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ABSTRACT

Ergin, M., Bodur, M.N., Ediger. D., Fdiger, V. and Yilmaz, A., 1993. Organic carbon distribution in the surface sediments of the Sea
of Marmara and its control by the inflows from adjacent water masses. AMar. Chem., 41: 311-326.

The organic carbon contents and textural composition of a total of 166 surficial sediment samples (from 10 {0 1226 m water
depths) together with data on primary productivity rates and dissolved oxygen concentrations have been studied to investigate
the main controls on the distribution of organic carbon buried within the modern sediments across the Sea of Marmara.

The distribution of average annual primary production rates in the Sea of Marmara exhibits great lateral variations; the
highest values arc calculated for the southern shelf (161 gCm~? year™'), the areas with high terrigenous input supplied by the
southerly major rivers, and on the northeastern shelf (104 g Cm ? year ~') where organic- and nutricot-rich surface inflow from
the Black Sca is prominent. The low primary productivities estimated for the southwestern shell of the Sea of Marmara
(64gCm~?year') suggest influences from the relatively organic- and nutrient-poor subsurface inflow from the Aegean or
Mediterrancan.

Organic carbon contents in sediments from the northeastern (0.37-2.16%). northern (0.57-1.64%), southern (0.44-1.90%)
and southwestern shelf regions (0.37-1.51%) all appear to be within the same range and show no direct relationship with surface
productivity and oxygen deficiency in the Sea of Marmara. Production and accumulation of organic matter in the Sea of
Marmara are believed to have been mostly affected by the inflow of relatively organic-rich Black Sea waters, by the southerly
major rivers, and by inflow ol organic-poor Aegean or Mediterranean waters. Lateral offshore transport in surface waters must
have resulted in the decrcase of organic carbon Nuxes to the sediments.

and Muller, 1980; Ibach, 1982; Glenn and Arthur,
1985; Rowe and Deming, '1985; Pace et al., 1987;
Emerson and Hedges, 1988). However, it must

INTRODUCTION

As the preservation and burial of organic

matter in marine enviromments is a function of
the rate of primary productivity, water depth,
dissolved oxygen content in the water column,
scdimentation rate, biological activity, and sedi-
ment stability, the organic carbon contents of
sediments can be a sensitive indicator of the
nature of source areas and the environments of
deposition (e.g. Muller and Suess, 1979; Suess
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be pointed out that such processes normally
control the cycle of organic carbon in a given
region only if there is little lateral transport.
Most oceanographic studies in the Sea of
Marmara have focused on the production and
distribution of organic matter within the water
column in response to various environmental
aspects (Unluata and Ozsoy, 1986; Basturk et al.,
1990). However, very little is known on the
basin-scale distribution of organic carbon in the
scdiments of the Sea of Marmara, and the results
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Fig. 1. Location map of the study area, the Sea of Marmara, showing its connection to the Black Sca via the Bosphorus and

to the Aegean Sea via the Dardanclles.

previously presented are limited to small areas in
this sea (Evans et al., 1989; Ergin and Yoruk.
1990; Ergin et al., 1991). The primary purposc of
this investigation is, thercfore, to determine the
distribution of organic carbon in the surficial
Marmara elements, and the extent to which this
distribution is related to other occanographic
factors, such as primary productivity, oxygen
contents, bottom topography, and hydrodynamic
control.

Oceanographic characteristics of the study area

The Sea of Marmara forms a transition between
the Black Sea and the Aegean Sea (Fig. 1), and
thus its physical, chemical, and biological proper-
ties are greatly influenced by the hydrochemistry
of these two adjacent water masses (Basturk
et al., 1988; Ozsoy et al., 1988). In general, the
circulation in this sea is dominated by the per-
manent flows of two-layer water masses (Fig. 2);
a southwestward current carrying relatively low-
salinity waters (S = 17.8-22.0ppt) from the
Black Sea which flows at the surface towards the
Aegean Sea, and below it, a northeastward-
Nowing current which carries the relatively
high-salinity Mediterranean waters (S = 38.5-

