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Abstract

The results of a comprehensive study of submerged paleoenvironments developed along the
karstifie *§ EGv €] S] } ¢S MHUE]VP §Z >§ YuS EGv EC E %E e vS§
Channel is a drowned karst basin filled with sediments. A fpudtky analysis of two sediment cores
(Lk12 and LKL5) recovered from water depths of 62 and 64 mswanducted. We used magnetic
susceptibility, grain size, mineralogy, XRF core scanning, organic and inorganic carbon, total nitrogen,
and paleontological data, supplemented with AMS dating results and higiesolution seismic data,
to reconstruct the v(Joo Z]*S}EC }( §Z >}"]vi e]lv. pE]JvP 8Z > 3§ Wo ]38}
findings include the first detailed description of the presumed Marine Isotope Stage (MIS) 5a marine
sediment succession along the eastern Adriatic coBeposition in the brackisko-freshwater
0 MU*SE]v } C ~>}"]vi % 0 }0 | » }Sep @vétlowstadH ihalPfoldlowed Xaused the
formation of environmental conditions typical of a karst polje. PpostLast Glacial Maximum (LGM)
sea level rise led tdhe establishment of a brackish marine lake with seawater seepage through the
karstified sill at 13.7 cal kyr B.P. The transition to the pregegtmarine conditions commenced at

10.5 cal kyr B.P. Paleoenvironmental changes in the investigated area lbakeleto the presencef
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asillat-Ai U  %3Z $Z § ¢ % E § » 37 >KAvVE \BdRTHeEI) deptd determines
the isolation orinundation of the investigated basin in response to the changes in sea level.
Paleoenvironments reacted setigely to these changes, and therefore, the study area represents an

ideal setting to track regional sea level and climate variabilty.

1. Introduction

Submerged paleoenvironments formed during the Late Quaternary have been the focus of
many recent geologal and archaeological studies in the Mediterranean region (e.g., Micallef et al.,
2013; Foglini et al., 2015; Geraga et al., 2017; Flemming et al., 2017). This type of research is essential
in estimating the response of preseday coastal areas to futureea level and climate changes
(Lambeck et al., 2011; Wahl et al., 2017; Antonioli et al., 20hE&Quaternary period is characterized
by significant sea level fluctuatioqgwimarily resulting from the waxing and waning of large high
latitude ice sheetqShackleton, 1987; Lambeck and Chappell, 208tljegional and local scales, the
impact of glaciehydro-isostasy and vertical tectonic movememssalsorelevant when assessing sea
level changes (Lambeck et al., 2004; Antonioli et al., 2009; Rovere 20H). An exhaustive studies
of relative sea levelRS) changes in the Mediterranean Sea were published by Sivan et al. (2001),
Lambeck et al. (2011), Vacchi et al. (2014, 2016), Benjamin et al. (2017) and references therein. It is
considered that durig MIS 5a RSL was approximatety higher than at present (Dorale et al., 2010).
However, there is a lack of Mediterranean MIS 4 and MIS 3 RSL records (Caruso et al., 2011; Benjamin
et al., 2017). Global data suggests that during MIS 3 sea level was be®@and-90 m (Siddall et
al., 2003; Rohling et al., 2008). During the L<elsl level fell rapidly to reach a lowstandb20 to-134
m (Fairbanks, 1989; Lambeck and Purcell, 2005; Lambeck et al., 2014). Fh&ldostelting of the
ice sheets caused indation of the coastal areasn the Mediterraneanregion and led to the
development of numerous presefitay embayrents, channels and indentatior(&lemming et al.,

2017;Benjamin et al., 2017)
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Considering the fact that the vast areas of the Adriatic Sea are very shallow (<100 m depth),
paleoenvironmental evolution was substantially influenced by the Late Quaternary sea level changes
(Bailey and Flemming, 2008aleoenvironments developed alotige western and northern coast of
the Adriatic Sea have been thoroughly investigated, but there is an obvious scarcity of data regarding

the eastern Adriatic coast (Alberico et al., 2017).

The development of a large alluvial plain cut only by the PerRind its tributaries during the
sea level lowstandss well-documentedin sedimentary and seismic records in the western and
northern part of the Adriatic Sea (e.€orreggiari et al., 1996; Galassi and Marocco, 1999; Correggiari
et al., 2001; Kent etla 2002; Amorosi et al., 200Bmorosi et al.2004; Amorosi et al., 2008; Moscon
et al., 2015; Campo et al., 2017; Trobec et al., 2017; Pellegrini et al., 2018; Ronchi et alAt2018%
of sea level rise, the alluvial plain was inundated, with deeelopment of barrietagoon systems,
which allow tracking of the sea level rise in the region (e.g., Correggiari et al., 1996; Amorosi et al.,

2003; Moscon et al., 2015).

The research conducted so far along the eastern coast of the Adriatic Seadiced
different paleoenvironmental evolution of this area. The existence of submerged lacustrine
VA]JE}vu v3e ~% 0 }o | e« 0}VvP §Z *§ Ev } 8 }( 8z E] 8] ~ A .
(1999), who proposed the development of brackish or freater lacustrine environments during the
glacial sea level lowstandSchmidt et al. (200Bnd Wunsam et al. (1999escribed the Last Glacial
and Holocene lacustrine deposits that preceded the onset of the marine deposition in the Valun Bay
in the Kvarne region and Mljet Lakes in the southern Dalmatia. Restutlies based on marine
sediment cores are mostly limited to the Holocek@igre et al., 2011; Marriner et al., 2014; Felja et
oXU TiiAV ~Z A § oXU TiioV @Eegedrdn]thatdcompassesi aderggrm high
resolution Pleistocene sedimentary record is still misddega regarding RSL and climate variations in

the eastern Adriatic during the Pleistocene have been mostly deffireed analysis of submerged
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The maimaim of this study is to investigate how depositional environments alongéstern
Adriatic coastresponded to the Late Pleistocene aHmlocene sea level and climate changése
provide a sedimentological record based on two piston cqk&€l2 and LKL5), combined with high
resolution seismic data( E}u SZ ep u EP <]Joo | E+S <]vlit]ie cOdsideréd]vi

that sediments deposited in silled and partly isolated baaieyaluablerecordsof past environmental

and sea level changes (Lambeck and Purcell, 2005; Long et al., 2011). Prolific paleoenvironmental

studies of silled basins have beamducted in Canada and Greenland (Long et al., 2011; Normandeau

et al., 2017; Fedje et al., 2018), Scotland (Lloyd, 2000; Lloyd & Evans, 2002), Scandinavia (Balascio et
oXU 1iiiv E & v ] § oXU fiioeU v o | v D Eu @tat,2005R § C
Taviani et al., 2014; Filikci et al., 2017). There is, however, a lack of such studies in the Adriatic Sea.

L EUA Aop§ 8Z euls Jo]8C }( 8Z epu EP +Joo | Ee& o]v ]v

and fill the gaps in the Latguaternary paleoenvironmental reconstructions along the eastern Adriatic

coast.

