary volcanic arc (Letouzay et al., 1977, Dercourt st al., 1888; Zonanshaln and La Pichon, 1886)as a
result of the northward movement of the Arablc plate {Fig. 1B.2).

Sinca about 120 milllon years ago, the area has been a marine basin, with extremely dynamic development and large sediment accumulation of about 13 km of
bottomn sediment thickness in the central part of the basin. There are two extensional sub-basins with different geological history (Fig. 1B.2); {1} the Westemn
Black Sea Basin, which was opened by the rifting of the Moesian Platforrn some 110 Ma ago (Late Bamemian} followed by major subsidence and probable
oceanic crust formation about 80 Ma ago (Cencmanlan) (Astyushkov, 1882; Finsttl st al., 1988; G7r?r, 1888) and {2) the Eastemn Black Sea Basin, with rifting
beginning probably in the Late Palasocene (about 55 Ma ago), and extension and probable oceanic crust gensemation in the Middle Evcene (ca.45 Ma ago)
{Rebinson et al., 1995).

1B.3. Water and sediment supply from rivers

The Black Sea has an extremely lange drainage basin of maore than 2 millien lar?, collecting the water from almost 2l the Europaan countriss, sxcept the
westemnmost ones. The nortwestem Black Sea receives the discharge of the largest rivers in the Black Sea drainage area ? the Danube River with & mean
watar discharge of about 200 km¥yr and the Ulaainian rivers Driepr, Southern Bug and Dniestr contributing with about 85 lnffyr (Tabla 1B.1). Presently the
influence of the Danwbe River is predominant for the sedimertation on the nortiwestern Black Sea shelf area,

The Danube influence extends far souliward up to the Bosporug region, ae wall as down fo the deep sea floor, Presently the other thrae tibutaries of the north-
weston Elack Saa {Dniestr, Dniepr and Southam Bug) are not significant suppliers of sediments bacause they are discharging their sedimentary load into
lagoona saparatad from the sea by beach barmiars.

Table 1B.1. Flnvial water and sadiment dlscharga Into the Black Sea. “Data from Balkas et al. (18280); ** multiannual mean discharge before damming the River
Danube after Bondar (1991); Panin (1896).

Rivers Length  Drainage basin Waie dischargs Sedimant
{Km) Araa? (Km2)  (Km3yrj discharge
[tfyr)

1. North-Western Black Bsa

Danube 2,860 817,000 1907 51.70™
Dnlastr 1,360 72,100 .8 250%
Dnlepr 2,285 503,000 52.6 FA Y
Southern Bug 806 53,700 28 D53
Sub-total I: 1,466,800 265.T 66.86

IL Zaa of Azow

Dan 1,670 442 500 29.6 a40"
Kuban 870 657,800 134 B.AD*
Sub-total Ii: 500,400 420 14.80

IL Caucasien cosst rivers  41.0° 29.00"

I¥. Anstollan coast rivers  29.7 51.00"

¥. Bulgerien coastivers 3.0 0.50*

TOTAL: 3723 15215

Carube Sedment Dischange at Wada Oi hydrographic station- K247 [1961-1396)

Bedimen t i@ arge Re (Ko i)

1885 == 1855 1570 1575 1520 15@5 1260 1505 m
¥

Flg. 1B.3. The decreasing frend of the Danube River sediment diacharga after damming (Iren Gatas | barrage In 1870, Iron Gatea Il barmags In 1983).