|

38.8 ppt) towards the Black Sea (Ozsoy et al.,
1988; Unluata et al., 1990). The mean flow of the
surface waters is controlled by basin-scale anti-
cyclonic circulation under the influence of
Coriolis force, Bosphorus outflow, wind stress,
and coastline geometry (Besiktepe, 1991). As a
result of its permanently stratified character and
the bacterially mediated oxidation of sinking
organic matter, sub-halocline water masses
(below 20-30m water depths) of the Sea of
Marmara are permanently depleted in dissolved
oxygen (Basturk et al., 1990). The oxygen-rich
walers entering from the Aegean Sea through the
Dardanelles underflow lose a considerable prop-
ortion of their oxygen content immediately upon
entering the Marmara Basin (Unluata and
Ozsoy, 1986). Figure 3 shows dissolved oxygen
concentrations of the sub-halocline Marmara
waters, which can practically be regarded as
aerobic (more than 1mll-'O,) to dysaerobic
(0.1-1.0ml1-' O,), according to the classifi-
cation by Savrda and Bottjer (1987).

A further. distinguishing feature of the Sea of
Marmara is that it occupies, in terms of primary
production, an intermediate position between
the Black Sca and the Mediterranean Sea. In
general, the chlorophyll-a values are found to be
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The figures (984, 684, etc.)
depths, should be noted (compiled from Ozsoy et

and temperature distribution in the two-layer flow system across the Sea of M
are flux values (km' year '). The halocline, which is normally located betw
al. (1988) and Unluata et al. (1990)).

armara and its straits.
een 20 and 30 m water

relatively high in the Black Sca and decrease
gradually across the Sea of Marmara (Fig. 4), the
Aegean Sca, and the NE Mediterrancan. Prev-
iously reported estimates of the primary produc-
tivity (in g Cm~? year ') range from 52 to 250 in
the Black Sea (Sorokin, 1983; Yilmaz, 1986;
Gocmen, 1988), from 60 to 100 in the Sea of
Marmara (Yilmaz, 1986; Unluata and Ozsoy,
1986; Gocmen, 1988), around 36 in the Acgean
Sea (Yilmaz, 1986), and from 16 to 25 in the NE
Mediterrancan Sca (Murdoch and Onuf, 1974;
Yilmaz, 1986, Gocmen, 1988). Thus, a consider-
able amount of organic matter is expected to be

transported from the Black Sea to the Marmara
Sea (Unluata and Ozsdy, 1986; Polat, 1989;
Fig. 5). Dominant primary producers in the
southwestern Black Sea are coccolithophorids,
diatoms and dinoflagellates, which bloom several
times during the year (Izdar et al, 1987);
however, diatoms and dinoflagellates quickly
decompose at the sediment-water interface
whereas coccoliths do not dissolve significantly,
and thus remain the dominant component within
the sediment (Hay et al., 1990). Similarly,
primary production in the Sea of Marmara
appears to be highly controlled by the diatom
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Fig. 3. Sub-halocline average oxygen concentrations of the Sea of Marmara obtained during 1986 (after Unluata and Ozsoy,
1986). The generally increasing dissolved axygen concentrations towards the Acgean Sea should be noted. Data obtained in

March 1986 (1), April-May 1986 (11). and July 1986 (111).

and dinoflagellate blooms during the winter-
spring and summer-late summer periods (Unsal
and Uysal, 1988). These results are in good
agreement with the distribution of nutrients
(Basturk ct al., 1988) and chlorophyll-a con-
" centrations (Gocmen, 1988) determined in the
Sea of Marmara.

MATERIAL AND METHODS

A large number of surface sediment samples
have been recovered from the Sea of Marmara
and its straits (Fig. 6). In this study, we shall
concentrate only on the samples recovered at 166
stations (between 10 and 855m water depths)
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Fig. 4. Scasonal variations of chiorophyll-a concentrations in the Sea of Marmara (after Basturk et al., 1988). The generally
higher values towards the Bosphorus and southwestern Black Sea regions, and the tendency to decrease towards the Dardanelles
and Aegean Sea regions, should be noted. Data obtained in May 1987 (1), November 1986 (11). February 1987 (111) and July

1987 (1V).
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Fig. 5. Horizontal and vertical organic carbon concentrations and fluxes (% 10" tons C year-') for budget calculation. The
values in parentheses indicate total organic carbon (i.c. dissolved and particulate) concentration and the others denote dissolved
organic carbon (in mg C1 ') (after Polat, 1989). The generally decreasing organic carbon content with increasing distance from
the Black Sea, as a result of lateral changes in the primary production between the Black Sca and the Aegean Sea, should be
noted. Numbers with circular arrows represent vertical fluxes (x 10° tons C year ') between the upper and lower layers. The
high average values 1.94, 1.99, and 2.41 are from above halocline, and the values 0.63, 0.26, and 0.81 are from the sub-halocline

walers.

