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ABSTRACT

-

SEDIMENTOLOGY AND GEOCHEMISTRY
OF THE LATE-HOLOCENE SEDIMENTS FROM
THE SEA OF MARMARA AND ITS STRAITS
BODUR, Mehmet Nuri
Ph.D. in Marine Geology and Geophysics

Supervisor ¢ Assoc. Prof. Dr. Mustafa ERGIN
April 1991, 248 pages

Pecent sediments Cmainly of Late-Holocene age) from the Sea
of Marmara and its straits C(“Bosphorus”™ and "“Dardanelles*®),
have been investigated using box Cat 6 stationsd and
boomerang corers Cat 1 stationd and grab (Dietz Lafonded
sampler Cat 209 stations). A large number of petrographic
and chemical data was obtained to study the geochemistry of

the modern sedimentary deposits in the region

In the straits of Dardanelles and Bosphorus, as well as, in
many near-coastal zones where wave, current, and-ror benthic
activities are effective, the sea-floor is mostly covered by
the coarse-grained sediments (rich in sand and gravel).
These samples are composed of the varying proportions of
terrigenic and biogenic admixtures, depending on the
prevailing topography-related hydrodynamic conditions and
the biological activities. The former is best shown not only

in the channels but also in the canyon systems of the
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straits. The seaward increase in the fine components of
sediments along the downcanyon-axis is prominent.
Microscopic examination of the sediments revealed that the
terrigencous constituents, largely reflected the influences
from the land-based geological sources, most probably

delivered by river-~runoff and coastal erosion.

Biogenic components were mostly derived from the molluscan
shell fragments of various pelecypod species. Exceptions are
Lhe occurrences of the calcareous, coralline-algal Cchiefly
Lithothamnium calcareaum, L. fruticolusum and Lithophyllum
racemus) sediments particularly on the nearshore region of
the Bosphorus-Marmara, Marmara-Dardanelles, and
Dardanelles-Aegean Junctions, where the influences of the

Mediterranean undercurrents are predominant.

Organic carbon contents of the sediments (0.10 to 2.16 %
org.C) normally reflect the transitional character of the
Sea of Marmara, between the organic-rich Black Sea and the
relatively organic-poor Mediterranean Sea. The fine-
sediments are probably favoured for the accumulation of

organic matter.

Total carbonate contents of the sediments Cexpressed as %
CaCO3) ranging from 2 to Q0 %, are widely consistent with the
presence of the calcareous-biogenic fractions, usually in the

sand- and gravel-size groups of the samples.
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Heavy metal concentrations reflect marked variations in the
sediment texture and lithology, as well as, the changes in
post ~depositional process in response to various
environmental conditions. With the exception of Mn, the
heavy metal data show that the concentrations of Fe, Ni, Zn,
Cr, Co, Cu, and Pb in the samples are largely at natural
levels when compared with their baseline in the deeper core
sediments and their possible source rocks in the region.
There is no satisfactory evidence for an anthropogenic input
of the metals studied, although this can not be ruled out,
especially for Cu, Pb and Zn in the southern Bosphorus exit.
The role of diagenesis seems to be effective in the
in&reased Mn concentrations from the deep-sea sediments of

the Marmara Trough.



OZET

Marmara Denizi ve Bogazlardaki
Ge; Holosen Qokellerinin

Sedimentolojisi ve Jeokimyas:

BODUR, Mehmet Nuri
Doktora Tezi, Deniz Jeclojisi ve Jeofizidgi
Tez Yéneticisi : Dog. Dr. Mustafa ERGIN
Nisan 1991, 248 sayfa

Bu galismada Marmara Denizi ve Bodazlardan, 7 adet sonda (6
qu, 1 Boomerang) ve 209 adet kepge (Dietz Lafonded
ornekleyicileri yardimiyla alinan gilincel (Geg Holosen)
gokeller incelenmistir. Bilgedeki gincel ¢okellerin dagilim
sekilleri ve kdkenlerini saptamak igin gok sayida
petrografik ve kimyasal veriler elde edilmistir. Dalga,
akint1 vesveya bentik aktivitenin etkin oldudu Istanbul ve
Canakkale Bodazlari ve hatta birgok vakin kiyr alanlarinda,
deniz tabani ekseriyvetle kum ve gakil ydniinden zengin iri
taneli ¢dkellerle kaplanmistir. Bu gékeller dedisgen
oranlarda terrijenik ve biyvojenik karisimlardan olusmustur,
ki bunlar b®lgede hitkiim siren topodrafya ile iligkili olarak
hidrodinamik kosgsullara ve biyolojik aktiviteye bagl:
olmaktadir. Bu kosullar yanlizca kanallarda dedil hatta
bodjazlarin kanvon sistemlerinde de gédrilmektedir Kanyonun
ekseni boyunca gékellerin ince taneli kisimlarinin denize
dogru artisi bariz olarak goérillmektedir. Qokellerin

mikroskopik olarak incelenmesi sonucunda ekseriyetle karasal

VI



bilesenlerin muhtemelen kiyl erozyonu ve nehirlerin
getirdidi karasal ké&kenli jeolojik kaynaklardan oclustudu

gorijlmektedir.

Bivojenik bilesenler ekseriyetle farkli tirdeki
yumgakgalarin kavkilarindan olusmustur. Istisnai olarak
kismen lIstanbul Bodazi ve Marmara girigsinin yakin kiyisinda,
ve Akdeniz alt akinti etkilerinin yodun oldudu
Marmara-Ganakkale ve Ganakkale-Ege girislerinde kalkerli
mercan algleri Cba$11c$ Lithothamnium calcareaum,

L. fruticolusum and Lithophyllum racemus) gékellerinin

varlid:r ayrica tesbit edilmistir.

Normal olarak g¢odkellerdeki organik karbon miktari €0.10 ila
2.16 % arasinda dedismektedir), organikce zengin Karadeniz
ve organikce fakir Akdeniz arasinda bir gegis karakterini

yvyansitmaktadir.

Yiizde olarak kalsiyum karbonat cinsinden ifade edilen ve
yuzde 2’den 90’a kadar dedisen ¢dkellerdeki toplam karbonat
miktari yaygin olarak genellikle gakil wve kum boyutlu
drneklerde kalkerli biyojenik kisimlarin varligd: ile ifade

edilmektedir.

Adir metal konsantrasyonlari g¢dkellerin dokusunda ve
litolojisindeki belirli faklailiklari yansittig:r gibi, farkl:
ortam sartlarina bagli olarak gokelme islemleri sonrasi

dedisiklikleride yansitmaktadir. Orneklerde bulunan Manganez



metalinin haricindeki diger metallerin CFe, Ni, 2Zn, Cr, Co,
Cu, and Pb) dederleri bSlgedeki mimkiin olan kaynak
kayaglarla ve derin deniz érnekleri ile karsilastirildidinda
dodal seviyelerdedir. Kural disi olmadidi halde incelenen
metallerin, dzellikle Bodazin Glney ¢ikisinda bulunan Cu, Pb
ve Zn, alici ortama endiistriyel olarak girdisini
kanitlayacak tatmin edici herhangi bir kanitin olmadid:
gérilmiistiir. Diyajenezin, Marmara Qukurundaki derin deniz
gokellerinde bulunan manganez konsantrasyonlarindaki artista

etkin rol oynadidi géorilmektedir.
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CHAPTER ONE

1. INTRODUCTION

In the following, the general characteristics of the study
area, namely the Sea of Marmara and its surroundings have

been summarized. In this Chapter, also, the physiography,

geology, and atmospheric settings as well as, other

oceanographic parameters are discussed.

1.1. PHYSIOGRAPHY

The Sea of Marmara —-covering a surface area of about 11500
km® and a volume of approximately 3378 km - shows the relief
characteristics of a miniature ocean. It is an almost
totally enclosed depression lying between the Black and
Aegean Seas, those are connected by the two elongated narrow

and shallow straits CFig. 1.1).

The Strait of Bosphorus Calso called "“Istanbul Bodazi),
which is directed in the NNE-SSW, varies from 0.7 to 3.8 km
in width Cavg. 1.6 kmd> and is about 31 km long. The water
depths change in both, transversal and longitudinal
directions, with an average of 36 m and the maximum depth of
approximately 110 m is located in front of Kandilli CTNHC;

Turkish Navy Hydrographic Chart No.2921). Two sills are
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present at the strait’s exits; one of these, with about 32 m
depth is located about 3 km north of the Bosphorus with
Marmara in junction, and another sill Capproximately 60 m
depth) is situated at the junction of Bosphorus with the
Black Sea. Strait of Dardanelles Calso Enown as "Ganakkale
Bodaz1") is the southwestern exit of the Marmara Sea and has
a length of about 62 km Cavg. depth is approximately S5 m).
The width of Dardanelles Strait varies from 1.2 to 7 km
Cavg. 4 km; TNHC No.212>. The general orientation of the
strait axis is along the northeast-southwest direction,
however a prominent change occurs in the lower part of the
strait, about 20 km away from the Aegean entrance. In this
p;rt. the channel makes an abrupt bent, from west to south,
to form the so-called Nara Passage C(TNHC No.212). At the
Strait of Dardanelles and the Sea of Marmara Junction, the
strait widens gradually to join the western deep Marmara
basin in the north and the southern Marmara shelf in the

east CTNHC No. 295).

Over half of the basinal area of the Sea of Marmara is
occupied by the continental shelf. The shelf along the
northern coast is narrow varying from 2 to 12 km in width
with a shelf edge around 20 to 110 m. The southern shelf is
much broader (33 km wided with a break at about 100 m,
except in the southeast, where it is 2 to 3 km wide and
breaks at 20 to 30 m. The continental slope which is
interrupted in the southeast by a marginal plateau lying

from 200 to 400 m depths CCarter et al., 1972 and 1I0C,



19810, extends down to 1200 m, to reach the Marmara Trough.
The Marmara Trough Cabout 210 km long) is a submarine
morphological extension of the North Anatolian Fault Zone
CSengér et al., 1985). This trough consists of three

pull ~apart sub basins oriented in east-west direction and
the maximum depths of these sub basins are respectively
1254, 1389, and 1221 m CCarter et al., 1972; IOC, 1981; TNHC
No.29), and those are separated from each other by

relativelyy low sills with depths of about 850-700 m.
1.2. GEOLOGIC SETTING

Here, the surroundings of the study area will be described
in its geologic setting. For this, the especially important
topics such as paleogeography, paleotectonism and the

general geological characteristics will be briefed.
1.2.1. PALEOGEOGRAPHY

There are two branches of the Tethyan domain separated by
the inner Anatolian massifs; namely the Karadeniz Dadlari
CPontics Mountains) and the Toros Daglari CTaurus
Mountains). Ternek et al. C1987) mentioned that the western
extension of the Karadeniz Dadlari, east of Sakarya branches
into two units, one extending from the north of Bosphorus
and Istranca massives into the fore-Balcans, whereas the
other extends between lIznik and Bilecik being further

divided inteo several branches by geanticlines.



The basement of crystalline rocks of Paleozoic age is mainly
composed of banded gneisses which are believed to have been
folded through Caledonian and Hercynian movements (Ternek et
al., 1987). They noted that there is a major synclinorium
passing through Anatolia, Balcans and Ucrania. The basement
comprises rocks of sedimentary origin deposited at various
depths as alternating - series which have later been
metamorphosed. The Ordovician transgression came from the
south. The clastics were derived from terrestrial area which
is now occupied by the Black Sea. The transgression
overlapped to Istanbul and Kocaeli during Silurian. The
northern shore of the Tethys has further moved to the north
with resultant occupancy of the Black Sea area during
Devonian. There has been an uplift between Ordovician and
Silurian. The Carboniferous sea had open sea conditions due
to long lasting deposition during Devonian, tectonic
cactivity and regional collapse structures. The Carboniferous
type environment turns into a shallow sea environment during
Middle and Upper Permian. The Paleozoic and older units have
been intermittently transgressed during Triassic with
littoral and lagoonal environments dominating. The shallow
nature of this sea continued during the Middle and Upper
Triassic. An eugeosynclinal environment in the Istranca, a
shallow marine environment east and south of Kocaeli and the
Marmara Sea and a continental environment in Thrace were
prevailing in the early Jurassic. The Upper Cretaceous
facies show shoreline facies at the beginning followed by

deep marine conditions CTernek et al., 1987>. During the



Tertiary, the Mediterranean was repeatedly conngcted with
the Black Sea by a strait via southern Thracia and the
Marmara area (Brinkmann, 1976). A shallow marine environment
existed in Gemlik, Silivri, Edirne, north of Marmara Island
and Dardanelles during Paleocene. The alternation of marine
and lagoonal sediments shows progress of the sea which is
somewhat deepened during Lower Eocene, into the terrestrial
domains intermittently. The mountains of northern shores of
the Mgrmara and north of Edremit collapsed with resultant
transgression covering the lowlands of the Biga peninsula.
Submarine volcanism was active. The Eocene sea transgressed
the Istranca massive and Gelibolu peninsula. Lagoonal and
ghallow marine environments were prevailing around Iznik,
Armutlu peninsula and south of Mudanya during Oligocene and
alternating sediments in the Marmara region show that the
Oligocene sea was regressed. Lagoonal and fluviatile regimes
were prevailing around Gonen, Yenisehir-Inegol, Kocaeli
peninsula, Ergene basin and Gelibolu during Pliocene. The
same was existing during Plio—-Quaternary, in the early
Pleistocene, a renewed subsidence and transgression occurred
CTernek et alt., 1987; Brinkmann, 1978). The Dardanelles-
Marmara region with the exception of terraces, has been
formed by fluviatile processes, and these observations
strongly suggest repeated fluctuations of the sea level and
the Dardanelles were river valley that drained the Sea of
Marmara towards the Aegean Sea at low water levels, than
they formed a strait during the periods of transgression

CBrinkmann, 19780. He noted that in contrast to the



Dardanelles, the slopes of the Bosphorus show a sequence of
fluviatile terraces only. Fairbridge (1972) stated that the
incision of the Bosphorus channel was only achieved in the
last glacial stage. As a consequence of the world-wide
eustatic movements during the Last Glacial, the sea-level
around Turkey was about 90-100 m lower than at present
CEring, 1978). Thus, some 20,000 years ago the Straits were
transformed into land, the Sea of Marmara was occupied by a
lake, and the Black Sea was in a state of regression and
desalinization (the so-called New Euxine stage), while
streams were actively cutting down their beds because of
their increased gradients CEring, 1978). At the Post Glacial
“climatic optimum" C7000-S5000 B.P) sea level probably rose
2-3 meters above the present level and resulted in the
transformation of the former stream valleys in the Bosphorus
and Dardanelles into the Black Sea (Ering, 1978). Herman
€1989) pointed out that, when the sea level reached the
Bosphorus sill Capproximately -36 md) about 11,000 years ago,
the connection between the Mediterranean and Black Sea was
reestablished and the low-salinity Black Sea water spilled
over inté the Mediterranean. He also stated that significant
increase in precipitation and river runoff was also recorded
during transitional climatic periods.

The paleo—oceanographic conditions has been stratigraphically

discussed by Stanley and Blanpied (19803 CFig. 1.2).
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According to Erol C18987), during the upper Pleistocene, time
to time, Dardanelles and Marmara region was invaded by the
Mediterranean waters and he stated that the first invasion
of these regions was started during the Tyrrhenian period
CLast Glacial). The marine deposition around Dardanelles is
the product of the present sea and the low inclinations of
Quaternary beds, presence of terraces both on the river beds
and shores, frequently occurring earthquakes are indications
of continuous crustal movements up to the present (Ternek et
al., 1987). The rifting of the Aegean Sea after Miocene was
intermittently effective and the collapsed areas were
covered by the sea and the tectonic development of this sea
céntinued until today as evidenced by the present seismic
activity CTernek et al., 1987). Although, the first vertical
displacements (which cause the formation of Upper Miocene
Basins) started between Upper and Middle Miocene, the
morphotectonic effects on the formation of Marmara and Black
Sea Basins C(which are affected by North An;tolian Fault Zone
and other displacements parallel to it) was observed during
the Pliocene and Quaternary CErol, 1989). Hence, the
Bosphorus and Dardanelles Strait channels were drained by
rivers during the Upper Pliocene and Lower Pleistocene
CErol, 1989). Three fluvial terraces of Lower and Middle
Pleistocene age, and three marine terraces of Upper
Pleistocene age were developed in the Dardanelles depression
CErol, 1991). Also, that those straits which were previously
river valley, Marmara and Black Sea Basins were invaded by

the Mediterranean Waters after tectonic movements during the



Middle Pleistocene Cabout 300,000 years B.P). Erol (1991)
noted that fairly important tectonic movements had occurred
between the formation of higher Tyrrhenian and Lower
Monastrian terraces of the upper Pleistocene age, and he
also noted that there are indications of Holocene movements
in the Dardanelles Region. Artdz (19900 has reported that
the Bosphorus and Dardanelles straits were formed during the
Wirm II/III C40,000-65,000 years B.P). Ketin (1687) noted
that the evolutions of the Bosphorus and the Sea of Marmara
are related to epeirogenic movements in Pliocene times. It
has been also suggested that a depression occupied the
northern part of the Aegean and the Marmara Seas including
the Dardanelles and the Bosphorus, which were formerly river
valleys and assumed their present form in the Early
Pleistocene C(Pinar-Erdem and Ilhan, 1977). Meri¢ (1990) have
recently noted that the Bosphorus Strait was formed as an
epeirogenic valley and was affected by some faults and
fault-like features during the late Quaternary period. Merig
and Saking (1991) recently found that the age of deposits
drilled at Golden Horn and at the south of Bosphorus
determined by ESR (Electron Spin Resonance) to be 7400-85700
B.P., and it is also supported by paleontological

investigations on those sediment deposits.

10



1.2.2. PALEOTECTONISM

The Marmara Basin is a region where there is an immense

number of faults (Fig. 1.3). Kaya (1991) recently stated

that the northerly faults controlled the morphologic

evolution of the I;tanbul region, especially around Bosphorus
Strait from Late Tertiary to Recent. The distribution of hot i
water springs and volcanic rocks are elements defining the
fault pattern of the region (Ternek et al., 1987). In the
earlier Quaternary, the overflow channel "the Sakarya-Izmit
Strait” lay farther east and may have been blocked by motion

in the active E-W tectonic belt which lies just north of the

right-lateral strike-slip Anatolian Fault (Fairbridge, 1972).

