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~ llDdlDp about !be evolulloo. of~-condlllcas of Ille Blade Sea durln& lbe Holocale have 
sJsnlfianllylmpmved aur ~of tho pmfDurul oav!nmmontal dwJFs !Im IDlll:.plmo =imd 9 ka 
ago, Wilm the NeoeuDllan LalGe ~ IOthe glObal ocean. In comrastto Ille WISemmd ~ 
'"lions wh!n! lllllJl!l1JUI s1lxlia haw been mmlly porfmmed. the nmthemt ..,. rm>aim reWMly UDdt!r 
~ We C'3Uled out die 6111 multl-prox,y o:iDllDuous Sllldy al a sedlmeat an (Ak-2575) from the 
nartitNstem Blad: S... shelf that indudel bonthic calcumus r.mils (mtr.lmcls, molhna and ~). 
dlnoll;ipllate tYstll (dlnoc;ym) ~ sedhnentoloSY. thuJ ~~of mrr.c:e ~ bocttmt
- mndiliDm. lbeaill! made! aflhe""" i• lmed an lO~"'ccLes. Caibraled-an! used~ 
!Ill! mmusafpr. The ftmappeorma! ofMmlmml!im ...._ lsdacumen!l!!d o.19.6 c.aL kl Bl'. Dlrdm pnwlde 
Mlerlce of IWtalDed cubilblt1lloo O(beDllJic species ct'Clspian ml Medilm;lnam oriJlm. ~ by dlf
&!n!ra: ~ Jta,p!5, &om at ~-7.8 (or nm I.BJ ID 6.7 cal ka BPwkh tho gRdilal ~of 
braddsh species suuestla& a~ Increase In Nlllllly and mosi: u~ a dlaD&e In the Alt o:imposltlon. 
Dinacyst assemblaps shaw speQes !IWXl!Uian tb;it is CDbms!l: mo.u the Blad< s... buin, wilh br.ldcisb taxa 
domlllallDI: llDlll -85 cal b BP and beine S1ow1Y replaced by euryballDe spedfs. The OCNienaS of au*1* 
gypsum CIJ5tals, espedaily olJuncWit at-7 A and 6.5 cal ka BP, suaest th! l2rDpDro1 appemana! cfhJdragea. 
sulphide at tho sbelf edgit which dUibJ& cmalD peilods appean to Rduce the abumlana! m'bmlblc fauna. 

t. Iubudmlkm. 

PalaecxraDographic ~drudions olthe mni~ Black Sea 
basin have proved lo be dWlc:lllill.ll: due lo aimp]kakd sedimentuy 
envinJnmmts and tbe 5CGrdty or amvmtiunal proxia 1iR plmklmit 
foraminlters and stable isotopes. However, die past two deades have 
seen iPl lncreulng number of SNclles of both shelf and deep-sea 
sedlmentJ In t11e Black sea (e.g. Alou et al., 2002a,b; HkmlI and Aksu, 
2002; Major et al., 2002, 2006; Ry.1n et aL, 2003; HlJCllCI: et: al., 2007, 
2013; U!rlailals et: aL, 2007; Bahr et al., 2008; Nicholas et al, 201 1; 
SouJer et aL, 201 la,b) as~ as bembJc ( ostraaxla, molluscs, lbraminif
era) and plilllkttmic (dinocysts. diatmn5) lossils, pollen and~ 
(e.g.~ 2002; Mudie et al, 2002, 2004. 2007, 2011; ~ 
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2005; Hiscott et aL, 2007, 2010; lvilllOYil et al., 2007, 2012; 
Y'anko-Hombad!, 2007; Yanko-Hombach et al., 2007, 2014; Mamt 
et al., 2009; Mertem et: al, 2009, 2012; Boonm- et al, 2010; ~ 
et al., 2012; ShumilDvskilih et al, 2012. 2013; Filipova-Marioava et al, 
2013). Thae studiu have led lo cuntradicting hypo~ with~ 
to a) the waler mndltlons when the Blad< Sea was lsolaled and bl the 
Holocene env!ronmerltal ~ lhat ~been lnldall'.d ]7j lhe recon
nfClion or me Blade sea 11> the global oc:e:rn system. 1n addltton, several 
.m11xxs ;q11e drat die Black sea exper1enm1 well doaJmenral llgnl1k:am 
sea level ftuctualians during Ille early Holocene, with smaller ampltmde 
~ through Ille mld-ID-lall: Holoa:ne (e.g. Qu:palyga. 2002, 2007; 
Balabanov, 'JN!, 2009; Konilmv et al., 2007; Y'anJrD..Hmnbadl et: al., 
2«f1, 2014), whl!rus othen suggm a ralhH gradual Black Sea level 
rise ~to mm.lie rise oftbe globil sea bd (llriltimr et: al, 
2010; Esin et: al., 2010; EsiD and f.5iD. 2013). Kaplin am! Selivamv 
(2004) demonstrated up to 2-l m sea lewl osdllatlons ID the l!ICtODlcallY 
stable area near lhe ician river delQ during the ~to-la Holooene. 