during the 1988-1990 cruises of R/V “Bilim" in
the Sea of Marmara, excluding the Bosphorus
and Dardanclles Straits. Of thesc, 49 samples were
obtained on the northeastern shelf (Bosphorus-
Marmara junction; 13-250 m water depths), 19
from the northern shell (12-855m), 48 from the
southern shelf, and 50 from the southwestern

shclf(Dardanelles—Marmarajunction: 25-150 m).
In addition, a boomerang-corer (M-3, 80cm
length, 1200m water depth) was taken in the
castern Marmara basin, aboard the R/V “Bilim”
in 1984 (Fig. 6). Further sediment samples were
taken at six stations (between 54 and 1226m
water depths) using a Soutar box-corer device
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Fig. 6. Sampling stations of the studied recent sediments from the Sea of Marmara. ., Box-corer sites; ®, boomerang-corer
site. The remaining stations are sites of grab-sampling. Samples from the straits are not used here,
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(50cm x S0cm X s0cm) during the RV
«Knorr’” expedition in this sca in 1989 (BX-1-
BX-6; Fig. 6).

Sediment samples after recovery were kept
frozen until they were examined further in our
laboratory. Grain size analyscs werc pcrforméd
using standard sicves for the sand and gravel
fraction and pipctte analysis for the mud (silt
plus clay) fraction, according to the procedures
outlined by Folk (1974). For determinations of
carbonate and organic carbon contents of the
sediments, samples were dried at 50-60°C and
finally ground in a mortar. Organic carbon was
measured using the modificd Walklcy—Bl:ick
method (Gaudcttect al., 1974), which is based on
the exothermic heating and oxidation of organic
matter with potassium dichromatc and concen-
trated sulphuric acid, followed by back-titration
with ferrous ammonium sulphate using phenyl-
amine as an indicator. The accuracy of this
method is +0.25%. The carbonate content was
determined using @ gasomctric method which is
a modified ‘Scheibler’ gasometer system (Muller,
1967). This method is based on the volumetric
determination of CO, released by acidification of
the dry sample with 10% HCl solution (absolute
error is +0.5%). The quality of the chemical
analysis was monitored by the simultaneous
analysis of standards prepared in our laboratory
using known quantitics of extra purc carbonate,
sucrose, and silicates.

Primary productivity rates were obtained by
converting the chlorophyll-a measurements to
gross primary productivity values using the
cquation of Ryther and Yentsch (1957):

PI’T=BI—<CxCx3.7

wherein PPy is the gross primary productivity
(gCm™? day™'), RP is the intensity of relative
pholosynthcsis (m'day™"),C is the chlorophyll-a
concentration (gem™), K'is the average extinc-
tion coeflicient (m~'), and the factor 3.7 is the
average assimilation number of the phytoplankton
for 1 mg of carbon and 1 mg of chorophyll per
hour. Chlorophyll-a was determined after mem-

M. ERGIN ET AL.

TABLE |

Avcrage annual primary production rates in the Sca of
Marmara, calculated from chiorophyll-a data collected from
1986 to 1990 (note the most productive southern inner-shelf
arcas of this sca)

Primary productivity

Region
(gCm~? year )
Northeastern Sea of Marmara 104
Northern Sea of Marmara 83
Central Sea of Marmara 68

Southern Sea of Marmara 107 (inner shell)

161 (outer sheil)
Southwestern Sea of Marmara 64

brane filtration by the fluorimetric and photo-
metric method of Yentsch and Menzel (1963). no
correction was made for phaeophytin-a.
Chlorophyll-a surveys were conducted at or very
close to the sediment sampling stations, from
1986 to 1990. Dectails on primary productivity
cstimates  have  been described  elsewhere
(Gocmen, 1988; Salihoglu et al., 1990).