Aftar tha damming of the Danubs River at Iron Gaias | and I, the river sadimsnt diachargs diminishad by almoat 40-45 % (Flg. 1B.3), and the real ssadiment load
brought by the Danube Into the Black Sea Is not larger than 30-40 milllon tiyr, of which only 10-12 % |s sandy material and contributes to the Iittoral sadimentary
budget of the delta front zons.
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1B.4. Sedimentary systems of the Black Sea

The sedimentary sysiems In the Black Sea have been strongly Influenced by the sea level changes driven by the processes of global glaclatlon and
deglaclation. The sumounding rellef and the physlography of the basin play also a very Important role In dsfining the sedimentary systems. The eastamn and
southem parts of the eea are characterized by high rellef energy and namow continental shelf; this facllltates the diract tranefer of sediments from the continent
to the deep sea and determines a coarser grain eize of these sediments. The wesiern and north-westem parts of the Black Sea have wide shelf and lower relief.
Instead here the largest rivers are supplying Impertant quantities of sediments, much finer (malnly slity-clay sediments).

North-western continental shelf. On the north-weetern Black Sea shelf area, the dispersal pattern of the Danube sedimert supply indicales the existence of
two main areas with different depositional processes (Panin et al., 1988): the Danube sediment-fed Internal shelf and the sediment starving, external shelf {Fig.
1B.4).

Generally speaking, on the continental shelf the following sedimentary facies can be recognised {(Shcherbakov and Babak, 1979):

Modiohss Mud: The Modiolus Mud is located at the top of the sedimentary sequence between 50 to 125 m of water depth. It is a light coloured mud, very rich in
Modiolus phasealinus coquinas whose thickness does not normally exceed 30 cm.

Mytilus Mud: The Mytilus (Myliflus gaffoprovincielis) mud is present from the ghelf break till the depth of 50 to 40 m; further it is covered by theModfolus Mud

Dreigsena Mud Around 130 m of water depth the surficial sediment is made of shells ofDreissena. Landward, this unit is covered by the Myfilus Mud and by the
Modiolus Mud. The Dreisssna Mudis outcropping only at the top of tha continental slope.

The vertical fransition in betwesn Dreissena Mud to Mytilus Mud comasponds to the change from fresh/brackish to marine conditions in the Black Saa.

Intemal, Danube sediment - fed shelfs The sediment-fed area In the nelghbourhood of the Danube Delta Includes the delta front unit {(about 1,300 kif) and
towarda ofi-shore, at tha hase of the delta front to 50-80 m depth, the prodelia covering an area of mora than 6,000 lon?. lte southarn boundary is mora diffieult
to define on account of the strong southward drift of fine grained sedimant Ioad dischargad into the sea by the Danube, which i stumping the prodetta limit

ki aimian rivers
deep sea tan

astern Black Sea (after Panin et al,, 1998).

Legend: 1-2, Areas under the influence of the Ukralnlan rivers? sediment discharge (A 7 Dnlester and B 7 Dnleper); 3, Danube Delta Front area; 4, Danube
Prodelta anea; 5-6, Western Black Sea continental shelf areas (5, under the Influsnce of the Danube-bome sediment drifi; 6, sediment starvad area); 7, Shelf
break and uppsimost continental slope zone; 8, Deep-sea fans area; 9, Desp-sea floor area.

QOut of the area defined as the prodelta unlt, the intermal, western zone of the Romanilan shelf stands out as the shallow marine area {less than 50 -60 m water
depth), which receives clay and siltic sediments, supplied by the Danubs River. Moving as a suspended load, the sediment flux goes beyond the area in front of
the Danube Delta but does not reach the sastemn, external shelf zona. Under the influence of the dominant cuments, the "dayey-silty" sediment flux moves
southward toward the Bulgarian shelf, keeping within the wastern shelf anea, clese to the shoreline and finally discharging the sediment load In the desp-gsea
zomne within the pre-Bosporus region.

xtemal, sg arving shelf: Situated outside the area covered by the Danube fed sadiment flux the extemal, eastemn part of the confinental shelf
rapresanis an amea pmchcdly deprived of dastic material (Fig. 1B.5). Within this sediment starving shelf area, the condensed sediment accumulation ia of
biageric origin, producing an ongani: thin cover on refict sedimarts or concentrations of shells, The Danubian sediments seldom reach the shelf arsa north or
norihwest of the Danube mouths. Dniester and Dniepr, the main rivers north of Danube Delia, are themssives, as already mentionad, not significant suppliers of
sediment for the north-western Black Sea sheif. Consequently, the sediment starving status chamacterizes almoast all of the whole Black Sea continental shalf
weet of the Crimaan Peninsula.
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Fig. 1B.5. Repartition of litho-stratigraphic units on the sea floor in the NW Black Sea (from 8. Radan, unpublished data).

