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Abstract:

High-resolution reflection seismic profiles with core analyses of sedimentary sequence near the Sea of
Marmara (SoM) entrance to the Strait of istanbul (Sol, Bosphorus) provide detailed record of sealevel
changes since the Late Glacial Maximum (LGM). The sequence is deposited over the LGM erosional
surface at a maximum depth of -105 m. It includes seven seismic units that can be confidently
correlated with 14C-dated sedimentary units in the cores. Unit 6 represents levee deposits of the
paleo-Sol channel that was deposited by a Black Sea outflow during 11.2-10.6 kyr BP. The reflection
surfaces at base of Unit 5 and 4 correspond to wave-cut terraces at -71and -63 m, respectively, and
are estimated to be 10.6 and 9.8 kyr BP. The seismic Unit 2, overlaying a mud drape (Unit 3),
comprises deltaic sediments that was deposited during 6.400-3200 yr 14C BP. Isopach map and
forset directions of the deltaic unit indicates that the delta was sourced from Kurbagalidere River.
Depositional period of the delta is subdivided into two stages in response to changes in the 49 balance
between sealevel change and sediment supply rates: a progradational and an aggradational stages.
The progradational stage prevailed during 6.4-4.7 kyr BP when the sealevel rise decelerated and there
was a high sediment input from the drainage area of the Kurbagdalidere River. An aggradational stage
developed during 4.7-3.2 kyr BP and indicates that the delta grew during faster sealevel rise when the
rate of sediment input was relatively decreased. The onset of delta deposition at 6.4 kyr BP is marked
in the SoM by termination of the early Holocene Sapropel deposition and the aggradational stage
overlaps with the late Holocene Sapropelic unit deposited on the shelf areas. Our finding contradicts
the hypothesis of Hiscott et al. (2002) and Aksu et al. (2002) that this delta was sourced from the Black
Sea and that it indicates a persistant Black Sea outflow since 10 kyr BP.
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64 1. INTRODUCTION

65 The Sea of Marmara (SoM) is a 210 km long and 75 km wide intracontinental sea on

66 the gateway between the Mediterrenean Sea and the Black Sea (Fig. 1). It is connected to the
67 low salinity (S=18%o) Black Sea via the Strait of Istanbul (Sol, Bosphorus) and to the marine
68 (S=38%0) Aegean Sea via the Canakkale Strait (Dardanelles), having sill depths of -35 and —
69 75 m, respectively. The shelf break in the SoM occurs at ~90 m water depth. The Sol’s

70 channel connects with a prominent submarine canyon dissecting the SoM shelf (Fig. 2).

71

72 During the late glacial sealevel lowstand, the SoM was isolated from the

73 Mediterranean Sea and it was a fresh to brackish water lake, as indicated by the presence of
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the Neoeuxinian fauna in the SoM (Cagatay et al., 2000). With the rise of the sealevel as a
result of deglaciation, Mediterranean marine waters flooded the SoM at ca. 12 kyr BP
(Cagatay et a., 2000). Following this marine connection, the sealevel continued to increase in
the SoM, in tandem with the global sealevel. During the Younger Dryas (YD) there was a
sedevel still stand at —65 m in the SoM, as evidenced by a prominent palasoshoreline and
erosiona terrace over the Marmara shelves (Cagatay et al., 2003). Globa ocean level
increased further during the Climatic Optimum starting at 10.5 cal. kyr BP (Derijk et al.,
1999). The Mediterranean waters from the SoM eventually flooded the Black Seathrough the
Sol after breaching of the strait’s sill at 8.4 kyr BP (Ryan et al., 2003; Magjor et al., 2002,
2004).