2. Regional setting

dz >}“]Jvi Z vv o v }uklengeandBkim-wide area between the shorparallel
]J*ov e >}]vi v & }v §Z S (Ev } withg(Kazner red@idgn Fig. 1). The

Adriatic Sea is a part of the Mediterranean Sea and is characterized by itersgdosed nature. The

& Ev v A 8 Ev } e%e }(8Z E]8& ~ 1(( & +]Pv](] v&0C ~W]I ¢

the eastern oast is described in the literature as a Dalmatigpe coast with chains of islands parallel
to the coastlineand channels in between thefiKelletat,2005), the western side is a typical ldying

coast with dominant riverine sediment input (Frignani et 2005).
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Carbonate deposits ranging in age from Carboniferous to Eocene predominantly build the

S (Ev

E] s]

} 8

V ]Jeo Vv e ~so Z}A] § oXU fiifieX WE A o v§ 30

are carbonate deposits of Cretaceous age (Korbar et al.,;208bar and Husinec, 2003). Paleogene

& }v §

&u | 8§

]J*o v e >}*“]VEE ¥ ~D upl] U i606V D P “U i606+X dZ E

%o}e]Se v

YU § Ev EC 0} e %ol & 0*} % &  v3 ~D

oXU 1T1iTV &u ISederalr@viarseifiadiksKwere recognized on geological maps of

references therein for a comprehensive overview of the eastern Adriatic tectonic setting. Neotectonic

history of the coast is complex and still a matter of debate, with diffestidlies arguing subsidence

(Antonioli et al., 2009; Faivre et al., 2011; Marriner et al., 2014; Shaw et al,, R8iv& et a].2019,

H% 0] (S ~"HE]

S

E ]+ E(EE

OXU T116U Tiids v & $}v] +% ]o]3C ~& JAGE § oX|

Because carbonate rocks are promekarstification, different features typical for karst were

formed (dolines, poljes, caves, etclhere were two major stages of karst development in the

Mediterranean, the Messinian Salinity Crisis and the Pliocene/Quaternary (Mocochain et al., 2006;

Rowri et al.,, 2014)Some ofthe karst features developed along the eastern Adriatic coast were

submerged due to the rising sea level during the Late Pleistebi@@cene marine transgression that

shaped the present C

} +& ~AuE] U 11TV < skaff, 208%) Thei fiydrogéology of the

karstified coastal environments is highly dependent on sea level oscillations considering that a rise in

sea level causes a rise in the groundwater level and seawater seepage through karstified and porous

rocks §hinnet al., 1996; van Hengstum et al., 2011; van Hengstum and Scotf). 2011

The study area othe >}“]Jvi Z vv o ] E}Av +]Joo | E+3 e]v ~&]P>

prolongation of the Island of Cres forms a(€ites sill)with the deepest point at50 m, hat separates

§Z  >}]vi

(o}} JvP }( 82

>} ]vi

Z vv o (E}u 3Z(Fig.Al)@Ehe s sill @epth determines the isolation or

Z vv ol]v E o §]}v 8§} §Z SéawatefBodidg ftke 0 A o

i v8 <A Ev pm@hably @curred through a narrow channel/sill at a depth of approximately

0i u o}
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(Becker et al., 2009) and data from Miko et ali,i® « X

« D % }( &Z

>} Vvic Z Ev GE]

¢



126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

with sill locationgyellow lines). D) Coring locations (white circles) and interpreted Seismic line 1 (red

line). E) Crossection ofthe >}“]vi Z Ve bcdtion of the crossection is marked on ap C.

3. Materials and methods

3.1. Highresolution seismic survey

Highresolution seismic data were obtained in April 2015 usiBgh&Hz sukbottom profiling
system with Geopulse transmitter and a 4 array transduteninted on the vesséllatica dvaApulse
duration of 1 ms and a pulse rate of 1®were used. The vertical resolution of the system was about
0.5 m which is the minimum distance between the distinguishable reflectors. The average survey speed
was 4 knots, and thegsitional data was praded by a Differential Global Positioning System (DGPS)
with an accuracy of1-2 m. Overall, almost 204 km of seismic lines were recorded during the seismic
*UEA C Jv 8Z >}“]vi Z vv oX &} E-résolionseis@id réfleotipn pdfil&gishaic

line 1) along the coring sites was interpreted (Fig. 1).

3.2. Sediment cores

Two sediment cores (kK2 and LKiie A E & SE] A (E}u §Z Vv}IESZ EV %o
Channel in September 2015 (Fig. 1). A coring platform equipped with a Niedenmp&ton corer
(UWITEC®) was used for core extraction. Cofi2L(H22 cm) was extracted adjacent to the Island of
>}“]vi ~08E£i6—-i0— EU id0£1A—i1-15 (48D o) was retriey€H in the vicinity of the
Island of Cres (44°38'16" N, 14°26'11" Enhe cores were taken at water depths of 62 and 64 m,

respectively (Fig. 1).

3.3. Sediment core analysis

Sediment cores K2 and LKL5 were analyzed through a mufiroxy approach. In the
laboratory, cores were cut into approximately Irblong segmerg, split lengthwise, photographed

and stored at-4°Quntil further analysis.
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3.3.1. Magnetic susceptibility

Manual measurements of magnetic susceptibility (MS) with a Bartington MS2E surface sensor

at 1-cm resolution were conducted on the working halvéshe cores.

3.3.2. Grain size

The grain size analyses were carried out on 148 samples using a ShimadZ83Ald3er
diffraction particle size analyzer. To analyze the grain size distribution of the siliciclastic component in
the carbonaterich envirmment, it was necessary to remove both organic material with hydrogen
peroxide (HO,) and carbonates with hydrochloric acid (HCI) (Murray, 2002). Furthermore, sodium
hexametaphospate ((NaRf) was added to the samples to prevent particle aggregation, whereas
larger mollusk shells were removed manually from the sediment prior to the pretreatment. Using the
GRADISTAT software package (Blott and Pye, 2001), main statistical parameters wer@neéterm

following the Folk and Ward (1957) method.

3.3.3. Mineralogy

Bulk mineralogical analyses were performed on selected powder samples taken throughout
8Z }E e« pue]vP v y[W ES WIA E J((E 3F(]®XEEyZ<¢ Eulled}v AKX @
P}v]}u 8 & A]$8Z }I} P }u SECU v W/y o § S§}EX dZ +« v }v ]§]h
uU o}vPe] , JA EP v v V3]s 83 E +0]3°U v A]3Z % % <] }(

3 % A]3Z]v & vP SA v 3£ 1} v 00£ 1}X

3.3.4. XRF core scanning

The downcore relative elemental composition of sediment cores in 1 cm resolution was
analyzed at the Institute of Marine Science (dSRAR) in Bologna using an AVAATECH pXRF core

scanner. Analysis of the elemental composition waormed using an-Xay source with the voltage
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set to 10 and 30 kV, which enabled measurements of major and minor elements. The acquired XRF

scanning data are semuantitative and reported as elemental ratios (Croudace et al., 2006).

3.3.5. Totabrganic and inorganic carbon and total nitrogen

Total organic (TOC) and inorganic carbon (TICharaben (TN) abundances in 157 samples
were determined using a Thermo Fisher Scientific Flash 2000 NC Analyzer. This method allows direct
measurements of the t@al carbon (TC) and TN. The addition of HCI removes the carbooratgonent
and allows the determination of TOC (Tung and Tanner, 2003). The difference between TC and TOC
was used for calculation of TIC, whereas the calcium carbonate {Ce@@ent was cieulated from

the obtained TIC values. The C/N ratio was calculated by dividing the TOC and TN.

