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State of the Environment of the Black Sea 

CHAPTER 18 GENERAL OCEANOGRAPHIC PROPERTIES: GEOGRAPHY, GEOLOGY AND 
GEOCHEMISTRY 

N. Panin 

National lnsUbJla or Martne Geology and Geo-ecology GaoEcoMar. Romania 

1 B.1 Geographic position and physiography 

T1le Black Sea is ona of the largest almD&t enclosad seas in the world: its area i8 about 420 thousands kfri!, Iha maximum water depth 2.212 m, the toeal water 
volume of about 534,000 km5• The Black Sea la placed In the southeastern part of 1he Europe between 40° 54? 40? and 46" 34? 30? nor1hem latitudes, 1J 1J? 
and 41? 48? 30? eastem longltudes. The sea Is roughly owkl\aped. The maximum extent of the sea In the east-west direction Is about 1175 km, while the 
shortest distance Is of some 280 km between the southernmost Up or the Crtmea and the Cape Kerernpe on the Tuitdsh coast (Fig. 1 B.1 ). The Black Sea Is 
oonneclad ID Iha Madltananaan Sea tD Iha wast and to Iha Saa af AztN le the north. Tha oonnectlon with the Madl!Brranaan Saa Is llmltad to Iha ls!Bnbul

Canakkale (Bospotu&-Oatdanelles) straits. The letanbul S1rait i8 a rather nerrow (0.76? 3.6 km large) and •hallow strait (preeently 32? 34 m at the eill) 
reebic:ting the two-way water exchange between the Black and Medil8rranaan Saas. 1he other connectiOn, with Iha Saa of Azov i8 realized by the Strait of 
Ken:h. 
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lag end: 1, contlnental shelf: 2, contlnental slope: 3, basin apron: 3 a - deep 988 fan complexes; 3 b - lower apron: 4, deep 988 (abyssal) plain: 5, paleo
rtlannals on Iha contfnental &half ftlad up lftotll1 Holocene and recent ftna 17Blned sadlments; 6, main submBJtna valleys - canyons; 7, palao-cllfra naar Iha ahell' 

break; 8, fracture zonee expreseed in the bollom morphology. 

T1le Black Sea is surrounded by high folded mountain chaina repre8811fBd by the Balkanidea-f'ontidas balls ID the aoulh-wesl and aoulh, by lhe Great and Little 
Caucasus to the east and by lhe Cllmea Mountain& ID the north. T1lanl are kJN..etandlng plateaux and Iha Danube delta lowland any In the west and norltl-wesl. 
On the opposite eastem side there is the Kolkhida lowland of smaller 8lderrt. Con111quentty the relief energy is much higher on the easlem and southem coat& 
than on Iha norlhweslllm shore. 

Fig 1 B.2. Iec!Dnic &Wch af !be Black Sea Region (after Pinu et al 2003· Panin el al 1994). 

Legend: 1, Orogene overthrust front; 2, Gravitational faults oflhe rift; 3, MajorslrilaM!lip faults; 4, Majorfa!As; 5, liTiits ofdepressiOn& and/or ridges; 6, Zone 
wlthoutgranlUc aust; 7, Thinned crust. Explanatlon of abbreviations:? I. Platform regions: East EurDpaan, Scyllan, Moeslan: II. Oroganlc regions: North 
Dobrogea O~. Grlllllllr Caucasus, SDU!h Cllmea Orogene ? SCO, Balkanldes, WIMlll!m and Eastern PonlldM; Ill. Depressions and ridges: POD ? Prll

Dobrogaan Depn199lon: NKLD 1 North Klla Depres91on; KO 1 Karldnlt Deprasslon; HO ? Hlstrla Depraeslon; SD ? Sorolcfn Oeprasslon; KIO ? Karel-Taman 

Depression: NKD ? NIJn•Kamcl'lllBk Dapranlon; BD ? Burgas Depression: AID ? Ad)aro-Trlalst Depression; TB ? TUapH Basin: SSR? Suvorov-Snake 19.lend 