Deep sea zone of the western Black Sea: During the Upper Quatemary, in comrslation with the sea-evsl fluctuations of this period, very large accumulations of
sediments were formed in the deep-sea zone of the north-westemn Black Sea, mainly on the continental slope and apron areas. This accumulation is
representad by two distinct but interfingering fans: the Danube fan fed by the River Danube during fan accreticn and the Dniepr fan built up by the Ukrainian
rivers Dniepr, Dniestr and Bug. Eight seismic sequences have been identified within each of these fans (Wong et al., 1994, 1997). While the lowermost two
consist mainly of mass transpori-related deposits, the six upper sequences comprise typical fan facies associations, coresponding mainly to the low stands of
the sea level related to the glacials.

The interpretation of seismic sequences show that the Danube and Dniepr fans were accreted during the past 480 k.yr (sequences 3 to 8). Average deposition
rates for the fan sequencas range from 2.4 to 7.2 m/k.yr and the volume of material deposited within a sea level cycle lies batwean 4,300 km? and 9,590 km?.

Within the deep-sea zone of the Black Sea, the existing accumulation of recent sediments is represented by coccolith ooze overlying sapropelic or organogen
sediments (Ross et al,, 1970) highlighting the domination of the organic component over the detrital one. Ross and Degens (1974) have defined the following
succession of the upper sediment layers:

Unit | ? eoccolith ooze (0 - 3,000 yrs BP) : micro laminated carbonated? sediment withEmifiana huxieyi
Unit Il ? sapropel beds (3,000 - 7,000 yrs BP) ? micre laminated sediment very rich in organic matter (sapropel)
Unit Ill ? banded lutite {7,000 - 25,000 yrs BP) ? banded lutites ? turbidites.

Thesa units correspond to the Arkhangelskiy and Strakhov?s (1938) stratigraphic units: (1) recent deposits; (2) Old Black Sea beds, and (3) Neosuxinian
deposits (Tables 1B.2 and 1.3).

Very seldom and locally spread gravitationally transported material and mainly hemipelagic sediments occur within the slope, apron and abyssal zones, during
this high stand sea level. ?

1B.5. Past environmental and sea level changes in the Black Sea

Large-scale sea level changes and consequently drastic reshaping of land morphology, large accumulation of sediments in the deep part of the sea and
modHications of environmental seftings occurred all along the Black Sea geologlc history. The Quaternary was especlally characterised by very spectacular
changes, which have been driven by the global glaciations and deglaciations.

During these changes the Black Sea level behaviour was influenced by the restricted connection with the Mediterranean Sea by the Bosporus 7 Dardanelles
Straits. When the general sea level lowered below the Bosparus sill, the further variations of the Black Sea level followed spacific regional conditions, without
being necessarily coupled to the ocean level changes. One of the main conseguences of the lowstands was the intemruption of the Mediterranean water into the
Black Sea, which became an almost freshwater giant lake.

The main glacial periods of the Quaternary in Europe (Danube, G?nz, Mindel, Riss and W?7rm) corresponded to the regressive phases of the Black Sea, with
lowstands of the water level down to 2120 m. As mentioned above, the regressions represent phases of isclation of the Black Sea from the Mediterranean Sea
and the World Ocean. Only the connsection with the Caspian Sea could sometimes continus through Manyich valley. Correspondingly, during ragrassions, under
fresh water conditions, the particularities of fauna assemblages had a pronounced Caspian character. On the contrary, during the interglacials, the water level
rose fo lavels closs to the present lavel; the Black Sea was reconnected to the Mediterranean Sea, and the environmental conditions as well as the fauna
characteristics underwent marine Mediterranean influences.