Crampin and Evans (1986) suggested that the Marmara Block 1s‘
being rotated and sheared in order to accommodate the right- *
lateral motion of the North Anatolian Fault CNAF) and the
extensional tectonics of the southwestern Anatolia. It was
reported that troughs of deep water in the Marmara Sea and
the north Aegean Sea, together with Tertiary volcanism in
Bulgaria, and intermediate depth earthquakes in Romania are
probably relics of one of the last of these subduction
episodes CCrampin and Evans, 1986). Since the Late Miocene
western Turkey has undergone dominantly N-S extension
(Eyidodan, 1988). This extensional regime caused the
formation of E-W trending grabens and similarly orientated
normal faults. The dominant mode of deformation in the

Marmara province is amounting to right-lateral displacement

11
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(24 mm yrd, and the other modes of upper crustal deformation
in this province can be explained by an average 7.1 mm/yr
N-S extension, 10 mm/yr E-W contraction, and 0.13 mm/yr
thinning of a 10 km seismogenic layer CEyido@an, 1988). It
is found that the N-S extension in'the western Anatolia
increases from north to south, while E-W compression in the
Marmara province changes to E-W extension in the south-
western Anatolia CEylidodan, 1988). It has also been
suggested CErgiin, 1990) that the Marmara Sea is the
extension of the Thrace Basin in the north and Neogene
lateritic deposits are present at the boundaries of this
basins. During the Quaternary, the Marmara Sea must have
subsided more than 1000 m, accompanied by extension and
transform motions CErgin, 1890>. The primary vertical
tectonics is uplift, but where transform faults cut across
the direction of transform motion, crustal attenuation and
subsidence prevail, leading to the formation of pull-apart
basins. It was also notified that the area in the Marmara -
Sea and iis surroundings is seismologically very active

region CErgtin, 19Q0D.

1.2.3. GENERAL GEOLOGY OF THE MARMARA SEA AND

ITS SURROUNDING AREAS

The most important geological formations and their rock/
sedimentary units, which are found in outcrops in the Sea of
Marmara and its surrounding land areas (Ternek et al.,

1987), are summarized below, and illustrated in Fig. 1.4.

13
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As shown, the catchment areas surrounding the Marmara Sea
consist of rocks/sediments from different ages and of
origin. These are unconformably overlying the Paleozoic

basement rocks (Rigassi, 1971).

METAMORPHIC ROCKS :

These units outcrop in Istranca Mountains, Armutlu Peninsula
in the east, on the shoreline between Gemlik-Mudanya-Bandirma
in the south, northeast of Gan, between Karabiga and Lapseki,
south of Ganakkale and in the vicinity of Sarkdy-Bolayir on
Gelibolu Peninsula. The metamorphic rocks consist of gneiss,
schists of various textures and origin, and amphibolite,
qﬁartzite. meta-conglomerate, meta-graywacke, marble and
partly crystalline limestones. These rock types, also
referred to as the "basement" are intruded by granite,

granodiorite and dykes of aplite (Ternek et al., 1987).

PALEOQZOIC :

UNDIFFERENTI ATED :

The non—-fossilliferous units comprising conglomerate, sand-
stone and crystalline limestone set between the metamorphics
and younger units, which are mapped as “Paleozoic
Undifferentiated”. It unconformably overlies the crystalline
schists in the vicinity of Sakarya river and eastern parts
of the Armutlu Peninsula. The Paleozoic sediments are
observed usually in yellowish colors, and feldspathic, with
a poor fossil content. They are represented by sandstones

and conglomerates CTernek et al., 1987).

15



ORDOVICIAN :

Istanbul -Kocaeli region is known to be one of the best
outcrop area for Ordovician deposits in the Marmara area.
This period is represented largely by conglomerate,
quartzitic sandstone Cpartly pink), graywacke and shales

CTernek et al., 1987D.

SILURIAN :

The fossilliferous Silurian units are observed east of
Bosphorus and on the Kocaeli Peninsula striking N-S. The
Silurian unit in the eastern part of Bosphorus consists,
from base to top, of the following: 1- siltstone, claystone,
éandstone and red conglomerates of arkosic composition,

2= orthoquartzite, 3- siliceous shale and graywacke, 4- sub-
arkose and 5- reefal limestone unit which is grayish;black.
and its fossil content essentially consists of algae and

biostramol coelenterate (Ternek et al., 1987).

DEVONI AN :

The dark blue and coral limestones of the Istanbul region
are dated as either Sﬁlurian CLate) or Upper Devonian. These
limestones are also widespread the southern parts of Kocaeli
Peninsula and are differentiated as Silurian-Devonian. The
Devonian rocks of the region are represented by graywackes,
limestones and sandstones, shales, slates, sandy mudstpnes
and also schists cropping out in especially north-eastern
corner of the Marmara Sea. Devonian is well preserved in the

coastal areas of the Bosphorus (Ternek et al., 1987).

16



CARBONIFEROUS :

The lower series consists of blue limestone, slate,
graywacke and sandstones. Carboniferous rocks, previously
attributed to the Devonian, is stated to consist of the
following formations: 1- nodular limestone, 2- radiolarite
-siliceous schist, 3- plant bearing slate, graywacke
Clocally with limesténes), 4~ conglomerate, sandstone and
graywacke, 5- Cebecikdy slate-graywacke, 8- Cebecikdy
limestone, and 7- Cebecikoy siliceous schists. Carboniferous
unit is outcropped in around Golden Horn directed to NW

CFig. 1.4) (CTernek et al., 1987).

‘PERHIAN :

Permian rocks outcrop north and east of Bursa plain, in the
region lying between Inegdl and Yenisehir plains, south of
Manyas, east of Armutlu Peninsula and along shores of
Sakarya river bed. Permian units outcropping in northern
parts of Diskaya Mountains are represented by limestones of
a dark blue color, fractured, frequently crystallized,
occasionally colitic or massive. The dark sandstones on the
Osmaneli-Iznik road are of Permian age. This unit is
outcropped in especially southern part of the Marmara Sea

far away from the coast (Ternek et «l., 1987).

MESQOZOIC :
UNDIFFERENTIATED AND OPHIOLITIC SERIES :
The undifferentiated units of Mesozolc age consist of white,

pink, gray limestones with a fine grained texture located

17



around the southern shore area of the Marmara Sea. Ternek et
al. C€1987> have figured out the presence of the ophiolitic
series in Mesozoic age consisting of serpentinite,
peridotite, pyroxinite, harzburgite, diorité. éabbro,
splite, diabase, andesite and basalt in the southern parts

of the Marmara Sea (Fig. 1.4).

TRIASSIC :

It outcrops in Kocaeli Peninsula, in Iddir village lying
north of Bursa plain, between Biga and Can, and in the area
lying between Yalova and Karamiirsel south of Izmit Gulf. The
Triassic consists of splite and graywackes with blocks of
limestones metamorphosed incipiently. It is intruded by
granites and granodiorites of pre-Upper Triassic age (in
Biga-GCan ﬁrea). The units of Triassic age consist, from base
to top, of gray carbonate sandstones, ophiolite bearing
yellow limestones, conglomerates and compact sandstones
bearing brachiopods in vicinity of Igdir village. It consists
of red sandstones and conglomerates with some. other outcrops
in the Yalova-Karamirsel area and Kocaeli Peninsula.

The Triassic formation starts with a transgression ending up
with a regression C(Ternek et al., 1987). The observed
lithologies from base to top are reported by Ternek et al.
€1987) as following: 1- basal conglomerates and sandstones
nonfossiliferous, 2~ sandstone, marly-limestone, 3- nodular
limestones intercalated with thin marls, 4- limestones of a
nodul ar appearance, 5- gray-green shales and 6- yellow to

yellowish brown sandstones, containing plant remains, and
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unconformably overlain by the Upper Cretaceous basal
conglomerates (Ternek et al., 1987). These rock series of
the Triassic have been found usually in the east-
northeastern and partly in the southern adjacent areas of

the Marmara Sea (Fig. 1.4).

JURASSIC :

The Jurassic rocks are represented by red marly limestones
and greenish sandstones with intercalations of tuffs,
fossilliferous sandstones, cherty limestones and breccias,
near the southern shore of the Marmara Sea. In general, the
lithologies of the Jurassic units are, from base to top,
basal conglomerates and sandstones, marls and

cryptocrystalline limestones CTernek et al., 1987).

CRETACEQUS :

This unit consists mainly of ra?iolarian limestone,
radiclarite, sandstone and flysch in the southern shore of
the Marmara Sea, and northeast Istranca Mountains. Volcanic
facies of Upper Cretaceous consists of dark green to brown,
fine to coarse grained sandstones with intercalations of
tuffs and lava flows in the northeastern part of the Marmara
Sea. Cretaceous limestone facies contain rudists and
volcanic facies and is locally covered by cherty limestones
of Maestrichtian age. The Upper Cretaceocus flysch in
southern shore of the Marmara Sea consists of sandstone with
cross—-bedding, marl, shale and conglomerate alternations

with fossils. In Istranca Mountains, lithologies are, from
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base to top, 1- conglomerate-sandstone, 2- blue limestone,
3- Orbitolina limestone and 4- an alternation of limestone,

marl, andesite and sandstone CTernek et al., 1987).

CENOZOIC :

TERTIARY :

It is observed in depressional basins, preserved in marginal
areas and as a comprehensive series in Thrace basin (Fig.
1.43. This unit consists of flysch -of which the lower parts
are intercalated with andesite, basalt and tuffs-, lava,
agglomerate, limestone, conglomerate and sandstone, reefal
limestone and detritic facies, marl. Paleocene units are
represented by white marls and marly limestones, shales.
Eocene flysch consists of alternations of conglomerates,
sandstones and locally represented by fossilliferous
limestones., Oligocene unit outcrops south of the Marmara Sea
and Thrace. The unit, between Gemlik and Bursa, consists of
bituminous and gypsyfesrous series at the base and is over-
lain by Muratoba series which consists of conglomerate, sand-
stone, coal and plant bearing horizons, and variegated marls
consisting of alternations of marls and sandstones. Oligocene
is mainly represented by volcanics in the Biga peninsula.
Upper flysch COligocene in age) in Thrace consists of sand-
stone, marl, tuff, thin bedded volcanogenic limestone and
conglomerate. Continental Oligocene consists of lagoonal
limestones with clay interbeds. Lower part of marine
Oligocene consists of marls and shales and the upper unit of

lignite bearing sandstones. Lower Eocene unit consists of

20



sandstones and limestones with marl intercalations
containing fossils and this unit overlies andesites and
andesitic tuffs. Middle Miocene units were differentiated
as; sandstone, conglomerate and marl; limestone with
abundant shell fragments; sandstone and marl from base to
top CTernek et al., 1987). The lower unit consisting of sand-
stone, conglomerate and marl unconformably overlies red
sandstones and red limestones of Upper Oligocene age. The
Tortonian unit consists of fossilliferous gray marl, yellow
sandy claystone, gray-green sandy clay with pecten of
limestone. Sarmatian-Pontian units consist of limestone

and sandstone with Congeria; marls, limestone and marly
limestone; sands and gravels with bones; clay and marls;
limestones with Mactra from base to top. Green plastic
clays; quartz sands with minor gravels; fine grained sand,
clayey and with white mica flakes; marls with white shells
of molluscan and Mactra; limestone bands with Melanopsis and
Mactra. Sarmatian-Pontian units of the GCekmece lakes consist
of conglomerate, sand, gravel, clay and marl in the lower,
and alternation of marl and marly limestone in the medial
and of limestones and thin marl beds in the upper sections.
Sarmatian-Pontian units of the Imroz Island outcrop in the
SE and SW parts and consist of disintegrated sandstones with
intercalated horizontal beds of marls. Marine Miocene units
which differently changes from place to place are
represented by, from top downward; Mactra limestone, sandy
clays, sandy and micaceous red marls, lagoonal limestones

with lignite and petroleum odor; Sandstone, conglomerate,
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clay, marl, limestone, sandstones with thin lignite beds,
gray-blue clay and sandstones with lignite and gypsum; marine
limestone, clay marl, basal conglomerates, variegated marls
and sandstone CTernek et al., 1987). Continental Neogene is
especially seen south of Marmara Sea around plains. This unit
consists of from basg to top; conglomerate continental marly
limestone, lagoonal limestone, travertine, marl, sandstone,
and limestone, marl. Continental Pliocene unit consists, from
base to top, of conglomerate, sandstone, clay, marl]l and
lagoonal limestone. The continental Pliocene consists of
gravel, sand and marls outcropping at hills, slopes and
depressions with thicknesses locally exceeding 100 m, in the

Ergene basin of Thrace CTernek et al., 1887).

QUATERNARY :

Plio-Quaternary unit may be seen on the northern Kocaeli
Peninsula, Ergene basin of Thrace and Gelibolu Peninsula.
The unit consists of lagoonal and fluviatile sediments
covering large areas in northern parts of Kocaeli Peninsula
and is represented by indurated sand, clay and gravels.
Pleistocene Cold alluviumd forms a terrace made up by soil
in the Ergene basin seen in the slopes of large valleys of
Pliocene age. Holocene Cnew alluvium) represented by stream
sediments consisting of gravel, sand, clay and soil. It is
well ~developed in Thrace covering beds of valleys and
tributaries of Ergene ad Hebrus rivers. It is also observed
in depressional areas such as in the southern part of the

Marmara Sea (Ternek et al., 1987).
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Ternek et al. (19870 have reported the occurrence of marine
Quaternary deposits in the south of Izmit Gulf and southern
shores of Dardanelles. These deposits consist of yellowish,
in color, badly cemented fossilliferous sand overlain by a
conglomeratic sandstone with fragmented shells of fossils.
They also reported thg presence of undifferentiated
continental Quaternary deposits which consist of sand,
gravel and cobbles sometimes alternating and generally with
lateral and vertical gradation and travertines varying in

thickness are encountered in Bursa and Armutlu Peninsula.

1.3. ATMOSPHERIC SETTING

The Marmara region is affected by two distinct seasonal
climatic regimes CUnltiata et at., 1990). During the winter,
the weather is dominated by an almost continuous passage of
cyclonic systems. In the summer periocd, northeasterly winds
from the Black Sea are dominant. The systems affect the
region for periods between three to ten days, and often
result in winds of 8 m/s to 10 m/s Chourly average speeds)
sustained over one to two days. Maximum speeds of 35 m-/s
have been observed as gusts. These are also reported by

DMIGM €1989) and illustrated in Fig. 1.5.

On an annual basis, northerly winds C(from the NW-NE sector)
are dominant with a frequency of 60 %, with southerlies
C(SW-SE sector) occurring 20 % of the time (De Filippi et

al., 1986>. However, during the winter, winds from either
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Figure 1.5 ¢ Meteorological parameters through the over
50 years period (Based on data by DMIGM,
Meteorological Monthly Bulletin, 1989).

sector are equal in both frequency and strength. In winter
CDecember -March) during 19885-1987 years, the mean frequency
was 35 % for each of these directions (Buyillikay, 1989). The
monthly wind velocity ranges between 2.9 and 4.2 mrsec with
an annual mean of 3.6 mrsec. The strongest wind velocity is

about 33.1 m/sec during the late winter CDMIGM, 1989).

The annual mean air temperature based on over 80 years
period ranges from S °C in winter and 24 °C in summer with

an average value of about 14.4 °C CDMIGM, 1989).

The annual mean rainfall over 50 years period is about S2.5

mm in average for three stations in the Marmara Region (Fig.
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1.55. Rainfall occurs mostly during October through March,
leading to a precipitation of 7 kn?/yr over the Marmara
Basin C(DMIGM, 1989). The mean evaporation is estimated as 11
knﬁ/yr COzsoy et al., 1988). These fluxes are negligible in
comparison with the exchange flows of adjacent basins

CUnltiata et al., 1990D.

The monthly mean humidity which is also based on
measurements during over 50 years period ranges from 66 to

80 % with an annual mean of about 74 % CFig. 1.85).

1.4. OCEANOGRAPHY

The Marmara Sea shows a transitory character between Black
and Aegean Seas, thus, the water column in the Marmara Sea
consists of the two distinct layers displaying highly
different properties, derived from their respective basins
of origin, the Black and Mediterranean Seas CLatif et «al.,
1990). Therefore, the physical oceanography of the Turkish
Straits is closely related, by its very existence, to the
variations in the hydrological regimes of the Black and
Aegean Seas (Bastirk et at., 1988, 1990; and Ozsoy et al.,
1988). In general terms, the temperature of the upper layer
undergoes greater changes in response to the surface
heating/cooling (Unltiata et al. 1990). In winter, from
November till May, the surface layer becomes colder than the
lower layer with temperatures decreasing to about 4 °c.

After May, the temperature of near-surface levels increases
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to 24 °C as a result of radiative heating CUnliata et al.,
1990). The upper layer saliniiy varies within the range of
16-18 ppt in the Bosphorus and 23-28 ppt in the Dardanelles

through the year C(Fig. 1.6D.

This upper layer has a high oxygen content, corresponding to
near saturation or supersaturation C(Fig. 1.7). On the other
hand, the properties of the lower layer do not vary, except
on the micro structure scale, due to lack of interaction
with either the atmosphere or the upper'layer. The potential
temperature and salinity of the lower layer in the deeper
part of the basin are in between 14.3-14.4 °C and 38.55 ppt
respectively CLatif et al., 1990). They pointed out that the
water mass in the lower layer is renewed by the inflow
having higher salinity water through the Dardanelles to the
basin and the inflow is also a source of oxygenated water at
variocous levels below the halocline to the basin. It is
crucial in preventing the sea from becoming anoxic in the

lower layer CLatif et al., 1990D.

The upper layer renewal time is about 4 months and lower
layer an overall time scale of about 8 years CLatif et al.,
1990>. The water mass in the eastern half of the sea has a
salinity of 38.56 ppt and lower oxygen content of 0.8 ml/l
between the depths of about 200-8500 m. Bastiirk et al. (1990)
concluded that due to its permanently stratified character,
sub-halocline water masses of the Marmara Sea are

continuously depleted in dissol ved oxygen.
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Oxygen-minimum layer located between 200-300 m depth
interval is a permanent feature of the Marmara Sea. On the
other hand, DO content of water masses deeper than 800 m
decreased rapidly from 1.3-1.4 mg-]l level to about 1.0-1.1
mg-sl level during winter period of 1987 and then increased
to its normal level within the following period.

The DO content of this layer increased continucusly to
1.5-1.7 mg-sl level after mid-1988 till the end of 1989
period. The existence of denitrification or ammonification
processes dominating under low oxygen conditions within the
subhalozcline layer of the Marmara Sea has to‘be proved by
field experiments C(Bastiirk et al., 1990). Less saline (20-22
ppt2> Black Sea waters inflowing through Bosphorus upper
layer is underlain by more saline (A38.9 ppt) bottom waters
of Aegean origin inflowing through Dardanelles lower layer.
These two water masses of different densities form a body of
water which is permanently stratified at about 25-30 m depth
CBagtirk et al., 1990). Deep water masses of the Marmara Sea
are oxygenated only by the influx of well-oxygenated Aegean
Sea water masses. However, it has been noted CUnliiata and
Ozsoy, 1986), that this influx of oxygenated waters through
Dardanelles underflow is not sufficient to re-aerate and

bal ance the oxygen consumption of organic matter that sinks
into deep layers of the Marmara Sea. The result is the
formation of water masses which are permanently depleted in
oxygen content. Unliata and Ozsoy C1986) and Ozsoy et al.
(1888) showed that some fraction of the inflowing

Dardanelles bottom waters sinks down to 100-300 m and
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occasionally, down to the bottom depending on the
meteorclogical and hydrographic conditions affecting the
region. These water masses become depleted in dissolved
oxygen as they are transported towards the northeastern
basin of the Sea of Marmara. The largest oxygen deficiencies
are observed within thg sub-halocline water masses of the
eastern basin due to the imposition of oxygen utilizations
caused by the sinking particulate organic matter of
allocthonous and authochthonous origin over already
oxygen—-depleted deep water masses (Bastirk et al., 1990).
Sub-halocline waters of the BMJ region receives not only the
sinking organic particles produced within the photic zone,
but also those introduced through the Bosphorus upper layer
flow, domestic and industrial waste discharges of Istanbul
Great Metropeolitan Area. These inputs of organic matter are
responsible factors for high oxygen deficiencies observed in

this section of the Marmara Sea (Bastiirk et al.. 1990).