Changes In blotic. sedlmentologlQ! and geodlemic;ll properties 
through the HolDCel'le have been thoroughly hwesdJ;ited from 
the western (Aranassava, 2005; Major et aL, 2006; Algan et al., 2007; 
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11-42 B-4.5 Sill)-mudwilh '""'"""'°" -~ Ollld 
Ht.tt11 .. 1:4lcm (?) J!lmlon 
42-14' 45--7 Sbdy s111y mad-llllD mqu1na 1-9 a1 59. rr. tlYI. 111 1'1:7 cm A()das ~ mad and a>qo.1na 
14-156 7-71' MuddJ""lltoa Ml1'dmolludaunacoqlina 
llimlB.nlS6cm m -
156-1&1 7.M.11 MuddJ""l.W>I .o..ia.m~ari-
11 .. 111ut15'cm (1) Erosion 
164-196 11.H.6 Sbdy ll1ty mad IJJllaao n•rflrmlnm1d 

A typical Neoemln!an assemblage I dominated by bivalve ~ 
Drelssena rosll'i/imll!s Is found In the Interval 9.&-711 cal ka BP {the 
lowrr part of the <DR!, 186-156 cm). It also amtaim several shells of 
Caspian pstrupod spedl!s Monodacna Cll5llia and Micromdania QDJJia. 
nie fust Mediterranean Immigrant Myd/us gallopro~ appws 
at -7.ll cal ka BP (156 cm). The ln!EIVoll between 7.&-73 cal ka BP 
( 156-144 cm) amtlins a mixed assemblage II wllh Caspian ;md 
Mllditl:mineao ekmml:s. Howner, Dreismra sp. ftrund at 1 SG-148 cm 
~an~ of-8.Bal ka BP (Fip.4b,5). lhe ~ lllDllOSJ"dlic 
anemW. mstronglyclomlnall!d byM~tnt:be~ 
7 A-4.2 cal Ira BP ( 144 ID 40 cm) Includes minor species canllum 
txlqlrum and Morlfo/us lldrladrus, and rare H,ydTo/lia wnl105a, Rrrusa 
lnmcalula, OminioSa 'l'llriabi&, and Rissoa spSendida iD SCllllf samplrs. It 
is typical for the fades of Mytllus mud ot the middle shelf (Table 2: 
Nevesskaya, 1!165 ). The marine asseml>Uge N In the upper 40 cm ot 
the mre Is dominated by M. p/laseol!nus. The oommon species ot lhe 
assemblage characmisti.c of lhe auler shelf with depths 9Cealing 
50 m are Alml alba. C ~ Pilar rudis. Cerithium pusillum, 
It tnuralllda and Trophon murialllts. The llli1Ximum mulill5C' species 
diversity (upm 7 taxatsample) oa:unwll:h.ln the lntelVollfmm4.4m 
:U al ka BP (4l-30 an, Fig. 41). 
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In IDt!l, 21,698 valves belllllging ID 29 1pedl!s ~ idenlilied from 
lhe aJn! samples (Appendix. 2). Among thee specirs, 16 are of Caspian 
origin. 12 of Mediterranean origin and one semi-freshwater species 
(Pig. 8). ~ tnDnDmlc derails are provided In the 1Upplernentary 
mal£rial (Appendix. 3). Scw:rai Indicative species are shawn In Plate L 

