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Summary Preliminary results from analysis of modern surface sediments and suspended solids collected
from the Golden Horn estuary revealed the large influence of the particular hydrographic factors on the
types and modes of distribution of suspended solids and bottom sediments in this estuary. Low-carbonate
(9-14 % CaCO 3). organic-rich (3.17-5.49% Org.C) black mud with dominant silt was widely distributed
along the estuary. The importance of the hydrodynamic relations between the prevailing horizontal cur-
rent velocities in the estuary (5-10 cm/s) and typical settling velocitics for silt particles are shown. Fa-
voured accumulation of clays at the head of estuary must result from the flocculation of clays due to their
physico-chemical properties, whilst their presence in the outflowing surface layers indicates transporta-
tion along with organic substances of much lower density. Three sedimentary facies are recognized in
the suspended materials of the estuary: (a) silty and organic-rich clay; (b) fecal-pelletic silt; and (c)
|n-I(rcypmlul-(]inlomcccuus-tlinuﬂugvllmc silt, suggesting seasonal variations in the species and abundan-
ces of both terrigenic and biogenic materials. Anthropogenic substances are present in both suspended
materials and bottom sediments and are represented by organic and inorganic materials of varied origin.

Riassunto. | risultati preliminari derivanti dalle analisi dei sedimenti di superficie attuali e del particellato
in sospensione raccolti nell’estuario del Corno d'Oro rivelano la grande influenza dei fattori idrografici
sui tipi ¢ sulle modalita di distribuzione del particellato sospeso e dei sedimenti di fondo in questo estuario.
Fanghi neii caratterizzati da basse percentuali di carbonato (9-14% CaCO3) e ricchi in materia organica
(3.17-5.49% Org. C), con silt dominante, sono ampiamente distribuiti lungo 'estuario. Viene illustrata
I'importanza delle relazioni idrodinamiche tra la velocita della corrente orizzontale prevalente (5-10 cm/s)
e la velocita di sedimentazione tipica delle particelle disilt. Il favorito accumulo di argilla in *“testa” all’estuario
deriva dalla locculazione di argilla dovuta alle sue propricta chimico-fisiche, mentre la sua presenza negli
strati superficiali di deflusso indica trasporto con sostanze organiche a densita molto pit bassa. Sono state
ficonoscinte tre facies sedimentarie nel materiale in sospensione dell’estuario: a) silt e argilla ricca in
materia organica; b) silt con fecal pellets; ¢) silt con pelecipodi, diatomee e dinoflagellati, che suggeriscono
variazioni stagionali nelle specie ed abbondanza sia di materiali terrigeni che biogenici. Le sostanze
antropogeniche sono presenti nei materiali sospesi e nei sedimenti di fondo e sono rappresentati da materiali
organici ed inorganici di origine varia.
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1. Introduction

Sstuaries are transitional zones between fresh and salt water environments where terri-
genic, biogenic, and anthropogenic materials of varied origin are known to be trapped in con-
ciderable amounts according to the prevailing hydrologic conditions. The Golden Horn Estua-
ry (Halig) investigated in this work is such a system.

The Golden Horn Estuary, into which the Alibey and Kagithane Creeks discharge (pre-
sently at a rate of about 50x10 " m 3/y), is a westerly tributary of the Strait of Bosphorus which,
in turn, connects the Sea of Marmara in the south with the Black Sea in the north (Fig. 1).
The Golden Horn is approximately 7 km long and 150-900 m wide (avg. 370 m) and covers
a surface area of about 2.600.000 square meters, having depths of approximately 40 m at
the mouth to 1 meter at the upper end. Once a famous promenade of the Ottoman Empire
(i.e. Tulip Age: 1718-1730 A.D.), the Golden Horn Estuary has been subjected to an alar-
ming increased of human interference during the last five decades of various types, such as
waste disposal, accelerated runoff/erosion, damming, and river control. This has attracted the
attention of many researchers in this coastal part of Turkey. i

Various meteorological and oceanographic background information was provided in a “Ma-

135




MAN - MADEGROUND
7] QUATERNARY ALLUVIUM
[] PRE- QUATERNARY

OF MARMARA

Fig. 1 - Study area, the Golden Horn and its surrounding. The filled circles indicate sampling stations of this study

and the open circles are from DAMOC (1971).