Ridge; KR ? Krymakyi Ridge; AR ? Az.ov Ridge; GR ? Bubkrl Ridge; IV. WBS ? Weetem Black Sea: v. EBS ? Eastern Black sea; 

T1le Black Sea basin can be divided into four physiographic province&: the &half rvpresenting about 29.9% of the total area of the sea, the basin slope - about 

27 .3% of the total area, the ba&in apron, with 30.8%, and Iha abyssal plain - 12.2% (Fig. 1 B.1 ). One of the most prominent physiographic feature& ia Iha vary 
large shelow (leas than 200 m deep) oonllnental shelf within lhe northwestem Black Sea (about 25 % of the total area of the sea). The Crimean, caucaalan and 

southern coastal zones Bnl bol1lered by vary narrow shelves and oftsn Intersected by the submarine canyons. 
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18.2. Geology of the Black Sea 

Geolcgl&la oonalder the Black Sea a back-arc marginal 8ldenalonal baaln, whk:h originated from the northward subduction of the Nee-T elhya along the aoulhem 
margin of the Eurasian plate under a Cr81ac:ecJu&.Earty Tertiary volcanic arc (LetDllZ8)' et al., 1977; Dercourt et al., 1988; ZonenahDI and Le Plchoo, 1986) as a 
l1lllUI: of the nor1hward movemen1 of the Arabic plalB (Fig. 1 8.2). 

Since about 120 million ye11111 ago, the area ha& been a marine baaln, with extnlmely dynamic development and large aedlment accumulatloo of about 13 Ian of 

bottom sed imen1 thickn888 in the central part of the basin. There are two ext.enaional aub-baaina with diffenlnt geological hiatory (Fig. 18.2): ( 1) the Western 
Black Sea B811in, which WBll opened by the rifling of the Moesian Platform some 110 Ma ago (Late BlllT8mian) followed by major aubsidence and plObable 

oceanic crust formation about 90 Ma ago (Cenomanlan) (Astyuahkov, 1992; Anelli el al., 1988; G?r?r, 1888) and (2) the Eastern Black Sea Baaln, with rtftlng 
beginning probably in the Late Palaeocene (about55 Ma ago), and ex!Bnaion and probable oceanic cruat generation in the Middle Eocene (ca.45 Ma ago) 
(Robinson et al., 1995). 

1 B.3. Water and sediment supply from rivers 

The Black Sea haa an extremely large drainage baain ~ more than 2 milioo krri!, colecting the water from almost al the European countri88, except the 
weatemmoat onea. The northwestern Black Sea r8C8iY8s the diacharge of the largeat. rivera in the Black Sea drainage area ? the Danube RiYer wiltl a mean 
water diacharve of about 200 km3Jyr and the Ukrainian river& Onie pr, Southern Bug and Dn iestr c:onbibuting with about 65 knillyr (Table 1 B.1 ). PreeentJy the 
influence of the Danube River iS predominant for the 88dimentation on the nOl1hwestem Bleck See 8helf area. 

The Danube influenca extends tar southward up to the Bosporus region, as well as down to the deep aea 'floor. Preaently the other lhree lributsries of the norlh
weatem Black Sea {Dniasl:r, Dniepr and Southam Bug) ara not significant auppiers fl sediment& b9causa they ara discharging their sedimentary load into 
lagoons saparatad from the 988 by beach barriara. 

Table 18.1. Rll\llal watar and aedlman1 dllcharga Into the Black Sea. "Datil trom Balka8 et al. {1990); ""' mulllannual maan dlllcharge before damming the Rlvw 

Danube after Bandar (1991); Panin (1996). 