lhe dawnmre mtraaxt fauna could be grouped inlo Ihm: assem
blages b5ed Oil ~ upward chanles iD r.ttio of~ of Ca.!pian and 
MedJterranean origin (Fig.8).A ~assemblage L round In the low
ermost part of core Ak-2575, rrom 9,6 to 7.4 cal. ta BP (187-144 an) 
amslrts of 16 specie& of caspian origin. FabaejimlTlsamd sp. of 
semi-freJhwater origin md a rew specimens of three Meditemnean 
mixr.llltJ (Fip. 4b. 8). Amons thml. the 5Pft:ies of C'.aspian origin. 
~ /qlda. Loxocaspla S11bltpida, Mnllkyl/ltre ~abl. 
Euldnocyrhm! rrllclll, Amnltylh- SIPpllnllliysu and Grovlacypru 
elanga!D are the most abundant and represented by both adult and 
young instm. lbc: total ostracod species divenity wilhin the interval 
9.6-7.9 cal. Ila BP (186-156 cm) is the hishrJt throughout th-= lmml 
w~ die llllal alnlnd.ance of valll"5 ls maximal ft-om 8.8 IO 
7.4 cal Ira BP {164-150 cm, Flg. 4h). However, !he rasp!an species 

0 4 

D3 

I• 
02 

UH--l~~-+--4~~--,..<:~-41---+-.'--4.+-~-+--l-"'....,._~+>~-+--l-l--l-+--l 

•• 



–

UA-110

l!.V.l'ollnM!fftal/Pi -\lr.~,-........,'f27(21Jl5J41 &I 4!I 

-3 
Llltof~<Y11Jldmllledllloore~75.-to:llolloalallbdly(altorlllmotmd--.2003:-etaL.l0041-etaL.2013)mdlll'UPIDl: .. -""'1D 
fl&.6. 

lb!pbf-..~ 
~...._,,..,. 

Opt"lldodlntVll lmdllmm 
~bdorllls 

~
~~
~~..-..Jl'llllmn 
~llJI. -..........,_.._ 
cy.!lof.~
~QllllllO --~,,_ 

~'"'*"""' 
*61(,li:rirD Rioquolir 
lmpQpilldrln....,_ 
Cmpldlnlarm-

lln:ilr, - ID 1n>pbl, -..unlly "°Ill' 7-40 
11"111l:10apen-...pc0r1»cropital-lilllnilJraoae~ 

llerllll: and --Sllb-uoplcal 1D tmplcal. Hl1l!ll¥ "°Ill'~ 
11-., - ID1n>P<al. .... """""" lcNrNllnllY (12-14) 
lll<lll<, 1"mpm121D ttoplcaL .... - 117Rsallnlq.o (ll-14) 
111<111<, llmpe>a 1D ttoplcaL sallnlty-33-36 
lln:ilr, - ID 1ra(llal, llllllnlry nqe 3.l..37 
llldlll:1Dopen-tempmlO 1D aoplal.allal\Y'-J~ 
llerllll: 1Dope:a. omm, sul>-polar 11> equalllllaJ, sallDlly'"""' 30-l9 
11..tk, aibmlplcal, ""'1nlty-3.l 

llnkDowo 
!lerllll: 1D(llJl!ll-sul>-pokr 1D llllHR]d<aL salldly above 30 
~ salldl¥""'1" 101D4D 
Morlllctoopen-pc0r1D ttopic11.sdoll;y-...2S 
Morlllt. polar 1D ttoplcaL oalln!IJ .-JO 
llnl,y r..u.l ln1""'Hnla=o-ln 1be lllock.mdMmnl S"us 
Commonln~..nnilr-
C«mllmllD ~YllDltyamdftlmu, 5Cllll!l!ms-
1DwalninilaJiJz lnk>wAllotyamdidom 
- In. low llllnllY mndlllom (c.p!.an Seil) 
Abuadallt In low IOlbdly OllUllllcm (casplm S..) 