ster Plan and Feasibility Report for Water Supply and Sewerage for the greater Istanbul Re-
gion (incl. Golden Horn)** (DAMOC, 1971). Later, in 1976 several papers were presented
at a national symposium on the Golden Horn held at the Bosphorus University, Istanbul, with
emphasis on chemical, physical, environmental and geotechnical aspects of this estuary (Artiiz
and Korkmaz; Balci; Baykut; Cekirge; Durgunoglu; Giigliier and Dogusal; Kumbasar et al.;
Peynircioglu; Sayar; Utkan; Yalginlar, 1977a and b). In recent years, a considerable number
of multidisciplinary investigations have concentrated upon the health of the Turkish straits, in-
cluding that of the Golden Horn Estuary (e.g Saydam et al., 1986; Bastiirk et al., 1988; Ozsoy
et al., 1988). Bottom sediments from the Golden Horn were also investigated with emphasis
on both organic (Saydam et al., 1986; Unsal, 1988) and inorganic (Erdem, 1988) pollution
in the region.

This paper discusses the results on parameters obtained from sediments and suspended

Table 1 - Results on the physical and chemical analysis of surface bulk sediments in the Golden Horn
Estuary. Textural classification according to Shepard (1954).

Sampling Depth Clay Sil Sand Gravel Mud CaCOy Ocg. C Texture
stations (m) (%) (%) (%) (%) (%) (%) (%)

H2 41 9 63 20 8 72 9 3.84 gravelly mud
H6 38 21 73 5 1 94 11 4.74  clayey silt
H10 37 19 70 9 2 89 14 5.49 clayey silt
Hl4 31 12 74 10 4 86 14 5.04 clayey silt
H18 15 10 58 21 11 68 12 5.04 gravelly mud
H22 7 9 64 21 6 73 11 5.42  gravelly mud
H26 3 15 84 1 - 99 14 3.17  silt '
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Fig. 2 - Total suspended solid concentrations of the Golden Horn waters, at stations 2 through 26, from O (surface),
10 m and 30 m depths. Note the high TSS values at/near the surface, due to increased influxes from land-
based, biogenic, and anthropogenic sources. Data compiled from Saydam et al. (1986) and Bastiirk et
al. (1988).

matter of the Golden Horn Estuary in the light of several other oceanographic factors, with
the aim of determining the mechanisms controlling modern sedimentation processes in this estua-
ry. No other work of this kind was known to the authors.

2. Methods and materials

Surface sediments were collected with a grab at seven stations in the Golden Horn from
depths of 2 to 41 m (Fig. 1; Table 1), and were subjected to grain size, organic carbon and
carbonate determinations. A total of 138 suspended matter samples collected (Fig. 2) during
the R/V Bilim cruises in the Golden Horn in 1987 were examined under the binocular-microscope
for their textural and genetic characteristics.

Clay (< 0.002 mm), silt (0.002-0.063 mm), sand (0.063-2 mm) and gravel (> 2 mm)
fractions of the sediment samples were separated using standard procedures (sieve plus pi-
pette; Folk, 1974). For sediment classification, both granulometric (Shepard, 1954; Folk, 1974)
and genelic (Lisitzin, 1986) compositions were used. Total carbonate contents were deter-
mined gasometrically by treating the dried and ground bulk sample with HC1 (after Miiller,
1967). Organic carbon determinations (wet-combustion) were made according to the analytical
procedures by Gaudette et al. (1974).

3. Hydrographic and geological setting

In the Golden Horn, the particular characteristic of the circulation are governed by the
volume and rate of flow of the fresh water (runoff-rainfall), brackish water (from the Black Sea),
and saline water (from the Mediterranean Sea) entering the estuary; the size and shape of the
basin; and the effects of winds. The region is of low tidal range. Physical and chemical con-
ditions in the Golden Horn Estuary waters have been investigated by several authors (DAMOC,
1971; Artiiz and Korkmaz, 1977; Baykut, 1977; Durgunoglu, 1977; Giigliier and Dogusal,
1977; Utkan, 1977; Saydam et al., 1977; Bastiirk et al., 1988; Ozsoy et al., 1988) and the

major characteristics are summarized below.