3.3.6. Paleontology

To further strengthen the reconstruction of the past environments and to establish with
certainty the timing of marine intrusion into the Ldvi Z vv oU (}E& u]v]( o e+ uo P
determined. Foraminifera are considered to be a useful tool fbe reconstruction of
paleoenvironmental changes (e.qg., Lloyd, 2000; Cosentino et al., 2017). In total, 32 samples in core LK
12 were chosen for alysis. The benthic foraminifera specimens were observed under a binocular
microscope in the fraction >63 um. Approximately 300 specimens were counted in each sample.
Samples with total number of foraminifera specimens <300 were also examined and specimens
counted. Identification of the genera and species is primarily based on the classifications given by
Cimerman and Langer (1991) and Loeblich and Tappan (1987). The purpose of this paper is not to
perform a detailed statistical analysis of foraminiferaessblages but rather to determine their
presence or absence. Determination of mollusk genera present in the sediment cores will further

improve the paleoenvironmental reconstruction.

3.3.7. Core chronology
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Core chronologies were established using the ebmrator mass spectrometry (AMS)
radiocarbon dating method!{C) at Beta Analytics Laboratory. For dating purposes, 10 mollusk shells
were selected from sediment cores-ILK and LKL5. Terrestrial plant macrofossils and charcoal were
not present in the anlgzed cores. T basal part of core LK5 (from 135 cm downcore) was also

devoid of mollusk shells suitable for dating.

The radiocarbon data were further analyzed using Clam software package (Blaauw, 2010) to
obtain reliable agalepth models for each coreThe marine reservoir age correction of 456+46
~4Z AiiiBCiyr) was adopted (Faivre et al., 2015). The ages obtained from the specimens of the
freshwater mollusk specieBithynia tentaculatavere also corrected for marine reservoir effects due
totheir e 0 ]*}3}% e +Z BO=16-628): which are typical for growth in the water with
marine influence $tuiver andPolach 1977. The Marinel3 calibration curve was used for calibration

of the obtained data into calendar years (Reimer et al., 2013

10
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4. Results

4.1. Highresolution seismic data

The interpreted seismic profile (Seismic line 1) indicates the existence 2#nathick

sedimentary succession at the corisites (Fig. 2). Three main units (S8WL3) and six subunits (SU2a

SU2c¢ and SU33aU3c), bounded by unconformities (UGC4), have been determined based on the

seismic unit definition proposed by Mitchum et al. (1977). The acoustic basement has a prolonged

acoustc character, whereas its upper part (B1) exhibits amorphous acoustic facies (Fig. 2). Directly

above the acoustic basement, unit SUL1 has been recognized. Reflector characteristics within SU1 led

to the subdivision of seismic subunits SUla to SUlc. Ssiibidita and SUlc show a sénansparent

acoustic character witta few parallel weak internal reflectors. SUlb consists of modet@teigh

amplitude and laterally continuous reflectors (Fig.2). The lowermost unit SU1 is distinguished from unit

SU2 by a digct unconformity (UC1). Unit SU2 consists of bands ofosuhkllel inclined reflectors with

limited lateral continuity featuring high frequencies with moderate amplitudes. SU2 can be subdivided

into three subunits (SU2a, SU2b and SU2c) that are wellediefiy their internal seismic characteristics

and stratigraphic contact$ligh amplitude stratigraphic unconformities (UC2, UC3 and UC4) mark the

boundary between these subunits and between the SU2 and the overlying unit.ppleenuost unit

SU3 appears acgtically semiransparent with weak parallel reflectors. Shbttom data revealed

A E] o $Z] Iv ee }( » ]Jou]

sediment cores were extracte@ores LKL2 and LKL5 penetrated througl8 previously described units

(SU3 and suburgtSU2c an8U1c) (Fig. 2).

Hv]Se Jv 8Z A <5 Ev

\

5 (EV °]
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Fig. 2. (A) Seismic profile ®ismicihe 1 and (B) its stratigraphic interpretation.
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228 4.2. Sediment core data

229 4.2.1. Core chronology

230 Radiocarbon measurements on 8 mollusk shelealed that sediment core LK spans the

231 Late Pleistocene to Holocene time interval (Table“C analysis of the mollusk shells from the lower
232  part of the core (329 and 259 cm) yielded ages of approximately 46.5 and 45 cal kyr BLR1%he

233 sedimentcore chronology is less constrained with 2 dates that indicate Holocene age of the upper core

234  section (10.3 cal kyr B.P. and 9.6 cal kyr B.P.) (Table 1).

235 Table 1. AM%'C dating results of samples from sediment cored 2lénd LKL5.

236

237 4.2.2. Core lithology and muHproxy analysis

238 Sedimentological, geochemical, mineralogical, and paleontological data used in this study

239 enabledthe division of cores K2 and LKL5 into distinct lithological units (Fig. 3).

13
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Sediment core LK2 was subdivided into four lithological units (Fig. 3). Homogenous grey
sediments of the lowermost lithological unit LU1 (>46.5 cal kyr B.P.), recognized in the interval from
422 to 329 cm, are predominantly constitutefihighpercentages of siltsized particles (7#84%) (Fig.

4; Supplementl). Magnetic susceptibility iow in this unit (2.913.7 x 10° Sl), whereas the main
mineralogical constituents of the bulk samples are quartz, dolomite, calcite and aragdhite.
lowermost part ofcore LK12 is characterized by high Sr/@ad Ti/Ca ratios (Fig. 4). The TOC content
(0.420.97%) and C/N ratios (7.9%8.57) ardow. The CaC{zontent vary between 41.656.43% (Fig.

4; Supplemen®). Benthic foraminiferal assemblages are dominated egigsAubignyna planidorso
Elphidium translucenand Ammonia tepidaThe relative abundances of foraminifera specimens are
provided in Supplement.3Recognized mollusks inclu@erastodermap., Turritellasp. andCerithium

sp. Significant number of fragented shells was observed.

Sediments of the overlyingnit LU2ain core LKL2 (329240 cm; 46.544.7 cal kyr B.P) are
distinguished by light and dark brown laminations (Fig. 3). This unit is characterized by a slightly coarser
grain size and low MS (0186 x 10° SI) (Fig. 4). Calcite predominarilyilds sediments fronhU2a
whereas quartz and dolomite are less abundant. The acquired XRF data arhihitease irCa/Ti
and a decrease in Sr/Catiosin LU2a The Mn/Fe ratios abruptlyicreasen the interval from 277 to
240 cm. The Zr/Rb ratios reached maximum in the core interval from 286 to 254 cm (Fig. 4). The lower
part of unitLU2a(329-281 cm) is composed of orgasich sediments, with TOC content of up to 6.18%
(Fig. 4). The upper paof this unit (B1-240 cm) has a lighter color and is dominated by high @aCO
content (up to 77.7%). The C/N ratios vary between 1-2349 (Fig. 4Supplement). Foraminiferal
analysis of 9 samples revealed poor preservation of foraminifera specimdribginlow abundances.

The exception is the sample from the core depth of -26Q cm, in which a low number of well
preserved foraminifera specimensas observed. The mollusk fauna are dominated Bighynia

tentaculata In the basal part of this unit, Ctaaoogonia are especially abundant.