For example, during the Karangatian phase (since 125 ka BP to ~ 65 ka BP) of the Black Sea, which corresponds to the warm Riss-W?rmian (Mikulinian)
interglacial (Fig. 1B.8), the water level exceeded the present-day level by 8 to 12 m. The saline Mediterranean water penetrated through the Bosporus, and the
Black Sea became saline (30 to 377), with a steno- and eury-haline marine Mediterranean type fauna (Nevesskaya, 1970). The sea covered the lowlands In the
coastal zone.

UA-439 0



|Karangatian Basin (130,000 - 80,000 BP)

{

ke 130000
ety OO0

—r |
the Black Sea during the Karangatian phase (Riss-W7rmian or Mikulinian imterglacial)} (after Tchepalyga, 2002).

The kast Upper W2rmian glaciation {Late Valdai, Ostashkovian) corresponds to the Neosuxinian phagse of the Black Sea. This is & very low-stand phase, doan o
-110 - 130 m. The shoreline moved far away from the present-day position, especially in the north-western part of the Black Sea, and large areas of the
continertal shelf wore exposed (Fig. 1B.7). The hydrographic network, espacially the large rivers as Palasc-Danube and Palaeo-Dnigpr, inciged up 0 90 m the
exposed areas. The Negewuxinian basin, during the glacial maximum (~18 ? 16 ka BP) was completely isolated from the Mediterranean Sea, and,
comrespondingly, the water became brackish and even fresh (3-77 and avan less), well cxygenated, without Ha$S contamination. The fauna was brackish to fresh
water type with Casplan influence,

At about 16 - 15 ka BP, the postglacial warming and the ice caps meliing gtarted. As the supply of the melting water from the glaciers #hrough the Dniepr and the
Dnieatr rivars, ax wall as the Danuba river to the Black Sea was vary direct and important, the Neosuxinian saa-lavel rose very quickly, reaching and
ovarpasalng at ~ 12 ka BP the Bosporua slll altitude. The malority of aclantiata, who studied the Black Sea, belleve that In this phass it was a large fresh-watar
outfiow through the Bosporus-Dardanelles straite towards the Mediterranean (Aegean) Sea. Kvasov calculated (1975) that the fresh water outflow discharge
waa of about 190 km3lyear.

Neoeuxinian Basin (~ 18,000 yr.BP) |/ P = i

Upper W?rmlan) {(after Tchepalyga, 2002).

At the beginning of the Holocens, some 9-7.5 ka BP, when the Mediterranean and the Black Seas have reached the same level {close to the present day one},
the two-way water exchange was sstablished, and the process of transformation of the Black Sea In an anoxic brackish sea started. During the last 3 ka BP, a
number of smaller osclilaions of the water lavel have been recorded {?Phanagorian regression?, 7Nymphaean? transgression, a lowerlng of 1-2 m In the X-th
century AD, a slow rising continuing even today).

In the late nineties, a new hypothesis was formulated by Ryan et al. (1997). They considered thal, when the deglaciation started during a short episode, the level
of the Black Sea was high enough, and the fresh Ponlic water flowed towards the Asgean Sea. At about 12 k.yr BP, the retreat of the ice~-shest front determined
the reorienting towards the North Sea, for the limited perlod of ime of melt-water supply. The Black Sea, without the Inflow of the Ice-melting water during the
Younger Driag cooling {(~11 ka BP) urtd 9 ka BP, undar mors arid &and windy climats, experienced a new lowsring of the level {down to -156 m). A the same
fime, the Meditarranean Sea continued to rise, maching by 7.5 K.yr BP the height of the Besporus sill, and generating a massive input of salt water into the
Black Sea basin. The flux was several hundrad times greater than the world?s largest waterfall, and it caused a rise of the level of the Black Sea, some 30 o 80
cm per day topping up the basin in few years time. More recent intarpretation concludes that a deepsr Bosporus sill (~ -85 m) could lsad to another scanario of
mixing of Black Sea end Moditarranaan waters (Major ot al., 2002).