Salinity, temperature and dissolved-oxygen distributions in the water column of the Golden
Horn (Fig. 3) reveal their sources to be mainly from the Strait of Bosphorus, where a two-layer
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Fig. 4 - Prevailing water movements in the Golden Horn. Note the inflowing Black Sea and the Mediterranean Sea
waters and the associated current velocities. Rl'pm(lm‘('xl from data by DAMOC (1971), Artiiz and Korkmaz
(1977), Giigliier and Dogusal, 1977), and Saydam et al. (1986).

flow exists; an upper layer outflow of Black Sea origin (Black Sea waters: 18-21 ppt salinity)
and a bottom layer inflow of Mediterranean Sea origin (Marmara Sea waters: 36.5-37.5 pplt
salinity). The interface between the Marmara inflow and the Black Sea outflow in the Strait
of Bosphorus is usually located at 20-25 m depths; however, this level is subject to some chan-
ges due to variations in the meteorological conditions. In the Golden Horn, this leads to a three-
layer flow system. Either Bosphorus or Black Sea waters flow into the Golden Horn over the
surface, from 0-15 m depths; and below the 20-25 m water depths, a bottom inflow carries
either Marmara Sea or Mediterranean water, correspondingly, along the Golden Horn (Fig.
4). The upstream movements and circulation of waters in the Golden Horn results in mixing
of the inflowing surface and bottom layers so that the mixed waters flow out seaward as the
intermediate waters from some 15-25 m depths (Fig. 4). Velocities of the surface and bottom
currents are, on the average, 4-5 cm/s, whilst the intermediate outflow reaches higher speeds
of up to 7.7 em/s. although current velocities down to 2 cmls, or even less than that are mea-
sured in the inner estuary (Figs. 4 and 5).

Hydrographic investigations also showed the presence of a distinct, uppermost water layer
of about 2-3 m in thickness extending over the Bosphorus inflow, probably due to the blocking
effect of the Galata Bridge pontoons (at the mouth of estuary) and to increasing waste dischar-
ges. The sources of fresh water in the Golden Horn include runoff and rainfall which usually
outflow at the surface. '

The existence of the two principal water bodies flowing into the Golden Horn can best be
shown in terms of salinity profiles (Fig. 3): the salinity in the upper layer generally varies from
about 18 to 20 ppt, with the exception of values as low as down 10 ppt in the uppermost zone
due to increased rainfall and runoff; and the salinity of the bottom layer ranges between 38
and 39 ppt. Thus, the extent of the intermediate water changes between 20 and 38 ppt de-
pending on the meteorological conditions.

The dissolved oxygen distribution in the estuary (Fig. 3) shows differences within the up-
per layer; the uppermost (top 2-3 m) zone is commonly depleted in dissolved oxygen content
(0.5-3 mg/1) as a result of increased pollution; and the layer below has a relatively high con-
tent (3-8 mg/1) due to the dominance of the Black Sea waters. The bottom layer originating
in the Sea of Marmara shows dissolved oxygen contents in the range between 2 and 6 mg/1.
Due to high rates of accumulation of both natural and anthropogenic materials and to the lack
of strong currents, dissolved oxygen contents of the Golden Horn waters decreased conside-
rably, and even locally anoxic bottom conditions (H ,S-bearing) may appear.
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Fig. 5 - Current velocity profiles obtained near the mouth of the Golden Horn Estuary (after DAMOC, 1971).