Rive .. l.Angth Dra .... bMln wn.r dh•charga 
(Km) Aru.?(Km2) (Km3/yr) 

I. NortJl.Weatem Blaalc Sea 

Dama 2,880 817,000 190.7 
---

Dnleslr 1,360 72,100 9.8 

Dnlepr 2.2115 603,000 52.6 

Southam Bug 806 83,700 2.6 

Sul>-IDtal I: 1,466,800 266.7 68.86 

IL S.. ot flmfw 

Don 1,870 442,600 29.6 

Kuban 870 67,900 13.4 

Sub-total II: 500,'400 42.11 14.80 

II. Caucul., -r. riven 41.0* 29.00* 

IV. Anallln coat rlYen 29.7 111.00" 

V. IMglltul cout riven 3.0" 0.50" 

TOTAL: 372.3 152.15 
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Dan.be Secimert OschiH'g.2! at V3d.J Oii hyd"ogapic station- Km247 (1961-1996) 
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Fig. 1 B.3. The decreBllng !rend ot the Danube River aedlmant dlacharge after damming (Iron Gates I barrage In 1970, Iron Gataa II barrage In 1983). 

Aftllr Iha damming fl the Danube Rl\19r at Iron Gal!ls I and II, the 11\ier aedlment discharge dlmlnlllhed by almost 40-45 % (Fig. 1 B.3), and the real aedlment load 
brought by the Danube Into the Black Sea Is not larger than 30-410 mlllon t/yr, of which only 10-12 % Is sandy matBrtal and contrlbute!l ID the littoral sadlmenlllly 
budoet ot the dalta front zone. 
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18.4. Sedimentary systems of the Black Sea 

The sedlmentaiy aystems In the Black Sea have been strongly Influenced by the sea llMll changes driven by 1h& proc:e88llS of global !Pclatlon and 
deglaclallon. The sum>undlng relef and the physiography of the basin play also a very Important role In defining 1h& sedlmentery systems. The eastern and 

southern parts of the sea are charactertZlld by high relief energy and namiw contlnental shelf; this facllltat8B Iha direct tran&fer of sediments from the continent 
lo the deep sea and determines a coarser grain Bize of ti- sediments. The wealem and north-weatem parl8 of the Black Sea have wide shelf and lower relief. 
Instead hef8 the lllg88! rtvera are supplying Important quantities of sedlmenta, much finer (malnly Bllty-day sediments). 

North-Wm contlnenllll llhelf: On the north-western Black Sea shelf area, the dispersal pattern of Iha Danube sediment supply indicate& lhe exiBtanc:e of 

two main areaa with different depoaltlonal PfOC8888B (Pankl et al., 1998): the Danube sediment-fed Internal shelf and the B&dlment Btarv1ng, external shelf (Fig. 

18.4). 

Generaly speaking, on the c:ontinental shelf the folowing sedimentary faciea can be recx:ignieed (ShchertJakov and Babak. 1979): 

Modiol!Js Mud: The Modiolus Mud ia located al the IDp of lhe aedimentery sequence be1-l 50 ID 125 m of weter deplh. It is a light coloul8d mud, very rich in 

Modiolus ~ coquinaa whoae thickllEIB8 doee not normally exceed 30 an. 

Mytilus Muri. The Mytilua (Mytilus (181/oprovinc;i) mud i9 present fl1lm the shelf break til the depth of 50 to 40 m; further it ii coveAKI by theModiolus Mud 

Dreissena Mur:t. Around 130 m of water depth the eurficial eediment ia made of 8hells ofOrel'ssene. Landward, thia unit is covered by thel.fytilus Mud end by the 
Modiolus Mud. The Drei8sena Mudis outaopping only at the top of the continental elope. 

The vartical tranailion in balwaen Dreisssn8 Mud to MytiJus Mud corra11ponds ID Iha change from fresh/bmckiah ID marina conditions in the Black Sae. 

Internal. Danube sediment - fed shelf: The sediment-fad area In Iha neighbourhood of Iha Danube Delta Includes Illa delta front unit (about 1,300 krri!) and 

towarda off-shore, at the base of the delta front to 50-60 m depth, the prodalta covering an area of more than 8,000 krn2. Ila southam boundary ii more difficult 

to define on account of the atrong southward drift of fine grained aediment Iced diecnarged into the 888 by the Danube, wl'lieh ill stumping the prodalta limit 

Fig 1 BA Main &edlmllllla!y eny!mnmenll In the nor1hwestem Black Sea (after Panln et al., 1998). 