Two Holocene deltas are present on the both sides of the Sol on northern shelf of the
SoM (Fig.1). The one west of the Sol, is clearly sourced from the Ayamama River (Kurt,
1994) (Fig.1c); whereas the sediment source and timing of deposition for the other delta near
the SoM entrance of the Sol (Fig. 1d), close to the mouth of Kurbagalidere River, is
controversial. The latter delta has been studied by different workers to test the “catastrophic
Black Seaflooding at 7.2 kyr BP” hypothesis of Ryan et al. (1997). Hiscott et al. (2002) and
Aksu et al. (2002) proposed that the delta was constructed during 10-9 kyr BP by a Black Sea
outflow that persisted to the present. However, Mgjor et al. (2002) and Ryan et a. (2003)
using isotope, seismic and bathymetric data concluded that the Black Sea outflow through Sol
occurred during the Younger Dryas (YD), which was followed by a drop in the level of the
Black Sea from -35 m to -95 m. The same delta was also studied by Oktay et al. (2002) and
Gokasan et a. (2005) who concluded that it was sourced from the Kurbagalidere River, rather

than by the Sol and deposited during 11-10 kyr BP.
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In this study, we present detailed seismic stratigraphic analysis of high resolution
shallow seismic lines crossing an area near the southern entrance of Sol, together with the
core stratigrgphy. Our objectives are to discuss the chronostratigraphic evolution of the
Holocene sediments including delta formation in the paleo-Sol channel, and shed light on the

water exchange problem between the Marmara and the Black Seas during the Holocene.

2.METHODSOF SEISMIC DATA ACQUISTION AND ANALYSIS

The high-resolution profiles were obtained during two cruises of the Department of
Navigation, Hydrography and Oceanogrgphy (SHOD) R/V Cubuklu in 1993 and 1997 (Fig.
2). The sparker data were recorded directly on paper and covered gpproximately the top 100
m of the subsurface. Positioning was provided by Trisponder (using three shore-based radio
beacons) with an accuracy of aout 10 m. Depths of reflectors were estimated using average
water and sediment velocities of 1500 and 1700 m.s™, respectively. The present day
bathymetric mgp of the southern enterance was created by using seismic profiles and
additional SHOD data (Fig. 2). Two gravity coreswererecovered onboard RV MTA Sismik-
1 in 2003 and RN Marion Dufresne in 2004. Core TSU03-13 (40° 57' 20/ 29° 00" Q9) is
located on the top of the delta at 37 m water depth on the eastern part of seismic profile K3
(Fig. 2). Core MD-2750 (40° 56' 70/ 28° 56' 15) is located in the submarine channel of the Sol

at 68 m water depth on the seismic profile K4 (Figs. 2 and 3).

The ages of reflectors A and B making the termination and onset of the delta were
obtained by “C dating of bivalve shells in gravity cores (Fig. 3; Table 1). The shells were
carefully cleaned to remove any coatings, and then studied under microscope to ensure that
they were diagenetically unaltered. The radiocarbon analysis was carried out at the University

of Arizona (Lab. Number A-13668) and Woodshole NOSAMS facility (Lab. Number OS-
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50130, OS-50131 and OS-53538). The ages were calculated as yr BP, corrected for **C, and
errors are expressed as +- 1o. The *C ages are not corrected for the reservoir age and not
calibrated. Organic carbon (Corg) was analysed by the Walkey-Balke method (Gaudette et al.,
1974). The percentage of sand + silt fraction was determined by wet sifting of the samples
through 63 pm sieve. Physical property measurements were made on whole, unsplit sections
of Core MD-2750 using a Geotek Multi-Sensor Core Logger equipped with gamma density,
P-wave velociy and magnetic susceptibility sensors (Boyce, 1976; Gerland and Villinger,

1995; Breitzke, 2000).