Thizs new hypothesis is stil under debata; numerous data from the siraits of Bosporus and Dardenelles, Marmera and Asgean Saas and the Danube Delta do
not ertinely support the Ryan?s hypathosis, Thess data indicates that the 7classical? scenerio of Black Sea water outfiow is rather crodible. There are also
some hydraulle ncompatibllities for accapting a catastrophic flonding avent In tha Black Sea as well as a differant time scale for reaching the present day salinty
of the Black Sea watars (Myers at al., 2003). The scenario proposed by the EU Assemblage? project (Lericolais et al., 2008) after an extensive study of the
wautern Black Sag is synthesized as ghown in Fig. 18.8.
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Fig. 1B.B. The scenario of the Black Sea water level fluchuation singe the Last Clacial Medmum (after Lericolais at al., 2006, Final Report of the EU project ?
Asssmblage?}

The watsr brought to the Black Sea aftar tha Malt Water Pulsa 1A (MWP1A) at approximately 12,500 C14 BP {14,500 yr cal. BP) {Bard et al., 1990) was
supposad to be sulflclently Important that the water level rese up 1o between -40 m to -20 m, where the Drefssena layers were deposhied. This water level would
have brought the level of the Black Sea high anough for making posalble an Inflow of Meditarmansan water with marine specles of dinoflagellates (Popeacu,
2004), and an outflow of Pontlc watera towards Mediterranean Sea. Palynological studiea show that during the Younger Dryas a codl and drier climate
prevalied. The Younger Dryas climatic evant had lowsred the Black Sea waterdevel and cut again the connaction with the Madlterranean Sea. Around 7.5 kyr
BP, tha Black Ssa water lavel auddenly changed bacauss of a qulte abrupt fiooding of the Black Sea by Maditarmanean waters, as supposed by Ryan ef al.
{1897, 2003) supported with dinoflagellate cyst racords (Fopescu, 2004).

Table 1B.2. Stratigraphy and cormelations of Upper
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Genoeral scale Europa ‘?Europaan Black Ssa region