~ --Iu:Jhallno 
~ -----!lotaQMd -"""""111pb lllllriontrldl --lleCeJottoplu ------

dlversiey- strongly declines upward In the ln1EN31 8.1-7.5 cal.. k:a BP 
{158-lS<k:m), and cmly three, L ll:plda, L sublepida, and G. elll!Q:ll1ll are 
found at 7.4 cal k.a BP (150-148 an). Nevenheless. r.ue VOllves of the 

Medlmranem species such as Hlllmllllllllkydle ntbm, I.eptocydlm! 
mulli,punda!u and Palmocandm agllJs. repreRllted by adul!s and 
juveniles. are documented rram several samples. 
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.,. .. Ocanm:eof.........UploCl!doplml..ubroted~S..Sealonol>ltrdeatpllonof~Commoaml~~ .... -'bJ-ml-c:tdef,'"'1*'
IMl,y; IJapamlJ;R-l>y--'!lit--...-.. a1111~--l>y--aad--.~· 
r..una. illld by durusina; attblJush still hish alnmdaDa: of H. rubnl. 
The shart-ll!rm splkl! of malmal total astramd abundancie (up to 
40 valves/g of diy sedlmem:) omin near the hlalm, ar: -42 c:al. Ira BP. 

« Benlhic femminililrs 

lbe tower pan mlhe mre, up m 13 cal le.a BP (18&-136 cm) amWlls 
onlYJ:lft~ofbmllliclixillRDifm (Pig.-4f;Appmdix2), illdwl.
lng the typlca1 Black Sea speciesAlllllPlicl leplda, AnlnlOl1fcl ~ and 
almrarespeclmensofAmmonla ~ Fbramlnlferalabundancels 
low { 8 ~until ca. S al ka BP ( 42 an)) and some samplrs aft! bar
lell. N~ess. lhe fgramilJiferal fauna aeneraJly dGminabd by 
A r.rplda mntalns at Jett 12 spedes. the ll\09: illxmdantfuramfnlferal as
~ domioaml. by Ammonia spp., incllldingA mpida.A. oompadll 
and OCher species, are found In the upper42 cm of the o:ire. However. 
fllramlnllen demans!r..1lz mmlderable v.JJiablllly lnabundanae: (ranging 
~30 tm/l: of dry salimmt, Pig. 4f).gmezal siJle oftrm and~ of.pra
moatilm OYa" lbl! idS alka. lbe~abuindmk!mimrJpedes 
such as Qp1nqudxullna .tl!llltllullna awl Oi!Jroelp/ddlla Jll!l'CUl'IOll. A few 
agglutinmd foranmiifers are fiJuod in samples »-28 and 2--0 an. 

5. DlllcullliDD 

5.1. '!be smlmenmdon IWrmy 

Ai:mnlJns ID lhe •model (Pip. 4. S). are Ak-2575 reanrered the 
succession of 9.6 cal ka-1ild shelf edge deposits from the braddsh 
D. ITJSfT(fOnnis fades (-9.&-7 cal ka BP) to llliliilR M ~ 

fades {-7-4.5 cal. ka BP) and M. phcrseoHnus fades (45-0 al. ka BP). 
The same sua:ession of bdes Is previously cWafbed from the nearby 
airea Ak-521 and Ak-2571 (Ivanova et al. 2007, 2012) and ftonueveral 
other Wit localiom (e.g. Yanko-Hombach. 2007; N"JCllolu ft al. 2011; 
YanJco..Hombadt et al. 2014). we beliewe that om Ak-2575 llkely did 
noc penetra~ illlD lhe Neoeuxlnlan lmErval. This follows from a mm
parison of the oldest AMS-'4c elm (8835 ± 35) from con: Ak-2575 
With the regional framewotk (Balablnov, 2007, 2009) and With the 
nearby core Ak-521, where a hi.ams OCClll'I .at lhe Neoewdnlan
Bugalian boundary (rig. 41, p; Ivanov a et al., 2007). Ten of lhe eleven 
AMS-14<: elms from the mn! Ak-2575 are slRtigraphically amsislm: 
sug5ling that lhe age model presen!Ed In this paper (Table 1, Fig. S) 
is robust and that the linear inmpolation of H"Cfimentatioo rall!s with 
illterrupllon at three hlaluffo$ reflects a l'W deposition history. 