3.RESULT AND DISCUSSION
3.1. Seismic and core stratigraphy

We identified eight reflector surfaces including the seafloor and seven seismic units
deposited during the late glacial maximum (LGM) to present (Fig. 4). Late glacial lowstand
unconformity surface is represented in the seismic profiles by reflection surface K (Figs. 4, 5
and 6), which extends into the shelf bresk at about -100 m. Lowermost seismic unit (Unit 7)
was therefore deposited over the truncation surface K during the deglaciation period (Fig. 4).
Lowermost part of the Unit 7 correlates with shoref ace deposits formed during formation of a
wave-cut terrace at ca. -81 m on the eastern shelf of the paleo-strait’s channel (Fig. 5). This
can be correlated with the 12 kyr BP old -85 m shoreline observed in different parts of the
SoM (Cagatay et al., 2003; Polonia et al., 2004). Reflection surface G truncates Unit 7 (Fig.
4), onto which Unit 6 was deposited. While the minumum depth of the reflector G is around -
80 m, the sealevel must be above during truncation of the Unit 7, therefore, approximate age
of this reflector can be estimated as 11.2 kyr BP according to globa sealevel curves of

Fairbanks, (1989) and Sidall et al (2003).
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Unit 6 consists of conformable beds constituting a ridge-like future in the middle of
the main channel and dipping in opposite directions (Figs. 5 and 6). We interpret this unit as
alevee deposited in the main paleo-strait’'s channel. The lowermost 175 cm part of Core MD-
2750 represents the upper part of the levee deposit (Unit 6), which comprises silty and sandy
beds with marine molluscan shells (Figs. 3b and 7). This unit is differentiated from the
overlaying other units by its relatively coarse-grained nature. Its sand + silt fraction in the
core amounts to 10-47% of the total sediment (Fig 8). The coarse-grained nature of the levee
sediments is also shown in the Gammadensity and P-wave velocity profiles, which show
normal grading in upper part of the unit (Fig. 9). Magnetic susceptibility values increase
towards to the top of the unit (and lower part of Unit 5) because of high clay input, probably

enhanced with aferromagnetic componenet of diagenetic origin.

The levee unitis overlaid by Unit 5 over truncutaion surface E (Figs.4, 5and 6), which
corresponds to the onset of the early Holocene Sapropel (Cagatay et al., 2000; Tolun et al.,
2002) as indicated by high Corg values (>1.5wt%) and its stratigraphic position in Core MD-
2750 (Figs. 3b and 3c). This sgpropelic layer was previously dated 10.6-6.4 kyr BP by
Cagatay et al. (2000). Its onset age is consistent with the *C ages of 10.95 kyr BP and 10.45
kyr BP obtained below and above truncation surf ace E, therefore, age of the reflector E can be
estimated as 10.6 kyr BP (Fig. 3b). Eastern part of the study area, reflector E is associated by
a formation of wave-cut terrace at -71 m (Fig. 6). Timing of this wave-cut terrace can be
estimated as 10.6 kyr BP, when the Early Holocene sapropel deposition began in the SoM. On
the basis of these chronostratigrgphic data, we can tentatively estimate the age of Unit 6

between 11.2 and 10.6 kyr BP.
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Unit 5 is characterized by moderately continuous, subparallel internal reflections
forming a mud drape accumulated over the levee deposits in the main paleo-strait's channel
(Fig. 4). In Core MD-2750, Unit 5 comprises marine shelly homogeneous clay in the lower
part and grades into finely parallel and cross laminated silt (Figs. 3o and 7). Transition from
Unit 6 to 5 is represented by a decreasing grain size that is shown in the Gamma density
measurement (Fig. 9). Despite the decreased grain size in the lower part of Unit 5 the P-wave
velocity is high probably due to alow porosity caused by core compaction. The upper parallel
and cross laminated part of Unit 5 is represented by arelatively low Gamma density, but high
P-wave velocity values because of the increased silt content (Fig. 9). Unit 5 is followed
upward by Unit 4 over unconformable reflection surface D (Fig. 4). Timing of this reflector
surface can be assigned to -63 m paleo-shoreline, while formation of a wave-cut terrace
truncated the sediment below reflector D on the eastern part of the main paleo-strait’s channel
(Fig. 5). The erosion above Unit 5 is shown by a truncation of the laminations in Core MD-

2750 (Fig. 7).