In the shallow parts of the basin, the total suspended solid
distribution is due Lo the general current system and to the
meteocrological conditions C(Fig. 1.8). As seen on Figure 1.8,
their concentrations generally exceed over 2 mg-l in arocund
deep basinal areas, in the Bay of Bandirma and off Kocaburun
Bagtiirk et al. (1988) reported that spatial variability of
surface total suspended solid (TSS) levels indicate the
dynamism of the BMJ region which greatly effects the surface
distributions of TSS and other related parameters like Chl-a

and humic materials. They also found that the surface
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distributions of TSS show some patchy characters in that
region, but general distribution of TSS is closely related

to the direction of the Bosphorus surface flow.
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1.5. PURPOSE OF STUDY AND PREVIOUS WORKS

The main purpose of this study was to document the types and
modes of distribution of recent bottom deposits of the Sea
of Marmara and its straits C(Bosphorus and Dardanelles),in
response to various geological, biological, chemical and

physical oceanographic conditions prevailing in this region.

The physical and chemical oceanography of the Marmara Sea
and its straits have been monitored by METU-IMS, since 19895.
Numerous works have been reported on the physical Ce.g.,
Unlilata and Ozsoy, 1986; Ozsoy et al., 1986, 1988; De Filippi
et al., 1986; Oran, 1986; Sur, 1988; Ojuz and Sur, 1989;
Latif et al., 1990; Yenigiin and Albek, 1990, and Unliata et
al., 1990), chemical Ce.g., Arttz and Baykut, 1986; Basttrk
et at., 1988, 1990; Gb¢men, 1988; Bizsel, 1988; Kubilay,
1989; and Polat, 1989), bioclogical C(Demir, 1954; Tortonese
and Demir, 1980; Caspers, 1968; Miller, 1985; Bingel and
Unsal, 1986; Unsal and Uysal, 1988; Uysal, 1987, and Glre,

19902 aspects of the Marmara Sea and Turkish Straits.

However, surprisingly, little is known on the types and
modes of distribution of Recent Cmainly Late-Holocened
sediments and their geochemistry in this sea. Thus, the Sea
of Marmara has increasingly received attention, also because
it connects the world’s largest anoxic basin C(the Black Sea)
in the world with an evaporitic basin (the Mediterranean

Sea), as well as, it behaves like a trap for sedimentary

32



materials under various physico-chemical conditions. Earlier
works concern with the coastal morphology and shore
deposition of the Sea of Marmara CArdel and Inandik, 1957;
Ardel and Kunter, 1957). The palynology of the deep-sea
sediments from the western Marmara Basin were firstly
investigated by Koreneva (1971). For the purpose of a
sea-floor engineering survey, the surficial sediments from
the Marmara-Bosphorus areas were analyzed for their
grain-size distribution and the results are presented in
DAMOC (1971). The sediment distribution maps available by
the Turkish Navy Hydrographic Office (in Adatepe, 1988),
reveal very limited information on the composition of
sgdiments there. The mineralogy of shelf sediments from some
selected stations in the northern Marmara Sea are
investigated by Emelyanov (1972>. Further studies included
the sea floor sediments of the Beykoz Bay in Bosphorus
(Bakkalsalihodlu and Yiice, 18840, the deltaic sedimentation
of Kocasu River CAlgan and Akbulut, 1985) and the lagoonal

sediments of Kiligtikgekmece CAlgan, 1987).

Later, Stanley and Blanpied (1980) studied core sediments
from the eastern Marmara Basin and discussed their results
with reference to the water exchanges between the Black and
Mediterranean Seas. Recent sediments of the Sea of Marmara
was reviewed by Ergin and Evans €1988). Further data on
geochemistry and micropalaeontology of the deep-sea sediment
from the eastern Marmara Basin was introduced by Evans et

al. €1989). Micropalaeontology of foraminifers in the
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deep-sea sediment cores from the eastern Marmara are
outlined by Alavi (1986, 1988). Yemeniciodlu (1990) has
recently studied the basin scale fate of mercury on both
sediment and water samples from the Marmara Sea and Turkish
Straits. The compositional distribution and the depositional
processes of sediments from the northeastern and south-
western parts of the Marmara Sea Cincluding canyon regimes of
Dardanelles and Bosphorus) were investigated by Ergin et al.
C1991ad. Further investigations on sedimentary and
geochemical processes are from the northeastern Marmara
CErgin and Yortik, 1990; Ergin et al. 1991b). Informaticon on
the geclogy and modern sedimentation from the Golden Horn
estuary can be found in works of Sayar (1977), Yalc¢ainlar

C1977), Merig et al. C1988), and Ergin et al. C1990a).

Furthermore, sediment studies are concerned with the Late-
Quaternary seismic stratigraphy in the Strait of Bosphorus
COkyar, 1987; Ulug et al., 1987 and Alavi et al., 1989D.
Akal C1887) and DAMOC C1971) provided a preliminary
knowledge on the Quaternary marine geology of the
northeastern Marmara Sea using seismic reflection profiling.
The geophysical studies in the Marmara Sea and its
surroundings were also performed by many authors CCrampin
and Uger, 1975; Uger et al., 1985; Evans el al., 19085;
Crampin and Evans, 1986; Eyidodan, 1988; Ergiin et al., 1989
and Ergin, 1990). Recently, the geophysics of the Marmara
Sea was reviewed by Adatepe C(1988), but with no special

reference to the areas of this study.
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CHAPTER TWO

2. MATERIALS AND METHODS

Materials used in this.study were collected by using both
grab and corer devices and the sediment samples obtained
were subjected to granulometric (grain-size analyses),
petrographic (determination of sedimentary components in
gravel and sand fractions of sediments by using binocular
microscopy? and chemical Corganic-carbon, carbonate and

heavy metal analyses) investigations.
2.1. SAMPLING OF THE SURFACE SEDIMENTS

A total of 209 surface sediment samples were collected with
a Dietz LafFonde grab during the 1988-1990 cruises of R/V
Bilim in the Sea of Marmara. Stations of the sampling
locations for whole Marmara Sea and its straits are shown in
Fig. 2.1 and regional sampling locations are also shown in
Fig. 2.2. Their coordinates are listed in Tables (3.1 to
3.6). Sediment samples immediately after their collection
are placed into plastic bags and kept frozen until their

further analysis in the laboratory.

35



*(seyTouepIeg pue snioydsog)d S3TedIS SIAT
PUE BTJIJEWJE)N JO €3S 8y} WOJIJ SQUSNIpSS 8401 pue
asejans ayq Jo suocyjels bBurtduwes Suimoys dey : -2 aabry

heg O

i€ Bc 898 ¢

£ s wmw wpmm jpmm opmm 9.9¢ m.mm

suotyeys Butdueg SUOT} 1S0J UOT}R3}G jﬂj

38



[ )
29 oo 03’ 06 os’
1

o —— . - . 15
BLACKG SEA
Rumel; 9’ 49 1‘
feneri KO %
. NI & ofBrs 3
L et
, .& '
2”H O 2 4 ¢ 'é 2
(km) 4 fus
) Rumeli kc‘:g [ o BC-1 g
Saryer, Anadoiu kavolt
o,
BiiyUkder
&
%, B13
] ?s 50 ~xhane s
09 H 1. ';)30 o
Tarabyq Beyhaz
SIDE /\9 SIDE
%, BN 2 \B10
(]
% S0 Posabahce
06 H [STANBUL o5’
B7A
Rumdih‘!:n fl Anadokshisar
87 %
aem : 4"0 st LG
*6‘ )
/ 22 :
Sy st.
03 H Besiktas ongrsy ') #Cengelkéy o
: [~ ®Beyierbeyi
pres 5
B2
e Uskidor
°
| 41
® GRAB Samples 00
@ BOX CORE Sample
1 .t _—

Figure 2.2

Regional Maps showing sampling stations of

the surface and core sediments.

37



7

*(9) pPsnuIjuol 3

1 22 aanb 14y
T 1 T T ) 1 I T
IN® #)1dwDdS JYOD ALIAVHO ONVNIWOOR W
adwog 3W0D YOa @
ssdwog gvyo o |
Cateve VIVWIVIN 40 V3S
TWe
7Ev e Ozrg
Py EliNe o
vizn BZV. LA E-2an Y
06 z »ﬁlaN_zoo 9@ ]
fNe
OlNe L
s P e V LHe
A * . SAe ©
2 e2v Q C oW
S NPUIy Bive Q zo
" OlNe 9 the st o
~ TVAEYH Sive e 208 sine
. & wzou; 7ine i
3dajyomw aW® M®  ne OHe
SHe IN® o (g
1ohknndny IN® nxo;o - 9N (Vewe oy
.
(wx) PN TNOZ)ir g 830
0] S 0 4 (DiR—"s o AP o
o 7le Aomda, B
| T AQNIOYY _/mo AUEINYE n P
z owoaxo.;oro sm o gy W i
vormisn . 1NBNVIS] [ .
IS '/zxoz "
° ) N3309 )
m9oA3ea ¢
SNYOHdS08 40 1ivHis
) R B 1 1 1 1 ) N
\ON \o— mN \om
*

38



8

3t

ohu

) penutjuo) 3 2°2 a2anbr1y

_Wﬂ i B
S3|dWDS 3100 xog »
S3|dwDS gDJ9 e

GLAQGH
® ®

aN SO0
L @
SINZO"
L

248y 140dunieg

¥
3 .Louyc__:»aunﬁ.n Qﬁ
i w2 N, ST ans Al
R § Y R
~ & KRG Y-V n

! JI1vLvd

1
)

,
'

VIVWIVHW 40 V35S

€29
=

£N

€50y
o

LEr 97y
®

7)H
a

270 €SH
®

8Ir97Y
®

EG L

R

39



ot

0%

*(P) pPanutquo) : 22 aanbyy

§ e { 1 wi L 1 S | ~ ) 1 1 1 D N 1 1
sa|ldwDns gpniqge
| ; ! apige |
& YHEIONYE *
.;249«1 \5/ K/
532 - 3
1rs
| ! @ w:s: oczv. moxmhx N i
~TT0 Y sNe (g S mvf ® SiA
NI £IN omxhwx e .. .ﬂomaz YINSNINGd
® (AN sovazy & ® pvoidvy e}
I3 7N 0'MQEN 9/M0Ed CIA m;we. <
s : ° L o ® H
FYINSNIN3J omz.me IN wﬁ
o CTMEEM (LIN) \8 ’ ®
NnYn8ezo8 ® oo 8xw2
GYNGEM ® SIMGEW
@ ® B
o eEr SSrEEy
® ®
ISMOIW STMO OO 0IHOY M OIY 09M 00N w.i
[ ] ® o o [ H
WAL
®
CEM Gy
° VHVWYVW 40 v3S I
T T 1 1 1 ) 1 1 o 1 1 1 1 N N R
,01 mN .08 02 .ot o0 .o_ wN
*



*(3) panuTiuo)l 3 2°2

2anbTY

3|dWDS 910) XO0g «

(4

o}

1 - 1

JERX

s

)
g yau®

I
/ﬁl\(\/
AvE8 M3Q0H3

°® 67A
07rS2M ® om, mﬁwv_

S9|dwDs qblg e

525

41

A
VINSNINZd [ J . .
ovaldyy 7Zroes 97 225 o\
il . AJ, O I 11 e lr o ° ©
07 é?\\ mtay >~u. @®LIN otﬂrdw S.»«aon
HLFFA o g SOH% 5y, «®
RN SH e ﬁ.zﬁu& o @ omini T 2
ZSA Bzryey ST VEA _w.
° 2R AvE
SZN o . SOYVS
._> ﬂ ONYIST  YHYHNYW Qrien g °
¢ v ZLEREM N, O GEx
—~r y ® 4*'\!1\'
e ® \.\ 7 0 H
Of 1 O™ 17107 . D.M
- JEPTTN
VHVWYVIW 40 V35S e 3 i
¢ o
—T ) 1 1 T ) I T 1 1 I
0? Lot .O— QNN .3

I
R ’

.



*C3) panuyjuo)

»
-

2°2 ambyy

be e

151 vosaDy L7 713
*®

vavidugo Q

didwos 3H0D 08 8
$91dwos gvo e

(wy)

0t S 0
T

iz



Also, at the time of sediment sampling, many other
parameters, such as salinity, density, temperature,
dissol ved oxygen, TS3, nutrients, Chl-a, and humic matter

are measured in the water column of stations.

2.2. SAMPLING OF THE CORE SEDIMENTS

In 1984, three boomerang gravity cores were collected from
the eastern Marmara Basin and results from two of these
cores (Ml and M4) were already presented in Ergin and Evans
C1988) and Evans et al. (1988). The third core (MBC-3, about
80 cm long) was analyzed in this work. In addition, sediment
samples are obtained at six stations with an Soutar Box
Corer (Ocean Instruments Mark II1I; approximately SO cma).
during the 134-13 leg cruise of R/V Knorr in the Sea of
Marmara and Turkish Straits. All the cores are kept frozen
and, in the laboratory, are split at 2 cm intervals. The
locations, coordinates and the water depths of coring

stations are shown in Fig. 2.3 and Table 2.1).
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Figure 2.3 :

Map showing the locations of surface and

core sediments used for geochemical analysis.

Table 2.1 :

Core locations with water depths (m) and

lenghts Ccm) of the sediments recovered.

Core Water Latitude Longitude Core
St. Depth Length
o » 11 o » Lk
BC-1 54 41°11 29, 29705, 55,, 18
BC-2 54 40754, 48, 2858, 03, 46
MBC-3 1200 40249,15" 28255,36“ 80
BC-3 1226 40749, 48, 27957, 35,, 54
BC-4 11086 40%48, 285, 27°38, 35,, 58
BC-5 65 40232,02" 37209,37" 48
BC-6 74 40°01 37 26°15 09 28
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2.3. LABORATORY PROCEDURES

The laboratory works include petrographic Ci.e., grain-size,
microscopy? and chemical Corganic carbon, carbonate, and
heavy metals) studies on the both surface and core sediment
samples. Estimation of the sedimentary components in sand

and gravel fractions was done using binocular microscope.

2.3.1. GRAIN SIZE ANALYSES

Grain-size analyses were performed using the wet/dry sieving
and pipette methods according to the standard procedures
outlined by Folk (1974). Representative subsamples were
separated into coarse and fine fractions by means of
wet-sieving through a 63 u mesh—-size sieve using distilled
water. Washing of the samples was continued until there was
no sediment passing through the screen. The material passing
through the sieve (smaller than 83 u; silt and clay) was
temporarily stored in a beaker of suitable size for the
subsequent pipette analysis. The material retained on the
sieve (63 w was transferred to the small evaporation dish
and oven-dried at about 105 °C overnight, for dry-sieving.
During the dry-sieving, the coarse material (>63 u) was
further divided into different size classes with 1.3 @

intervals using set of standard sieves.
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The sediment fraction (silt and clayd that passes through
the 83 u-sieve was obtained during the wet-sieve process.
For the pipette analysis, 10 ml of dispersing agent [ which
was previously prepared by dissolving of 35.70 gram of
sodium hexametaphosphate and 7.94 gram of sodium carbonate
in distilled water and diluted to one liter volume (Guy,
1969>] was added to the sample from the previous step and
agitated by stirring rod. Then it was allowed to end
flocculation of sediment for 24 hours. From this, 20 ml of
suspension was obtained with a pipette, with successive
withdrawals at 12 9 intervals from 4 to 6 @ and at full ©
intervals from 6 to 9@ @ with times and depths of withdrawal

CTable 2.2).

Table 2.2 ¢ Withdrawal intervals of pipette
Cfrom Folk, 1974).

Diameter Withdrawal Withdrawal Withdrawal
C &) Depth Ccm)? Time at 20° ¢ Yolume Cml)
4 20 20s 20
4.5 20 im S56s 20
Restirring of sample
5 10 1m S6s 20
5.8 10 3m 49s 20
5 10 7m 44s 20
7 10 31m OOs 20
2] 10 2h 03m 0OO0s 20
Q 5 4h OBm O0s 20

The weight percentage distributions obtained from the sieve
and pipetté analysis of the studied samples were given in
Tables 3.1 to 3.6. The textural classification of the

sediment samples was based on the distribution of the
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proportions of gravel, sand and mud Csilt+clay) using a
triangular diagram CShepard, 1954 and Folk, 1974). The
resulting grain size percentages for each fraction were
plotted and the boundary values [ percentages and ratios for
gravel C0.01, 5, 30, 80 %), sand €10, 80, 90%, sand to mud
ratio €1:9, 1:1, 9:1) and silt to clay ratio C1:2, 2:1)]
were contoured at those given intervals (Folk, 1974D.
Consequently, the grain size distribution or related
lithofacies maps of the surficial Marmara sediments for each
province were prepared by the applying of mapping technique
CFolk, 1974 and Lisitzin, 1986 and illustrated in composite

maps CFigs. 3.3, 3.4, 3.5, 3.8 and 3.10).

2. 3.2. ORGANIC CARBON DETERMINATION

Organic carbon measurement was done using the modified
Walkley-Black method (Gaudette et al., 1974), which is based
on the exothermic heating and oxidation of organic matter
with potassium dichromate and sulphuric acid. This method
has successfully been applied to marine sediments C(Gaudette
et al., 19740, although several other Lechniques are known
for organic carbon determination (Bush, 1970; Mills and
Quinn, 1978; Froelich, 1880; Krom and Berner, 1983; Hedges
and Stern, 1984; Van-Iperen and Helder, 1985; Sandstrom et
al., 1986; Kristensen and Andersen, 1987; and Lee and
Macalady, 1989). The wet-oxidation method used in this study

is not affected by carbonates, but other reducing substances
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may interfere C(El-Wakeel and Riley, 1957). As shown by
Gaudette et al. (19740, the chloride effect correction is
within the experimental errors. However, the recent studies
have shown that the existence of great amount of CaCOg may
produce some difficulties in the organic carbon

determinations CEmerson and Hedges, 1988).

