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ABSTRACT

The Marmara Sea along with the straits of Dardanelles and Bosphorus is the marine

gateway that connects the Mediterranean and Black seas. Fossil palynomorphs are used

to reconstruct the paleoclimate and paleoceanography of the Marmara Sea recorded in

piston core MAR02-89P, from a water depth of257 m on the upper slope basinward of

the southeastern Marmara shelf. This is the first core from the region with a high

resolution sedimentary record from approximately 30,000 cal. yr BP to early Holocene

with the exception ofa hiatus /i'om -14,850 - 12,700 cal. yr BP. The long section of

upper Pleistocene glacial and early postglacial sediments in Core MAR02-89P enables a

more detailed interpretation of the palynomorphs within the eastern Marmara Sea region

than has previously been possible. Geochemical data indicate increased total organic

carbon (TOC), and development of more anoxic sedimentary conditions starting around

18,000 cal. yr BP, with a gradual increase in marine production at 12,700 cal. yr BP. The

ratio of total sulphur to TOC displays five peaks from -28,500 - 10,000 cal. yr BP, which

correspond to spikes in Pediaslrul11 algae and may indicate Black Sea flood events.

Pollen records indicate four assemblage zones (5 - 2) within core MAR02-89P.

Pleniglacial to late glacial zone 5 represents mixed oro-Mediterranean forest and steppe

grassland, indicating some areas with >600 mm rainfall/yr and warm enough to support a

Castanea (sweet chestnut) refugium. Zone 4 in the cold Heinrich I-IS I and warmer

B0I1ing-Aller0d equivalent intervals has increased presence of steppe grassland with

Ephedra. Zone 3 in the Younger Dryas interval consists of predominantly steppe-forest



with sparse oro-Mediterranean forest, suggesting -300 - 600 mm of annual rainfall. Pre­

boreal to early Holocene Zone 2 records mesic euxinian forest with less steppe

vegetation, because there is a reduction in pollen characterizing grassland areas and

indicating <600 mm per year of rainfall, and an increase in pollen of euxinic forests plants

requiring >600 mm of rainfall year-round. Dinoflagellate cyst records show two

assemblage zones, with a low salinity Spinijeriles cruc{[ormis-Pyxidinopsis psi/ala

assemblage being replaced with a more diverse Operculodinium cenlrocarpum­

Spiniferiles assemblage by 12,700 cal. yr BP. Three subzones in Dinocyst Assemblage

Zone 2 (D2) may indicate changes in sea surface salinity (SSS) and temperature (SST).

The marker species in the Dinocyst Assemblage subzone D2c indicate -10 psu and cool

water for the pleniglacial. Late glacial subzone D2b has assemblages indicating increased

salinity (-13 - 17 psu) while late glacial subzone D2a assemblages suggest warmer SST

during the Heinrich HSI and the start of the B011ing-AlIen'1d equivalent intervals.

Dinocyst Assemblage Zone I (DI) consists of two subzones: dinocysts in pre-boreal

subzone D Ib indicate SSS of -13 - 20 psu and cool to temperate surface water in contrast

to subzone Dla Holocene assemblages indicating temperate to sub-tropical SST. From

-30,000 - 14,850 cal. yr BP, the Marmara Sea received water from the Black Sea during

flood events. There is no record in core MAR02-89P for the interval of 14,850 - 12,700

cal. yr BP, by the end of this hiatus, sapropel development had begun, and Mediterranean

dinocysts indicate Mediterranean water from the Aegean Sea was contributing to the

Marmara Sea together with Black Sea water during and after the Younger Dryas event.
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Introduction

The goal of this thesis is to better understand the climate, vegetation, and

oceanography of the Marmara Sea over the past 30,000 years by analyzing the palynology

of core MAR02-89P from the Marmara Sea. This study will provide insight and crucial

data to understand the controversial history of the Black Sea and Mediterranean Sea

reconnection and compare MAR02-89P data with other published data in the Marmara

Sea region.