Age of the -63 m shoreline from the global sealevel curves (Fairbanks, 1989 and Sidall
et a., 2003) can be estimated as ca. 10-9.8 kyr BP. The same reflector (surface D) was dated
by Aksu et a. (2002) as 9.8 kyr BP in the southern shelf of SoM, which is supported by the
global sealevel curves (Fairbanks, 1989 and Sidall et al., 2003) for this period. According to
chronostratigraphic relation of the underlying and overlying reflector surfaces of Unit 5, this
unit was deposited between 10.6-9.8 kyr BP. Unit 4 is characterized by mud drape in the main
paleo-strait's channel showing moderately continuous parallel internal reflectors (between
reflectors D and C in Figs. 5 and 6). It is associated by the formation of -63 m paleo-shor eface
deposits between reflectors D and C on the eastern part of the main paleo-strait’'s channel

(Fig. 6). The shoreface deposits indicate progradational clinoforms characterized by
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acoustically strong internal reflectors. In Core MD-2750, Unit 4 comprises finely paralel and
cross laminated clayey silt with marine shell (Figs. 3b and 7). Seismic Unit 4 together with
Unit 3 correspond to the upper part of the early Holocene Sapropel layer as indicated by high

organic carbon value (> 1.5 %) (Fig. 3c).

Unit 3 overlies the progradational Unit 4 over reflection surface C (Fig. 4). It
represents laterally continuous, regularly reflective package of weak internal reflectors (Figs.
5 and 6). In Core MD-2750, Unit 3 consists of homogenous silty clay with marine molluscs
(Fig. 7). It is bounded at the top by reflection surface B, which corresponds to termination of
the early Holocene Sapropel (6.4 kyr BP, Cagatay et a., 2000; Figs. 3b and 3c). This is in
agreement with a *4C age of 6460 yr BP obtained from the upper part of the Unit 3 (Figs. 3b
and 3c). We can bracket the age of the package including Units 4 and 3 between 9.8 and 6.4

kyr BP.

Unit 2 conformably overlay Unit 3 (Fig. 4), and consists of ablique clinoforms with
acoustically strong reflectors (Figs. 6 and 10) that represent the presence of delta foresets
composed probably of relatively coarse sediments. According to architectural features of the
foresets, the delta comprises lower progradational and upper aggradational parts (subunits 2a
and 2b) (Fig. 6). Offshore equivalent of Unit 2 is represented in Core MD-2750 by shelly
clayey silt in the lower part (subunit 2a) and silty clay with marine mollusc shells in the upper
part (subunit 2b; Figs. 3o and 9). Considering the Corg profile, the upper subunit (Unit 2a)
correlates with the late Holocene Sapropelic layer between 215-295 cm in the core (Fig. 3b
and 3c), having a depositional age of 4750-3200 yr BP (Cagatay et al., 1999). This shows that
the onset of the late Holocene Sapropelic layer corresponds to initiation of the aggradational

deltaic deposition ca. 4.7 kyr BP, and its termination can be correlated with the end of the



221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

deltaic deposition ca. 3.2 kyr BP (Figs. 3b and 3c). Delta topset beds are represented in Core
TSU03-13 by pebbly sands with marine mollusc shells (Fig. 3a). An **C age of 4.4 kyr BP
was obtained in Core TSUO03-13 near the upper part of the topset beds (Fig. 3a) that are
truncated by an overlying reflection surface A at -35 m (Figs. 6 and 10). The truncation
implies subagueous erosion of the delta platform after termination of the delta deposition.
Considering the 4.4 kyr BP age from the delta topset and correlation with its upper part with
the late Holocene Sgpropelic layer, the age of the deltaic unit (Unit 2) can be delimited
between 6.4 and 3.2 kyr BP. The delta deposits of Unit 2 is overlain by Unit 1 aove

truncation surface A (Figs. 4 and 5).