Oven-dried (60 °Cd, and powdered sediment samples C0.3 grd
were placed into the S00 ml of Erlenmayer flasks. Exactly 10
mlL of 1 N K;k}Cg solution is added to the sample and were
mixed by swirling the flask. then 20 ml of concentrated
HZSO4 CMerck 95-98 % extra pure) were added. The mixture was
allowaed to stand for 30 minutes. Three standardization
blanks without sediment were run with each new batch of
samples. After 30 minutes, the solution is diluted to 200 ml
volume with distilled water, and 10 ml HSPO‘ CMerck 85 %
extra pured), about 0.2 gr NaF, and 15 drops of diphenylamine
indicator were added to the solution. The solution is back
titrated with 0.5 N ferrous ammonium sulfate solution. This
titration process ends up until the solution color changes
from an opaque green-brown to green and to brilliant green
with adding few drops of ferrous ammonium sulfate solution
approaching to the end point, then solution color becomes
grayish blue. After the adding one drop of ferrous solution
its color suddenly changes to brilliant-green. Hence, the

titration process is finished at that end point.
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During this work, duplicated analysis were performed for all
samples and the results were given as averages of two

analysis with the other parameters.

The percentages of organic-carbon were calculated by the

following formula;

% org.C = 10 % (1-T/S) * [ 1.0 N % (0.003) % 100/¥W ]}

where ;

T = Volume of ferrous solution in ml consumed by sample
titration

S = Volume of ferrous solution in ml consumed by blank

titration

CThe T/S factor will cancel out the effect of the ferrous

solution normalityd

0.003 = 12-4.000 = meq weight of carbon
1.0 N = normality of K Cr O
2 27
10 = volume of K Cr O Cmld
2 2 7
w = weight of sediment sample in grams

Analytical procedure were performed with duplicated samples
and the validity of this method was checked by analysis of

the pure standard sucrose CcmszOu’ BDH>. The calibration
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curves (Fig. 2.4) were prepared for comparison of the
results. The reproducibility of this method was checked by
analvzing of three different samples by using seventeen
subsamples for each sample. Their results were illustrated

in Fig. 2.85.

100.00 -~ 20990 Experimental
11ttt Theoretical
.:uﬁnolyzed Samples = 12 3
ean = 4313
80.00 - Sta. Devigtien = 33
SN
E)} 60.00
O o
| 0
e e N A
2 w00 4 ¢ ¢ 3 =}
O
20.00 -
0.00 T

0.0c0 0.02 0.(')4 0.(])5 0.(;8 0.1'0 0‘1|2
Sample Weight (gr)

Figure 2.4 ¢ Calibration curves for SUCROSE for comparison

of the experimental and theoretical results.
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Figure 2.5
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Reproducibilty of the organic carbon
measurements checked with three different

samples.
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2.3.3. CARBONATE DETERMINATION

The carbonate content in the bulk sediment samples was
determined by gasometric method which is a modified
“Scheibler”™ gasometer system (Miller, 1967). This method is
based on the volumetric determination of CO% released by
acidification of the o;en—dried ¢60 °Cd and pre-weighed
samples C0.5 grd) with 10 ml of HCl C10 %) solution. The
evolving of COz from the acidification processes of samples
with the HCl acid produces an over pressure exerting water
to rise up in the scaled columnar barometric tube.
Analytical prbcedure were checked by using the powdered
extra pure carbonate CCaCOs, Merck) with known quantities.
Two calibration curves are tested for the effects of
different temperatures (Fig. 2.8), were prepared to control
the analytical procedure. Each determination was duplicated
during the course of this study. The carbonate percentages
were then found by comparing the displacement of liquid
level in the digitized tube in vertical position caused by
evol ved COz from the samples with those evolved by pure
carbonate bearing standards. The accuracy of this method
C(38.8+1.6%) was checked with the sample C(C2X(1), after about

15 times repetition with different weights (Fig. 2.7).

52



100 4
Eperimentol Fasults
gt roor temperature (35 °C)
CaC 0y Station C2X(1)
80 A Analyzed Sample Number = 15
Mean = 386 ® Sta, Dev. = 1.6
L
C].‘l
3
< g 8 o
o 0-1 s 9] | Ea & a8
()
20 4
O 1 4 T U T 1
0.0 0N 0.2 Q.3 0.4 085 0.6

Sample Weight (gr)

Figure 2.6 : Calibration curves for CaCO3 determinations at

different room temperature (23 and 25 °o.
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Figure 2.7 : Reproducibility of the method for carbonate
determinations checked with the sample

[Cex(1)] of different weights.
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2.3.4. HEAVY METAL ANALYSES

A representative portion of frozen sediment sample was
oven-dried at about 60 °C and then crushed into fine powder .
The powdered sample (0.5 gr) was transferred into a teflon
CPTFED beaker to digest with the combined HNO3 CMerck B8 %
extra pure) and HF (Merck 38-40 % extra pure) acids. 10 ml
of nitric acid was added to each ground sediment sample and
let stand for about half an hour at room temperature.
Afterwards, the samples are placed onto hot plate to heat
the mixture at 160+5 °C for 8 hours. After heating the
sediment acid mixture in teflon beakers 15 ml of
hydrofluoric and 1S ml of nitric acids were added and the
beakers are covered with teflon watch—-glass and heated again
for about 8 hours at 160#5 °C. Then, teflon caps were
removed and teflon beakers having samples and acid mixture
were let stand for another two hours at the 1605 °C until
to dryness they appeared jelly-like. Later on the teflon
beakers were let stand to cool at room temperature and after
cooling, the digested samples were transferred into S0 ml of
volumetric flasks, by adding distilled water to make up to
volume of S0 ml. This complete digestion procedure has
succeésfully been used and recommended by many laboratories
CChester and Hughes, 1967; Agemian and Chau, 1976;

UNEP.“T AEA, 1986; Loring, 1987; Loring and Rantala, 1988).
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The digested sediment samples were analyzed for Fe, Mn, Ni,
Zn, Cr, Co, Cu, and Pb using an atomic absorption spectro-
photometer (Varian Techtron AAG, 1150/1250) with flame.

The analytical calculations were done by employing standard
calibration curves. Some representative examples of the
calibration curves obtained during analysis were also

illustrated on Fig. 2.8.

200 -
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° |
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€ 100 -
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Figure 2.8 ¢ Calibration curves for the studied heavy metal

concentrations.
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The analytical precision of this method was assessed by
carrying out replicate determinations on ten subsamples of
BC-3 (52-54 cm depth in cored for which sufficient material
was available. The results with their standard deviation

values. are given in Table (2.3)

Table 2.3 Replicaté analyses of subsamples from Core BC-3
(52-54 cm depth in core). Data in ugr/g, except

for iron in % .

SET # Fe Mn Ni Zn Cr Co Cu Pb
Seti 4.87 4285 124 87 139 16 37 40
Set2 4.74 4192 124 79 139 16 37 35
Set3 4.16 3920 121 o9 118 18 39 52
Set4 4.13 4001 119 99 118 18 39 Sa2
SetB 4.11 3838 117 o2 123 i8 38 58
Set6 4.16 4042 119 99 118 21 39 46
Set7 3.91 4457 123 96 131 15 39 54
Set8 3.88 4426 128 o8 1268 19 39 46
Set9 3.91 4818 127 92 131 12 37 46
Setl10 3.86 4306 125 93 126 18 39 46
Mean 4.17 4229 122 o3 127 17 38 48
SD 0.36 298 3 =] 8 3 i 7

Additionally, three subsamples from different intervals of
each core were analyzed in duplicate to check the precision
of the analytical procedure. The results obtained are given

in Tables (3.11 to 3.17).

The validity and precision of this method were controlled by
using BCR reference materials CRM-142 Clight sandy soil),
EPA-286 (Electroplating Sludge) and EPA-386 (Shale-I) which
were analyzed in the same way. The results obtained for the

standard materials are given in Tables (2.4, 2.5 and 2.6).
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Table 2.4 ¢ Results of metal analysis of the standard (BCR)
sample CRM-142 (Light sandy soil). Data in ug/sg,

except for iron in %.

SET # Fe F‘eao3 Mn Ni Zn Cr Co Cu Pb
Setil 2.49 35.6 595 31.2 92.0 84.4 7.1 25.7 39.4
Set2 2.18 30.7 566 27.6 80.7 76.1 7.0 26.0 37.2
Set3 1.94 27.7 583 30.0 78.4 68.7 6.2 &a5.8 37.9
Set4 1.83 26.1 621 28.0 86.7 B£9.7 9.8 25.9 40.2
SetS 1.89 27.0 595 29.1 73.5 75.8 9.1 26.7 38.2
Set6 1.70 24.3 633 31.9 88.3 76.2 ©.1 26.7 40.0
Set?7 1.90 287.1 606 26.8 84.6 84.4 9.0 26.7 39.1
Set8 1.93 27.6 588 29.6 86.8 79.2 9.1 26.7 39.0
Set9 2.14 30.6 5B12 28.5 85.3 73.6 9.1 26.6 37.5
Set10 1.95 27.9 602 30.2 €6.2 80.8 9.0 285.7 38.7
Mean 1.99 28.5 600 29.3 85.3 78.9 8.5 26.4 38.7
SD o.a2 3.1 19 1.6 6.5 5.4 1.2 0.4 1.0
BCR (CRM-142, Light sandy soil) (certified value)
Mean (28.00(569) 28.2 92.4 (74.9)(C7.9) 27.9 37.8
SD 2.5 4.4 0.6 1.9
Acc. Meth, 1.8 B.5B 0.3 -7.7 2.7 7.6 -4.0 2.4
Note : Values in parentheses are not certified
Table 2.5 ¢ Results of metal analysis of the standard

sample EPA-286 C(Electroplating Sludge).

Data in ug/g, except for iron in %.
SET # Fe Mn Ni Zn Cr Co Cu Pb
Seti1 3.01 285 422 13877 5447 Q 633 24
Set2 3.65 303 4086 10039 S681 iz 851 61
Set3 3.46 293 433 12239 4126 9 653 61
Set4 3.72 286 411 12103 4978 8 658 17
SetS 3.48 331 443 11792 5614 g 634 70
Mean 3. 45 300 423 12010 5169 9 680 47
SD 0.28 19 158 1367 645 2 9 24
EPA-286 (certified value)
Mean 36243 311 S12 13810 o212 ND 884 1282
SD 2529 24 34 810 436 - 87 54

ND : not detected
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Table 2.6 ¢ Results of metal analysis of the standard
sample EPA~386 (Shale Sludge).
Data in upgrsg, except for iron in X%.

SET # Fe Mn Ni Zn Cr Co Cu Pb
Set1 1.83 317 3 8g 31 Q 52 3z
Set2 2.12 364 29 85 32 12 S5 39
Set3 1.97 293 29 71 25 i2 53 48
Set4 2.17 327 25 81 29 =] 53 46
SetS 1.86 422 32 88 25 e} 50 82

Mean 1.99 345 29 83 28 10 53 48
SD 0.15 50 3 7 3 2 a 11

EPA-386 (certified value)
Mean 22200 357 ND 100 ND ND 67
SD 1820 50 - 9 - -

'8

ND : not detected

It has been found that there exists a good agreement between
the heavy metal concentrations obtained in this study and

those values reported by the supplier of Reference Materials

CBCR and EPA samples).
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CHAPTER THREE

3. RESULTS AND DISCUSSIONS

3.1. COMPOSITION AND DISTRIBUTION OF THE SURFACE SEDIMENTS

Textural, petrological and chemical compositions and their
distributions of surficial sediments will be discussed in
detail on regional basis and given brief conclusions at the

end of the each subject in this section.

3.1.1. TEXTURE AND PETROLOGY OF THE SURFACE SEDIMENTS

3.1.1.1. REGIONAL DISTRIBUTION

THE STRAIT OF BOSPHORUS (BS> : The surficial sediments of
the Bosphorus Strait are dominated usually by the coarse-
grained materials Cgravel and sand) and the percentages of
the sand and gravel showed wide variations, between about <1
and 84 % Cmean: 40 % for the gravel and 15 to 69 % (mean:
41 % for the sand fractions. The amounts of mud fractions

were 1-71 %, Cmean; 19 % (Table 3.1).

Gravel fraction is principally composed of the biogenous
materials, which are represented mainly by the molluscan

shell fragments of various pelecypods species, CMytilus
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Table 3.1 : Composition of surface sediments from the

Strait of Bosphorus.

§TA. DEPTH LAT. LON. 6 S8 1 C M S/M Z/C U/M org.C CaCO,SEDIMENT GENETIC .
NAME {m TEXTURE TYPE

E2 55 405936 285900 22 58 10 10 20 2.9 1.0 0.5 0.90 34 omS Biogenous
Bo 52 410012 283933 65 29 3 I &6 4.8 1.0 0.6 1,09 78 #sG  Terrioenous
B2 45 410130 290050 434 30 4 2 &4 B.? 1.8 0.6 0.51 B2 nsB  Biogenous
B3 &4 410300 290249 43 52 3 2 5114 1.3 0.6 0.37 &5 s6 Biogenous
R? 74 410445 290335 10 S8 16 14 32 1.8 1.0 0.5 073 3 osS Terrioenous
B7-A 69 410517 290346 62 33 3 2 5 6.4 1.4 0.6 0,37 45 #s8  Bioocenous
B10O 74 410730 290525 32 & 4 4 8 8.0 1.0 0.5 0.379 48 os8 Biogenous
:18 66 410745 290434 31 21 24 24 48 0.4 1.0 0.5 1.37 21 o5 Terrioenous
B13 66 410928 290300 81 17 1 1 2 B.7 0.8 0.3 1.18 &1 6 Biogenous
B14 69 411120 29053, B84 15 1 O 1 10.4 4.1 0.9 0.30 88 6 Biogenous
BC-1 54 411129 290555 4 68 15 13 28 2.4 1.2 0.5 0.37 28 (g)m8 Terrigenous
N3 38 411142 290650 11 S8 18 13 31 1.9 1.3 0.6 0.93 17 onS Terricenous
BIS B8 411254 290720 73 26 1 0 127.0 4.7 0.8 0.22 44 s6 Biogenous
Ko 70 411336 290738 <1 29 46 25 71 0.4 1.8 0.6 1.07 2 (g)sM [Terrigenous
Ava. 53 40 4 11 B 19 4.8 1.8 0.6 070 38

Std. i3 8 18 12 8 20 &4 L3 0.1 037 23

G: Gravel g: Gravelly S: Sand Z: Silt M: Mud
Cg): Slightly gravelly st sandy C: Clay m: muddy

galloprovincialis, Modiolus barbatus, Mysella bidendata,
Pitar rudis and Corbula gibba, Gafrarium minima, Venus ovata
with the subordinate amounts of Ostrea edulis (Gure, 1890

and Mutlu, 1980). The latter is especially dominant at
stations B10, Bl1l, and B13 (Fig. 2.2a). Other biogenous
materials include the calcareous worm tubes, gastropods
CTriphora sp. and Gibbula sp.) and some calcareous algae Conly
at st. BO). The occurrences of the biogenic constituents in
the Bosphorus sediments was also discussed by some other
authors C(Caspers, 1968; Merig et al., 1988; Gliure, 1990; Mutlu,
1990 and Ergin et al., 19912a). In particular, the subrounded
and partially well -rounded pelecypod shell fragments together
with the pebble-sized rock fragments are found at sts.: B2,
BS, B7, B7-A and B15 (Fig. 2.2a). Microscopic investigations

strongly suggest that the majority of these samples have

&0



originated from the calcareocus skeletal remains of benthic
organisms, generally appear as fragmented, reworked, oxidized,
and altered by various physical, chemical, and also by
bioclogical processes. Some molluscs shells especially of
Mytilus, Cardium papillosun CGlire, 19900 are bored by some
other living organisms. Some other stations (KO, NS, B11, B7,
BO) (Fig. 2.2a) show the abundant terrigenous materials most
probably indicating active coastal erosion and supply from
the land or/and processes of strong reworking and
redistribution on the bottom of this strait. Most of the
terrigenous components are derived from the metamorphic
Cespecially schist, quartzite) and sedimentary Cmudstones,
shale and limestone) rock fragments with some mica flakes.
Cherts with their typical reddish-brown color commonly occur
as well-rounded and sometimes encrusted by calcite. Coal and
slug particles with some wood- and plant-tissues are also
found in sediment samples, derived directly or indirectly

from the land-based sources.

The sand fractions of the Bosphorus surface sediments had
wide variety in their compositions. Their terrigenocus
fractions are dominated by quartz and other light and dark
colored minerals as well as rock fragments Cespecially chert
and schist). The terrigenous grains are commonly subrounded
and partially well-rounded at stations E2, Bl14, B15 (CFig.
2.28a). The sand fractions also contained appreciable amounts
of materials. Most of them are made up of iLhe pelecypod

shells, with less extent of the gastropods (Turritella sp.).
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Some authors CDemir, 1954; Uysal, 1970 and Hasanodlu, 1979
stated that the distributions of biogenics are favored by
the specific conditions in temperature, salinity, and the
bottom substratum Chard-sandy-gravel). Other biogenous
constituents are, in equal amount of occurrences, made of
the calcareous worm tubes, algae, bryozocans, and ostracods,
with minor amounts of sponge spicules C(st. BO) (Fig. 2.2a),
polychaetes Cstations B7-A, E2) (Fig. &.2a), and some
foraminiferas (commonly Ammonia beccarii sp. and milioline
sp.D) with less extent of agglutinated type of forams. There
are very little echinoid spine and plates throughout the
strait even with the absence at stations B1S, Bl4, and Bi3
(Fig. 2.2a). However, absence of the Mediterranean
Echinoderms in the bottom sediments of Bosphorus was also
reported by Tortonese and Demir (19860). Some biogenous and
terrigenous materials are found throughout the strait which
were partly well-oxidized having reddish-brown color
Cprobably stained by iron-oxide) and polished reworked

surfaces (stations B2 and B15) (Fig. 2.2aJ.

Fig. 3.1 shows the bottom relief of the Bosphorus Strait.
Taking the topographic irregularities into consideration, it
is obvious that the strong variations in the sediment

distribution becomes prominent.
Here the bottom currents are measured to be approximately 80
cm/sec, at about 7 m abéve the sea floor (METU-IMS, 1989).

Since the dominant bottom currents (more 10-20 cm sec) are
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Figure 3.1 ¢ Depth profile along the Strait of Bosphorus.

usually capable of eroding and removing finer material,
then, the presence of the highly abundant coarse materials
Cgravel and sand, Fig. 3.2) and the undulated bottom
topography especially at stations BO, B7-A, B13, Bl4 and
BiS, most probably resulted from the effects of strong
bottom currents C>75 cm’/s, at B0 m water depth, at the
northern exit of the Bosphorus, METU-IMS, 1991 unpublished
ADCP raw dat) in strait’s channel. The presence of coarse-
grained clastic sediments along the shores of this strait
may also reflect, in part, the erosiocnal effect at the coast
by the prevailing currents. While the coarser particles
settle with the decreasing energy of turbulence, only a

small fraction of the finer sediments are entrapped in the
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Grain-Size Distributions
Cumulative Weight (%)

Figure 3.2 ¢ Distribution of grain~size along the Strait of

Bosphorus.

inlets C(Passega, 1977). The finer particles Cvery—-fine sand
and mudd may be winnowed out and transported away by the
strong bottom currents, leaving the coarse particles as lag
deposits along the strait. It thus appears, that most of the
coarse-grained fractions of the surficial Bosphorus sediments,
could be the products of such reworking and redistribution
processes of the older deposits. Therefore, the distribution
of the surface sediments in the Strait of Bosphorus seem to
be controlled by the dominant water-flow regimes in this
region. For example, finer clastic sediments with over 20 %

mud fraction Csilt and clay) were deposited at stations B7,
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Bili, BC-1, N5 and KO (Fig. 3.2 and Fig. 2.2a); where the

hydraulic energy is believed to be rather low. However, the
presence of the coarse fractions of benthic origin Cmostly
from the molluscan shell fragments) can not be explained by

the hydrodynamically-controlled sedimentation processes.