Legend: 1-2, Areas under the Influence of the Ukrainian rtven? sediment dlBchllllJll (A? Dniester and B ? Dnieper): 3, Danube Delta Front area: 4, Danube 
Prodalta al'88; 5-8, Western Black Sea contlnental shelf areas (5, under the Influence of the Danube-borne sediment drtft; 6, sediment starved area); 7, Shelf 
break and uppermost: contlnental slope zone; 8, Deep-sea tans area; 9, Deep-eea ftoor area. 

Out of the area defined as the prodelta unit, the h!Bmal, W8Blem zone of the Romanian shelf BIBnds out as the shallow madne area (leas than 50 ~ m water 
depth), which receives clay and ailtic sediments, supplied by Iha Danube River. Moving as a suspended lead, the sediment flux goea beyond the area in front of 

the Danube Delta but does not reach the eastern, external shelf Dlllll. Under the influence of the dominant cumin!B, the "dayey4illy" sediment flux 1T11M1S 

southward tDward the Bulgartan shelf, keeping within the western shelf area, close to the shoreline and ftnaly dlachargtig the sad lment load In the deep-eea 
zone within the pr&-SoapotUS region. 

Elltamal. sediment starving shelf: Silualsd olllside the area covervd by lhe Danube fed sediment flux the exmmal, eaatem part of lhe continental shelf 
n1preeenls an 11198 practically deprived of daatic ma1Brial (Fig. 1 B.5). Within thia sediment starving ahelf area, the condensed sediment accum~i!lion is of 
biogenie origin, producing an organie thin cover on relct aediments or concentrations of 8hell8. The Danubian sediments eeldom reech the shelf eree nor1h or 
northwest oflhe Danube mouths. Dniealer and Dniepr, the mBin rivens nor1h of Danube Delta, arv themsBlvea, as alraady mentioned, not aignificBnt supplienJ of 
sediment for the nor1h-westem Black Sae shelf. Consequently, the 88diment starving stall.la characterizes almost all of the whole Black Sea continental 8hetf 
west of the Crimean Peninsula. 

3112 



UA-439

Ds..nd 

D Coocolitli Ma k 

Fig. 1 B.5. Repartition of litho-stratigraphic units on the sea floor in the NW Black Sea (from S. Radan, unpublished data). 

Deep - zone of the weetem Black Sea: During the Upper Quatemary, in correlation with the sea-level fluctuations of this period, very large accumulations of 
sediments were formed in the deep-sea zone of the north-western Black Sea, mainly on the continental slope and apron areas. This accumulation is 
represented by two distinct but interfingering fans: the Danube fan fed by the River Danube during fan accretion and the Dniepr fan built up by the Ukrainian 
rivers Dniepr, Dniesb' and Bug. Eight seismic sequences have been identified within each of these fans (Wong et al., 1994, 1997). While the lowenmost two 
consist mainly of mass transport-related deposits, the six upper sequences comprise typical fan facies associations, corresponding 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 ware accreted during the past 480 k.yr (sequences 3 to 8). Average deposition 
rates for the fan sequences range from 2.4 to 7 .2 m/k.yr and the volume of material deposited within a sea level cycle lies between 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 I ? coccolith ooze (0 - 3,000 yrs BP) : miao laminated carbonated? sediment withEmili8na hux/6yi 

Unit II ? sapropel beds (3,000 - 7 ,000 yrs BP) 7 micro laminated sediment very rich in organic matter (sapropel) 

Unit Ill ? banded lutite (7,000 - 25,000 yrs BP)? banded lutites? turbidites. 

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

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

Large-scale sea level changes and consequenUy drastic reshaping of land morphology, large accumulation of sediments in the deep part of the sea and 
modlflcaUons of environmental settings occurred all along the Black Sea geologic history. The Quaternary was especially characterised by very spectacular 
changes, which have been driven by the global glaciations and deglaciationa. 