The boundary between Units 2 and 1 is bioturbated in Core MD-2750, a typical
feature of sapropelic sediments (Figs. 7 and 10). Transition from Unit 2 to Unit 1 is indicated
by an abrupt increase in the magnetic susceptibility (Fig. 9). It seems that the Unit 2/Unit 1
boundary represents a redox front at the top of the sgpropelic Unit 2, below which the

ferromagnetic component of the sediments is reduced and sulfidized.

Unit 1 consists of a package of moderately continuous and regular reflectors,
representing onlapping sediments over truncation surface A. In Core TSU03-13, Unit 1
consists of shelly and sandy silt intercalated with silty sand containing marine mollusc shells,
grades into clayey silt in the upper part (Fig. 3a). In the paleo-strait’s channdl, it is represented

by clay with marine shells infilling the topogrephic irregularities (Figs. 3b, 5 and 6).

3.2. Kurbagalidere River: itsdrainage area and water and sediment discharges
Present day Kurbagalidere River has several small tributaries, draining a total area of

46 km? with a steep topography (Fig. 11). The drainage area consists mainly of schist,
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greywacke, limestone and quartize of Palaeozoic age and Neogene sand and gravel. The
highest elevation of the catchment area is ar-ound 180 m. Present day mean discharge rate is
about 80 m3lyr (DSI istanbul, unpublished data). Suspended sediment load of Kurbagalidere
River has not been measured. We estimated this load to be around 60, 000 ton/yr based on the
data of other rivers in the southern Marmara region (Table 2; EIE, 1993). We accept this
value to be also representative of the pre-antropocene period. In the Marmara region, it is
estimated that total sediment flux of rivers to be 35% more than the measured suspension
sediment flux because of retention behind reservoirs and additional bedload (EIE, 2000;
Kazanci et al., 2004). The bedload constitutes about 10% of the total sediment influx
(Milliman and Mead, 1983). The total sediment retained behind dams and the bedload is
assumed to balance the opposite effects of deforestation and cultivation, based on the
conclusion of Svitski et al (2005) that the opposite effect of different human activities on the

sediment yield on a global scale is amost in balance.

3.3. Evolution of the Delta

Source and depositional period of the delta can be confidently deduced from the
correlation of the seismic stratigraphic units with the chronostratigraphic units in the cores.
The seismic units identified by us and Hiscott et al. (2002) can be correlated, while two sets
of profiles used by Hiscott et al (2002) and this study cross each other at the intersections
(Fig. 2). Seismic interpretations of both studies can be compared and correlated with high
confidence (Figs. 2 and 12). Seismic stratigrgphic Units 2 and 3 of this study corresponds to
the deltaic unit (Unit 2 between 31 and 32 reflectors) of Hiscott et al. (2002). Unit 3 defined
by us is clearly not a part of the delta, because the delta foresets downlap onto reflector B
lying above Unit 3 (Figs. 6 and 10). This important digparity in the seismic interpretation,

produces significant differences in the delta isopach maps of the two studies (Fig. 13). Our



271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

isopach map shows the presence of a delta lobe extending southwestwards, with the thickest
part of the delta (20 and 22 m thickness contours) located close to the mouth of the
Kurbagalidere River (Fig. 13). The deltaforsets dip at an average of 7° not only towards SW,
but aso towards W and SE, radially diverging from the Kurbagalidere River’'s mouth and
having true dips of up to 12° (Fig. 13). This delta geometry strongly suggests that the deltais
sourced from the Kubagalidere River. The delta also extends northwards towards the Sol.
This northward extension is because of the strong outflow of the Mediterraean water to the
Black Sea through the Sol, which started about 8.4 kyr BP (Major et a., 2002, Ryan et al.,
2003). Such an outflow could essily redistribute the deltaic sediments further north of the
Kurbagalidere River mouth. There is no other river of reasonable size in the north of the
Kurbagalidere River to cause anorthward extension of the delta from the river’s mouth (Fig.
8). A similar transport mechanism by the undercurrent has been suggested for the formation
of the -35 m southern sill of the Bosphorus by Algan et a. (2001). There, the sediment input
by the Alibeykdy and Kagithane into the Golden Horn estuary was eventually transported
nortwards into the strait’s channel and piled up between Dolmabahce and Uskiidar to form the

southern sill (see Fig. 1b).