JUNCTION OF THE BOSPHORUS STRAIT WITH THE SEA OF MARMARA CBMJD :

In the Bosphorus Strait and the Sea of Marmara Junction,
gravel and sand fractions varied between O and 68 % and 1 to
80 % respectively. Mud is present in amounts from 2 to 99 %

of bulk sediment C(Table 3.2).

The gravel fractions are generally composed of the biogenous
materials which are represented by the molluscan shell
fragments (pelecypod) with subordinate amounts of freshly
broken echinoid fragments Cat sts; N11, and VB3 (Fig. 2.2b).
In addition, cherts and well-rounded quartz grains (st. MiB),
as well as calcareous worm tubes are found (st. MI). Samples
from stations E4, M1C1D, MicC2>, M4, M4’, MS, M7, N6, Vi, AlS5,
Al8 and A34, from depths between 13 and 60 m, constituted 11
to 49 % gravel mostly of biogenic origin. In the vicinity of
Princes Islands, the sediment texture is characterized by the
coarse grained materials CFig. 3.3). At these stations, with
the exception of A34 Cwhere pelecypod is dominant), gravel
fractions of the sediments are principally composed of the
branching skeletal remains of the encrusting melobesid
calcareous algae Ce.g. Lithothamniumd with the subordinate

amounts of molluscs shell fragments, dominantly pelecypod.

L
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Table 3.2 ¢ Composition of the surface sediments from the
Junction of the Bosphorus Strait with the

Sea of ngmara.

STA. DEFTH LAT. LON. 6 S I € N 8N 2/C /N org.C CaCO,SEDIMENT GENETIC

NAME  (m) TEXTURE TYPE

B0 52 410012 283933 45 29 3 3 & 4.8 1.0 0.6 1.09 28 as8 Terriaenous
a13 25 405436 290612 39 29 21 11 32 0.9 1.% 0.7 0.48 &% #G Bingenous
g 25 405303 290600 41 33 18 8 26 1.3 2.3 0.7 1,73 &3 ne8  Biogenous
AZ3 55 405223 290Ba4 (1 2 44 S4 98 0.0 0.8 0.5 0.84 14 {0l Terrioenous
A2 &3 405100 291256 19 9 40 32 72 0.1 1.3 0.6 1.6 22 o Terricenous
028 60 404916 291502 1. 80 11 B8 19 4.2 1.4 0.6 0.92 &3 ()8 Bingenous
A34 13 405733 291600 30 68 1 1 229.8 1.2 0.3 6,532 90 98 Biogentus
BC-2 64 405448 285603 <1 12 49 39 88 0.1 1.3 0.6 1.14 12 (g)sM Terrigenous
E2 55 405936 285900 22 58 10 10 20 2.9 1.0 0.5 0.90 3b g5  Biogenous
E4 25 405932 285700 11 30 33 26 59 0.5 1.3 0.6 1.0 47 oM Bioosnous
EZ28 28 403818 284544 7 31 40 22 62 0.3 1.8 0.6 1,20 23 gM  Terrigenous
KC4 75 403618 284308 0 4 41 55 9 0.0 0.8 0.4 i.i6 13 M Terrioenous
Mi(1} 22 405842 285500 23 24 28 25 33 0.9 f.1 0.3 (.70 59 oM Biogenous
Mi(2) 22 405842 285454 23 1% 30 28 58 0.3 1.4 0.5 2.16 55 oM Biogencus
M2 b 405812 285712 2 14 40 44 84 0.2 0.9 0.5 1.87 12 (q)sM Terrigenous
M3 35 405730 285930 <1 42 35 23 58 0.7 1.5 0.6 1.06 13 (gisM Terrigenous
M 23 405648 290204 16 27 31 26 57 0.5 1.2 0.3 1,47 33 oM Biogenous
LN 25 405530 290118 28 18 22 32 S4 0.3 0.7 0.4 1,49 352 oM Biocgenous
M3 13 403609 290430 49 12 20 19 3% 0.3 1.1 0.5 1.49 40 #8 Biogenous
a4 27 405648 283030 1 21 3% 39 78 0.3 1.0 0.5 1.23 24 (o)sH Terrigenous
Mo’ 80 405524 2785030 <1 17 37 46 83 0.2 0.8 0.4 0.94 16 (gisH Terrigenous
M? 37 405618 285306 21 37 18 24 42 0.9 0.7 0.4 1.42 85 oM Bioaenous
) 66 403324 285642 <1 21 45 34 79 0.3 1.3 0.6 1.04 15 (g)sM Terrigenocus
ma’ 50 405354 285624 <1 11 50 3? 89 0.1 1.3 0.6 1.35 12 (g)sH Terrigenous
M9 40 405424 285956 30 28 23 19 42 0.7 1.2 0.5 1.04 39 88 Biogenous
Hio 40 405345 290200 48 44 4 4 B8 55 1.2 0.5 0,37 10 ms8  Terrigenous
M 65 405130 291012 7 43 19 3! 50 0.9 0.6 0.4 (.08 33 oM Biogenous
M2 S6 405024 291418 3 43 26 28 54 0.8 0.9 0.5 0.%0 26 ({o)sM Terrigenous
MI3(1) 79 405618 284312 <1 4 43 53 9% 0.0 0.B 0.4 1,06 15 (9N Terrigenous
Mi3(2) &7 405700 284430 <1 5 43 350 5 0.1 0.9 0.3 116 17 (0)M Terripenous
ma 90 405518 284700 1 24 33 42 75 0.3 0.8 0.4 0,90 {7 (qisM Terrigenous
Ms 71 405400 285128 20 31 25 24 4% 0.6 1.0 0.5 0.73 1b oM Terrigenous
M6 250 405300 285517 <1 15 40 43 B3 0.2 0.9 0.5 1.09 14 (g)sM Terrigenous
Mis’ 72 405400 28553 0 9 47 44 91 0.1 1.1 0.5 1.18 12 M Terrigenous
M7 90 405130 290000 <1 21 35 44 79 0.3 0.8 0.4 1.04 1S (g)sH Terrigenous
Mig 90 405100 290418 <1 25 29 46 75 0.3 0.6 0.4 1,02 18 (g)sM Terripenous
me 94 404904 290830 1 & 33 &0 93 0.1 0.6 0.4 1.7 13 (g)M Terrigenous
M20 B85 404800 291230 O 3 34 & 97 0.0 0.6 0.4 1.14 14 M Terrigenous
u21 B5 404648 291670 O 2 A1 57 98 0.0 0.7 0.4 1,14 12 N Terrigenous
N& 23 405730 285400 17 3B 20 25 45 0.9 0.8 0.4 1.38 &4 oM Biogencus
N7 60 4035624 285806 <1 10 51 39 9 0.1 1.3 0.6 1.31 i1 (g)sM Terriqenous
NiO 27 405100 291530 4 21 45 30 75 0.3 1.5 0.6 1.00 25 (o)sM Terrigenous
M 219 404348 292140 § 3 54 42 9 0.0 1.3 0.6 1.00 9 (g)M Terrigenous
vi 60 4056546 285812 16 30 23 3 54 0.6 0.7 0.4 1.95 53 oM Biogenous
V2 435 405848 285600 <1 9 47 44 91 0.1 §.1 0.5 0,76 15 (¥ Torrigenmum
v3 &0 405400 285806 <1 17 50 33 83 0.2 1.5 0.6 1.10 12 (g)s¥ Terrigenous
v4 40 403354 205948 10 64 15 11 26 2.5 1.4 0.6 037 B3 onS Biogenous
V3 70 X5200 290106 <1 & 434 30 94 0.4 0.9 0.5 1.07 13 (o)M TYerrigenous
Ve 80 404934 290854 <1 5 33 &2 93 0.1 0.5 0.3 .15 14 (9} Terrigenous
v 40 405000 291348 17 &9 & B8 14 5.1 0.7 0.4 0.4 72 onS Biogenous
MBC-3 1200 404915 285600 <1 1 25 74 99 0.0 0.3 0.3 1.05 10 C Terriqencus
Ava. 83 11 24 31 33 &5 1.4 1.0. 0.5 1,13 2§

Gtd. 163 16 19 18 17 28 4.2 0.4 0.1 0.3 2

G: Gravel g: Gravelly S: Sand Z: Silt M: Mud
C(g): Slightly gravelly s: sandy C: Clay m: muddy
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Tortonese and Demir (19600 also reported that the bottom
surrounding the Prince Islands were covered by the
coralligeneous sediments. This type of bottom was defined by
Miller C198%5) as the original substratum of bioclastic sand
and detritic mixture, which was abundantly covered and
cemented together by calcareous Rhodopyceae, chiefly
Lithothamnium calcaréum, L. fruticolusum and Lithophyllum
racemus. On the other hand, the presence of these
coralligenecus massifs maybe elucidated as the resultis of
the environmental changes C(warm-cold) which must be
occurring not only in ancient times, but also in Recent time
in the eastern Mediterranean Sea (Bacescu, 19835; Bellan-
Santini, 1985>. Matson C1989) stated that the abundant
terrigenocus sediment input or high water turbidity precludes
the development and maintenance of coral reefs. These plants
encrust the sea-bed with their calcified fronds in the
photic zone (Muiller, 1989). The plants produce a variety of
ecological niches for grazing epibenthic forms and attached
filter—-feeders. This is reflected in the composition of the
benthic foraminiferal assemblages. These are dominated by
species of Elphidium and sessile forms Ce.g., Cibicides and
various Discorbids) together with several species of
miliolids and arenaceocus forms. The prevalence of the
coralligeneocus sediment on the Anatolian side of the shelf,
between the Princes Islands and the coast can be attributed
to more steady-state hydrographic conditions and a limited
amount of terrigenic supply. There is no major river

reaching the coast in this area and the present hydrographic
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data suggest that it is less affected by the outflow of

brackish waters from the Black Sea (Ozsoy et al., 1988).

The sand fractions are commonly dominated by the terrigenous
materials mostly composed of lithic and mineral grains
Cquartz, mica, chert and metamorphic rocks with some local
occurrences of coal, slug, tar balls and plant-wood remains).
The biogenous components in sand are made of a large variety
of organism remains, such as of calcareous algae,
foraminifera, molluscs Cdominantly pelecypod), and to a
lesser extend of calcareous worm tubes, echinoid-spine and
-plates, ostracods, fecal pellets bryozoans, siliceous sponge
spicules, and polychaetes. These skeletal remains of benthic
organisms especially foraminifers are concentrated in the
finer sand fractions (125-250 ) of sediments. Davies and
Gorsline (1976) stated that in regions where the bioclogical
productivity is high, so the biogenous sediment accumulate
in high amounts. It has been known that the Junction of the
Sea of Marmara and Bosphorus is one of the most productive
areas in the Marmara Sea (Bastiirk et al., 1990).

The presence of various shallow-water species of the
foraminifers in large quantities (especially Textularia,
Ammonia, Elphidium, various Miliolids and Discorbids) at
depths down to 1200 m suggests that significant downslope
movements of the shallow— water bottom sediments is probably
originated from the shallower parts of the shelf of European
and Asian marginal areas in this section of Marmara Sea.

Fecal pellets are found at the most samples, with a
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predominance at stations BC-2, M8, M8’, Mi2 and Mi8 as
associated with high percentages of mud (54 to 89 %).

They mostly appear 16 elongated and partly spherical to
elliptical shape usually in form of micro-crystalline
aggregates with yellowish to olive-green color, when viewed
with the binocular microscope. Their concentrations in the
surface sediments but also throughout the core BC-2 suggest
recent formation and the presence of some well -rounded forms
may attest to the reworking of the sea-floor. These
excretionary materials are also found in sediments from
deeper waters and basinal sediments. Their occurrences were
also reported by Evans et al. (1689). In the study area,
they are produced by benthic organisms most probably by the
pol ychaetes which predominate the benthos in the relatively
deeper areas of the shelf as can also be confirmed by the
findings of Caspers (1968); and Unsal and Uysal (1988).
Their presence indicates a marine setting typified by large
fluxes of freshwater, terrestrial organic matter and high
rates of sediment accumulation C(Pimmel and Stanley, 1989).
However, in the deeper parts of the shelf, the biogenous
fraction of most of the samples is dominated by the benthic
foraminifers (Bulimina, Globulimina, Bolivina, Uvigerina,

Chilostomella, and also Melonis sp.) followed by some

Planb Lanic i amiinil ol a wpeoclom Ci3 bt prars o 1ie spsit Frspiiam b irbsiy
Globigerinoides ruber and also some Globorotalia Sp.) occur
at most places. The species are adapted to high productivity
conditions and their transportation by the undercurrent must

have led to increased deposition in these areas CAlavi, 1988).
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Pyrite and pyritization are common associatidns of some
foraminiferal tests, especially the Bolitvina and also
Bulimina sp. Some genera do characteristically occur in
areas of high nutrient concentration (Bulimina and Bolivina
sp.) such as marine sewer outfalls where nutrient levels are
raised to unnatural highs CHaq and Boersma, 1981). The other
important biogenous co;stituent is the sponge spicule which
is dominantly found at two stations KC4 and V4. Davies and
Gorsline (19780 found that the correlation between the
accumulation of silicecus sediments and areas of high
productivity is enhanced because the preservation of
siliceous shells appears to be better in the sediments rich
in organic matter. The occurrences of high silicate contents
in the water column of st. 45C during 1988-1989 period
CBastirk et al., 19902 confirms this. The molluscs shell
fragments were commonly reworked, broken and some of them
Cespecially Turritella sp.) were stained partly with reddish-
brown color. Minor amounts of bryozoa were found only at the
stations MS6’, M7, Mg, Mi1, Mi&, M13C1D, ML3C(2>, Mi4, Nii and
V7. Here also, echinoid plates and spine as well as
calcareous worm tubes were characteristic of these, the worm

tubes were most abundant at stations; M9 and V4.

In general, the sediment texture of the southern Bosphorus
canyon-valley is marked by the slightly gravelly sandy mud
facies [(gd)sM] which are abundant at the both European and
Asian sides of the BMJ. The grain size of sediments sShowed

an increasing tendency toward the fine material C(slightly

71



gravelly sandy mud facies) in the down-canyon direction,
both along the nearly north—-south trending axis and the
east-west trending side walls CFig. 3.3). For example, here,
the mud fractions increase from 20 % at the head of canyon
CE2) to 8% % in downcanyon (M1B6) and to 99 % in the deep
basin CMBC-3), or decrease in the vice versa direction.
CTable 3.2). This doQﬁcanyon—fining or upcanyon-—coarsening
of the grain size of sediments (Fig. 3.3) can best be
explained in accordance with the changes in the topography
and the intensity of undercurrents acting upon that in this
region. It is evident that the inflowing Marmara
undercurrents to the Black Sea attain their high velocities
as approaching to the Strait of Bosphorus, where the maximum
current speeds were measured CMETU-IMS, 1985, 1990 and 1991).
Thus, a coarsening of the sediments must be expected towards
the entrance of the strait, which is confirmed in this study.
Occasional near-shore increments of mud are characteristic
on the western Coff Yesilkdy, Kigikgekmece Lake and also
Ambarli) and eastern shelf regions (i.e., Pendik Bay which
is bordered to the east by the Tuzla Peninsula and to the
west by the Princes Islands). In these areas (sts. M5, M8’,
E28, KC4, M13C1D, Mi3C2D>, Ml4, A23, A26 and N10D> CFig. 2.2b),
sediments contained excepticnally high mud concentrations

ranging from S4 to 98 % (Table 3.2).

NORTHERN SHELF OF THE SEA OF MARMARA CNsSMD> : The surficial
sediments of the northern Marmara shelf, are marked by

generally high mud percentages, with an average of about 84
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% C(Table 3.3). A gravelly-sandy mud facies at nearshore
passes into gravelly mud, and further offshore, into mud.
This is typical offshore-decrease in the mean-grain size of
sediments, as expected. Off Eregli and Gumiigyaka coasts, in
the central part of the northern Marmara shelf, a zone of
gravelly-muddy sand appears. This region seems to represent

a canyon-like feature (Offshore Eredli Canyond (Fig. 3.4D.

Here, the gravel fraction decreases from (19 % in the
nearshore §hallow-waters to (<1 % in offshore deep—waters.
The molluscan shell fragments makes up the most of the
gravel fraction principally composed of pelecypods and
gastropods with a minor amounts of calcareous worm tubes,
bryozoa and echinoid fragments. Exceptionally, the sample at
station N23 contained biogenic constituents in high
abundances. These skeletal shell fragments were generally
subrounded and iron-stained. Some well -rounded and
partially-subrounded yellowish-green-gray, smoocky and
transparent quartz and quartzite particles are also found in
this fraction. The sand or sandy facies are widely
distributed at stations; KS57KOO (41 %), N4 (49 % and N19
(51 %), associated with some gravel and mud portions CFig.
3.4 and Table 3.3). This at stations N4, V10 and KS6K30, and
partly stained by iron oxides-hydroxides. Mica flakes,
metamorphic rock fragments, and organic debris Cmostly tar
ball and cocal particles) are occasionally found in this
fraction. The occurrences of well -rounded quartz grains at

these stations may indicate that these sediments are reworked
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Table 3.3 ¢ Composition of the surface sediments from the
northern shelf of the Sea of Marmara.