11le rapid DrelSfena nu.at atallllllLUlon In a low-aierv ballmn Wi1leI 
envircmm:ot during the BugaDan-edy VityaJZVian lrmlgl6!iYe plme 
(at 9.6-8.6 alb. BP) was inlanlpll!d by~ hiatt.D tllilt likdy ~ 
!he slow lhk:k mqulna. depmlllon (11.5-7. cal b. BP, Pig. 4a).1hls 16 an 
lhldc muddy shell bed comprises the Drelsmra fades below and the 
miml l'aunafacm abow.~ byahian..A~biatusoc
ain in the mre Ak-521 (Pig. 41; lvalllm et al. 2007, 2012). High bottom 
=t ~ties were responslble for fnllion rerulling In hlatum, the 
cuquina ft1nnalion (wasbinl off mud), and the abovementicmed 
rewmtdng of older om.uena sp. and lllceJy some Diiier shells lnm the 
avl!I!ylng mixed fauna fades. 1be ~ boaDJn envlronmem: al: 
the Wit edll! las1BI up to 7.0 al ka BP, when the rapid accwmdatim 
~ sh!fty mud !lll1rb!d {Tabll! 2. Pig. 4a, d). Therelbre. these dattaod-1 
prevlowJ 8Clldles demonstrate !hat Drelssena disappearance cannot be 
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used as a reliable dating marker in the BladtSea open shelf envlronments, 
where reworking of fossil mollusc shells is common (see Ivanova et al., 
2012 fbrarevifw; N"u:hoWetal., 2011; Yanko-Hombachetal., 2014). 

The trilllsltion from the coqulna with mixed mollusc fauna to the 
shelly mud containing only Mediterranean derived molluscs is charac
terized by a presence of aut:higenic gyps11111 aystals especially abundant 
at 7 S-7 3 cal ka BP. Scarce crystals also occur until 6.5 cal. ka BP. Note 
1hat sevl!ral similar gypsum micradruses are found fmm the previously 
studied nearby core Ak-521 (Fig. 4o ). The authigenic gypsum might 
have been produced as a result of hydrogen sulphide oxidation, during 
episodic upwelling ofthe anoxic deep water onto the shelf edge. Ac.
cording: to the hypothetic model by Kershaw (2015), in il11 upwelling 
event, the anaxic hydrogen sulphide containing deep water mixes 
with aerated outer shelf water and oxygenates. This provides conditions 
necessary fbr the gypsumpredpitation. The early anoxic wall!r upwell
ing events at the shelf edge likely happened at ca. 8 cal. lea BP, when the 
saline deep water filling the Black Sea basin after the Bosphorus Strait 
was breached, already contaminated by hydrogen sulphide, reached 
the NE margin and overflowed the shelf edge. These events might also 
have affected benthic fauna! llSl!tnblageS. 

The rapid shelly mud acrumulation from 7 A to 6.5 cal lea BP was 
interrupted by a series of thin muddy Mytllus coqulna depositions, 
which accumulated slower than mud and possibly included short-term 
hiatuses. The insufficient resolution of our age model does not reveal 
such sedimentation rate changes, but the repeated alternation of layers 
wi1h differmt shell material controt possibly indicates variation of either 
bottom current\ll!locity or terrigl!oous mud supply. Both might be related 
1D sea level osdllations pos111lated by many authors (e.g. Chepalyga, 2002, 
2007; llalabanav, 2007, 2009; Yanko-Hombach, 2007; Yanko-Hombach 
et al, 2014). The exlremely high sedimentation rates within the shelly 
mud interVal suggest abundant flne..grained terrigenous material supply, 
which should also be characteristic of almost synchronous rapidly accu
mulated layers in previously studied cores fmm the outer shelf (Ivanova 
et al, 2007, 2012). We assume that the mud was delivered during the 
Kalamitian transgression (Balabanov, 2007, 2009) due 1D flooding of 
COilstll lowlands aJYel'Cd by loose sediments. 