The geological evolution of the Golden Horn Estuary has been investigated by several wor-
kers (Yalginlar, 1977a; Sayar, 1977; Ercan et al., 1987; Meri¢ at al., 1988) and there is
a general agreement that the geological evolution of the Golden Horn resembles to that of the
Strait of Bosphorus. The available data shows that the present shape of the Golden Horn must
have originated from a pre-existing, erosional river valley which was repeatedly submerged
during the interglacials and exposed during the glacials as the sea level rose. According to de-
finitions by Dyer (1973) and Fairbridge (1980), the Golden Hornd can be classified as a
“drowned-river valley‘‘ or “‘coastal plain‘‘ type of estuary. Most of the Recent drowned-river
valleys in the world were formed during the Flandrian transgression which ended about 3000
B.C. (Aston and Chester, 1976). The Golden Horn seems to be following an old dissected and
faulted, graben-like structure which developed during the late Tertiary (probably Pliocene) or
much later during the early Pleistocene. The oldest known geological formations in and around
the Golden Horn, now partly exposed, include occurrences of graywackes, schists and lime-
stones of upper Paleozoic age (bedrock), which are locally overlain by Neogene (mostly Plio-
cene or Miocene) sand, gravel, clay and marl beds (Fig. 6). Black and organic-rich, muddy
sediments overlying the Recent alluvium deposits cover most of the Golden Horn floor today
(Fig. 6). Apart from this, man-made ground materials of wide ranging in origin commonly oc-
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cur along both of the estuary.

The majority of the sedimentary materials to be deposited on the floor of (;()ld(‘;’n Horn
comes from land erosion (Durgunoglu, 1977) through the rivers “Alibey** (54.000 m ly) and
“Kagithane** (5100 m */y) (fier Cekirge, 1977), but additional material is being deposited
to a lesser degree from local domestic and industrial sources. From this, a sediment accu-
mulation rate of up to 6-10 ¢m per year was estimated for the Golden Horn (Kor; in Balci, 1977).

4. Results and discussion

Various sedimentary and suspended-load parameters obtained in this study are discussed
in the light of their geological, biological, hydrological, and anthropogenic aspects and the re-
lationships found are described below.

4.1 Suspended matter distribution

The total suspended solid (TSS) contents of the Golden Horn waters have already been
reported in Saydam et al. (1986) and Bastiirk et al. (1988) (Fig. 2). The maximum concen-
trations of TSS (10 to 40 mg/1) were found in the surface waters of less than 1 m depth, around
late winter and early spring. and associated with the heavy rainfall in this region. In contrast,
the amount of suspended material in the underlying 10 and 30 m water layers was remarkably
low (1 10 3 mg/1), as observed during late summer and early autumn. Low suspended matter
concentrations, as compared with those from the adjoining open seas (0.1 to 3 mg/1 in the
Black, Marmara, Aegean and Mediterranean seas; after Emelyanov and Shimkus, 1972; Shim-
kus and Trimonis, 1974 Bagtiirk et al., 1988; Salihoglu et al., 1988). reflect more or less
open-marine conditions in the lower water layers (around below 10 m) of the Golden Horn
Estuary. On the other hand, the highest concentrations of suspended solids in the surface layer,
especially in the upper estuary, and the generally decreasing suspended solid concentrations
towards the mouth, all indicate the intensity of suspended-load delivery to the Golden Horn
from land-based sources - a common feature of many estuaries (e.g., Duinker, 1980). In the
underlying water layers of 10 and 30 m depths, the TSS levels were rather low and almost
constant throughout the estuary, as a result of the active role of currents.

Results of microscopic studies of suspended matter samples in this work showed greal va-
riations in the nature of suspension loads (Fig. 7). In the surface layers of the Golden Horn
(0-1 m), silty and organic-rich clay was the most abundant type of suspension, usually yellowish-
brown to dark-brown in colour.

The suspended organic matter in this uppermost water layer must be largely represented
by the terrigenous humic matter carried by land drainage (Saydam et al., 1986), and 1o a les-
ser degree by the organic waste substances derived from industrial and municipal sources. A
close relationship between the humic and total suspended solid concentrations in the Golden
Horn is shown in Figs. 2 and 8, where both parameters attained their maximum levels con-
centration with decreasing tendency towards the mouth of the estuary.

The most abundant type of suspension was the fecal-pelletic silt commonly occurring in
the underlying waters at depths greater than 10 m (Fig. 7), although some occurrences were
also observed in the surface layer. Although the ingestion of suspended material by planktonic
and benthonic animals leads to particle aggregation in the form of fecal pellets, in general,
the fecal pellets are known to be the excrelory matter of invertebrates (mainly gastropods and
worms) (e.g., Wetzel, 1937, Schiifer, 1953; Reineck, 1972). The fecal pellets of the Golden
Horn waters occurred in different shapes (spherical, elongated, and ellipsoidal) and sizes (loo-
sely consolidatet, from medium-silt to fine-sand) and some of them were more or less decom-
posed so that their clayey and silty components could be recognized.