Background Information

The time and rate of development in a marine connection between the Black Sea

and the Mediterranean Sea during the Holocene and Late Pleistocene is highly debated

(Mudie et al., 2001; Aksu et al., 2002a; Ryan et al., 2003; Hiscott et al., 2007a; Vidal et

al.,2010). The Marmara Sea and the Straits of Dardanelles and Bosphorus is the marine

gateway that connects these two large bodies of water (Figure 1.1); it is believed that

detailed study of the fossils within the sedimentary record of this gateway will clarify

controversy concerning the timing of these marine connections following the last

deglaciation (Aksu et al., 2002a). Studying the micropaleontology and, particularly, the

palynology of acid-resistant organic-walled microfossils in the Marmara Sea sediments

may be the most influential tool in settling this debate (Mudie et al., 2001, 2002a,b; Aksu

et al., 2002a).



This Masters Project involves analyzing palynomorphs (e.g. pollen, spores,

dinoflagellate cysts) and other non-pollen palynomorphs to reconstruct the paleoclimate

and paleoceanography of the Marmara Sea over the past 30,000 years. Foraminifera,

diatoms, and ostracods are all useful microfossils, but not the most appropriate

paleontological tools for study of the low salinity Marmara Sea where diversity of

calcareous and siliceous microfossils is low and foraminiferal shells are thin-walled and

subject to calcite dissolution (Alavi, 1988). Under these conditions, palynology is more

effective because a diversity of organic-walled palynomorphs preserve better in low

salinity, high nutrient water, and because pollen and terrestrial spores, including fungal

spores, are unique microfossils for correlating marine records with paleoenvironmental

events on land (Mudie et aI., 2002b).

There have been several Late Pleistocene - Holocene palynological studies made

previously from cores taken in the Marmara Sea (Mudie et aI., 2001; 2002a,b; 2004;

2007; Caner and Algan, 2002; Londeix et aI., 2009), but few of these have long sections

of sediment for the Pleistocene interval. The piston core MAR02-89P, from a water

depth of257 m on the upper slope of the southeastern Marmara Sea about 30 km south of

the Bosphorus Strait, is the first core that has an almost complete well-dated sedimentary

record from about 23,000 conventional radiocarbon years ago (uncalibrated and

designated throughout the thesis by units "yr BP") to early Holocene time for the northern

Marmara gateway. This 800 cm-long piston core has been dated by multiple radiocarbon

ages and provides a key reference section that can be correlated to other radiocarbon-





dated cores within the study area. The pre-Holocene pollen records from core MAR02­

89P provide a background for comparison with the vegetation before agricultural

development in the Marmara Sea region that is thought to be between 10,000 to 6,000 cal.

yr BP (e.g. Turney and Brown, 2007; Algan et aI., 2009; Ozdogan, 2011). The

palynological data from this core may provide indications of human presence such as

pollen markers of agriculture and horticulture, fungal spores as indicators of soil erosion

and animal husbandry, and charcoal particles as an index of forest fires and

crop/grassland burning. Geochemical data (A. Aksu, unpublished) will be analyzed to

supplement the palynological proxy-data, to determine the main sources of carbon

(terrestrial versus marine) and compare to previous investigations of other Marmara Sea

cores (e.g. Abrajano et aI., 2002; Vidal et aI., 2010). Dinoflagellate cyst (dinocyst) data

mark surface water conditions relatively close to the Bosphorus overflow into the

Marmara Sea and can be compared to the western basin dinocyst data of Londeix et al.

(2009) and with Kaminski et al. (2002) bottom-water data from benthic foraminifera.

1.1.1 Geographical Location

The study area is a small semi-enclosed sea (~11,500 km 2
), located along the border

between southern Europe and Asia (Figure J.l). The Marmara Sea is a marine

intracontinental basin and today acts as a transitional zone, connecting the Black Sea (via

the Bosphorus Strait) to the Aegean Sea (via the Dardanelles Strait). The Pontic



Mountains are adjacent to the Marmara Sea to the south, with the Thracian Plain to the

north. The modern climate and vegetation are outlined in section 1.3.1 on pollen sources.

1.1.2 Geology

The Marmara Sea is a transtensional basin that straddles the Eurasian Plate and the

Aegean-Anatolian Microplate, forming a negative flower structure (Aksu et aI., 2000).

This region is prone to faulting and earthquakes due to the westward movement of the

Aegean-Anatolian Microplate along the dextral Northern Anatolian Transform Fault that

is driven by the collision of the Arabian Microplate with the Eurasian Plate. This seismic

activity can have a huge effect on bathymetry (uplift and/or subsidence) within the basin

and may displace slope sediments, interrupting sedimentation.