In addition to the aove facts, there are three other important lines of evidence against
the persistent Black Sea outflow origin of the delta as proposed by Hiscott et a. (2002) and
Aksu et al. (2002). First, the source of sediments of such an outflow deltais unexplained. The
sediment derived from land on either side of the Sol’s channel would be trapped in the -80 m
deep, sediment-starved depressions along the Sol’s channel, such as the Beykoz and Bebek
basins (Gokasan et al., 1997; Algan et a., 2001). In contrast to Black Sea outflow hypothesis
of Hiscott et a (2002), formation of levee deposits in the paleo-Sol channel indicates that a

Black Sea outflow took place during 11.2-10.6 kyr BP according to our seismic and cor e data.
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Second, according to the contour mgps of both overlying and underlying reflectors (A
and B in Fig. 4) of the deltaic deposits, there was southwards flows of the paleo-strait’s
channel before the onset and after termination of the delta (Figs. 14 and 15). Instead adelta
proposed to have been formed by a Black Sea outflow during 10-9 kyr BP would be expected
near the edge of the shelf at a water depth of 65 m. However, the contour map of the reflector
B (underlying delta deposits) shows that paleo-bathymetry before the onset of the delta was
considerably smooth (Fig. 14). This indicates that Kurbagalidere River was in its backfilling
phase because high rate of sedlevel rise that gaverise to further incursion of the sea into the
river valley untill sealevel rise slowed down at ca. 6.4 kyr BP. In contrast, the contour map of
the reflector A shows that there was still chanellizing from the Kurbagalidere River although
deltaic deposition was terminated (Fig. 15). After the delta deposition was ceased, the amount
of sealevel rise might have been relatively faster for delta deposition on the shelf area even
there was still sediment influx from the Kurbagalidere River. After termination of the delta
deposition, the channel transect of the Kurbagalidere River iswell adjusted with the spreading
of the deltaic deposits, clearly showing source of the delta (Figs. 13 and 15). Third, the base
of the subagueous delta is aove -50 m which at a much higher elevation of the sealevel ca.
10 kyr BP, which was at ca. -65 m according to the global sealevel curves (Fairbanks, 1989;

Siddal et al., 2003).

Based on the seismic stratigraphic and chronostratigraphic core analysis, the period of
the delta formation (6.4-3.2 kyr BP) determined by this study is in disagreement with 10-9kyr
BP age given by Hiscott et al. (2002) and 11-10 kyr BP by Gokasan et al. (2005). Hiscott at
al. (2002) determined the age of delta from a 1.25 m long core (MAR98-09 in Fig 13) that is

supposed to include the whole delta unit between reflectors 1 and f2. The delta unit as
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defined by Hiscott et a. (2002) includes older sediments (Unit 3 in this study) which is
clearly not a part of the delta. Morever, Gokasan et al. (2005) used shallow seismic lines on
the northern shelf and correlated the seismic units with a drill-hole section in the
Kurbagalidere River valley to discuss the source and age of the delta. They obtained an
electron spin resonance (ESR) age of 11,000+1100 yr BPfor an unconformity at - 18 m, which
they consider to represent the onset of delta deposition during the Younger Dryas. This age
has a large error margin and is not compatible with the global sealevel of -75 to 65 m

(Fairbanks, 1989 and Sidall et al., 2003) for that time period.