14
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Fig. 3. Recognized lithological units in: A) sediment coti2| R) sediment core L15.
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266 The third lithological unit LU3 is recognized in the core interval from2Z240cm.Sediments
267  from LU3 were deposited from 1Bcal kyr B.P. to 10.5 cal kyr BrPthe dark brown fainthfaminated
268 sediments, silsizedpatrticles predominate (893%) (Fig. 4Supplementl). Quartz is the dominant
269 mineral phasein all analyzed samplesAragonite, calcite and dolomite were alsotaenined.
270  Significant variations in the obtained data enabiled differentiation of subunitd. U3aandLU3b High
271  MS (up to 23.6¢10° SI) was measured in the basal part of the ubi#33, whereas Ti/Ca ratiosere
272  also high. Fig. 4 demonstrates thatefpeaking in.U3a C/N ratios decreased lriJ3b(11.4916.08).
273 Towards the upper subunitCa/Ti, Sr/Ca and Mn/Fe ratios increased (Fig.Spunit LU3b is
274  characterized by CaG€ontent of up to 60.9%, and higher TQ2(2%) (Fig. Supplement 2). A low
275  number of foraminifera specimenbut in a good preservational staterere observed throughout unit
276 LU3. SubuniLU3bis dominated by almosmnonospecific foraminifera assemblages, composed of
277 Ammonia tepidaand Cribroelphidium gunter{Supplement 3). Mollusk§heodoxussp., Bithynia

278 tentaculata Turritellasp. were recognized.

279

280 Fig. 4. Downcore variablility of grain size, MS, elemental ratios obtained using XRF core scanner, TOC

281 and CaCg&xontent, and C/N ratios in sediment core-1X
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Fig. 5. Downcore variablility of grain size, MS, elemental ratios obtained using XRF core scanner, TOC

and CaCgcontent, and C/N ratios in sediment core-1'’K

Sediments of the topmost unit LU4 in core1X(2040 cm), deposited from 10.5 cal kgrP.
to the present, were distinguished by its brown color and coarsenpwards succession (Fig).
Significant percentages of sand fraction were measured (up to 20%), in comparison with the previously
described unitsLithological unilLU4is charactéized by an evident increase in MS 2&3x 10° SI),
as shown in Fig. 4. The dominant mineral phase is quartz, whereas calcite, aragonite and dolomite are
also abundant. The Sr/Ca ratios exhibitadomupt transition from unit LU3 into LU4 (Fig. 4). éag in
Ti/Ca ratio was observed at 168 cm, followed by a decrease towards the top of the core. A significant
variations of C/N ratios were detected (7:93.57), whereas TOC content was generally low
throughout the unit (0.42.4%). From 206 cm (transitikt3/LU4) foraminifera abundances increase.
The assemblages are composed Elphidium translucensEpistominella exuigaAsterigerinata
adriaticaand Textularia conicapecimens$upplement). MollusksMytilus sp. andCerastodermap.

were recognized.

Sediment core K5 was subdivided into two lithological units @igand 4. Differentiated

units in sediment cores 2 and LKL5 are challenging to correlate, withe exception of the topmost
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unit, because they have been deposited in different sgjsi as evidenced by seismic data (Fig. 2). The
similarities in the sediment composition of the topmost unit LU4, in core$2L&nd LKL5, can be
observed in Figs. 4 and 5. However, LU4 is less thick in cdre (1850 cm), and encompasses a
shorter timeinterval (10.3 cal kyr BApresent). Sediments of units Llahd LU3recognized in core
LK12, are missing in core 416. However, additional lithological urfltU2b)was distinguished in core
LK15. There are certain similarities in the geochemical ocositmn of this unit and lithological unit

LU2a from sediment core 1R,

Faint laminations and possible dewatering structures were recognized in sedimentsigom
lowermostunit LU2bin core LKL5 (480135 cm). Generally, silty sediments are characterizg high
Ca/Ti ratios and CaG@ontent (up to 80.52%)Occasionally, pebblsized carbonate clasts were
embedded in a matrixThe main mineralogical constituent bfJ2bsedimentsis calcite Both TOC
content (1.063.6%) and C/N ratios (10.32.55) are elatively high (Fig. 5). This unit is devoid of

macrofossils, apart from the poorly preserved gastropod shell at a core depth of 392 cm.
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5. Discussion

The sediment infill preserved inthe}“]vi Z kavstdasirreveals a dynamic depositional
history of the study area during the Late Pleistocene and Holocene. The comparison of all results
obtained via multiproxy analysis of sediment cores1Kand LKL5 and correlation with seismic data
enabled the unravellingf this history.The datedsediment succession can be divided into several
paleoenvironmental phases primarily governlegclimate changessea levebscillations,and basin
geomorphology of the study areBach paleoenvironmental phase will be discussgdw considering
(i) conditions in the depositional environment inferred from seismic and sediment core data (ii) global

andRSlchanges in relation to the depth of theressill.

5.1. Marine phas€>46.5 cal kyr B.P.)

5.1.1. Paleoenvironmentaleconstrudion based on seismic and core data

Sediments that were deposited at the bottom tife silled basinwere not penetrated by
sediment cores (Fig. 2). Therefore, in this paper, we will not discuss the paleoenvironmental history of
§Z >}"“]vi Z vv o JpE]JVP §Z % }*]15]tv }( ¢ Ju vSe (E}uU Fheeu] eepn pv
overlying acoustically serriansparent seismic subunit SUlc onlgpsarine onlappnto the acoustic
basementin the western part of the basinCarbonate rocks that occur on the surrounding islands
constitute the acoustic basement, whereas the upper part of the acoustic basement (Bhisexhi
amorphous acoustic facies representing karstified carbonéfes 2) As evidenced by the cote-
seismic correlation, subunit SU1c corresponds to the basal part of the sediment eb2e(LW1) (Fig.
6 and Table 2)Several analyzed parameters itldilogical unit LUl show distinctive patterns, based
v Azl Z A A E 0 3} ]vS E%E 8 §Z % o0 } VA]E}vu v o }v ]8]}ve ]
the deposition of sediments from this unithe carbonate conteris moderate to high throughout the
succession, emphasizing both marine and karst influeHogvever, he most important geochemical

feature of LU1 is the high Sr/Ca ratio, which can be usedoasxg of shallow marine environmental
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conditions in the study area (Figs. 6 and 7Hje Stenriched seawater enables the precipitation of
aragonite in marine environment, contributing tiee high Sr/Ca rat®(Croudace et al., 2006; Goudeau
et al., 2014; Filikci et al., 2017 ° § & al., 2019). Theresence of aragonite in this interval is also
supported by XRDndicators for terrestrially sourced lithogenic material (e.g., Ti/Ca) (Bahr et al., 2005;
Blanchet et al., 2013; Croudace and Rothwell, 2015) show significant input of siliciclasticeifrom s
E}+]}v (E}u §Z § Zu vs§ Jv8} §zZ >}"]vlhis isJalso-e%ipEncéd dy relatigely X
high MS (Fig. 4). The obtained data suggest that despite the prevalence of marine conditions, input of
terrestrially sourced material, possibly asegult of humid climate conditions and/or proximity of the
coring location to thecoast was important. The Mn/Fe ratio is frequently used as a proxy of redox
conditions (Haenssler et al., 2014; Croudace and Rothwell, 2015). The low values of Mn/Hekaiy U1
Jlv] 8 8Z %8 8Z >}“]vi ¢]v A e« v}8 (pooC }ECP v § VA]J]E}vu viX
Mn/Fe could be used as a proxy of redox conditions due to the poor correlation of Mn and terrestrial
elements (e.g., Ti) and Mn and trace metalgg(ezZn) (Fig. 7C,DJherefore, the existence of an
enclosed marine environment with limited water circulation due to the presence ofubenergedsill
is postulatedFigs. 8A and 9ADensitystratification, and resulting anoxic conditions, in silledrine
basinshasbeen reported and described in environmental studies of the enclosed Black Sea (Major et
al.,, 2002; Aksu etal.,2002)y §Z +3 o0]*Z u E]Jv VA]JE}vu v3 ]Jv 8Z >}“]vi e]v
low (<TOC), whereas preserved organic maitas aquatically source@C/N; Meyers, 1994; Meyers,
2003; Lamb et al., 2008piverseforaminiferal assemblages and rich marine molluskan fauna support
the existence of marine environmental conditions (Fi§. Bhe dominant foraminifera species
Aubignynaplanidorsg Elphidium translucensnd Ammonia tepidausually inhabit shallow marin®-