The recognition of the fecal-pellet producing animals in the Golden Horns seems to be
rather difficult at this stage, but several organisms (both suspension - and deposit - feeders)
muslt be involved in the production of such excretory matter. Furthermore, these fecal pellets
may possibily have been moved from the place of genesis through bioturbation (Schiifer, 1953),
river-borne sediment transportation (Wagner, 1968), up and down biotic movements (Woll,
1980), or by the active in-and out-flow currents. The latter may deserve attention because of
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the prevailing currents in the Golden Horn (2 to 7 ¢m/s; s. Figs 4 and 5) which can transport

9).

silt-to fine-sand materials long distances, according to the well-known Hjulstrom’s diagram (Fig.

Nextin importance was the occurrence of pelecypodal-dinoflagellate silt with some diatom
species, mostly at 10 and 30 m water depths during January and February, but also to a lesser
extent in August and September (Fig. 7). The appearances of the biogenic layers are in agree-
ment with data from Uysal (1987) who found maximum diatom and dinoflagellate blooms in
the Golden Horn and its adjoining waters for the period of January. Although considerable
variations both in species compositions and abundances of diatoms and dinoflagellates were
observed throughout the year, dinoflagellates were represented by Ceratium and Nuctila, and
the diatoms by their centric forms (Uysal, 1987). Other dinoflagellate species are used for li-
thostratigraphic correlations in the Black Sea (Wall and Dale, 1974).

Fig. 7 also shows a clay dominance in the surface layer suspension, whereas silt dominates
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ters of the Golden Horn. It is obvious that the different behaviour of clayey
lifferent physico-chemical pro-

and silty suspensions in an estuary is essentially related to their ¢
perties. For example, clay minerals (Carroll and Starkey, 1960), humic substances (Hair and
Basett, 1973), and hydrous iron oxides (Swanson et al., 1972; Burton, 1976) are subject to
flocculation in the early stages of estuarine mixing of fresh and saline water, usually below
a salinity of about 4ppt (Dyer, 1979). Thus, accumulation and probably sedimentation of large
quantities of clay minerals and humic substances is expected in the upper estuary. Otherwise,
they can be transported away over the surface waters until they are sufficient in size and shape
1o settle out of suspension; or are taken up by the fecal-pellet-producing organisms (Dyer, 1979);
and/or are transported back towards the upper estuary by inflowing undercurrents. Data so
far obtained in this study suggests all the above processes are taking place in the Golden Horn

in the underlying wa

to varying intensities.

The contribution of silt to the suspen
mined to a great extent by the particular circul

ded loads of the Golden Horn is more likely deter-
ation and biological conditions prevailing there.

The latter involves uptake of silt by the fecal-pellet-producing organisms, as is the case for the
clay-sized materials. The suspended matter samples of this study also contained soft tissues
of various marine organisms, and both organic and inorganic waste products of varied origin,

but in lesser amounts.
4.2 Textural character and transport modes of the sediments

a dominance of silt is the major sediment type covering the floor

Terrigenous mud with
terials (collapse

of the Golden Horn today (Fig. 10), except for its sideslopes where coarser ma
products from the nearby madeground) are deposited.

Clay percentages varied between 9 and 21; silt from 58 to 84; sand from 1 to 21; and
gravel from less than 1 to 11% of the bulk sample (Fig. 10; Table 1). Clay-sized materials,

although not determined here, are probably composed of clays, hydroxides and organic mat-
here (Postma, 1980). Of course, in the Golden Horn, it seems

ter, as in many estuaries elsew
human interference (pollution, defore-

that part of the finer-grained material is supplied by
station etc.). In the silt, lithic grains (quartz, feldspars, chert etc.) were the most abundant type

of material, but anthropogenic substances such as coal and slag particles also occurred in si-
gnificant amounts. Sand - and gravel - sized fractions were generally made up of lithic grains,
organic detritus (wood and plant remains in the form of fibres, flakes, branches and aggre-

144




-
w
>
<
[
O
EROSION
‘2 i (cohesive
< % sediment)
0 ofins
. > \\ ""
L £ S &
ey L EES
(7) .'.. . : \(d\")z :r
2 :
- °
<
o |
O
(0] 10 10 100

velocity cm/s

Fig. 9 - Schematic Hjulstrom diagram showing approximate relationships between current velocities and behaviour
of strecam-bed sediments (from Lewis, 1984).

gates), coal and slag particles, and madeground infill (bricket, earth debris, beton etc.).