We propose the following sequence of events leading to the delta formation.
According to global sealevel curves (e.g. Fairbanks, 1989 and Sidall et al. 2003), the rate of
sedlevel rise decreased after ca. 6.5 kyr BP. This decrease combined with an increase in
sediment supply during mid-Holocene climatic optimum resulted in the deltaic progradational
sedimentation on the shelf of southern enterance of SoM to Sol. This conclusion is in
agreement with the fact that the mid-Holocene is a well known period for widespread delta
development (Stanley and Hait, 2000). The change from the progradational stage to the
aggradational stage of delta development at 4.7 kyr BP is marked by arelatively rapid rise of
sedlevel as indicated by climbing delta foreset-topset transition (Fig. 6). The onset of
aggradational period also coincides with establishment of the present dual-flow regime
(Cagatay et al., 2000; Algan et al., 2001) with the Mediterranean under-current in the Sol,
forming a northward sediment drift. The delta deposition was terminated when increased base
level due to further global sealevel rise combined with a probable decrease in sediment input
by the Kurbagalidere River at ca 3.2 kyr BP. Thisdate is supported by the correlation with the
age of the late Holocene Sapropel layer and by a */C age of 4.4 kyr BP in Core TSU03-13

below the eroded uppermost topsett bed (Fig. 3a). The Kurbagalidere River, with a present
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day annual water and sediment discharges of 80 m3 and 60.000 tons (EIE, 1993) draining a
180 m high ground southeast of the Sal, is large enough to form such a delta having about

290 x 10° tons of sediment.

4, CONCLUSIONS

Seismic-stratigraphic and chronostratigraphic analyses near SoM entrance of the Sol
provide important information on sealevel changes since the LGM. The sedimentary sequence
in this area is deposited over the LGM a erosional surface and includes seven seismic units
that can be confidently correlated with **C-dated chronostratigraphic units in the cores. In the
paleo-Sol channel, there is levee representing Unit 6 that implies a Black Sea outflow during
11.2-10.6 kyr BP. The reflection surfaces at base of Unit 5 and 4 are wave-cut platforms at -

71and -61 m, corresponding to sealevel stil stand periods around 10.6 and 9.8 kyr BP.

The seismic unit 2 is interpreted as a deltaic deposits. The isopach mgp of this delta
unit, together with the delta foreset dips, shows that the source of the deltaic sediments is
Kurbagalidere River draining a 46 km? topographically high area southeast of the Sol. The
progradational delta deposition started ca 6.4 kyr BP when rate of sedlevel rise slowed down
and sediment input increased during the mid-Holocene climatic optimum until 4.7 kyr BP.
The progradational stage of delta deposition was followed by an aggradational stage during
4.7-3.2 kyr BP, which is characterized by a climing topset-foreset transition. During this
second stage of delta development the rate of sealevel rise and sediment input wererelatively
high. The onset of the aggradational delta stage corresponds in time to the establishment of
the present day dual-flow regime in the Sol and deposition of a sapropelic sediment layer on

the shelf areas of the SoM. Our findings contradict the Hiscott et a’s (2002) hypothesis that
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this delta was sourced from the Black Sea and that it indicates a persistant Black Sea outflow

since 10 kyr BP.
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Figure Captions
Fig. 1. Bathymetric mgp of the Seaof Marmara(SoM) (a). Inset maps: (b) southern enterance
of the Strait of I stanbul (Sol) and Golden Horn, (c) bathymetry of Bakirkdy shelf, (d) Sol’s

entrance to the SoM showing studied seismic profiles. Contours are in meters.

Fig. 2. Present bathymetric map of Seaof Marmara entrance of the istanbul Strait created by
using seismic profiles and additional SHOD data. It shows seismic profiles and gravity cores
studied in this study. Broken lines are the sesimic profiles were studied by Hiscott et al.
(2002).

Fig. 3. Lithological logs of the gravity cores TSU03-13 (), MD-2750 (b), and organic carbon
(Corg) distribution in Core MD-2750 (C). Letters A to E denote the seismic reflecters

bounding seismic units 1-6, which are correlated with the lithological units.

Fig. 4. Generalized seismic stratigraphic units in the seiamic profiles defined by this study and

their depositional facies observed in paleo-channel of Sol and on shelf.