brackish water environment@iurray et al., 2000Debenayand Guillou, 2002; Murray, 2006).
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358

359 Fig. 6.llustration of seismic and lithological units. Variations inC3r/ratios in sediment cores-LR

360 and LK15 are plotted and main paleontological componentslifferentiated units areshown

361 Table 2Correlation of recognized seismic and lithological units.
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Fig. 7 Scatterplots of A) Ca (cps) against Sr (&)Fa (cps) against Ti (cps), C) Mn (cps) against Ti (cps),
D) Mn (cps) against Zn (cps). Sediment coréd iWas subdivided into units representing different

depositional environments: LUnharine;LU2a lacustrine; LU3marine lake; LU4narine.

5.1.2 Rileoenvironmental reconstruction considering sea level fluctuations and sill depth

The age of the described marine succession can only be hypothesized. The base of the
overlying unit LU2ain sediment core A2 has been dated at 46.5 cal kyr B.P. (MISI®refore, the
deposition of marine sediments corresponding to seismic subunit Sddidithological unit LUL
occurred before that time. It is possible that sediments were deposited during the older MIS 3, MIS 4
or MIS 5. However, for marine environmentajv ]13]}ve 8} A 0}% ]Jv 8Z >}“]vi Z vv oU
to be >-50 m, which corresponds to thideepest point of thepresentday Cressill that separates the
>}“lvi Z vv o (E}u $Z .K& odnsideEdd thaGsea level was59 m onlyduring MIS5,
based on global and regional sea level data for this period (Waelbroeck et al., 2002; Dorale et al., 2010).
PE A]}peoC }vpus Ee+ EZ]v $Z <A EVE EP]}v C "uE] 3§ o
highstands during MIS 5a. The sea level wasehititan-14.5 m from 8782 kyr, whereas from 982
kyr and from 7764 kyr RSL was higher thakB8.8 m.Therefore, we propose the deposition of the
described marine succession during the youngest part of MIS 5 (MIS 5a) (Figs. 8Adnd@). S oX
(2009,2014) alsestressedoossible tectonic activity in the regiolm the case in which the Kvarner area
was indeed affected by tectonic uplift since MIS 5a,@nessill was possibly also uplifted. However,
the study area where uplift rates were estimatedldhd of Krk) has a different tectonic setting
compared to the area investigated in the present study (Korbar, 2009). Therefore, uplift rates have not
been applied and further research regarding the tectonic setting of the Kvarner region must be
conductedto fully comprehend possible tectonically triggered variations inGhessill depth that had
a fundamental impact on thélooding } & ]<}o S]}v }( Basindufihduihe Quaternary. We

emphasize our uncertainty in the estimation of the age of the marine succession due to the inability
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to date material, and the proposed MIS 5a age should be interpreted cautiooslysubstantiated

with additional evidence.

Whereas MIS 5a deposits have been investigated in the western and central Adkiatbcdsi
et al.,2004;Ridente et al., 2008; Piva et al., 2008), marine deposits attributed to the MIS 5a have not
been found along the eastern coast of the Adriatic Sea sdtfappears that the possible deposition
}( D/M i ¢ Ju vSe %o |V SZ ep cpuCE( }(s8Z >}*]lvi Z vv 0o ]* v}S v
subsidence but rather a peculiar geomorphological setting, with a generally steep coast and deep karst
depressios that accumulate sediments. The same can be hypothesized for MIS 5e marine deposits,
Azl z z A v}3 C 8 v E }JE Al13Z &3S ]JvSC o}vP 8Z 128 GBv (E]
If during this time periodea levelvas above the present leveltihe study areaMIS 5e deposits were
accumulated at the bottom of the deep karst depressions and potentially in the coastal area. However,
subsequent erosion events could have eroded coastal MIS 5e deposits during thddatséand

periods.
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Fig. 8Schematic paleoenvironmental reconstructioh( §Z >1}“]Jvi Z vv o | (E«§ +]v UE]VP
Pleistocene and Holocermndschematic cros®  $]}ve }( $Z >}“]via markedddhiettion

§} 82 <A Ev E] C Z">X « D/ @i u @Kpvstpoljd.] EDVY VEX]viDd 0 }o | X
D) MIS 3/MIS 2 karst polghase A]SZ % E]} ] 0 *3E u+X dorigMISR @lpvedo |

Jvd E+3 ] 0eX &+ ~ A S5 E (0}} JvP }( 8Z >}“]vi u HElpgenemiaring ii X C

environment. Each environmental phass marked with corresponding letter on the Middle
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408 PleistoceneHolocene eustatic sea level curve (Waelbroeck et al., 2008ified fromBenjamin et al.,

409 2017
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411 Fig 9. Schematic Late Pleistocene andoHl v % 0 }P }PE& %Z] U %o }( $Z >}“]vi Z

412  basin, based on bathymetric data (Tk25 topographic map to the scale 1:25 000, State Geodetic
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AdministrationCroatia) global sea level curv&Maelbroeck et al., 2002and data from this studyA)
MIS 5a marine environment (with hypothesized RSR@im). B) MIS 4 karst polje (with hypothesized

RSLatdi ueX =« D/ i >}“]vi % 0 }o | ~A]3B51 BN 3HVIS 2 Rdrst pdije

with periodical streams (with hypothesized RSt1ab ueX ¢ >}“]Jvi u E]Jv o | pE]VP D/ 1

interstadial) (with hypothesized RSL-80 m). F) Seawatdlooding } ( $Z2 >}“]Jvi u CE]Jv o |
cal kyr B.P (with hypothesized RSt48tm). G) Holocene marine environment (modern sea level). The
red circle markghe location of theCressill (50 m).The white circle markshe o} S]}v }( 4dt E
sill (70 m). Each environmental phasariarked with corresponding letter on the Middle Pleistocene

Holocene eustatic sea level curve (Waelbroeck eP@D2 modified fromBenjamin et al., 2007

5.2. Karst polje phasé>46.5 cal kyr B.P.)

5.2.1.Paleoenvironmentaleconstructionbased on seismic and core data

An erosionevent has been observeth the seismic datan the form of the strong reflector
(UC1petween seismic units SUL and §BR®). 2) In sediment core LK2,this eventcould be detected

as a very sharp contact between 2 different lithologiesit&ILU andLU23 (Fig. 6)

5.2.2.Paleoenvironmental reconstruction considering sea level fluctuations and sill depth

Without a precise core chronology,is difficult to estimate the existence and nature of this
hiatus. It is possible that the UCL1 is related to the MIS 4 lowstand. gothig stagethe sea level was
approximately 80 m lower than at present (Rohling et al., 2014), which could have céuseliop
in the groundwater level anthe development of a terrestrial environment in the investigated area
(>1}"]kairst polje) (Figs. 8B and 9B)milarkarst forms arepresent today along the eastern Adriatic

coast (Ford andVilliams, 2007 Bonacci, 2013; Kranjc, 2013).