During these changes the Black Sea level behaviour was influenced by the restricted connection with the Mediterranean Sea by the Bosporus ? Dardanelles 
Straits. When the general sea level lowered below the Bosporus sill, the further variations of the Black Saa level followed specific regional conditions, without 
being necessarily coupled to the ocean level changes. One of the main consequences of the lowstands was the interruption of the Mediterranean waler 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?rm) corresponded to the regressive phases of the Black Sea, with 
lowstands of the water level down to ? 120 m. As mentioned above, the regressions represent phases of isolation of the Black Sea from the Mediterranean Sea 
and the World Ocean. Only the connection with the Caspian Sea could sometimes continue through Manytch valley. Correspondingly, during regreBSions, under 
fresh water conditions, the particularities of fauna assemblages had a pronounced Ce&pian character. On the contrary, during the interglacials, the water level 
rose to levels close to the present level; the Black Sea was reconnected to the Mediterranean Sea, and the environmental conditions as well as the fauna 
characteristics underwent marine Mediterranean inftuences. 

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. 1 B.6), the waler 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 37?), with a steno- and eury-hallna marine Mediterranean type fauna (Navesskaya, 1970). The sea covered the lowlands In the 
coastal zone. 
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Fig. 1 B.6. ~aographic raconslruction of the Black Saa during Iha Karangatian phase (Rin-W?rmian or Milwlinian interglacial) (after Tchapalyga, 2002). 

The IHI Upper W?rmien glacistion (lats Valdai, Oslaallkovian) correapondll ID the Neoauxinian phase of Iha Black Sae. Thia is a very low-stand phase, ck1Nn lo 
-110-130 m. Thashcnlina mowd faraway from Iha p1'811ent-<lay position, especially in the north-wastem part of Iha Black Saa, and large areas oftha 
continental ahelf were exposed (Fig. 18.7). The hydrogrephic network, eapecialy Iha large rivers ea Pelaeo-Oanube and Paleeo-Cniepr, incised up to 90 m the 
exposed 8f9e8. The Naoauxinian basin, during the glacial maximum (-19? 16 ka BP) was completely isolated from Iha Maditammaan Saa, and, 
COIT88pondingly, the water became brackish and even fresh (3-n and even la88), wall oxygenahld, without 1-bS c:ontaminalion. The fauna was brackish lo frash 
water type with caepien inftuence. 

At about 16-15 ka BP, thepostglacialwarrning and Iha ice cape melting started. A8 tl1a supply of the malting waterti'om Iha ~ciarsthrough Iha Cniapr sndthe 

Cniaslr rivers, as well a11 Iha Danube river to the Black Sea was Y9/ly di reel and important, the Naoauxinian -.level roea very quickly, reaching and 
ovarpaa81ng at - 12 kB BP Iha Boaporu11 11111 altlb.Jda. The majortty ofllclanlllltll, who studied Iha Blade Sea, bellava that In this pllasa n was a large fresh-water 

outtlow through Iha BospotU&-Dardanallee strail9 towards Iha Mediterranean (Aegean) Saa. K\l880Y calculated (1975) lhat the fresh water outtlow dilcharga 
wa11 of about 190 km3/year. 

~ ~ 

Flu. 1 B,7. Palll801lecv&Phk: rec:o!!ilructlon of the Black See dudn11 Iba Naoauxlnleo phase ( 

Upper W?rmlan) (after Tchapalyga, 2002). 
Al Iha beginning of Iha Holocene, soma 9-7.5 ka BP, when the Mediterranean and Iha Blac:k Seas have reached the same level (clDH to the pnl88rll day one), 
the two-way water exchange was astabllshad, and Iha proc:ess of tranllfomlatlon of Iha Black Saa In en anaxlc brackish 11118. started. During Iha last 3 ka BP, a 
number of smaler e&clllallons of the water level have bean recorded (?Phanagorlan regression?, ?Nyrnphaean? transgression, a lowertng 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 at al. (1997). Thay considered that, when Iha dsglaciation started during a short episode, the level 
of the Black Saa was high enough, and the fresh Pontic water flowed towards the Aegean Saa. At about 12 k.yr BP, Iha retreat of the ice-ehaat front determined 
the IVOl1antlng towards Iha North Saa, for the llmlted parted of Uma of melt-waler eupply. The Black Saa, wtthoul the lnftow of the lea-melting wstar dudng the 
Younger Drias cooling (-11 ka BP) until 9ka BP, undarmoraarid and windy climate, experienced a nawll7Mlring oftha level (down to-156 m). Al the same 
time, the Mediterranean Saa continued to rise, reaching by 7.5 K.yr BP the height of Iha Bosporus sil, and generating a massive input of saH water into the 