Fig. 5. High-resolution seismic profile K4 showing wave-cut terraces at -81 m and -63 m and
alevee deposit between G and Ereflectors. It also shows location of Core MD-2750

intersecting the uppermost part of the levee deposits. Prograded shoref ece sediments are
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delimited by reflectors K-G and D-C. Seismic reflectors of B, D, E, G and K are erosional

surfaces that truncate the underlying beds.

Fig. 6. High-resolution seismic profile K2 showing formation of wave-cutterrace at-71 m
and shoreface sediments of -63 m paleoshoreline. Deltaic deposit comprises lower
progradational and upper aggradational foreset beds between B and A reflector surfaces.
Seismic reflectorsof B, D, E, G and K are erosional surfaces that truncate the underlying

beds.

Fig. 7. Photos of Core MD-2750 showing differentiated lithostratigraphic units and their
litologic and stratigraphic features. Letters A to E denote the seismic reflecters bounding
seismic units 1-6, which are correlated with the lithological units. S1-S9 are section numbers

of the splitted core and S1 is the uppermost section of the core.

Fig.8. The percentage of sand + silt fraction in Core MD-2750 determined by wet sifting of

the samples through 63 um sieve.

Fig. 9. Lithologic log of Core MD-2750 (&) and physical property measurements made on

unsplit sections of the core using a Geotek Multi-Sensor Core Logger (b).

Fig. 10. High-resolution seismic profile K3 showing delta deposits bound by reflectors A and

B, and location of Core Tsu03-13 intersecting the delta topset. Notice the delta forsets dipping

in opposite directions and topsets truncated at - 35 m.

Fig. 11. Topogrgphic magp of the catchment area of the Kurbagalidere River.
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Fig. 12. Correlation of the chronostratigrgphy of the seimic stratigrgphic units defined by this
study and Hiscott et al. (2002). The delta unit corresponds to Unit 2 in this study and Units 2

and 3in Hiscott et a.’s study.

Fig. 13. Comparison of isopach maps obtained by this study (continuous lines) and Hiscott et
a. (2002) (dashed lines). Circles in adifferent symbol show locations of the cores used by
this study (Tsu03-13 and MD2750) and by Hiscott et al. (2002) (MAR98-09). Note the arows

indicating the true dip direction of the delta foresets. The isopach contours are in meters.

Fig. 14. Contour map of thereflector B showing paleo-bathymetry of the southern enterance

of the Sol prior to delta deposition. The contours are in meters.

Fig. 15. Contour map of thereflector A showing paleo-bathymetry of the southern enterance

of the Sol after deltadeposition ceased. The contours are in meters.
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Table 1

Conventional datesin gravity cores recovered fort his study (mbs, meter below surface;

mbsf, meter below sea floor)

MD-2750, -68m, bivalve (OS- 50130)

Site, location, water depth (mbs), dated | Unit Core depth Age (**Cyr BP.)
material (lab.number)

Southern enterance to the Istanbul strait, Unit 2 1.55 mbsf 4380(+100/-95)
Tsu03-13, -34m, mollusc (A-13668)

Southern enterance to the Istanbul Strait, Unit 3 3.56 mbsf 6460 +/- 55
MD-2750, -68m, bivalve (OS- 50131)

Southern enterance to the Istanbul Strait, | Unit 5 11.26 mbsf 10450 +/- 50
MD-2750, -68m, bivalve (OS- 53538)

Southern enterance to the Istanbul Strait, | Unit 6 12.36 mbsf 10900 +/- 65
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Table 2. Mean dischar ge and suspended sediment dischar ge rates of rivers around Marmara
and western Black Searegions.

Rivers Mean Discharge Suspended Sediment
(m3yr) Discharge (t/yr)

Gonen River 477 x 10° 188 000

Devrenkani River 227 x 10°® 177 760

Kocagay River 633 x 10° 375000

Soganli River 864 x 10° 1210 000

Karasu River 142 x 10° 82 000

Bolucay! River 251 x 10° 140000
Kurbagalidere River 80 x 10° 60 000
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