5.3. Lacustrine phaset6.544.7 cal kyr B.P.)

5.3.1. Paleoenvironmentaleconstructionbased onseismic and core data
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Both seismic (subunit SU2a) and1Zcore data (uniLU23 provided clearevidence ofa
distinctly different depositional environment at 46.5 cal kyr B.P., compared to the previously described
marine succession (Fig. 6). Geometfyhe bands of the reflectors of SU2a implies the deposition of
layered sediments with different lithologic propertickhegeneral increases in Cagahd Ca/Ti, with
the dominant presence of calcite g primary carbonate phasa lithological unit_U2a is indicative
}( 8z A 0}%u v3 }( 8Z o pe3E]v VvA]E Nigh cdrberale’ tortedh i }o | <X
common for deposition in karst lakegdleroGarcés et al., 2014ajekd e+« § oXU 1iié6V /o]i v]

al., 2018. The essation of marine catitions is also supported by a strodgcrease in the Sr/Ca ratios

(Fig. 6).

Smaller variations in certain geochemical proxies reveal the existence of somewhat different
environmental conditions at the onset and end of the recorded lacustrine phasd Hrirst, dark and
laminated sediments were dominated bgrrestrial organic matter. The significant increase in TOC
content, with values >4%, results from the rise in productivity most likely due to the formation of an
isolated and very shallow environmi(shallow lake or marsh). An orgamich sediment succession is
characterized by thepresence of Chara remains, implying deposition in a shallow freshwater
environment.The upper part of unitU2a with dark and light laminations, is characterized lyal
organic matter and the higher carbonate content (Fig. 4). This change Wwitkigpossibly reflects the

% V]VP }( $Z >}“]vi % o }o | v A E] §]}ve ]Jv $8Z u]v }EP v] u 8§

us & o }po o<} }VvSE] ps 8} 8z %0 }e]18]1tv v §Z >}“]vi % o }o | U
in grain size (Fig. 4ptrong winds in the regioduring MIS 3 were assumad the research odeolian
and pedosedimentary successionsv p $ Ct Z & oX ~1iii UV 1iw-Aov I}B]lpo ]
et al. (2011) on the nearby Island of Susak. The presence of bragKigshwater macrofossil
assembdhges throughout LU2a proves the development of a predominantly freshwater lacustrine body
with limited marine influence. The recognized mollusk gen&ithyniatentaculatg usually inhabit
freshwater environments (Seddon, 2014), but they are tolerant teider salinity range (Carlsson,
2006; Cadée, 2015). The presence of foraminifera specimens that are poorly preserved could be
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indicative of the establishment of unfavorable environmental conditions for their preservation, or they

could be reworked.

5.3.2 Paleoenvironmental reconstruction considering sea level fluctuations and sill depth

A sea level rise after the MIS 4 lowstagmrdbablyled to a rise in the groundwater table in the

investigated area and a karst lake was formed during MIS 3 {48.5 cal kyr B.P.jFigs. 8C and 9C)
dZ (}Eu 3]}v }( 8Z >}“]vi % 0 }o | A ¢« %E} oC ( ]Jo]s & C (A}E
region. MIS 3 is characterized bygaificant variationsin climate and sea levaln centennial and
millennial timescales (Siddall et al., 2008; Rasmussen et al.,; BHdino et al., 2009 Thepresence
}( o HeSE]v ¢ Ju vS8e Jv §Z >}“]vi ] betwelnR65S 4457ZcaE ki B.Rias >
below theCressill depth of-50 m (sea level limiting pointjd= 10).Global sea level data placed MIS 3
sea level at60 t0-90 m (Waelbroeck et al., 2002; Siddall et al., 2003; Siddall et al., 2008; Rohling et
al., 2008) (Fig. 10). &riously conducted studiga the Kvarner arealso implied that MIS 3 RSL was
50-60 m lower than at present-"u@E] § ,onkich wadudce have enabled marine flooding of the
<A Ev E] C SZastgiPdZaEE}IE U ]S ]J* o]l oC §Z § pE]VvP 8Z]e Slu ]\
was a marine environment. Howevehg Cres silF50 m)acted as a barrier, allowirthe formation of

v ]e}o § >}“]vi @Rgo9G)Podsible seawater % P (E}u 3Z <A Ev E] C 8} s.
paleolake as evidenced by brackish fauoacurred throughkarstified limestone# the southeastern
part of the investigated area where the limestone barrier is narl@wreserved 8&m-thick lacustrine
sequence proved dynamic environmental conditions in the study area dilnimgtagelt is likely that
§Z >}“]vi % o }o | lanyes timg pdeiod, but deposits were eroded or possibly never

%}e]E Jv §Z VA &P & wasidEie }q thezbasi tripvphology (Fig. 2).

The existence of lacustrine deposits belpastglacialmarine deposits in karst depressions
along tZ *S§ Ev &] 8] } S8 Z + }voC V ZC%}3Z ]l V % ES] ooC ¢
Wunsam et al., 1999; Schmidt et al., 2001). This research provides clear evidence of the development

of a restricted, lacustrine environment with possible marinfluence during MIS 3 sea level lowstand
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(Figs. 8C and 9C). A similar paleoenvironmental evolution has been investigated in the Black Sea and

Marmara SeaQa Rtay et al., 2003; Bahr et al., 2005; Taviani et al., 2014; Filikci et al., 0y

lacugrine deposits precededhe Holocene marine deposition due to the existence of a sill. The

]*8]v 8]JA v e¢ }( 8Z >}“]vi % 0 }o | ]+ $3Z 58153 A+ (JEu HE]VP D/ i

Furthermore, MIS 3 lacustrine or marine deposits have nonbgeviously reportedvith certainty

along the eastern Adriatic coast, although sedimentary records of thibagebeen studiedlongthe

western coast of the Adriatic Sear(iorosi et al., 2004).

&IPX {iX D/N T e

o A o o]u]3]v PCHBarrel §.4ZFplattesiZzagainst plobal eustatic

sea level curve by Waelbroeck et al. (2002) (blue line) and sea levelgtvenby Siddall et al. (2003)

(green line)
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5.4. Karst polje phase (?4413.7 cal kyr B.P.)