STA. DEPTH LAT, L. 6 § 72 C M S/M I/C I/Morg.C CaCO,SEDIMENT - GEMETIC

HAME () TEXTURE TYPE
rd] 180 405118 272830 0 4 49 47 96 0.0 1.0 0.3 0.B1 9 M Terrinenous
K46J28 760 404600 272800 © 1 35 44 %9 0.0 0.5 0.4 1.20 9 N Terrigenous
k53J32 390 405318 273218 <1 10 27 43 90 0.1 0.4 0.3 (.06 10 {q)sM Terrigenous
BC-4 1106 404826 273635 <1 <t 33 47 100 0.0 0.5 0.3 1.14 8 C Terrigenocus
k46437 700 408400 273700 <1 <1 26 74 100 0.0 0.4 0.3 f.46 9 {q)§ Terrigenous
K53J42 480 405330 274230 0 1 23 76 %% 0.0 0.3 0.2 1.23 10 € TJerrigenous
N23 &7 405630 275200 <1 14 41 44 B3 0.2 0.9 0.5 0.81 12 (o)sM Terrigenous
K50J53 855 405000 275300 0 1 16 B3 99 0.0 0.2 0.2 1.04 10 € Terrigenous
BC-3 1226 404948 275733 <1 <1 23 77 100 0.0 0.3 0.2 .00 10 C Terriqenous
K57k00 73 405700 280000 19 41 15 25 40 1.0 0.6 0.4 0.97 3 onS Biogenous
N3 77 405736 280848 <1 9 32 59 91 0.1 0.3 0.3 (.14 16 {qtsM Terrigenous
Ni9 12 410415 281350 o0 51 24 25 4?9 1.0 1.0 0.5 0.57 10 - a3 Terrigenous
LOZk15 54 410200 281500 <1 2 37 41 %8 0.0 0.6 0.4 1.37 3 (a)¥ Terrigenous
LOOKIS 61 410000 281500 26 15 1B 41 39 0.2 0.5 0.3 1.23 20 oM Terrigenous
k56K15 320 405630 2BIS00 <1 3 33 44 97 0.0 0.5 0.3 1,64 14 (g} Terrigenous
Ni1g 61 410000 282200 <1 <1 34 &6 100 0.0 0.5 0.3 (.22 13 {a)M Terrigenous
M4 b4 405830 282424 16 S50 13 21 34 1.5 0.6 0.4 0.57 14 g=S Terrigenous
vio 100 405700 282700 146 19 27 38 45 0.3 0.7 0.4 0.68 20 oM Terrigenous
k39K30 53 405900 283000 <1 <1 44 56 100 0.0 0.8 0.4 1.47 12 (o) Terrigenous
K36K30 B3 405600 283000 <1 29 28 42 70 0.4 0.7 0.4 0.85 15 (o)sM Terrigenous
kS7K34 &0 403700 283400 <1 13 46 40 846 0.2 1.1 0.5 1.13 1S5 (q)sH Terrigenous
fivg. Y] 4 12 30 54 84 0.2 0.6 0.4 1.06 14

Std. 372 8 16 10 18 21 0.4 0.2 0.1 0,27 &

G: Gravel g: Gravelly S: Sand Z: Silt M: Mud
Cg): Slightly gravelly st sandy ¢C: Clay m: muddy

or transported by rolling of the particles, probably due to
the prevailing under-currents. The sand fractions contained
minor amounts of biogenocus constituents and only those here
concentrated in the coarse-sand fraction. The biogenous
constituents are mostly composed of skeletal remains of
begthic organisms, which are dominated by hyaline type of
benthic foraminifers CUvigerina, Bulimina and Bolivina sp.)
and of pelecypods. The other biogenous components are shells
of ostraceds Cdominant at st. N18), gastropods (dominant at

st. LOOK18), calcareocus worm tubes, bryozoans and also sponge
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spicules. Polychaete alsoc occurs but only at station N24.
Pteropod shells are also found in some deeper stations
CK8B8K1S, BC-3; Fig. 2.2c). In sand fraction, pyritization

was commonly observed within the shell of hyaline type of
foraminifers (especially Ammonia, Bolivina and Bulimina sp’s).
These are frequently occurring at sts.; N19, L0O2K1S and
LOOK1S, with decreasigg tendency in abundances towards the
deeper water stations (Fig. 2.2c). Since those species

belong to shallow water environments CHaq and Boersma, 1981),
therefore they are probably transported by turbidity currents
and gravity slumping down the slope of the northern shelf. At
two stations; BC-3 and KS50J853 (water depths are 1226 and 855
m, respectively) the sand fraction was fully composed of
hyaline type of foraminifers and of pelecypods shells and some
of them were stained by oxidized iron colors. The authigenic

pyrite occurrences are dominantly found at station BC-3.

The mud fraction of the sediments usually exceeds 80 %, with
the exception of stations KS57K0O0 (40 %0, N19 €49 20, LOOK1S
(59 %), N4 (34 2%, V10 (B85 %% and K56K30 (70 % (Table 3.3,
The samples with mud contents with more than 96 % are
confined to stations N24 and K46J28. Mud facies with
slightly—-gravelly sand is concentrated in the western and
eastern parts of the inner shelf in this area (Fig. 3.4).
The slightly-gravelly mud facies is distributed in deeper-
water areas, with exception of stations; K53J42, KB0JS3,
BC-3 and BC~-4, this might be caused by the turbidity

currents and also down-slope movements of coarser materials
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towards the deeper areas. Clay fraction ranged between 795
and 83 %; it is highest in abundance at stations from

deeper -waters of the study area (480 and 1226 nO.

In general, the northern Marmara shelf and upper slope is
characterized by the deposits which are dominated by
terrigenous materials and with subordinate of biogenous
constituents. The sediments are mostly made of the
siliceous, detrital clastics derived from the river runoff
and coastal erosion. The sediments deposited in the deeper
water areas are largely pelagic in character, namely their
lithogenous material is composed of fine-grained particles
From the above results, it appears that the texture of the
sediments of the northern shelf of Marmara Sea was related

to the bottom topography and environmental conditions.

SOUTHERN SHELF OF THE SEA OF MARMARA CSSM> : On the
southern shelf of Marmara Sea, the surface sediments were
generally composed of muddy facies (mud percentages ranged
between 7 and 100 % with an average value of 81 %0
associated with some gravel and sand portions on the average

4 and 18 %, respectively (Table 3. 4).

The gravel fraction is commonly comprised of biogenous

materials which are principally derived from the skeletal
remains of benthic organisms belonging to molluscan shell
fragments, mainly of pelecypods with the minor amounts of

gastropod shell fragments Cespecially Turritella sp.). Some
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Table 3.4 ¢ Composition of surface sediments from the
southern shelf of the Sea of Marmara.

§TA. DEPTH LAT. LON. 6 8§ I € H &M 2/C I/M org.C CaCO;SEDIMENT GENETIC
NAME (m} TEXTURE TYPE

KIBJ53 76 403800 275500 O 24 31 43 76
K40KOO 101 404000 280000 <1 &5 10 23 35
K34K00 50 403400 280000 9 57 14 20 34
Vi 48 403124 280100 9 54 20 17 3J7
N22 38 402830 280300 9 44 3B 19 57
VIS 50 402600 280210 {1 S5 46 49 95
vi4 50 402312 280206 2 3 39 36 95
k22J57 32 402200 275700 <t 22 48 30 78
BL 10 402124 275736 5 59 24 12 3%
N21 46 402530 280500 ¢ 3 43 54 97

0.4 0.85 13 sM Terrigenous
0.3 0.44 10 (g)m8 Terrigenous
0.4 0.9 32 onS Biogenous
0.9 0.4 29 os8 Terrigenous
0.7 0.52 1 gM  Terrigenous
0.5 08 7 (o} Terrigenous
0.4 0.99 & (g Terrigenous
0.6 1,34 4 (g)sM Terrigenous
0.7 1.13 10 geS Terrigenous
0.4 1,00 7 (g)¥ Terrigenous
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K25K08 53 402500 280BO0C 2 7 39 52 91 0.1 0.7 0.4 1.14 9 ()M Terrigenous
H20 46 402718 280900 2 16 39 43 82 0.2 0.9 0.5 0.86 19 (g)sM Terrigenous
K28K08 S50 402800 280800 <I 4 3% 56 95 0.0 0.7 0.4 1.09 8 (9)N  Terrigenous
N1 55 403200 281000 4 76 8 12 20 3.9 0.7 0.4 0.35 10 ({g)n8 Terrigenous
K40K10 100 404000 281000 <1 & 26 &8 94 0.1 0.4 0.3 (.11 4 ()H Terrigenous
KAZKI5 190 404200 281500 O 2 31 67 98 0.0 0.5 0.3 1.14 13 C Terrigenous
K35K15 48 403500 281500 27 4 19 50 &9 0.1 0.4 0.3 1.04 18 gH Terrigenous
KI0K13 56 403000 281500 <1 2 25 73 98 0.0 0.3 0.3 1.28 9  (o)M Terrigenous
Vi3 50 402648 281406 <1 1 33 & 99 0.0 0.5 0.3 0.9 9 (I8 Terrigenous
K40K20 130 404000 282000 <I 2 24 74 98 0.0 0.3 0.2 1.11 14  (g)M Terrigenous
k32K20 40 403200 282000 27 2 18 53 71 0.0 0.3 0.3 .14 18 Q4 Terrigenous
vi2 50 402942 282354 9 30 21 40 61 0.3 0.5 0.3 0.59 34 on Biogenous
K30K26 50 403000 282612 28 7 20 43 &% 0.1 0.5 0.3 f.04 21 i Terrigenous
ve 10 402500 282901 <1 2 32 & 98 0.0 0.5 0.3 1.10 & (oM Terrigenous
K2BK30 &0 402800 283000 1 29 25 45 70 0.4 0.5 0.4 0.89 14 ({(g)sM Terrigenous
Hi7 72 403400 283500 <1 7 35 5B 93 0.1 0.6 0.4 0.95 18 ({g)sM Terrigenous
KI8K30 120 403800 283000 11 25 22 42 &4 0.4 0.5 0.3 0.89 18 g Terrigenous
K45K30 496 404500 283000 0 1 18 Bl 99 0.0 0.2 0.2 1.21 {1 C Terrigenous
K40K40 370 404000 284000 O 1 20 79 99 0.0 0.3 0.2 1.28 10 € Terrigenous
K33K40 150 403300 284000 4 33 23 40 63 0.5 0.6 0.4 0.85 12 (g)sM Terrigenous
Nl& 3 403000 284000 22 71§ 2 7 9.9 2.7 0.7 0.26 78 93 Biogenous
K26K44 67 402600 284400 O 1 29 70 99 0.0 0.4 0.3 1.31 8 € Terrigenous
K26K43 64 402600 284500 O 1 30 &9 99 0.0 0.4 0.3 1.27 8 C Terrigenous
Ni2 48 403000 284600 7 77 5 11 16 4.8 0.4 0.3 0.30 b onS  Biogenous
K35K45 219 403500 284500 0 2 30 &8 98 0.0 0.4 0.3 1.0f I3 C Terrigenous
K40KAS 320 404000 284500 0 1 24 75 %9 0.0 0.3 0.2 1.01 12 C Terrigenous
K40KS2 200 404000 285200 O 2 29 &9 98 0.0 0.4 0.3 1,90 13 C Terrigenous
KAOLOO 154 404000 290000 2 14 35 50 B3 0.2 0.7 0.4 1.18 13 (q)sM Terrioenous
N13 64 402830 285130 <1 1 29 70 99 0.0 0.4 0,3 L.07 8 (9! Terrigenous
NIS 74 402600 285100 O 1 23 76 99 0.0 0.3 0.2 1.26 7 C Terrigenous
K25K50 45 402300 285048 <1 1 29 70 99 0.0 0.4 0.3 1.i7 B8 (9N Terrigenous
k2754 100 402706 283436 <1 1 20 79 99 0.0 0.3 0.2 1.46 & C Terrigenous
Nid 104 402500 285800 0 <1 22 78 100 0.0 0.3 0.2 1.22 7 C Terrigenous
K24KS7 107 402400 285700 0 1 24 75 99 0.0 0.3 0.2 1.31 -7 C Terrigenous
K27L00 81 402700 290000 <1 1 29 70 99 0.0 0.4 0.3 f.11 7 (9N Terrigenous
K27L04 70 402700 290400 <1 1 32 &7 99 0.0 0.5 0.3 1.14 7 (o) Terrigenous
K23L02 49 402500 290230 <1 1 32 &7 99 0.0 0.5 0.3 1.42 7 ()4 Terrigenous
ve B0 402448 290100 <1 1 30 &8 99 0.0 0.4 0.3 1.29 7 (o)M Terrigenous
Avg. 97 4 16 27 34 80 0.6 0.6 0.4 1.0 14

Std. 9N 723 10 21 2 1.6 0.5 0.1 0.32 12

G: Gravel g: Gravelly S: Sand Z: Silt M: Mud
Cgd): Slightly gravelly st sandy C: Clay m: muddy
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of them seem to be reworked and, thus, can be regarded as
relict in nature. Encrustation by calcite and borings by
dwelling organisms are also observed within those organisms
occasionally. Branched forms of calcareous algae were most
commonly found at stations K34KOO and N16. Other stations
were poor in calcareous algae. The echinoid shell fragments
are observed in samples from stations V15, K25K08, K40K10,
K40K20, K33K40, and N13 (Fig. 2.2d). Barnacles and
calcareous worm tubes are occurred as attached on the

mol luscan shell fragments in gravel fraction. Of the
terrigenic detritus, encrusted quartz and quartzite grains
by calcite are generally found in well-rounded and partly-
subangular form, in most samples Cespecially at stations;

K40K0OO, K34KOO, Ni, K38K30 and K33K40) (Fig. 2.2d].

The sand percentage ranged between less than 1 and 77 %,
with an average value of about 18 %. This fraction is
generally composed of biogenous materials Cup to 90 %0,
based on visual estimation. These biogenic materials are
represented by hyaline type of (Globigerina, Globorotalia,
Ammonta, Elphidium, Bolivina, Bulimina, Uvigerina.
Valvulinerta, Nontonetlla, Dentilina sp’s., and some
agglutinated type of (Textularia sp.) and porcelaneous type
of foraminifers (Triloculina sp. and Miliolina sp.d, and
pelecypods. Some of the benthic and planktonic foraminiferal
tests Cespecially Bolivina, Bulimina, Elphidium, Ammonia
Globigerina and also Globorotalia sp’s.) were commonly

pyritized (st. K40LOO) as observed under the microscope.
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Some foraminifera tests, especially of Elphidium and Ammonia
sp’'s. are abundant in most samples from which are located on
the inshore areas and characterized by the inner shelf
sediments. Of other biogenous constituents, gastropods
Cmainly Turritella sp.), ostracods, pteropods, calcareous
algae are characterispic, mostly in samples from two
stations N16 and K34K0OO, where the salinity fluctuations are
less (METU-IMS, 1985 to 1891, unpublished raw data) and the
input of the terrigenous materials is low. The worm tubes,
bryozoans, echinoid spine and plates, sponge spicules, and
fecal pellets are found at stations K38J55 and K40KS2.

The molluscan shell fragments are generally not fresh and
seem to be reworked in most cases, they are encrusted with
calcite and, partly, are bored by dwelling organisms. The
worm tubes are also attached on those. Some shell fragments
especially molluscan and foraminiferal tests are stained by
reddish brown color of oxidized iron. Terrigenous materials
are dominated by quartz and quartzite grains which are
generally well -rounded, to partly-subrounded with subangular
form. Metamorphic rock fragments (schist) mica Cmostly in
the Bays of Gemlik and Bandirmad, sandstone fragments and
organic debris are parts of the terrigenous constituent in
the sand fraction. Organic debris are mainly associated with
the jelatinous and fibreous plant- and wood-tissues with
minor amounts of tarballs, and slug particles. Those are
mostly found off the Kocasu river mouth (st. Vg9; Fig. 2.2d
and in the Bays of Gemlik and Bandirma. The pyrite

occurrences are also common in those stations. The organic
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debris and pyrite occurrences off the Kocasu river mouth are

reported by Algan and Akbulut C198%).

The gravelly mud facies is characteristic on the mid-shelf
of this area (Fig. 3.8). Clay fractions are highly abundant
in samples from the_offshore stations but also in deeper
parts of the Bay of Gemlik Cgravel <i %). The surface
sediments are dominated by mud exceeding 78 % in the Bay of
Bandirma and exceptionally, the sediments off Bandirma

Harbour consisted of about 36 % of mud CTable 3.4).

In conclusion, the surface sediments from the southern
Marmara shelf contain predominantly mud with some gravel and
sand portions mainly derived from the molluscan shell
fragments and tests of foraminifers. The remains of
bryozoans and calcareous algae are missing at most places
but echinoid spines and plates are frequent. Therefore, the
skeletal remains of molluscs and echinoids in nearly all of
the samples in this studied region are most probably of
indigenous origin. The presence of mica flakes in the
sediments in most samples reflect influences from land-based
sources (Ternek et al., 1987). 1 to 8 % mica in the Marmara
sediments was already reported by Emelyanov C1972).
Obviously, the lithogenic fraction of the southern Marmara
sediments receive great amounts of materials from the land
via rivers or-and coastal erosion. Apart from this,
terrigenous materials may also come from the reworking of

pre-existing bottom deposits and surface-exposed submarine
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rocks. The molluscan shells and foraminiferal tests are
common biogenic constituents of the sand fraction in the
area but below the halocline, molluscs are less common than
foraminifers. The presence of the typical shallow-water
species of foraminifers (such as Textularia, Ammontia,
Etlphidium, Discorbids.and Miliolids sp’s.) in deeper water
stations support that point of downslope sediment movement.
The foraminiferal assemblages are dominated by taxa tolerant
of low-oxygen conditions and planktonic foraminifera
CGlobigerina sp.) occur at most places. This is the only
species of planktonic foraminifers which consistently occurs
in the Sea of Marmara CAlavi, 1986). These species are
characteristic from the continental slope and ocuter shelf
sediments (Haq and Boersma, 1881)>. Isolated occurrences of
tests of other planktonic species Ce.g. Globigerinotides
ruber) at some localities suggest that they must be
transported to the Sea of Marmara by the penetration of the
subsurface Mediterranean waters into the this area. Because
it is the most abﬁndant epi-pelagic planktonic form reported
in the Aegean and Mediterranean Seas (Parker, 1958; Thunell,
1978 and Alavi, 1980). A branch of this current hugs the
souphern slope and the outer shelf as it flows towards the

Bosphorus (Uzsoy et al., 1988).

JUNCTION OF THE SEA OF MARMARA WITH THE DARDANELLES STRAIT
CMDJID> The surface sediments from the Sea of Marmara and
Dardénelles Strait Junction are mainly composed of mud-size

materials, Cconcentrations vary from 26 to 100 % with an
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mean value of 87 22 with minor amounts of gravel and sand
fractions C(Table 3.5) especially at sts.; DI, N27, K28J13,
K30J27, K24J47, K40J30 and V54 (Fig 2.2e). Exceptionally,
only two stations (V17 and V51) showed sand facies with the
less amounts of gravel and mud CFig. 3.6). This might
reflect the downslopefmovements of the coarser sedimentary

particles.