Such a varied origin of the admixtures in the grain-size fractions also resulted in the ab-
sence of a relationship between grain-size distribution of samples and the topography (Fig. 10),
although a tendecy to a decrease in the mean grain size with distance from the upper end of
the estuary was excepted. It therefore appears that the circulation pattern is an important factor
in determining the sediment dispersal within the estuary, as was also discussed for the modes
of distribution of suspended materials in the foregoing section. The importance of density stra-
‘lification for the favoured accumulation of fine-sediments within the estuaries has been re-

ported by Barner (1965), Werner (1968), Artiiz and Korkmaz (1977), and Postma (1980).

One would expect that sediment mixtures introduced into the upper Golden Horn Estuary
at depths less than 7 m via the two major rivers, would become separated into mainly silt and
clay, whilst sand would enter the estuary at times after heavy rainfalls. In accordance with the
hydrodynamic relations between settling velocities and grain size of moving particles (Fig. 11),
the horizontal current velocities at the surface of the Golden Horn (5-10 cm/s; s. Fig. 4), (un-
der optimum conditions) are able to carry clay-sized materials up to 7 km toward the mouth
of the estuary before settling to the bottom. However, the generally decreasing clay to org.
C ratios in the sediment samples, from 4.7 at station H26 to 1.6-2.4 at stations H22-H14,
presumably indicates the flocculation and deposition of substantial amounts of clay at the head
of the estuary, whilst remaining clays together with various kinds of organic substances (which
are or a much lesser density) move seaward, unless moving back under the influence of in-
flowing surface currents from the Strait of Bosphorus. Again, slightly high clay to org. C ratios
(2.3-3.5) at the outer estuary seem to be cause by a complex of processes which may include
the increased contribution form various natural and anthropogenic sources, entrapment by the
Galata and Atatiirk Bridges, and the inflowing Black Sea and Marmara currents.

At the head of the estuary, in areas of shallow water depth (3 m) where the horizontal
surface currents have velocities of approx. 7 cm/s, silt-size particles can be carried no more
than a few hundred meters (s. Fig. 11). Thus, the maximum silt contents are found in the se-
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malerials are composed of terri-
genic, biogenic and ahthropoge-
nic substances (see text for de-
tails). Organic carbon data (open
circles) by Erdem (1988) is also

given for comparison.
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Fig. 11 - Settling velocities of various sized particles in currents flowing horizontally at 5 cm/scc (dashed lines) and
10 emlsec. Distance travelled by a particle during its settling time is also shown (slightly modificd after
American Geological Institute, 1967). Notice the preferred sedimentation by silt particles on the floor of
the Golden Horn Estuary between the sampling stations H26 (3 m water depth: upstream) and H2 (41

m water depth: downstream).

diment samples from the head of the estuary (84%; St. H 26). However, transportation and
deposition of silt particles in the middle and outer estuary apparently follow different patterns,
mainly due to their much higher settling velocities. Assuming that optimum conditions occur
in the Golden Horn Estuary, with no significant water inflow from the open sea, namely from
the Strait of Bosphorus; then, the prevailing currents at velocities of 5-10 cm/s - in accordance
with the hydrodynamic relations (Fig. 11) - would cause most of the silt particles to settle out
within the estuary. Besides, silt particles - when they reached the outer estuary due to active
meteorological influences - would have been markedly trapped and turned back into the estua-
ry by the inflowing Black Sea and Marmara currents. Consequently, silt will be the dominant
particle to be deposited in the Golden Horn.

Muddy sediments of the Golden Horn floor had a blackish colour and smelt of H 2 te-
flecting anoxic conditions within the sediment at the sampling stations.