5.4.1. Paleoenvironmentaleconstructionbased on seismic and core data

Seismic data revealed the existence of several phases of erosion withemg8Wb2tween SU2
and SU3. These events waerognized as higamplitude unconformities (UCRIC3and UC#that
truncateunderlying rélectors(Fig. 2)Evidence of these events can also be observed in col 1Ah
agedepth model provided an age of the top ofder laminated lacustrine lithological uniLy23 of
44.7 cal kyr B.P., whereas the upper brown homogenous unit (LU3) was dated at 13.7 cal kyr B.P (Fig.
3). Thissuggestghe existence of a longrosional and/or depositionahiatusin LK12 coring area.
However, the basal part of sediment core-1K (ithological unitLU2b corresponds to the seismic
subunit SU2c, deposited aftehe development ofUC3and prior to the development of UQ#ig.6
and Table 2)The results revealed the deposition of predominantly chaotic ségiments with high
carbonde content. It is possible that LU2b sediments are redeposited lacustrine sediments. The
occurrence of larger gravsized carbonate clasts that were most likely eroded from the surrounding
islands was observed. This part of the core is almost devoid ofapaleontological remaingxcept
for a few heavily fragmented gastropod shells, indicating unfavorable conditions for their preservation
and/or transport Time constraints on the deposition of these sediments cannot be obtained, since

reliable and datald material is not present.

5.4.2. Paleoenvironmental reconstruction considering sea level fluctuations and sill depth

We suggest thawith the substantial decrease in sea level leading to the Licgliil{anks, 1989;
Lambeck and Purcell, 2005ambeck etl., 2014+ U 0 un*SE]V %0 }e]15]tv Jv SZdue}t“Jvi ]V
to the drop in the groundwater tabl& herefore, favorable conditions for the formation of a karst polje
were established again (Figs. 8D and #Bjiodical stream# a karst poljenost likely partially eroded
previously deposited MIS 3 lacustrine sediments. We assumethibaiasts found in basal part of LK
15core were deposited during the discharge periodss firobable that phases of lacustrine and karst

polije environments exchangedvi §Z >}“]vi e]Jlv pHE]VP S$Z imreldticmto]the C o
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oscillations in the RSL and climatéhereas in the northern Adriatic Shelf a large alluvial plain has been

developed (Fig. 1B) (e.g., Amorosi et al., 2003; Pellegrini et al., 2018).

5.5.Marine lake phase (13-10.5 cal kyr B.P.)

5.5.1. Paleoenvironmentaleconstructionbased on seismic and core data

Reestablishmentof sediment accumulation in the areahere sediment core LK2 was
collected commenced at 13.7 cal kyr BgubunitsLU3aand LU3p (Fig. 6).Sediments from thse
lithological subunits caprobablybe attributed to the base of the serAriansparent seismic unit SU3
deposited after UC4 erosional eveftable 2) Acoustically serdiransparent seismic unit SU3 onlaps
(marine orap) onto the previously described units and acoustic basement (Figse@ments
attributed to LU3are organierich (TOC >2%) amtedominantly silty A gradual increase ithe Sr/Ca
E 3]} Ju%o] » PE}A]JVP u E]v Jv(op v Jv 8Z >}“]vi e]v ~&]PX 0eX
subphases were recognized in the period from 13.7 cal kyr B.P. to 10.5 cal kyr B.P., corresponding to
the lithological subunitt U3aand LU3bin core LK12 (Fig. 6).

High Ti/Ca ratios and MS, during the first subphase from-13.G cal kyr B.PL{U33, indicate
significant siliciclastic terrestrial input, most likely due to the proximity of ¢dbastto the coring
location. It is probable that egion and redeposition of sediments were significant during this phase.
Thiscould also suggest enhanced precipitation in the investigated dnesease in terrestrial input
during BallingAllergdwas also observed in other parts of the Adriatic Sea (Gaweé¢ al., 2014)The
contribution of algal organic matter isubunit LU3awas less important compared to terrestrially
derived organic matter, as evidenced by higher C/N rgtag. 4) Theresults imply the development
of a shallow water environment i increased productivity. It is probable that a marsh ahallow
lake was formedluring this subphasé his interpretatiorwasreinforced by mollusk assemblages that
are typical for freshwateto-brackishwater conditions Theodoxusp., Bithynia tentaclata). In the

analyzed samples, shallow marine or brackish water foraminifera spégibggnyna planidorso
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Elphidium translucersnd Ammonia tepidgMurray et al., 2000Debenayand Guillou, 2002; Murray,
2006) were present, indicating the marine influence.

At 13.6 cal kyr B.P. (subuhity3h, a markedchangein sedimentatioroccurred. Sediments in
this subunit show increased Cagzdd TOC content, with poorly preserved laminaioThe organic
matter is predominantly of algal sour¢®leyers, 1994; Meyers, 2003; Lamb et al., 200@)restrial
input proxies (Ti/Ca, MS) account for a smaller contribution of the detrital sediment component. This
might indicate a phase of arid conidits in the area at 13.6 cal kyr B.P. and prior to the onset of the
Younger Dryas ashorelinemigration and establishment of a deeper lacustrine environm®&ith
molluskan fauna Theodoxussp., Bithynia tentaculatq support the existence of brackish wate
environmental conditions. Foraminifera specimens are well preserved and slightly more abundant
compared toLU3a implying a growing marine influence. The dominant spedemgonia tepidaand
Cribroelphidium gunteyican dwell in brackish wategnvironments Debenayand Guillou, 2002;

Boudreau et al., 2001), and their abundances in the analyzed samples are high.

5.5.2. Paleoenvironmental reconstruction considering sea level fluctuations and sill depth

We propose that the formation of shallow dreventually deeper brackish water lacustrine
environment (marine laken the >}“Jvi | E+8 «]JvU } HEE A]8Z §Z &E %] oC E]
the Allergd interstadialat 13.7 cal kyr B.Ahe onset of the abrupt podtGM sea level ris&\(aelbroek
et al., 2002; Lambeck et al., 2014d to therise in the groundwater table in the investigated aréae
d3s } 8]v ]Jv 8Z]e ¢Su C suPP ¢85 872 § Z"> Jv §Z >}"]lvb0Omiie o PE]VF
considered that during théllergd interstadig the global sea level was approximateRp to-60 m
lower than at presentWaelbroeck et al., 2002; Lambeck et al., 201dis probable that dring this
$Jlu % E]} <A Ev E] &ifonment(FigE PE)However the Cres silwas againa
barrier that isolated the> } “ Jmarine lake from thedirectmarine Jv(op v (E}u §Z <A Ev E]
(Figs. 8E and 9E)he formation of marine lakevas aided by strong diffusion of seawater through

karstifiedCressill (E}u §Z <A Ev E] C v  ZgikRiar ¥adtonidais haveg been
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recognized along the presedfy eastern Adriatic coast (e.g., Mljet Lakes, Lake Mir, Zmajevo oko)

~AuE] U 11TV Ap&E] U T1TiAvV W] ol v tpuE ] U diiTeX

Although theAllergdse Ju v8 « <p v Jv 8Z >}*]vi e<]v ]* A 00 % E « EA
(2000) have postulated that a gap in sedimentation occurred duringAllead interstadial inthe
nearbyLake Vrana on thisland of Credn the same time frame, the paleoenvironmengafolution of
the northern Adriatic shelf was significantly different, with alluvial channels and plains developed
during the LGM exhibiting retrogradational patterns (e.g., Amorosi et al., 2003; Correggiari et al., 2005;

Moscon et al., 2015; Benjamin dt,&2017).