RESULTS AND DISCUSSION

Primary production rates in the Sea of
Marmara

Unluata and Ozsoy (1986) and Polat (1989)
have shown that the main source of organic
matter in the Sca of Marmara is the biogenic
material related to the primary productivity of
the basin itself and the flux of organic material
from the Black Sea. However, as shown in Table
1 and Fig. 7, significant variations do occur in
the distribution of average annual primary pro-
duction rates in the Sea of Marmara. The highest
primary production rates found on the southern
inner shelf (161gCm™? year~') were also con-
firmed by occurrences of very high plankton
density in shallower waters (less than 45m depth)
along the southern coasts (Cebeci and Tarkan,
1990). ' ‘

Although continental shelf regions are often
sites of rclatively high primary production as a
result of coastal upwelling, as found off Benguela
(Calvert and Price, 1983), Peru-Chile (Reimers,




ORGANIC CARBON DISTRIBUTION IN SUR]J ACE SEDIMENTS

AEGEAN gg,

317

BLAck sEa

Fig. 7. Average annual primary production rates in the Sea of Marmara. Based on chlorophyll-a data obtained from 1986 to
1990. The most productive southern shelf arcas of the sea should be noted.

1981), and in the Arabian Sca (Naidu, 1990), no
good cvidence is yet available to support the
occurrence of upwelling on the southern shelf of
the Sca of Marmara. It is more likely that the
influence of nutrients from southerly major rivers
is of great importance in the increase of local
primary production along the southern inner
shelf of the Sea of Marmara. This is a dominant
trend observed in many nearshore/deltaic environ-
ments (Schemainda et al., 1975; Naidu, 1990)
where the river-derived nutrients can contribute
to a considerable increasc in the primary produc-
tion of organic matter.

Lower primary productivity was calculated
for the northern shelf of the Sea of Marmara
(83gCm~?year~'; Fig. 7) where major rivers are
absent. The primary production rates from the
northeastern (104 g Cm=2ycar~') and southwes-
tern (64gCm~? year~') parts of the Sea of
Marmara (Fig. 7) appear to be influenced by the
organic-rich surface inflow from the Black Sca

(52-250 g Cm~?year~': Sorokin, 1983; Gocmen,
‘ 1988) and organic-poor subsurface inflow from
the Aegean (36 g Cm=? year~'; Yilmaz, 1986) or
Mediterrancan (16-25g Cm~2 year~'; Murdoch
and Onuf, 1974; Yilmaz, 1986; Gocmen, 1988).

As mentioned above, the Black Sea waters are
rich in organic matter because of relatively high
production and terrigenous inputs. The resultant
transport of organic matter and nutrients from
the Black Sca (Fig. 5) has alrcady been recog-
nized by Unluata and Ozsoy (1986), Gocmen
(1988), Polat (1989) and Ergin et al. (1991). Fur-
thermore, studies have shown that in the north-
castern Sca of Marmara, nutrients are supplied
not only externally to the surface layer of the
Marmara Basin from the Black Sea via the Bos-
phorus but also from the sub-halocline waters
by the upward mixing induced by the internal
hydraulic jumps in the vicinity of the Bosphorus-
Marmara junction (Fig. 8). Thus, the renewal of
the deep Marmara waters by the saline Mediter-
rancan inflow must have resulted in displace-
ment of nutrients to the surface and this in
turn increased primary organic production on
the northeastern shelf of the Sea of Marmara
(regenerated-new production; Polat, 1989).
Based on the above arguments, the Bosphorus
approach of the Sea of Marmara has been
regarded, until now, as the most productive
region of this sea (Basturk et al., 1988; Gocmen,
1988), however, the results obtained in the
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Fig. 8. Schematic diagram of gencration and transport of particulate organic carbon in the northeastern Sea of Marmara.
(After Unluata and Ozsoy (1986).)

present study (Fig. 7) have revealed that the Carbonate distribution
southern shelf regions of the Sca of Marmara, in
fact, are much morc productive. Total carbonate contents (expressed as per

cent CaCO;) of the surface sediments (grab
samples) showed a wide range, between 2 and

Sediment texture
: 90% (Fig. 11). CaCO, contents between 10 and

The surficial scdiments of the Sca of Marmara 30% appear to be the rule, with the lower and
in this study have shown a wide range of grain higher values being exceptions (Fig. 11). Micro-
sizes, from clay to sandy gravel (Fig. 9). In any scopic studies revealed that most of the carbon-
discussion of the marinc sediments, it must be ates occurred in the relatively coarse sediment
realized that the changes in the amount of vari- (ractions and were derived from the skeletal and
ous grain size (ractions can significantly influ- shell remains of benthogenic organjsms, such as
ence the chemical compositions of the sediments pelecypods, calcareous coralline algae, gastro-
(Romankevich, 1984). In most studies, therefore, pods, and some other molluscs.