The gravel fractions of the sedimeﬁts from this part of the
Sea of Marmara mainly constitute molluscan shell fragments,
especially of pelecypods and gastropods including Turritella
sp. Particular occurrences of echinoid spines and plates
even in smaller concentrations are observed at, stations
cCaXcid>, Kas8J13, K35J15, and VS853; Fig. 2.2e). The echinoderm
population in the Sea of Marmara, in general, is believed to
have originated recently, after migration from the Aegean or
respectively Mediterranean Sea. Thus, they are scarce in the
Sea of Marmara CTortonese and Demir, 1960). The gravel
fractions have minor amounts of calcareous algae (found only
at stations C2XC1), VY46 and V50, in branched forms), worm
tubes, and polychaete Cmainly observed at station K35J15).
Miller C(1985) has also reported the presence of luxuriantly-
developed pre-coralligen community along the western shores
of the Marmara Sea and near to the northern entrance of
Dardanelles, usually in water depths between 16 and 20 m.
Here, the original substratum of coarse bioclastic sand and
detritic mixture was abundantly covered and cemented by

calcareous Rhodophyceae -chiefly Lithothamnium calcareum,
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Table 3.5 ¢ Composition of the surface sediments from the
junction of the Sea of Marmara with the

Dardanelles Strait. o -
STA.  DEPTH LAT, LON. B8 § % € M S/M /L I/ org.C CaCO,SEDIMENT GENETIC

HAME {m} TEXTURE TYPE

D1 44 402612 264536 2 23 40 35 75 0.3 1.1 0.5 0.B5 16 (glsH Terrigenous
0iX 81 402600 265100 13 28 30 29 3% 0.5 1.0 0.5 0.6 2 oM Terrigenous
D1Y 84 402512 265512 10 22 40 28 4B 0.3 1.4 0.6 0.75 22 oM Terrigenous
1174 64 42312 270024 0 1 61 38 99 0.0 1.6 0.6 121 10 N Terrigenous
Va5 &b 402624 270248 <1 2 49 49 98 0.0 1.0 0.5 0,95 10 (g)H Terrigenous
s 68 402806 270524 <1 S 43 52 95 0.1 0.8 0.5 1.06 1 (9} Terrigenous
N2? 68 403100 270700 <1 10 51 39 %0 0.1 1.3 0.6 1,00 10 (g)sM Terrigenous
C2x{1) &40 403324 270542 5 28 36 31 &7 0.4 1.2 0.5 0,70 37 9M Biogenous
C2x{2) &8 403330 270730 13 1 34 52 86 0.0 0.7 0.4 0.97 10 od Terrigenous
c2yv 47 403130 270818 <1 § 46 33 99 0.0 0.9 0.5 1,04 {0 (q)M Terrigenous
c2 67 402948 270900 O 1 44 35 99 0.0 0.8 0.4 1.06 10 M Terrigenous
K28J13 53 402800 271300 2 13 44 A1 85 0.1 1.t 0.5 0.4 12 (q)sH Terrigenous
k30J11 4B 403018 271118 <1 § 46 53 99 0.0 0.9 0.5 (.11 10 (g)H  Terrigenous
BC-5 65 403202 270937 <1 1 43 56 99 0.0 0.8 0.4 0.8B4 10 H Terrigenous
k3310 71 403300 271000 <1 1 39 &0 99 0.0 0.7 0.4 1.06 10 (@)™ Terrigenous
Va7 66 403424 271500 <1 1 40 59 99 0.0 0.7 0.4 0,78 {0 (91 Terrigenous
K35J09 70 403500 270900 9 1 42 48 %0 0.0 0.9 0.5 0.99 10 oM Terrigenous
K41 6 403000 271312 <1 1 44 33 99 0.0 0.8 0.4 0,99 10 (9)4 Terrigenocus
K30J17 66 403000 271700 <1 1 37 62 99 0.0 0.6 0.4 0.9 % (o) Terrigenous
K33J17 74 403300 274700 0 1 36 63 99 0.0 0.6 0.4 0,99 10 H Terrigenous
K35J15 84 403500 271500 <1 1 38 &1 99 0.0 0.6 0.4 0.94 10 (o) Terrigenous
K316 55 403900 271600 <1 1 57 42 99 0.0 1.4 0.6 0.80 U (g)  Terrigenous
N2 78 403800 271818 9 2 33 56 89 0.0 0.6 0.4 0.98 10 oM Terrigenous
K36J18 110 403600 271800 O S5 41 54 95 0.1 0.7 0.4 0.99 10 M Terrigenous
K33J20 &9 403300 272000 0 1 34 &5 99 0.0 0.5 0.3 1.01 8 M Terrigenous
K30J22 59 403000 272200 <1 1 35 b4 9% 0.0 0.5 0.4 1.4 b {g!N Terrigenous
K38J22 122 403800 272200 <1 1 36 63 %9 0.0 0.6 0.4 0.87 ¢ M Terrigenocus
V33 B8 403554 272312 <1 1 29 70 99 0.0 0.4 0.3 0.90 % (g) Terrigenous
k34J25 70 403400 272300 <1 3 27 70 97 0.0 0.4 0.3 1.09 7 (g)4 Terrigenous
K30J27 42 403000 272700 2 43 17 38 53 0.8 0.4 0.3 0.70 13 (g)sM Terrigenous
K26J2% 54 402600 272900 12 38 15 35 50 0.7 0.4 0.3 0.6! 7 oM Terrigenous
V2o 4 402514 273318 1 2 30 &7 97 0.0 0.4 0.3 0.93 & (q)N Terrigenous
vag 43 402512 273300 2 S 2B 65 93 0.0 0.4 0.3 1,07 6 (oI¥  Terrigenous
K25J40 42 402500 274000 3 8 29 40 B89 0.1 0.5 0.3 1.14 14 (9)M Terrigenous
K24J47 29 402400 274700 <1 18 49 33 B2 0.2 1.5 0.6 1.51 7 (g)sM Terrigenous
V50 25 402812 27403 34 28 13 25 38 0.7 0.5 0.3 0.98 50 o8 Biogenous
vi9 68 203300 274000 (1 & 36 57 93 0.1 0.6 0.4 0.B0 9 {0)N Terrigenous
V3l 44 403312 273548 <1 73 9 1B 27 2.7 0.5 0.3 0.37 13 (g)eS Terrigenous
K33J34 b4 403300 273400 <1 7 353 5B 93 0.1 0.6 0.4 0.80 {0 (0)¥ Terrigenous
N26 70 403330 273100 < 3 32 45 97 0.0 0.5 0.3 1.00 9 € Terrigenous
V32 70 403412 273036 <1 3 31 &6 97 0.0 0.5 0.3 1,05 9 (o)M Terrigenous
NZ5 65 403600 273000 (i 2 33 &5 98 0.0 0.5 0.3 .02 7 (9)4 Terrigenous
V2t 86 403948 273100 <I 3 31 66 97 0.0 0.5 0.3 0.83 9 (@) Terrigenous
K40J30 688 404000 273000 <1 11 23 &6 B 0.1 0.3 0.3 0.94 11 (gisH Terrigenous
K43J22 70 404300 272200 O 1 4% 50 99 0.0 1.0 0.3 0.99 11 M Terrigenou$
K4oJ24 150 404000 272400 O & 34 &0 94 0.1 0.6 0.4 0.82 13 M Terrigenous
V4 126 404000 272524 2 28 24 46 70 0.4 0.5 0.3 0.49 23 ({g)sM Terrigenous
K37J25 100 403700 272500 O <1 32 &8 100 0.0 0.5 0.3 f.1} 8 C Terrigenous
K34J28 75 403400 272800 <1 1 42 57 99 0.0 0.7 0.4 0.97 i (o) Terrigenous
vi7 64 403729 274822 <1 45 17 18 35 1.9 0.9 0.5 0.46 10 (g)sS Terrigenous
K33J48 70 403300 274800 <1 2 31 647 98 0.0 0.5 0.3 f.09 9 (0)4  Terrigenocus
Avg. n 2 10 3 52 88 0.2 0.7 0.4 0.93 12

Std. 22 6 16 11 14 1B 0.5 0.3 0.1 0.19 7

G: Gravel g: Gravelly S: Sand Z: Silt M: Mud
(g): Slightly gravelly st sandy C: Clay m: muddy
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L. fruticolusum and Lithophyllumn racemus— supporting, in
their turn, a surprisingly-rich settlement of sciaphilous
soft algae, dominated by Phyllophora nervosa and its
epiphytes, such as Sphaerococus coronopi folius, Gelidiella
nigrescencs and Polysiphonia sp. More recently, Ergin et al.
C1991ad reported the occurrences of coralgal communities
from the Junction of the Sea of Marmara and Dardanelles
Strait. Of the shell fragments, especially those of
pelecypods seem to be reworked, freshly broken and bored by
dwelling organisms Ci.e., relictd. The terrigenous materials
in pebble size were generally associated with encrusted, and
gray-colored quartz and quartzite grains. Some of them are
well -rounded and partially-subrounded. Tarballs and slug

particles are the anthropogenic substances rarely found.

The sand fraction is dominated by both biogenous and
terrigenous materials. The biogenous materials are usually
enriched in the coarse-sand fraction (>500 w), whilst
fine-sand is dominated by the terrigenous materials.

The biogenous materials are mostly represented by molluscan
shell fragments Cespecially pelecypods). The other biogenic
constituents concentrated in the fine-sand (500-63 u) are
represented by the benthic and planktonic foraminifers
C(Wvigerina, Bulimina, Bolivina, Ammonia beccarii, Elphidium,
Textularta, Triloculina, Quingueloculina, Globigerina,
Globorotalia, Miliolina sp’s.), and pelecypods with
subordinate amounts of gastropods. The molluscan shell

fragments generally appeared to be reworked and, thus,

27



believed to be relict. The presence of typical shallow-water
species of foraminifers in the deeper water samples may
indicate that those are probably transported by the
downslope movements of bottom either directly or indirectly
under the influence of bottom currents action. The other
important biogenic constituents are ostracods, pteropods
Cmostly found at st. BC-5), echinoid spine and plates,
sponge spicules, bryozoans and calcareous worm tubes and
algea. Fecal pellets which generally have micro-granular
structures being cylindrically-elongated. and
yellowish-green in color are commonly observed at most
places Cmainly found at stations K30J27 and K28J29).
Terrigenous fractions of sand are mainly composed of quartz
and quartzite grains with subordinates of metamorphie¢ rock
fragments and mica flakes (dark-brown). These terrigenous
materials are typical in the surrounding land masses of the
study area CTernek et al., 1987). These terrigenic grains
were generally rounded to subrounded in form and encrusted
with calcite in yellowish-green color. The well -rounded
forms were common in samples from DLIY and V1i7. The
occurrences of authigenic pyrite and pyritization are common
in most samples but more abundantly at stations C2z¢(2),
Kes8J13, BC-5, and K30J27. Here, their occurrences are
principally concentrated within the foraminiferal tests.
Organic debris, principally plant- and wood-tissues is also
observed at most places but are frequently found at sts:
D1Z, v45, Ca8s, Cca2Xca2d, Cdaycad, c2Zca), K33J10, V47, K38J09

V46, K30J17, K33J17, K39J18, and K24J47 (Fig. 2.2eD.
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In general, lithofacies map shows a wide range of
distribution in the Marmara-Dardanelles Juncture (Fig. 3.6).
It has been found that mud is dominant facies with the
subordinates of gravel and sand fraction. Fig. 3.6 also

shows that this mud facies may have high gravel and sand
percentages which are concentrated in the narrower parts of
the sea (strait existence towards the Marmara Sea) and in
nearshore waters around the islands. This facies type was
also observed in the western and central parts of the Erdek
Bay. The surficial sediments have relatively high sand
fractions at eastern part off Erdek. This is in agreement
with the data of Ergin et al. (1988). The mud concentrations
along the canyon axis show varying silt to clay ratios
reflecting local differences in the depositional conditions,
although mud in this canyon must have its source from the
nearby land-masses (t.e., river runoff, coastal erosiond) most
probably supplied during the early spring and late summer.

The increased clay percentages in the down-canyon direction
must have been resulted from changes in intensity of the down-
canyon flow of undercurrent, from the shallow waters of the
strait Chigh energy conditions) to the deeper waters of the
basin Clow energy conditions). Fig. 3.6 also shows that‘
gravelly mud facies are concentrated on the north-western
shelf of the MDJ. The muddy gravel facies occurred only at st.
V50. In short, the above discussions suggest that the high- to
low~energy conditions prevail in the Sea of Marmara and the
Strait of Dardanelles Junction which are influenced by the

bottom topography and the undercurrent flows acting upon this.
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JUNCTION OF THE DARDANELLES STRAIT WITH THE AEGEAN SEA CDAJD
The surface sediments in the Dardanelles Strait exhibit a
wide variety of grain-size mixture, ranging from boulder to
clay-size, as a result of the irregular botitom topography in
this strait C(Fig. 3.7), a fact which is similar to that

observed in the the Bosphorus Strait.

The sand fractions make up the important portions of bulk
sediments Caverage 47 %) and contain mud and gravel
fractions from 1 to 97 % and from O to 95 % respectively

CTable 3.6).
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Figure 3.7 ¢ Depth profile along the Strait of Dardanelles
and its junction with the Aegean Sea.
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Table 3.6

Sta. DEPTH LAT.

HAME {m)
vig &7
V39 2
V4o 73
Va2 S0
43 85
Va4 75
€14 70
V3 68
c8 50
V37 57
c7 53
vai 80
co 92
D& 86
BC-6 74
75} b6
cs 64
V26 &6
05 &7
V27 72
C5-6 50
04 62
V30 90
c5 81
V31 60
c4 56
V32 60
03 &7
V33 6b
D2 84
V34 68
c3 67
V35 67
]| LL
fiva. 68
Std. 12
G:

Cgl:

400330
400306
400236
400330
400448
400436
395706
395848
400000
400042
400124
400136
400142
400142
400137
400236
400330
400418
400506
400636
400730
401042
401230
401304
401418
401536
401704
401812
401930
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402436
412612
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junction of

Aegean Sea.
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0.4
0.3
0.4
0.4
0.4
')03
0.5
0.6
0.5
0.5
004
0.4
0.5
0.6
0.5
0.6
0.6

MR ILII LY O O

oo
o8
—

Y

0.27
0.32
0.35
0.25
9.33
0.20
0.51
0.37
0.68
0.25
0.4%
0.13
0.49
0.51
0.19
1.05
1.13
0.90
0.90
0.56
0.80
0.12
0.10
0.53
0.80
t.04
0.85
UN .
0.66
0.61
0.88
0.85
0.73
0.83

0.57
0,30

Z:
C:

1/M org.C CaCO SEDIMENT BENETIC

TEXTURE
83 L)
3 nsG
54 onS
36 qmS
26 onS
X% onS
28 omS
35 (q)eS
68 (p)nB
4 qmS
43 onS
30 938
14 omS
19 (q)mS
15  (gIH
10 sM
8 L]
8 (qgisH
6 (o)sM
7 (qglaS
S (g)nS
50 6
27 {0)§
15 qn8
10 (g)sM
9 (gisM
9 sM
5 oM
is omS
12 {qg)sH
12 ()M
14 lg)sit
16 ()
16 (s
26
20
Silt
Clay

TYPE

Biogenous
Biogenous
Biogenous
Biogenous
Terrigenous
Biogenous
Terrigenous
Biogenous
Biogenous
Biogenous
Biogenous
Biogenous
Terrigenous
Terrigenous
Terrigenous
Terrigenous
Terrigenous
Terrigenous
Terrigenous
Terrigenous
Terrigenous
Piogenous
Terrigenous
Terrigenouy
Terrigenous
Terrigenous
Terrigenous
Biogenous
Terrigenous
Terrigenous
Terrigenous
Tarrigenous
Terrigenous
Terrigenous

M: Mud
m: muddy

The coarsest sediments with the maximum gravel and sand

percentages are found near the meandering Nara Passage

C(Sts.

Dardanelles with the Aegean Sea,

D4 and V30; Fig. 2.2f)> and the junction of the
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bottom currents reach their maximum velocities Cup to 180
cmssec, METU-IMS, 1991 unpublished raw data)d). The role of
channel geometry, bottom topography and associated
hydrodynamic regime on the sediment distribution in this
strait was already discussed in Ergin et al. €1991ia). In
such narrowing and shqaling channels, finer-grained bottom
materials are usually ledged or current-swept (Kelling and
Stanley, 1972) as a result of the high flow velocities
CLeopold et al., 1964>. From stations D4 and V30 towards the
both northeast Cexcept stations D3, V33, and D2) and
southwest (st. BC-6), the éilt fraction of the sediments
CFig. 3.8) are comparatively increases markedly due to the
topography-related decreasing hydraulic energy, with the
exception of D4, and V30, where the energy conditions are

comparatively high.

As shown in Fig. 3.8, the surface sediments again increase
in their mean grain size, from station BC-6 towards the
Aegean Sea exit, where coarse sediments are proginent. One
may infer from the Figs. 3.7 and 3.8, the undulated bottom
topography, suggests that the coarser-materials are
deposited at highs and the finer ones at the lows or flat

parts between these elevations.

As it has been known, the grain size, current velocity and
their relationship to various bedforms are prominent in many
fluviatile environments CSimons et al., 1965). Otherwise, on

a plane bedform, the prevailing bottom currents in the
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Grain-Size Distributions
Cumulative Weight (Z)

Figure 3.8 ¢ Distribution of grain-size in the surface
sediments from the junction of the Dardanelles
Strait with the Aegean Sea.

channel (10-40 cmrssec) -in accordance with the Hjulstrom’s
diagram C(Fig. 3.9)- would rather suggest accumulation only
of coarser-~grained sediments and consequently erosion and

removal of finer-grained materials.

At the south-western Aegean exit of the strait, the surface
sediments are rich in sand, with some additionally gravel
and mud portions. Microscopic studies of the gravel
fractions of sediments revealed that molluscan shell
fragments Cmainly pelecypods, gastropods) in reworked form,

echinoids, bryozoans, barnacles, calcareocus worm tubes, and
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coralline algae are the common biogenous components.
The terrigenous components are dominated by the organic
debris Cabundantly plant remains, ceoal, slug particles, and
tarballs), quartz grains partly encrusted with calcite, and

metamorphic rock fragments. It has also been found that bio-

genous components were more abundant than the terrigenous ones.

The sand fraction is dominated by the terrigenous materials
mostly comprised of rounded gquartz grains, and metamorphic
rock fragments and organic debris (egpecially wood- and
plant-tissues), with minor amounts of mica flakes and pyrite.
Again here,

pyritization within the foraminiferal tests is

commonly observed at meost places. The biogenous materials



are composed of molluscan shell fragments (pelecypods and
gastropods) and benthic and planktonic foraminifers
(Wvigerina, Globigerina, Globorotalia, Elphidium, Ammonia,
Bolivina, Bulimina, Textularia, QuinQueloculina,
ITriloculina, and Milieolina sp’s.), with subordinate amounts
of ostracods, bryozoans Cabundant at stations D3, va27, DS,
V40, V39, and V38; Fig. 2.2f), echinoid-spine and -plates,
sponge spicules, calcareous worm tubes (very common at st.
C3>, and fecal pellets Conly at st. D1). The presence of the
calcareous algae in both sand and gravel fractions is a
prominent feature in this region. It is highly abundant at
the junction of the Strait of Dardanelles with the Aegean
Sea CSts.; V41, C7, V37, C8, V36, Ei4, V44, V43, vdz, V40,
V39 and V38; Fig. 2.2f). In particular, a ridge- or bank-
like bottom feature at some stations (C7, V37, V40) was
characteristic for the calcareous algal communities.