Sedimentation rates slowed down during the time interval from 65 to 
6 cal ka BP when the sea level reached its modern value (Balabanov, 
2007, 2009), mainly owing ID a considerable decrease in mud supply 
onlD the outer shelf. The slow mud accumulation that lasted up to present 
likely promoted the transition from the Mytilus mud fades to the 
M. phastolinus IIDld fades. However, such vertical succession cannot be 
simply explained by a sea level rise, as the depth at the core site was 
never less than 50 m during the Kalamitian t:ransgn!ssive phase, when 
the Mydlus nmd was deposired. It is suggested that the very rapid (lilcl!ly 
pulsating) mud acrumulalion due ID an intensive terrigenous material 
supply crea~ favourable conditions fbr the development of the active 
filtra1Dr M galloprovincial dominated mollusc assemblage on the outer 
shelf, much deeper thilll 50 m. The favourable environment for Mylilus 
changed dramatically -4.5 cal Ir.a ago. aim- the hiatus, when sedimenta
tion rates sharply slowed down lilcl!ly owing ID a significant decrease in 
mud supply related to a ralher st1ble high sea level stand. In the averlying 
layer, small thin-walled M. phaseolinus she& contribu~ a minor portion 
to the coane fractions and to cae:o, content, and mud with a little shell 
admlxwre slowly accumulated up 1D present. Slow sedimentation rates 
and low shell percentagl!s seem to be typical of outer NE shelf during 
the youngest interval of the deposition history as also highlighted by 
our previous studies. However, the sedimentation rates were very high 
on the inner shelf during the last 2-3 cal. lea and over the last century 
(lvanova et al, 2007, 2012, 2014) thus demonstrating a roastward shift 
of the major IIDld ao:umulation zone in conditions of restricted terrlge
nous material supply. Therefore, the relationship between fine-grained 
(silt am! day) terrigenous material and biogenic coane fradions (mostly 
mollusc shells) in the con!sectionis mainly controlled by mud accumula
tion ralrs and less by mollusc biomass production. In tum, the dilution of 
shell material by terrigenous mud depends on bottom h;ydrodynamlc 
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I 20 (%) 

I ~~ L Dinocyst (Marine) 10 
~· 0 

bi) Dreissena rostriformis <94 ········ r I • Abundant 
Mytilus gal/oprovincialis aJm) • • • • • O Presenl 

Modio/us phaseolinus O Fragments 

••••••••• • 0 0 0 oe O:J 
·--·--·--·--·--·--·---------···· · · · · - - · -- · -- · -· (1) 

:::I 

bi i) Loxocaspia sub/epida OIU •••••••• g. 
Graviacypris elongata -4 •••••••• 

()" 

-u 
Loxocaspia leoida -· •••••••• 0 

0 00 Leotocvthere multiounctata -- 0 
• common x 

Hiltermannicythere rubra 
0 Rare (<5%) (5" 

en ••••••••• • • • • • .. 0 • CD 
Palmoconcha agilis I ••••••••• • • • • • (0011 rm o 0 00 0 

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 

Age, cal. ka BP 

l'Js.S.-ot11Urutnrotdlelllt>lt-molhllc,........imddlnocylttm.1btboan4&1es-.-..,.mclmoledby-llnel.N01t. doe-bouat!Myottbe 
IRlllllllNll:nmll~{ ..... 

activity and ~ tmigBJou5 mamial supply. Thee nw fadurs 
wod<ed In antiphase, but we susaest that the ilhort-tenn hlah
mipllmde var!atlom In llhell amlEDI: are llkdy C.1llEd by osdlladons of 
boamnammvdocity, w11=as d!ange iD tmigrnom matma1 supply 
are responslble f'or more big-term peitods of~ and slow se:limenta
don 1'alES. 

ll~~~reamnedlon~llteMmllmunmn5eo:~lliodc; 
dlai!tes 1)11 tJte llOl'llteosl.t! Blad sea nl/ 
52.l. Dlnocyst~ ~siajira-YIV1'rmndttlons 