Black Saa beain. The flux was several hundred timaa greater lhlm the world?a largest waterfall, and it caused a rise of the level of Iha Black Sse, soma 30 lo 80 
cm par day topping up the basin in few years lime. Mora recant irt.erplVtation concludes that a deeper Bosporus eill (- -i6 m) c:ould lead to another scanmio of 
mixing of Black Saa and Mediterranean waters (Major et al., 2002). 

This new hypothesis is slil under dabete; numerous data fl1)m the strait8 of Boaporus and Cardenallas, Mannera and Aegean Saas and the Danube Calta do 
not antnly support Iha Ryan? a hypolhasiS. Theea data indieatas that Iha ?cla88ical? scenario of Black Saa water OIJlftow iS rather cractibla. There are also 
11oma hydraulic ll'lcompatlblllUas for accaptJng a cataslrophlc ftoodlng avant In Iha Black Saa a11 well u a dllrarant Ume llC81e for reaching the pr8118nt day llBlnlty 
of the Black Saa waters (Myers at al., 2003). The scenario proposed by the EU ?Aeaemblaga? project (Lericolais et al., 2006) after an exten11ivtJ study of Iha 
weetem Black Sea iS eynthasizac:I as shown in Fig. 1 B.8. 
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FiQ. 1 B.B. The 9C8nario of the Black See water IENel fluctuation Since the Last Glacial Maximum (after Lericolaie at al., 2006, Final Report o( Iha EU project ? 
Auamblaga?) 

Th• water brought to th• Black Saa an.r thll Melt water Pulsl 1A (MWP1A) at approximately 12,500 C14 BP (14,500 yr cal. BP) {Bard et al., 1990) WIUI 

suppoead to be sutnclantly Important thal tha water laval roaa up to between -40 m to -20 m, whara Iha Dlfllusna layars wrara deposltsd. This Wiiier laval would 
have brought Iha laval of Iha Black Sae high enough for me Icing possl bla an lnftow of Mad llBn'anean Wiiier with marina species of dlnoftagalla1Bs (Popescu, 
2004), and an outflow of PonUc WBtl!nl towards Medltenanean Sea. Palynobglcal llllldlea 11how that during the Younger Dryas a coal and drier climate 
p1'8Y8llad. Tha Younger Dryas cllmatk: avant had lowerad Iha Black Sea watar-laval and cut again Iha connac11on with 1ha Mediterranean Sea. Around 7.5 kyr 

BP, tha Black Saa watar laval suddenly clVlnged btlcausa of a qulta abrupt ftoodlng of tha Black Sea by Madllllrranaan watani, a111upposed by Ryan at al. 
(1997, 2003) supported wHh dlnollegellate cyst reoonls (Popescu, 2004). 

Table 18.2. straUgrephv and comlletlon& of Upper Qualemerv pha1iJ116 for lhe ooas!BI and Inner shelf zones CW!th &light modlftcaUon from Fedorov. 1978). 

Holoc:ane 

Wand 
NWBlack 
Sea 

Flandr1an 

Northem Eastam Black Saa 
Black CaLICllllUB 
Sea 
c~~ 
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Tam., 
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Nymphean 
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T81111C8 at 2 m; sancls 
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IMth Manadacna 
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c.dlum adule L 8IC. ?'? 

RBgnllllllontD? 8?8m. 
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TGm11:G.t+4 +5 m; ~111nd 
et.ls wtth Cardh.m 9dl.9 L .. 
09nya, Ollnle, Myth? 
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edule L. etc. sln-10 -20 m 
_.,. dep1h an •helf 

Clays with Monadac:na cespia 
Bchw ., DnllaM polymarphll 
Pel., M ?20 ?30 m wetet deplll 
onahelf 

L.msalik8 depGSill; Blluvial
dllllalc aanda, daepanlng di 
Kertdlalnlll 

TelTBC9 at 2 m; sands 
wllh Cardllm ed~ L. 
m.:n 

~to?8-8m. 
An:heologlcal 111)'8111 V?I 
c.BC 

Te,,_ Id +4 +5 m; 
ewld9 and •119119 with 
c.rdlum edule L., 
Chlamyw, o.n., 
Mytb? 