5.6. Marine phase (10.5 cal kyr B-present)

5.6.1. Paleoenvironmentaleconstructionbased on seismic and core data

v VA]J]E}vu v3 0 %Z + PE]VP AZ] Z §Z >}“]vi u E]v ol A .
without surface connection to the sea on the other side of @iressill, existed for approximately 3000
years.At 10.5 cal kyr B.P., a noticeable shift can be obskmehe multiproxy data from sediment
core LKL2 (unit LU4) (Fig). In sediment core LKS5 this transition was dated at 10.3 cal kyr B.P.
Seismic data (SU3) also indicathd deposition of sediments with different lithologic properties (Fig.
2 and Tale 2).The Sr/Ca ratio abruptly increased (Figiplyingu &]Jv (o0}} JvP }( §Z >}“]vi |
basin (Figs. 8F and 9F). The Holocene marine sedimentary succession is characterized by a coarser
grainsize, low productivity, terrestrial organic matter irtpand a rise in terrigenous siliciclastic input
(high MS, Ti/Ca) (Fig. 4). This rise is likely related to the onset of a pluvial period with intesugified
erosionfrom the catchment The Holocene pluvial period has been previously described in the Adriatic
Sea (Wunsam et al., 1999; Schmidt et al., 2000; Schmidt et al., 2001; Comidebizut et al., 2013).
The topmost part of the core K2 (from 37 cm upcore) is characterized bgm@ases in MS and Ti/Ca
ratios at 5.8 cal kyr B.P., which contark the end of the humid climate conditioriBhis is in general
accordance withthe previously published datgWunsam et al., 1999; Schmidt et al., 2001;

CombourieuNebout et al., 2013). Pajatological analysis providestrong evidence of surface
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597  connectivity with the< A E v ®&Hig.6). ypical marine mollusks appedtytilussp.,Cerastoderma
598 sp.),and foraminifera specimens become significantly more abundant and diversified compahed to
599 previous phase. Assemblages are dominated Hghidium translucensEpistominella exuiga
600 Asterigerinata adriaticaand Textularia conicaThe recognized Holocene assemblage is similar to
601 assemblages described in greater water depth and high prodiycéwvironments along the eastern

602 E] 8] 1} 8 ~s] YA] U 1iiisX

603 5.6.2. Paleoenvironmental reconstruction considering sea level fluctuations and sill depth

604 Based on the two analyzed sediment cores, we have determined with confidence that sea level

605 reacled theCressill depth of-50 m during the Holocene, in the period between 103 cal kyr B.P.

606 At that time RSL was high enough for marine sedimentation to occurCaessill no longer had a

607 function of a barrier (Figs. 8F and 9F). Many papers ass#ssétblocene RSL changes in the Adriatic

608 (e.g., Lambeck et al., 2004, 2011; Antonioli et al., 2009; Faivre et al., 2011, 2013; Vacchi et al., 2016;

609 Shaw et al., 2016, 2018). However, most of the observational data are of Late Holocene age and were

610 colleced along the western coastf the Adriatic Sea. In Fig. ¥ compared our RSL data with the

611 already published observational RSL evidence from the relylalet et al., 1979; Wunsam et al., 1999;

612 '}A}E Jv & oXU 1iiiV » Zu] 8 & OXaWVTivEJVIhdaE] § 300X Uii6V "uE] v
613 2010; Faivreetal., 20M8 Epuv}A] 3, pelittedRSbtained using the models published for

614 the Adriatic Sea and Mediterranean (Lambeck et2dl1,1, Vacchi et al., 2016), and eustatic sea level

615 Z VP ¢« ~>u | § oXU 1 iideXt Z]PZo]PZS %Jasinthafeesjgdest & ectodicS $Z >}
616 subsidencefthe areaduring the Holocene, considering thtae observed datdie belowthe predicted

617 and eustatic values. The Holocene subsidence trends along the eastern Adriatic coast have been

618 previously reported by Antonioli et al. (2009), Faivre et al. (2219 and Shaw et al. (2018).

619 However, we also do not dismiss the possibiity § §Z >}“]Jvi  ]v withesdanaer before

620 10.5 cal kyr B.P when marine sedimentation startdeer&fore, the obtained dataresea level limiting

621 points.
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Fig. 11 The Holocen®&Slobservations from this study (LK and LKL5), Adriatic Se@ntonioli et al.,

Tiide v 5 EV E] 3] } e§ ~D ol § oXU i668V tuve u 8 oXU id
AZul 8§ & oXU Tiiiv "AEPUE] oXU [PE ] U Tiiiv & JAE § oXU T1iii
eustatic sea level curve by Lamkest al., 2014 (blue line), and regional RSL models by Lambeck et al.

(2017 (red line) and Vacchi et al. (2016) (green line). Previously published sea level data from the

>}“]vi Z vv o pldited pv}S3Z PE %Z ~ EuUv}IA] § oXU 11i6+X
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6. Conclusios

This research provided an insight into the ladegn Late Pleistocene and Holocene
% 0 } VA]JE}vu v3 0 A 0}%u v3 }( 8Z >}“]vi Z vv oX Ep]lo( SIE
Quaternary sediment succession is the geomorphological setting cédhern Adriatic coast. Silled
| E+S e]JveU ep Z ¢ 3Z >}“lvi ZvvoU S o SE % (}E ¢ Ju vSe v &
of paleoenvironmental changes. These changes were driven by substantial searidvelimate

variations that occurredluring the Quaternary glaciaiterglacial transitions.

Extracted sediment cores 41R and LKL5 and seismic reflection profile revealed a complex
el Y A EC J(( E v3 %}*]3]}v o VA]JE}vu vSe Jv §Z >}“Jvi | E-S
geochemical sedimentological, and paleontological proxies combined with radiocarbon dating are
shown to be valuable indicators for the interpretation of past environments in these settings. Our
results include a presumed MIS 5a marine sediment succession deposigrdtire RSlwas higher
than-50 mCressill depth. An important feature is the development dfrackishto- (E «ZA § & >}“]vi
paleolakeduring MIS 3. This is significant since it suggests the presence of an isolated lacustrine karst
basin along the easterAdriatic coast. The sea level drop that followed whsracterizedby the
formation of a karst polje, with the probable occurrence of periodic streams. Thelj@itperiod was
marked by reestablishment of the deposition in a brackish water marine lake R3leeached a depth
of -50 m at 10.5 cal kyr B.P., which led to a mafineding } ( $Z >}“]Jvi Z vv oX dZ } § ]v
are important for the reconstruction of RSL anginelte variations along the eastern Adriatic coast.
Furthermore, the investigated submerged Kkarst basenhances our understanding of
paleoenvironmental development in karstified systearsd implies the formation of brackish water

conditions prior to the awial flooding of the basin due to the rising sea level.

Further importance of our study stems from the fact that only 15 cores included in the
Mediterranean sediment core database publishedAlgerico et al. (2017penetrated the Younger

EC ¢« }uv ECX dZ & (}& U §Z >}“lvi Zvvo § & o°} ¢]PV](] vS$
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Although this research provided many new observations, some questions still remain
unansweredThe age of older marine successionl gnossible variations in the depth of tigressill in
relation to the vertical tectonic movements and glatipdro-isostatic adjustment should be
investigated in the future. We can also assume that there is a cyclicity in the development of
depositional @vironments in the deep silled karst depressions, which even further stresses the

importance of the eastern Adriatic coast for Quaternary research.
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