4.3 Carbonate and organic carbon distribution in sediments

The total carbonate contents (%CaCO ;) were rather low, varying between 9 and 15% by
dry weight (Fig. 10; Table 1). Microscopic examination showed calcareous shell fragments from
organic remains to be the main fraction of the carbonate contents in the sediments studied,
among which the molluscs Ostrea, Cardium, Nassa, and Mytillus should be present (Sayar, 1977).

Only minor amounts of calcareous polychates tubes were found in the samples, although
they are the most common benthic organisms in the Golden Horn (Saydam et al., 1986). Unsal
(1988) showed that some species of these polychates can be used as indicators of the industrial
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Fig. 12 - Plots of grain size, carbonate and ur‘!;nnic carbon percentages. Note the lack of relationships among the
parameters due to the wide range of sources of the sediment admixtures.

pollution in this region. A close relationship between grain-size and CaCO 4 distributions was
not observed (Fig. 12), probably due to the narrow limit of the CaCO 3 values.

The organic carbon contents of bottom sediments in the Golden Horn ranged between 3.7
and 5.49% by dry weight (Fig. 10; Table 1). These values were somewhat higher than those
reported by Erdem (1988; Fig. 10) which is obviously attributable to the use of different sam-
ple preparation techniques. However, in general, sedimentary organic carbon percentages found
in the Golden Horn Estuary are significantly higher than those reported elsewhere in the ad-
joining Sea of Marmara (up to 1.80%; Evans et al., 1988; Ergin and Evans, 1988) and the
Black Sea (avg. 3.02%; Volkov and Fomina, 1974). Such high Cm‘s contents of the Golden
Horn sediments are unlikely to be solely due to the high rate of marine-organic production
in this region. Obviously, the presence of high rates of sedimentation by both organic and inor-
ganic substances in relatively shallow water of the Golden Horn prevents rapid decomposition
and oxidation of the organic matter deposited, as is the case in many estuaries or coastal inlets
(Cato, 1977; Patchineelam, 1977; Romankevich, 1984; Prouse and Hargrav, 1987; LeBlanc
et al., 1989; Ergin, 1990). Also, of course, particular organic substances from industrial and
domestic waste discharges, as well as from the collapse materials of nearby man-made slo-
pesides, would cause an enrichment in the organic matter of Golden Horn sediments.

The varied origin of organic substances and grain-size fractions in the samples also re-
sulted in the absence of significant relationships among these parameters (Fig. 12).

5. Conclusions

Results from suspended matter and sediment analyses obtained in this study indicate that
a great part of Lottom sediments must be derived from land erosion and carried into the estua-
ry by the two major rivers. This is also inferred from the generally seaward-decreasing con-
centrations of total suspended solids in water samples.

The elongated shape of the estuary (7 km long); the three prevailing distinct water currents
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(5-10 cm/s) moving in opposite directions; the relatively shallow water depths (3-40 m); and
the high settling velocities for silt-size particles, all explain the high silt percentages found in
the sediment samples.

Favoured accumulation of clays at the head of estaury is marked by the occurrence of:
a) high TSS concentrations in water; and b) high clay/org. C-ratios in sediments. Part of the
clay minerals is carried out by the surface currents, associated with various organic substances
of minimum settling velocities.

Petrographic investigations reveal both natural and anthropogenic sources as the contri-
butors to the bottom sediments, particularly in the coarser-grained fraction.

Low carbonate (9-14% CaCO 3) and organic-rich (3.17-5.49% Org. C) terrigenous mud
is the most widely distributed sediment type in the Golden Horn Estuary. The blackish colour
and strong smell of H ,S reflect post-depositional, anoxic conditions within the sediment.

In the suspensions of the Golden Horn waters, three sedimentary facies are recognized:
silty and organic-rich clay; fecal-pelletic silt; and pelecypodal-diatomaceous-dinoflagellate silt.
The distributions of these different biofacies are a response to the biogenic productivity in the
estuary - both qualitatively and quantitatively - under the partial influence of the inflowing Bo-
sphorus waters which originated in the less saline and organic-rich Black Sea, and saline and
relatively organic-poor Mediterranean waters.

The results obtained in this study show that more work has to be done for a better un-
derstanding of the mechanisms and factors controlling modern sedimentation in this estuary.
Future research needs therefore involve the deployment of several sediment traps, at least three
of them, at the head, middle and the mouth of the estuary.
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