values are expressed on a carbonate-free basis or

with reference to a conscrvative element or to the Organic carbon distribution

fine-grained fraction. To normalize organic car-

bon data, and thus to reduce the diluting effect of Total organic carbon concentrations of the
grain size (caused by clastic sand and gravel, and surface sediments (grab samples) from the Sea of y
benthic shell debris), we have prepared a distri- Marmara varied between 0.37 and 2.16%, with a ,
bution map of mud (composed mainly of silici- general tendency to increase in finer-grained
clastics) in the Sea of Marmara (Fig. 10). It sediments (Fig. 12). The results obtained here
shows that sediments with high mud contents were nearly within the same range, i.e. between
occur widely in the deeper offshore waters,’ 0.37 and 2.16% on the northeastern shelf (Bos-
coastal embayments, and cyclonic/gyral arcas phorus-Marmara approach), 0.57-1.64% on
where hydrodynamic conditions favour scdimen- (he northern shelf, 0.44-1.90 on the southern
tation by fine detritus, except for regions off river shelf, and 0.37-1.51 on the southwestern shell
mouths with high terrigenous input. (Dardanelles-Marmara approach). As shown in
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Fig. 9. Principal types of surface sediments in the Sea of Marmara.

Fig. 13, the organic carbon concentrations in the
northeastern half of the Sea of Marmara are
generally higher (1.0-1.5%) than those from the
southwestern half of this sea (0.5-1.0%). This
would mean that the distribution pattcrn of

organic carbon in these sediments supports the
importance of the influences from the two
adjacent seas, the Aegean Sea and the Black Sea.

With the exception of surface sediments (0-
6G.cem) from the two cores BX- | (0.21-0.62% Core)

2010 (][] 30-50
] E=10-30°. B4 50-707
o T T

NN 70-90%,
E= 90-100
T

Mud (%)

40"

T v

Fig. 10. Distribution map of mud (grain size less than 63 #m) in surface sediments from the Sea of Marmara.
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Fig. 11. Distribution map of the total carbonate contents (expressed as per cent CaCO,) of surface sediments in the Sea of

Marmara.

and BX-6 (0.10-0.17% C,,) obtaincd at the
Black Sea and Acgean Sca exits of the Sca of
Marmara (Fig. 14), respectively, the remaining
surface scdiments from other corers (BX-2, M-3,
BX-3. BX-4 and BX-5) showed organic carbon
values ranging from 0.84 to 1.15% (Bodur and
Ergin, 1992). The fluctuations observed in the
C,, contents of scdiments in cores BX-1 and
BX-6 (Fig. 14) are attributed to the variations in
lithogenic and benthogenic constituents of
sediment admixtures in the cores.

2.40 -
— i °
.
g : °
°
R A LT
Q ® ° . % P es
| |.20-:°- v e ’“f:o W‘“o i‘tf/-‘
(D LR E’u_g ;';‘?’, ,"’i [ s
x 0.80 - y««f‘;ﬁv‘. foo Cur
Oo4o;§ﬁﬂ'°:,”:’° Tt
{ 120
0.00 1 T T — T v 1 T 1
0O 10 20 30 40 50 60 70 B8O 90 100
CLAY

Fig. 12. Relationships between the total organic carbon
contents and fine size fractions of the surface sediments
(including the top 10 cm of the cores) in the Sea of Marmara.

Compared with sedimentary organic carbon
data from other offshore waters in the eastern
Mediterrancan (0.11-0.85%: Emelianov and
Romankevich, 1979; Ergin et al., 1988) and the
Acgean (0.30-0.70%: Voutsinou-Taliadouri and
Satsmadjis, 1982; Ergin et al., 1992), the organic
carbon concentrations obtained in this study
(0.37-2.16) and those by others (0.38-1.83%:
Ergin and Evans, 1988; Evans.ct al., 1989; Ergin
ct al., 1991) have revealed relatively high organic
carbon concentrations in the sediments of the
Sea of Marmara. Similar higher C_, contents are
known from the Black Sea sediments (0.50-2.00%:
Shimkus and Trimonis, 1974; Rozanov et al.,
1974; Yucesoy and Ergin, 1992). From this, one
may infer the possible effects of lateral transport
of organic matter/nutrients from the adjacent
Aegean Sca and Black Sea. This finding is also
supported by the results of Basturk et al. (1986),
who showed that the distribution and the levels
of humic substances were well correlated with
primary production, which in turn was signifi-
cantly influenced by the transport from the Black
Sca.