Clayey •ncll with 
c.rdium edule L. ate. 
Bl?? -10 40 m WBlBr 
deplh on wlf 

Clays with Mcnod1cn1 
caspla Bchw., Dnll.
polymorph• Pel .. at ?20 
?30 m watar daplh on 
shelf 

~;deepanng 
or t11e va1ey11 Incisions 
ID ?80 ?80 m. 
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Gananl •cala Europa ?European Black Saa raglon 
RUHi• 

Kallnlnlan 

Naotyntienian Mykulinian Karangalian Upper Terrace at +15 +18 m Terrace at? +B +12 m (4?8 m Terrace at +12 +15 m 
Karangallan Taman) Shella and clays with (Pahady valley), 

(terrace at? 2~ m Shells and sands with Cardium tuberoulatum L., 
above SL) L.owar Cardium tuberoulalum Paphla aanaacena (Coe.), +25 +30 m (in Sochi 

Karangatian L., Paphia aenaacana Aporrhais pespelicani L. etc. N. region); 
(Coe.) etc. the baae clays with? Paphla 

senescens (Coe.), Cerithium Shela with Cardlum 
wlgatum Burg. tuberculatum L., Paphia 

senescens (Coe.), 
Aporrhala peapellcanl 
L., Cerithium wlgatum 
Burg.etc. 

Mlddle Regrasslon (Risa II ?) Moskovlan Upper Regrasslon Regresalon. aayey deposits wfth Llmneaa, Regression. Alluvlal 
aayey loess-like Planorflis ; pebbles with pebblss, 111rminal 

Daepaning of Euxiniar.- deposna. VIYlparua moraine al Amtkhell. 
Bosporus to Uzunlarian 

-100m 

Eutyrrhenlan Odyntzov1an Uzunlar1an Terrace at +35 +40 m aayey sands with Cardlum Terrace at +25 +30 m 
(Tyrrhenian lb) (Bulgaria) edule L., Didacna nalivkini (Pshady) and 

Wass. etc. 
(terrace al 1 G-20 m) Upper Babel layers, +35 +37m {Pahady 

sands with Didacna valley); pebbles, sands 
nallv1dnl Wass. etc., wfth Cardlum edula L., 
Uppennost lagoonal Mac:lra stultorum L., 
clays Scrobicularia 

Regrasslon (Riss I ?J Dneprlan Late Sanda and clays with Dldacna? Terrace at 40?43 m 
Paleoeuxinian nalivkini Wass., D.pontocaspia (Pshady valley); Sands, 

Pavl., Viviparus conglom., limstonea 
with D.nalivkini Wass., 
D. subpiramidete Prav., 
at the base Balanua 

----
Lower Regrassion Regression Regression Regression, Dilluvium 

Ewdnlar.-
Paleotyrrhenian Lykhvinian Uzunlarian Paleouzunlarian Sands, clays with Continental deposits within the Terrace at +45 +50 

Didacna pallasi Prev., Mandzhil terrace m (at Ashe, Makopse, 
(Tyrrhanlan I-a) D.nalivkini Wass. Magri); pebbles with 

C.edula, Paphia sp., 
(terrace al 18-30 m) Lower Babel layers. Chlone galllna 

l..agoonal clays with 
Early Did acne Terrace at? ~o ~5 
Paleoeuxinian pseudocrassa Pavl. m (Dzhubgy); sands, 

etc. pebbles with Dldacna 
beericrassa Pavl., 
D.palleaal Prav., 
C.edula L. 

Lower Mindel Oken Regression Alluvial sands with Top deposits with Regression 
VIYlparus and Tyraepol Archkllsoodon sp. 