The geology of the Marmara region (Zattin et aI., 20 I0) is composed of small

continental fragments: the Sakarya Zone (south), the Istanbul Zone (northeast), and the

Strandja-Rhodopian terrane that crops out along the margin of the Thrace Basin. The

Sakarya Zone is composed of a deformed and metamorphosed Triassic subduction­

accretion complex overlain by Jurassic continental to shallow marine deposits, followed

by Cretaceous carbonates, and andesites. The Istanbul Zone is composed ofa crystalline

Precambrian basement overlain by a continuous transgressive sedimentary succession

(Ordovician - Carboniferous), which was deformed during the Paleozoic and is

unconformably overlain by a Mesozoic succession with Cretaceous andesites and small



acidic intrusions. The crystalline Strandja-Rhodopian terrane composes the basement of

the Thrace Basin, which is filled with shallowing-upward, clastic-dominant successions

of early - middle Eocene to Oligocene age. Shales and sandy shales with some coal

bearing siliciclastics and carbonates overlie these rocks, and fluvial deposition

characterizes the sedimentation from Miocene - Pliocene until the Late Pleistocene.

The MAR02-89P core is located at a water depth of257 m in the southeastern part

of the Marmara Sea, on an elongate ridge at the seaward edge ofa perched upper-slope

basin and northeast of the mouth of the Kocasu River which is the main supplier of clastic

terrigenous sediments (614,000 tons/yr of suspended solids) to the southern Marmara Sea

shelf(Ergin et aI., 1997; <;agatay et aI., 2000). Today, the Kocasu River contributes

about 48% of suspended riverine sediment and approximately 80% of total riverine

freshwater discharge that flows directly to the Marmara Sea, excluding the input from the

Black Sea. Silty mud is the prominent Holocene sediment type within the Marmara Sea

and sand and gravel usually make up less than 10% of the total sediment dry weight

(Ergin and Bodur, 1999).

1.1.3 Occllnography

The oceanography of the study region has varied throughout the Quaternary Period

(Aksu et aI., 2002b). Glaciations during the Pleistocene locked large amounts of fresh

water into ice sheets at high latitudes and contributed to an --125 m fall in global sea



level, causing the Marmara Sea and Black Sea to be landlocked because of the shallower

depths of the Dardanelles (--70 meters below present sea level) and the Bosphorus (--40

meters below present sea level) straits (Figure 1.2). By the Holocene, the Marmara Sea

climate changed from colder to warmer and more humid, and runoff from large rivers that

were draining Eastern Europe (Danube, Dnieper, Dniester, Bug, and Don) raised the level

of the Black Sea (Aksu et aI., 2002b). During the deglaciations, huge amounts of glacial

meltwater periodically flooded the Black Sea (Chepalyga, 2007). By -10,000 - 10,500 yr

BP (-I 1,060 - I 1,700 cal. yr BP), the excess Black Sea water spilled into both the

Marmara Sea, and then the Aegean Sea. The Marmara Sea was reconnected to the

Aegean Sea earlier (-12,000 yr BP; - 13,400 cal. yr BP) when the sea level rose above-­

85 to 70 meters below present sea level in the Dardanelles Strait (<;:agatay et aI., 2000;

Aksu et aI., 2002a; Eri~ et aI., 201 I). By -8,500 yr BP (-9,100 cal. yr BP), continued rise

of global sea level reconnected the Black Sea to the Mediterranean Sea via the inflow of

Aegean Sea water through the Bosphorus Strait (Hiscott et aI., 2007b).

The Dardanelles and the Bosphorus straits are relatively shallow and narrow

(Figures 1.2 and 1.3) and prevent the exchange of deep water between the Aegean and

Black seas, resulting in the development of a steady two-layer flow system within the

Marmara Sea (Be~iktepe et aI., 1994). The two-layer water circulation system consists of

a low salinity upper layer and a high salinity lower layer that are present throughout the
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Figure 1.2: Cartoon of present day water circulation, salinity, and temperature within the Marmara Sea showing locations and
depth (m) of Roberts and Londeix cores, vertical scale is not quantitative because the three deep basins reach> 1000 m depth.
Figure modified from Londeix et al. (2009) and Be~iktepe et al. (1994).
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