Patchy occurrences of relatively high C,,, per-
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Fig. 13. Distribution map of the total organic carbon contents of surface sediments (grab samples) in the Sea of Marmara.

centages (1.0-1.5%) along the southern inner
shell (ncar the coasts) probably indicate influences
from terrigenous sources in addition to marine
organic production, because the southern Mar-
mara shell reccives large quantities of ter-
rigcnous materials through the major rivers
cntering the sea from the south (Ergin ct al,,
1991).

Relationship between primary productivity and
total organic carbon in sediments within the Sea
of Marmara

Average annual primary production rates and
total organic carbon contents (recalculated on a
CaCO,-free basis) of sclected fine-grained (more
than 90% mud) sediment samples obtained in
this study are interrelated, as shown in Fig. 15. 1t
is apparent that there might be a general increase

Org-C (%) Org-C (%) Org-C (%)
o 1 2 0 1 2 ot 2
O -juaerilitsuins) 0 -jruniarugt et O -Jovurtasadesesansest
% 1
N 10 - , N
e —~ 20 - ) ’E\ 10 -
£ § &
L oo- L 3. ] g
£
£ + -
_.'EQ "6_ 40 - % 20
o S Q
o 4
S0
2OJ BX-— 1 60 BX—3 0 - B

Fig. 14. Downcore distribution of total organic carbon contents in the sediments from the Black Sea exit (BX-1), central deep
basin (BX-3), and from the Acgean exit (BX-6) of the Sea of Marmara. (See Fig. 6 for locations.)
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(Dardanelles-Marmara approach).

in organic carbon contents of sediments with
increasing primary production. However, this
observed relationship is not dircct and therefore
it is less significant than would normally be
expected in many marine environments where
the dependence of sedimentary organic carbon
contents on primary production rates arc much
more pronounced (Muller and Suess, 1979). In
the fine-grained surface scdiments of the Sca
of Marmara, organic carbon contents showed
approximatcly 1.2-fold increase with cach 2.6-
fold increase in the primary production rate
(Fig. 15).

Particularly on the southern shelf, where the
primary production rates incrcasc from 107gC
m-2 year ' on the inner shelf to 161gCm~?
ycar~' on the outer shelf, organic carbon con-
tents of the sediments do not follow the same
trend. A significant amount of the organic matter
from primary production may have been removed
from the water column before seltling to the
bottom, or increascd removal of organic matter
occurs as a result of rapid degradation and bio-
logical activitics at or ncar the sediment surface
or within the sediment. It is well known that
vertical transport of particulate organic matter
in the water column — except for living organ-

ained in the Sea of Marmara. x, Southern inner shell; @ southern
outer shell; O, northeastern shelf (Bosphorus- Marmara approac

h): a. northern shelf; O, decp-sea basins; A, southwestern shelf

isms — is dominated by relatively large. rapidiy
scttling particles (more than 100 um), with
scttling velocities of about 100m day~', which
occur as a result of processes such as aggrega-
tion, flocculation, and coagulation (McCave,
1975; Eisma and Kalf, 1979: Honjo and Roman,
1979: Shanks and Trent, 1980; Ergin ct al., 1990).
FFor example, in the northeastern Pacific Ocecan,
aggregates were usually the dominant form of
carbon leaving the euphotic zone (Silver and
Gowing, 1991). In fact, with low sinking rates,
phytoplankton itself remains in suspension,
unless it flocculates or becomes attached to
Jarger particles (Platt et al., 1983). Under such
conditions, especially in the Sca of Marmara,
where current velocities in offshore surface
waters arc approximately 5-10cm s (M.A.
Latif. personal communication, 1991), and 80-
200cms-' at the approaches of the Bosphorus
and Dardanelles Straits (after Defant (1961),
Danicl, Mann, Johnson, and Med¢|1l\all/AIvord.
Burdic and llowson/Motor'Columbus/Checchi
(DAMOC) (1971) and De Filippi et al. (1986) in
Unluata ct al. (1990)), a considerable portion of
the primary organic matter might have been
laterally transported offshore via the prevailing
surface flow.
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The rapid decay of organic matter as a result
ol microbial degradation is typical for many
ncarshore and deltaic environments (Tissot and
Welte, 1978; Coleman et al., 1979). However, the
results obtained here make it difficult to identify
the extent of such a rapid organic matter decom-
position because of the overwhelming influences
of terrigenous inputs and the particular hydro-
graphic conditions prevailing in the study arca.
On the other hand, of course, the presence of
incrcasing benthic activities -— as indicated by
the occurrences of relatively high biogenic car-
bonalc contents in some nearshore samples -
would not only produce dilution of organic
matter by carbonate admixtures, but also would
cause the organic malter preserved in the
scdiment o be utilized by the benthos (c.g. Rowe
ct al., 1988). In this work, these processes must
be limited to the arcas of sediments relatively rich
in benthogenic carbonatc but low in organic
carbon contents which were not taken into
account to cstablish basin-wide production-flux
relationships in the Sea of Marmara.