(Roman regrasslon) complex of 
mammalian a 

Cromerian Sicilian 2 Dnestrian Tchaudian Upper Tchaudian Shells, sands with Terrace +40 +55 m(at Pshady), +100 +105 m (al 
Terrace? Did acne Pshady valley), -+130 m {at Sochi); 
at&Om pseudocrasse Pavl., 

D. lschaudae Andrus., Congl.,sands with? D.pseudocraaaa,7??77 D. 
D.rudis Nal. ;Terrace Tschaudae, D.rudis 
7 Large tables 7 
(Bolshye stoly) 

Sicilian 1 Gurian7 Lower Tchaudian aayey??? Sand)'"dayey deposits of Guria with D. 
Tchaudlan conHnenlal7? depoalla tschaudae, D. tschaudae gur1ana Llvent, 

Terrace? D.crassa guriensis Newesk., D. pleisto-pleura 
at100m Sands with Didacna (Davit), D.pseudocrassa 

baerk:rassa, 
D.parwla, 
V.pseudoachallnokles, 
Fagolia esperi 

GOnz (regression) Regression Sands and clays with Continental deposits with Deposits with Break 
Archldlscodon Teman complex of mammalian Gurtan-
meridionalis Nest. fauna Tschaudian 
(late) within fauna 
Nogaysk outaop 

Eopleistocene Emiliar.-Calabrian Morozovian- Gurian Gurian deposits aays with Didacna digressa Liven!. eu:. 
Nogayskian 
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Tabla 1 B.3. Stratigraphy and correlations of Upper Quaternary phases for shelf and bathyal zones (with slight modification from Scharbakov et al .. 1979) 

Norlh•m7 Europ• 

Stratigraphic subdivisions 

Holocene Upper 

Lower 

Subatlantic 

-?? 2,800 

Sul>-boreal 

-??4,800 

Allantlc 

-?? 7,800 

Bo real 

-?? 9,400 

P111-boreal 

-7? 10,200 
Upper? warm? 
Pleistocene (Valdal) Younger Dryas 

Tarkhankutian Cardium eclule 

Abra ovata 

Drelssena 
polymorph a 

Middle M-
S.lg. 

Poat- Riss-
Karangatian WDrm 

References 

Aller?d 

Lower Dryasa 

B?lling 

Gothlglaclal 

Pomeranian 

Frankfurtian 

Brandenburglan 

-?? 25,000 

Paudorf 

Gotweig 

-7?40,000 

-?? -85,000 

Eemian 

-7? -125,000 

BLACK SEA 

Bathymetrtc zone ().50 m 

Layers Molluscs 

Dzhemelinian Divaricela 
dlvar1ceta 

Gafrarium 
minimum Pnar 
rudis????????? 
Cardlum 
papilosum 

Neoeuxin Monodacna 
caspie 

Dreissena 
polymorph& 

Draissena 
polymorph& 

Vrviparus 
fasciatus 

Unio sp. 

Bathymelrlc zone 5D-200 m Bethyal zone - northern pert 

Hortzon Molluscs Dlatomaea Horizon Diatoms, 
molluscs 

Phaseolinus Modiolus Coscinodiscus Cocolith Coscinodiscus 
muds phaseollnus radlalus ooze radletus 

Thalassiosira 
excenlrlca Endictia 

oceanlca 
Actinocyclus 
ehrenbergll Thalassiosira 

excenlrlca 
Cyclotela 
kutzlnglana Aslaromphalus 

robustua 
Cyclotela 
aceolata Rhlzosolenle 

calcaravis 

8,550? 130 Monodacna Slephanodiscus Hydrotroilitic Stephanodisc:us 
caspia astraee muds astreee 

13,500? 
1,500 Dreissena Melosira Terrigenous Fragments and 

roslrlformls anmarta ycungforms 
17,760? bugensis brown of: 
200 Diplonais ?oxydatad? 

Drelseene domblltansls Drelasena 
rosbiformis muds roslriformis 
dlsUncta 

Clayey Mon ode en a 
Draissana muds caspia 
rostrtformls 
distincta 
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