Tlr hiBh ocaumla' of the IRckish dinllcyst tllla iildXms lhat low 
saline condhlons (around 7) were taking place at the beginning of the 
Holocene, simDar IX> lhe conditions recorded in the SW and SE of the 
Black Sea {Mamt et al., 2009: Verleye et al.. 2009: llradlty et al., 2012: 
Table s ). Meanwhile, the sarce DCaJrrence of llli1rine tlx.t since 
9.6 cal. Ira BP (Figs. 6 and 9) is noteworthy indic:aliDg that a two-way 
cmnec1ion belwml the Black Sea and lhe ~Sea was hap
pening. All dlnocyst rmK'lls shaw a slaw decline of lhe br.!ddsh species 
after 9.5 cal Ira BP and lhe oc:currence of lhe euiyhallne species 
J. ~m. Dilfermces an: num1 with~ IX> the maim: 
3bu.tJdaw:es of these brackish species where S. awifamm seems ID he 
dominating over P. psUauz In the SW, Is in low abundance in lhe SE 
{Shumilovskikh et iii.. 2013) and is iD equal~ wilb P. psillllu 

in the NE. It could be aill"d that highrr dominaJe of P. psilatll could 
be explalned by an ~ow of the C;uplan sea throu&h lhe M<lnydt 
slll as posailattd by Leroy et al. (2014): however, lhe absence of 
L ~a talion that is rdativdy abuDdant in the -W Holomle 
of the Cilspian Sea. does not support this hypothesis. It Is possible that 
subtle cll3Jlll!' in local conditions had a mntrol on the abundance of 
S. auciJ'brmir and P. psilabl. 

The dedine or the5e braddsh spl!ties ga:un between 9 and 
8.5 al.. Ira BP whereas L llllldlaerophot n:eadlly lnaeases, lndlcadng 
a gradual incMue elf sa1inily ill sea~ watm. This tran5itiona1 pe
riod lasted until around 6.7~ al.. Ira BP where hu'rWinS oo:urrence 
of marine taXa and lnaease In total i1bundance suggest anD1her lh.re!h
Clld bc:illg rmched with regards ID salinity. From 6.5 ID -2.7 cal. ka BP, 
5Wface CODditions SC!l!m IX> mnain stable. with salinity pmsibly 
close IX> present-day condldons (18-19). The Wt few lhousand years 
show a strong ~ of l.. machamlphotum that may be: liDJced ID 
human activities ill as5Gdidiom with eutNpbkation (Ma=t et iii., 
2009: Bradley ec iiL. 2012 ). The sporadic occurrena! of s. aw:!fomris, 
obserwd between 6.5 cal. Ira BP and present day Is notable as Its 
praent-day m>IO&Y suaets bdDg a fimlwatl'r/braddsh species 
(Koull et al. 2001 ). HDWeVCt", It Is also observed In the SW (Maftet 
et al, 2ill09; Verleye et al, 2009) duriug lbe !alile llme period, .lllgp!Slln:g 
that thae ~ ~ pnibably in situ and may 5lll1IM in saliDi1y 
around 18-19, 
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Depth, 7r<tDadlnium ~ -m Brilrmrrdlnlum cysts of~ .F.ndlnlum ~ ~ ~ ~ Cmpldlnfian DlnollUID 
peliban .... chocnon spp. daln ~ pNdn cn4nnis inaiqualis t1llpielKnK ........... 

I" 
2--0 121 "' s-4 124 f 11)..41 71 
18-16 50 
:z&-24 105 ii 
30-ll 135 

I 
34-ll 7 1:18 
38-36 12 131 
42-40 145 
46-44 157 
51)..411 139 - 266 
106-104 166 

I 110-108 215 
114-112 146 
118-116 m 
122-120 1 266 
126-124 4 127 
130-1:18 138 
134-132 210 I 138-136 136 
142-140 185 
146-144 159 
158-156 124 
162-160 I 19 258 ~ 
166-164 20 16 53 ~ 170-168 15 24 48 .8 182-180 49 9 86 
186-184 23 10 45 I!: 
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Depth, an 0.trm>ell; 