From the above discussion, we imply that
there is no evidence to suggest a direct relation-
ship between surface productivity and the C,,
distribution in sediments. It is more likely that
loss of organic matter as a result of lateral trans-
port by surface waters can be considered as
a reasonable explanation for the imbalance
between primary production and carbon flux
from the euphotic zone in the Sea of Marmara.
Variations in the intensity of biological processcs
would thus play a secondary role.

Relationship between total organic carhon
content in sediments and the concentration of
dissolved oxygen in the Sea of Marmara

As shown in Fig. 3, dissolved oxygen con-
centrations below the halocline of the Sea of
Marmara gencrally decrease from the Dardanel-
les approach towards the deep basins offshore,
but again increase slightly in the Bosphorus
approach. This is one of the distinguishing
features of the Sca of Marmara, which has a
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permanent oxygen dceficiency below the halo-
cline, which in turn is the lower limit of the
cuphotic zone; therefore, the oxygen deficiency
below the halocline reflects the competition
between the oxidation of organic matter and the
supply of dissolved oxygen by physical processes
(Unluata and Ozsoy, 1986). The latter results
from the oxygen-rich subsurface watcr masses
which enter from the Acgean Sea and flow
through the Strait of Dardanelles losing a con-
siderable proportion of their oxygen content
immediately upon entering the Marmara Basin
(Fig. 3). The dissolved oxygen transport from the
surface to sub-halocline waters can only be by
diffusion, and hence is small (Besiktepe, 1991).
As the average renewal time for the sub-halocline
Marmara waters was estimated to be roughly 5§
years (residence times for the surface waters are
about 3 months) and the annual supply of oxy-
genated water through the Dardanelles Strait
is only a small fraction of the basin volume
(Unluata ct al., 1990), the deep Marmara waters
are significantly depleted in oxygen content (0.8-
1.4mgO,1~'; Basturk et al., 1991).

It has been suggested that settling fluxes of
organic matter can also greatly vary from place
to placc in the sca, depending not only on the
level of production, water depth, rate of sedi-
mentation, and the transport mechanisms but
also on the availability of oxidants (e.g. Pedersen
and Calvert, 1990). Thus, one might expect that
in relatively oxygen-rich waters on the south-
western shelf of the Sea of Marmara, the decom-
position of sinking organic matter would have
proceeded much faster than in the relatively
oxygen-deficient or oxygen-poor waters of the
central basins and the northeastern shelf of this
sca. In consequence, the organic carbon contents
of sediments in this study would reflect, to some
degree, marked variations in the oxygen concen-
trations in the water column across the Sea of
Marmara. However, the results show (Figs. 3
and 13) that there is no direct relationship
between oxygen dcficiency in the overlying water
masses and C,,, distribution in sediments of the

org

Sea of Marmara; a fact that may find support in



324

the works of Glenn and Arthur (1985), Calvert
(1987), and Pedersen and Calvert (1990), who
have revealed that variations in the oxic and
anoxic conditions do not appear to have a direct
cifect on the carbon accumulation in modern
scas.

CONCLUSION

Studics on primary production, sedimentary
organic carbon, and oxygen deficiency distribu-
tion in the Sca of Marmara have shown that
there is no direct relationship between these par-
ameters for this sca. Productivity and organic
carbon accumulation in the sediments arc strongly
affected by the inflow of rclatively organic-rich
Black Sca waters, by the southerly major rivers,
and by inflow of organic-poor Acgecan or Mcditer-
ranean waltcrs.

Latcral offshore transport in surface watcers
and, to a lesser degree, oxygen deficiency and
biological activities in the water column are
belicved to be important factors resulting in the
decreasce of particulate organic carbon fluxes to
the sediments in this sca.
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