Russla
Kallninlan
Neotymhenian Mykulinian Karangatian Uppar Terrace at +15+18m Termace at? +8 +1Z2m (478m  Temacaat+12+15m
Karangatian Taman) Shalls and clays with {Pshady vallay),
(terrace at? 28 m Shells and sands with  CGardium tuberculatum L.,
above SL) Lower Cardium tuberculatum  Paphla senescens (Coc.), +25 +30 m (in Sochi
Karangatian L., Paphia senescens  Aporrhais pespelicani L. atc. At region);
{Coc.) qle. the base clays with? Paphla
senescens (Coc.), Cerithium Shells with Cardium
vulgatum Burg. tubergulatum L, Paphia
senescens (Coc.),
Aporrhals pespelicanl
L., Carithium vulgatum
Burg.etc.
Middie Regression (Rissl1?) Moskovlan Upper Regresslon Regression. Clayey deposiis with Limneea,  Regresslon. Alluvial
Clayey losss-ike Planorbis ; pebblas with pebbles, terminal
Deepening of Euxinian- deposits. Viviparus moralne at Amtkheil.
Bosporus to Uzunlarian
-100 m
Eutymhenlan Odyntzovian Uzunlarian Terraco at +35 +40m  Clayey sands with Cardium Temrace at +25 +30 m
(Tyrhenian [y} {Bulgaria) edule L., Didagna nalivkini {Pshady) and
Wass. aic.
(terrace at 10-20 m) Upper Babel layers, +35 +37m {Pshady
sands with Didacna valley); pebbles, sands
nallvikinl Wass. etc., with Cardlum eduls L.,
Uppermost lagoonal Macira stulborum L.,
clays Scrobicularia
Regression (Riss 1 7) Dneprian Late Sands and clays with Didacna? Temace at 40743 m
Paleoeuxinian nalivkini Wass,, D.pontocaspia  (Pshady valley); Sands,
Pavl., Viviparus conglom., limstones
with D.nalivkini Wass.,
D. subpiramidata Prav.,
at the base Balanus
Lower Ragression Ragressk Regresaicn Regression, Dilluvium
Ewdnlan-
Paleotyrthenian Lykhvinian Uzunlarian  Paleouzunlaian  Sands, clays with Continental depogits within the  Terrace at +45 +50
Didacna pallasi Prav., Mandzhil terrace m {at Ashe, Makopsa,
(Tyrthanian l-a) D.nalivkini Wass. Magri); pebbles with
C.eduls, Paphia sp.,
(termace at 18-30 m) Lower Babal layers. Chione gallina
Lagoonal clays with
Early Didacna Terrace at? +80 +55
Palecauxinian pseudocrassa Pavl. m (Dzhubgy); sands,
etc. pabbles with Didacna
basricrassa Pavl.,
D.pallassl Prav.,
C.edule L.
Lower Mindel Okan Regrassicn Alluvial sands with Top deposits with Regresasion
Viviparus and Tyraspel Archidiscodon sp.
(Roman regression) complex of
mammallans
Cromerian Sicilian2 Dnestrian Tchaudian Upper Tchaudian Shells, sands with Terrace +40 +55 m(at Pshady), +100 +105 m (at
Terrace? Didacna Pshady valley), ~+130 rn (at Sochi) ;
atom pseudocrassa Pavl.,
D. tschaudee Andrus., Congl.,sands with? D.pseudocrassa,?7?77 D.
D.rudis Nal. ;Terrace  Tschaudae, D.rudis
‘7 Large tablas 7
(Bolshys stoly)
Sigilian 1 Gurian ? Lower Tchaudian Clayey??? Sandy-clayey deposits of Guria with D,
Tchaudlan continental?? deposits ischaudaa, D. tschaudaae guriana Livent,
Temace? D.crassa guriensis Newesk., D. pleisto-pleura
at 100 m Sands with Didacna {Davit), D.pssudocrassa
baerlcrassa,
D.parvula,
V._pssudoachatinokdes,
Fagotia esperi
Glinz (regression) Regression Sands and clays with  Continental deposits with Deposits with ~ Break
Archldiscodon Taman complex of mammallan  Gurlan-
meridionalis Nest. fauna Tschaudian
{lata) within fauna
Nogaysk outerop
Eopleistocene Emilian-Calabrian Morozovian-  Gurian Gurian deposits Clays with Didacna digreesa Livent. eic.
Nogayskian
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Table 1B.3. Stratigraphy and correlations of Upper Quaternary phases for shelf and bathyal zones (with slight modification from Scherbakov et al., 1979)

Northem? Europs

Stratigraphlc subdivisions

Holocens Upper Subatlantic
-27 2,800
Sub-boreal
-27 4,800
Atlantic
-777.800
Boreal
-77 8,400
Lower Pre-boreal

-77 10,200

Upper? W(m?
Plelstocens (Valdal} Younger Dryas

Aller?d
Lower Dryass

Tarkhankutian Cardium sdule Blling
Abra ovaia Gothlglacial
Drelssena Pomeranian

h
polymorpha Frankfurtian

Middla M- Brandenburglan

S.g. 77 25,000

Post- Riss~ Paudorf
Karangatian ~ Wirm
g Arcy

Gotweig

-77 40,000
=77 ~ 66,000
Eemian

-77 ~125,000
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