2--0 143 
4-2 54.2 
6-4 293 
8-G 164 
10-8 487 
12-10 860 
14-12 371 
16-14 775 
18-16 483 
20-18 344 
22-20 79 
24-22 162 
26-24 163 
28-26 155 
30-28 157 
32-30 267 
34-32 471 
36-34 120 
38-36 285 
40-38 402 
42-40 2428 
44-42 2283 
46-44 195 
48-46 65 
50-48 14 
52-50 z 
54-52 
56-54 
58-56 
60-58 
62-60 2 
64-62 4 
66~ 255 
68-66 73 
70-till Ill 
72-70 78 
74-72 74 
76-74 22 
78-76 22 
80-78 104 
82-80 91 
84-82 84 
86-84 64 
88-86 261 
90-88 26 
92-90 191 
94-92 144 
96-94 54 
91-96 0 
100-91 1 
102-100 8 
104-102 z 
106-104 8 
108-106 17 
110-108 14 
112-110 34 
114-112 10 
116-114 4 
118-116 0 
120-118 0 
122-120 1 
124-122 0 
126-124 1 
128-126 34 
130-128 45 
132-130 83 
134-132 94 
136-134 25 
138-136 23 
140-138 64 
142-140 20 

86 
24 
360 

110 
95 
39 

440 

27 
64 
114 

1200 
700 
37 

11 
3 
Barno! 

63 
120 
72 
69 
74 
27 
81 

116 

399 

188 
94 
41 
5l 
76 
73 

58 
98 
54 
40 
42 
27 
75 

38 
70 
68 
44 
32 
27 
BonOll 
BonOll 
BonOll 

59 

A.,-2(mnlfnusl) 

Depth, an Foraminifm 

144-142 
148-144 
148-146 
150-148 
152-150 
154-152 
156-154 
158-156 
160-158 
162-160 
164-162 
166-164 
168-166 
170-168 
172-170 
174-172 
176-174 
178-176 
180-178 
182-180 
184-182 
186-184 

5 
9 
3 

56 
449 
987 
758 

1277 
1096 
751 
735 
140 
446 

59 
106 
151 
122 
155 
82 

142 
224 

65 

1 
2 
2 
!Wren 
l 
!Wren 

6 

2 
12 

Appendix 1 Tumomy md orlPn of llllnmd speclrs found In CCIII! 

Ak-2575 

~asp. sensu Schomikov, 2011 

Spedes of caspian origin 

Graviacypris elongulll (Schweyer, 1949) 
Amnicylflere hilda (Stepanaitys, 1959) 
Amnicylflere posdJissinuam (Negadaev, 1955) 
Amnicylflere slepanai~ae (Sclmeide£, 1962) 
Amnicylflere cf. stepanaitysae (Schneider, 1962) 
Amnicylflere stria!ocmllllll (~. 1949) 
Amnicylflere sp.1 
Amnicylflere7 quinqu!lullen:ulam (Schweyer, 1949) 
Ewcinocythere baruana (Uventa~ 1929) 
Eumocythere relfcta (Schomlkov, 1964) 
Ewcinocythere ~m (Schneider, 1962) 
'l}lrrhenat.ytMre amnicola donelziensis (Dubowsky, 1926) 
LoJaXXlspla lepida (Stepanaltys. 1962) 
LoJaXXlspla subleplda (Stanchcva, 1989) 
Sannatina? d azeri (Agalaroya, 1961) sensu Schomikov, 2011 
XesttJleberis chatrakolrl Uvental In Schweyer, 1949 

Spedes of Meditzrranmn origin 

Bylhocythera sp. 
l.eplocythere multipunaala (Seguenz.a, 1884) 
callisroc:ythm dUliLsa (MOiler, 1894) 
cyllleroma: vmiabilis (Mllllrr, 1894) 
cyllleroma: marimwi Schomilmv, 1969 
Pon!Ocylhere tchent/aWsldl Dubowsky, 1939 
carinocytflerm auinam (Reemer, 1838) 
Hiltermannicyth= rubra (Mfiller, 1894) 
Palmoconcha agil1s (Ruggieri, 1957) 
Sagmam~ mmata (Schomilcov, 1965) 
Xesloleberis comelii c:araion, 1963 
ParodGirosloma simile MOiler, 1894 
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