The coralline algae is present both as nodules Cup to 2 cm
in diameter), and as calcified-branching fragments Cmainly
of the encrusting melobesid algae Lithothamniun with
subordinate amounts of pelecypods and gastropods shells.
Even in less amounts, living species of Lithothamnium are
found. Examples of such coralline-algal sediments are well
known from other regions elsewhere in the Mediterranean
CCaulet, 1972; Goedicke, 1972; Milliman et al., 1972;
Campbell, 1982; and Alavi et al., 1989) and are usually
restricted to areas of shallow water depths, sandy and rocky
bottoms. Although both warm and cold conditions may favor

the growth of coralline algae CFlugel, 1978), most of these
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organisms live in waters of tropical and subtropical zones
with relatively warm and saline marine characteristic
CBrandon, 19732. At the sampling stations (V41 to V38),
surface water temperatures reflected great seasonal
variations (8-23 °C) with salinities between 27 and 39 ppt,
and oxygen contents from 4.5 to 7 ml/l. The subsurface
temperatures were comparatively uniform in a narrow range
from 12 to 17 °C and the salinities were nearly stable at
38-39 ppt. Oxygen concentrations did not differ much C(5-7
ml/1) from that in the surface (Ozsoy et al., 1986; 1988;
and from unpubl. data files of METU-IMS, 19890 and 1991). In
this region, the bottom currents are usually less than S
cm/sec (Sur, 1988). On the other hand, the absence of the
coralline algae in bottom sediments within the channel
probably indicates occurrences of high energy under-currents
which can restrict the algal growth CUNEP/IUCN, 1988).
Marked occurrences of echinoid fragments in the samples
from southwest are represented by the high sand and gravel
percentages of the sediments, which provide best living
conditions for the echinoderms in this region CDemir, 19954).
Sediment samples also contain diverse assemblages of benthic
foraminifers which are characteristic of carbonate shelf
environments around the Mediterranean Sea. These assemblages
are often rich in a variety of rotaliids and miliolids
CAlavi, 1989). Biological studies on sediment samples
revealed that the pelecypods species Galommatacea and Nucula
sulcate, and the gastropods Cerithiospidae and

Pyramidellidae are completely restricted to the Dardanelles
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whereby the Galommatacea tended to increase in density
towards the Marmara Sea, whilst Nucula was homogeneously

distributed along the strait (Gire, 19902.

3.1.1.2. COLOR AND ODOR

“"The color of sediments is mainly controlled by the chemical
environment under which a certain sediment has been deposited
Apart from this, mineralogical composition and amount of
organic matter)are the major factors responsible for the
color of a sediment. Among the minerals the iron minerals
are most important. Sediments having iron in oxidized form
cFe™™ are generally brown to red in color, thus having iron
in reduced form CFe'?) are gray to green. Thus, in general,
brown- to red-colored sediments are an indication of
deposition in an oxidizing environment, and gray colored
sediments suggest deposition in a reducing environment.
Cray- and dark-colored sediments (especially muds) generally
possess high organic matter contents, which also points to
deposition in a reducing environment. A green color in
sediments is generally due to the presence of minerals such

as chlorate and glauconite” C(Reineck and Singh, 1975).

Initial studies of the gray or green colors of marine
sediments are attributed to the presence of adsorbed organic
matter, and yellow or brown colors to the presence of iron
oxy-hydroxides in the sediments. Red or brown hues are

attributed to oxidized C(ferric) environments, green to
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green—gray colors to more reducing conditions Cferrous irond,
however, both of these colors can be derived by the
reversible oxidation or reduction of iron-rich smectites
CLyle, 1983). The depth to the brown-green transition
provides a rapid way t? estimate redox conditions in the
sediments and a measure of the rate of depositional flux and
consumption of organic carbon in sediments on a regional
basis CLyle, 1983>. The brown-green transition in marine
sediments is a measure of the rate at which oxidants are
consumed within the sediment during organic carbon oxidation.
This transition from brown to green in marfne sediments
marks the depth at which the nitrate in pore waters has been
reduced and the FeCIIID reduced to FeCII>. Thin FeCIII>-
bearing layers (brown color) occur under waters of high
primary productivity Chigh organic carbon flux to sediments)

or on topeographic features that have higher sedimentation

rates than surrounding areas (Lyle, 1983).

Surficial wet sediments from the Sea of Marmara and Turkish
Straits, were generally greenish-gray to dark green and
occasionally brown colors were also observed by naked-eye on
board. Emelyanov C1972) has also pointed out that sediments
from geosynclinal areas in the Mediterranean Cincluding the
Marmara Sea) are usually gray in color. Besides, in most
cases, slightly greenish-gray to brown and also reddish-brown
colors were cobserved in the upper sediment layers, especially
at the top of cores but alse insome surficial sediments C(sts.

Ka27L00, K27L04, V8, BC-3, BC-4, BC-5, BC-6) (Fig. 2.2b to 2.2f).
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In the upper 15 cm of the cores, sediments showed reddish-
brown C(from pale-yellowish brown to dark yellowish-brown)
colors attributable to oxidation of iron and the notation
ranges. There was no odor which could be evidence for HZS-
formation of anoxic depositional environment, although along
the Strait of Bosphorus and elsewhere in the Sea of Marmara,
sediment samples were generally marked by fish- and/or sewage-
odor. As a whole, it seems that the majority of the sediments
must have been deposited under oxic conditions, although it
seems that anoxic conditions might have been devel oped
usually after some time of burial of sediments. The early
diagenetic reactions or the redox state of the sediment may

be partly reflected by the color of the sediments.

3.1.1.3. CONCLUSION

The surface sediments from the investigated area (the Sea of
Marmara and its straits) are associated with wide variations
of percentages in their grain-size ranging from O to 95 %
for gravel (mean: 8 20 Cincluding pebbles), from about <1 to
g8 % for sand Cmean: 23 %) and from O to 98 % for mud Csilt
and clay) Cmean: 69 2. The surficial distribution of

sediments from the Sea of Marmara is illustrated in Fig. 3.10.

Biogenic gravel fractions are principally composed of the
molluscan shell fragments of various pelecypod species Csuch |
as; Mytillus galloprovincialis, Modiolus barbatus, Corbula

gLbba, Gafrarium minima and Venus ocwvata with the subordinate
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amounts of Ostrea edulis). The gravelly sediments from the
marginal parts of BMJ, DAJ and some stations from MDJ [ C2XC1),
V46, and VS0] were made up mainly of calcareocus Rhodophyceae
chiefly Lithothamnium calcareum, L. fruticolusum and Litho-
phyllum racemus. The occurrences of the coralligenous sediment
on those regions can be attributed to more calm conditions on

hydrography and a limited amount of terrigenic supply.

The sand portions of surface sediments from the Sea of
Marmara and its straits generally vary inversely with depth,
but relatively high sand contents (>30 %0 are found in near-
shore areas and along the Bosphorus and Dardanelles Straits,
as well as, in their open-sea junctions. This fraction is
mainly composed of terrigenous materials with subordinate
amounts of biogenous ones. Terrigenous components include
subrounded and partially well -rounded quartz grains, mica
flakes, and metamorphic Cschist and quartzited, basic/
ultrabasic, and sedimentary rock fragments and also organic
debris (wood-, plant-tissues in mostly fibreous form, coal,
slug and tarball particles). Emelyanov (1972) found that the
quartz to feldspar ratio is usually less than 1 and
plagioclase, hornblende, epidote, zoisite are typical.

The mineral grains and various kinds of rock fragments may
most probably be originated from different petrographically
different provinces or outcrops from surrounding land masses

of the Sea of Marmara CFig. 1.4D.
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The mud-sized particles Cmostly silty clays) are pre-
dominantly concentrated in the offshore (10 km away from the
coast) areas and especially in deep basins of the Sea of
Marmara CFig. 3.11)3. Mud (silt and clay) contents range from
O to 100 % and increase-~decrease significantly CTable 3.7)
with water depth; the highest concentrations occur in the

deepest parts of the Marmara Sea and the Bay of Gemlik.

Table 3.7 ¢ The correlation coefficient matrix of the
various parameters measured in the surficial
sediments from the Sea of Marmara and the
Straits of Bosphorus and Dardanelles
(N=216, p=0.05, r=0.14).

Depth Gravel Sand Silt Clay Mud org.C CaCOB
Depth 1.00 -.15 -.228 -.02 .36 .24 .09 -.18
Gravel -.15 1.00 .25 -.61 -.5%Q -.60 -.25 .71
Sand -.22 .25 1.00 -.64 -.83 -.87 -.60 .48
Silt -.02 -.61 -.84 1.00 .48 .79 .47 -.58
Clay .36 -.59 -.83 .48 1.00 .02 .53 - 65
Mud .24 -.69 -.87 .79 .92 1.00 .58 -.72
org.C .09 -.28 -.80 .47 .53 .58 1.00 -.24
caco, -.18 .71 .48 -.59 -.65 -.72 -.24 1.00

The surficial wet sediment samples from the Bosphorus- and
Dardanelles-Straits and Marmara Sea, were generally
greenish-gray to dark green and occasionally brown colors
occured. Besides, in most cases, slightly greenish-gray to
brown and also reddish brown colors were observed in the
uppermost layers of sediments in form of thin films,

especially in the top sections of the core samples but also
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the surficial sediments (sts. K27L00, Ka7L04, Vv8, BC-3, BC-4,
BC-5, and BC-6) (Fig. 2.2b to 2.2f). As a whole, it seems
that the majority of the sediments must have been deposited
under oxic conditions, although anoxic conditions might be

developing locally after some time of burial of the sediments.

The moisture content of the studied sediments ranges from 23
to 137 % with an average of 80 % CAppendix 1.1). The high
moisture percentages are usually related to the presence of
clay fractions in the samples, especially in the deep basins
and Gemlik Bay. Emelyanov (1972) also showed that sediments
from geosynclinal areas in the Mediterranean Cincluding the
Marmara Sea) had a moisture content ranging from 24 to 81 %.
The high absorbance capacity of the clay minerals explains

the moisture contents of the studied samples.
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3.1.2. GEOCHEMISTRY OF THE SURFACE SEDIMENTS

In this section, geochemistry the distribution of organic
carbon, carbonate and heavy metal concentrations in the
surficial sediments will be discussed in detail on the
regional basis and given brief conclusions at the end of in

each subsection.

3.1.2.1. ORGANIC CARBON

Numerous studies have shown (Bordovskiy, 1969; Trask, 19868,
Gross et al., 1972; and Romankevich, 1984) that the organic
carbon contents of sediments change with a number of
parameters. The sedimentary organic carbon associated with
high primary productivity rates was generally high in
sediments due to oxygen deficiency and the high
sedimentation rates CIbach, 1982). Organic matter in the
Recent Marmara sediments has been a subject of intensive
investigations during the last few years (METU-IMS, 1988 to
1991>. In the Sea of Marmara, the local and seasonal changes
in the surface primary productivity, depth of halocline,
meteorological conditions, rate oxygen utilization, and
influxes from the Black Sea etc. are the main factors
controlling the distribution of organic carbon (Bastlrk et

al., 1988; Unliata and &zsoy, 1986; Polat, 1989).
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3.1.2.1.1. REGIONAL DISTRIBUTION

THE STRAIT OF BOSPMORUS (BS> : The organic carbon contents
of the Bosphorus sediments ranged from 0.22 to 1.37 % with
an average of 0.70 % by dry weight, being normally high in
the fine-grained (<63 u) sediments (1.37 and 1.07 % at
stations; Bl1l and KO..respecLively). but low in the
coarse—grained (>63 p) sediments (0.22-0.93 %, with the
exception of stations; BO, Bll and B13, those exceed 1 %0

CTablgw§.1 and Fig. 3.12D.
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Figure 3.12 ¢ Distribution of organic carbon concentrations
in the surface sediments along the Strait of

Bosphorus.
This probably suggests significant relationship between

grain-size and organic carbon C(Fig. 3.13>, which in turn,

indicates changes in the topography and current energy.
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Figure 3.13 ¢ Plots of organic carbon and mud percentages
in the surface sediments along the Strait

of Bosphorus.

These values are remarkably low when compared with organic
carbon data from the Golden Horn estuary CErdem, 1988 and
Ergin et al., 1988) but similar to those reported from Izmit
Bay C0.35 to 1.62 %; Ergin and Y&rik, 19800 CTable 3.9).
Hirst (19740 gives an average value of 2 % for the organic
carbon in sediments from the Bosphorus-Black Sea Junction.
Other organic carbon values reported from the Black Sea-
Bosphorus region fall between 0.13 and 2 %, depending on the
nature of sediments (Shimkus and Trimonis, 1974; Ylcesoy,
19915. The high org.C values are found in fine sediments
(Yicesoy, 19913, The high organic carbon concentrations in
the Black Sea sediments are normally taken to imply the high
primary productivity rates in this region (Pedersen and

Calvert, 1990D.
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JUNCTION OF THE BOSPHORUS STRAIT WITH THE SEA OF MARMARA CBMJO
The organic carbon concentrations at the Bosphorus-Marmara
Junction, vary from 0.37 to 2.16 % with an average value of
about 1.13 %, by dry weight CTable 3.2). These values are
comparably higher than those found within the Bosphorus
channel Cavg. 0.70 %%, where the deposition of the produced
organic matter is legser than the transportation of it. High
organic carbon values are concentrated in nearshore areas
of f Bakirkdy and Yenikapyr at the European side and off
Fenerbahge, Pendik and Burgaz Island at the Asian side of
the BMJ (Fig. 3.14>. It has been shown that not only the
fine materials but also the coarse sediments display high
organic carbon percentages (Fig. 3.15). However, fine
sediments in the studied area are, by far, the main

association of organic matter.

In study area, the coarse fractions C(gravel and sand) of the
sediments are mostly comprised of skeletal remains of benthic
organisms dominated by branched calcareous algae (encrusted
with calcite)d. The high organic carbon contents associated
with such coarse sediments (2.16, 1.87, 1.73, 1.70, 1.686,
1.680 and 1.55 % org.C> are found at sts.; (MIC2), M2, AlS,
MiC1)>, A26, E4 and V1 respectively). This is consistent with
the high org.C levels of sediments associated with the
benthic communities CRomankevich, 1984). According to Lyle
€1983), highly productive waters are marked by the high
fluxes of organic carbon to the sediments. As has been

pointed out by numerous studies, the Bosphorus-Marmara Sea
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Figure 3.15 : Plots of organic carbon vs. mud percentages
in the surface sediments from the junction of

the Bosphorus Strait with the Sea of Marmara.

Junction is one of the most productive areas in the Marmara
Sea (Unltiata and Ozsoy, 1986; Bastirk et al., 1988; Gd¢gmen,
1988; Polat, 1989). The region surrounding the Bosphorus-
Marmara Junction produces organic matter not only by in-situ
processes but also imparts significant amounts of organic
matter produced within the Black Sea (Unliuata and Ozsoy,
1986). Therefore, the organic carbon concentrations of the
sediments from this region may be related to the occurrences
of high primary productivities, the influxes, the adjacent

domestic land-sources and, partly to the Black Sea influx.

NORTHERN SMELF OF THE SEA OF MARMARA CNSMO : On the
northern Marmara shelf, the organic carbon contents of the
sediments vary between 0.57 and 1.64 % Cmean; 1.08 % by dry
weight) CFig. 3.16 and Table 3.3). These values are
associated with the generally high mud percentages of

sediments (Fig. 3.17) (more than S0 %, except for the two
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Figure 3.17 : Plots of organic carbon vs. mud percentages
in the surface sediments from the northern

shelf of the Sea of Marmara.

stations (N4 and N19; 0.57 % org.C). The influence of
terrigenous supply is perceptible mainly in the wvariable
content of organic matter, such as plant- and wood-tissues,
slug, tarball and shiny coal-like materials present in the
coarse fractions (>63 ) of samples. The role of primary
productivity should be considered as an important source of

organic matter in these sediments.

SOUTHERN SHELF OF THE SEA OF MARMARA CSSM> : The organic
carbon contents of the surface sediments from the southern
Marmara shelf range between 0.44 and 1.890 % with an average
value of about 1.01 %, except for the three stations Ni
CO.35 20, Ni1i6 C0.26 % and N12 C0.30 2 (Table 3.4). As it
soon on Fig. 3.18, the maximum org.C concentration C(1.890 %0
was obtained in the deper-—-water sediments (station K40KS2;
200 m>, where apparently both land-based and marine sources

must have delivered significant amounts of organic matter.
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In the Bays of Gemlik and Bandirma. organic carbon
concentrations exceseded 1 %, because of the occurrences of
large amcunt of mud portions Cover 98 °%D. Although the
microscopic studies revealed the presence of wood- and
plant-tissues in the samples, it is believed that a great
part of organic matter in the samples was bound to the
fine—-grained fractiéns because of the high occurrences of
clay concentrations. This suggestion also confirms that
there is a correlation, inferring from Fig. 3.19, between

organic carbon and mud percentages.
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Figure 3.19 ¢ Plots of organic carbon vs. mud percentages
in the surface sediments from the southern
shelf of the Sea of Marmara.

JUNCTION OF THE SEA OF MARMARA WITH THE DARDANELLES STRAIT
CMDJI> : At the Marmara Sea-Dardanelles Junction, the
organic carbon contents of the surface sediments vary from
0.37 to 1.51 % having an average value of 0.93 % (Table

3.5, In the bottom sediments, their distribution is

illustrated in Fig. 3.20.
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The lowest org.C contents (0.37-0.46 2 are obtained at
stations V51 and V17 where the sediments are made up of the
gravelly-muddy sand. The org.C concentra?ions reached their
maximum values in the nearshore areas of Erdek Bay, where
relatively high portions eof materials are cbserved due to
presence of wood- and plant-tissues in coarse fractions of
the samples, as shown sy the microscopic examination, and it
is also inferred from Fig. 3.21 that in general, there is a
consistency between organic carbon and finer fractions of
sediment samples. Compared with the Marmara Sea-Bosphorus
Junction, the sedimentary organic carbon levels at the
Marmara Sea-Dardanelles Junction are comparably low. This is
probably due to lower primary productivity rates in the

latter CBagtiirk et al., 1988).
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Figure 3.21 : Plots of organic carbon vs. mud percentages in

the surface sediments from the junction of the
Sea of Marmara with the Dardanelles Strait.

JUNCTION OF THE DARDANELLES STRAIT WITH THE AEGEAN SEA CDAJD :
In the Dardanelles Strait and its junction with the Aegean
Sea, the concentrations of organic carbon vary from 0.10 to

1.13 % with an average value of 0.57 % (Fig. 3.22). These
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Figure 3.22 : Distribution of organic carbon concentrations
in the surface sediments from the junction of

the Dardanelles Strait with the Aegean Sea.

values seem to be comparable with those previcusly reported
in this region CErgin et al., 199l1a; 0.19 and 1.17 %.
Slightly higher org.C values are found in the other regions
of the Sea of Marmara (BS, 0.70; MBJ, 1.13; NSM, 1.06; SSM,
1.01 and MDJ, 0.93 2%. According to Bastirk et al. 1986,
1988) and Polat (1989), the surface-flowing Black Sea waters,
which are rich in organic matter because of the relatively
high primary productivity and terrigenous influxes, are
subject to exchange with the subsurface-flow of Mediterranean
waters (poor in organic matter) in the Dardanelles Strait to
increase the total organic carbon concentration of the bottom
water layers. From this, it appears that such a water-mass

exchange of between the Black and Mediterranean Sea waters in
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the Dardanelles would also contribute to the increased
organic influxes to the sediments there. Because such an
exchange is less significant at the Dardanelles Strait and
its junction with the Aegean Sea, both the lower water layers
and bottom sediments here are generally low in their organic
carbon contents Cavg. 0.62 mg C/1l in lower water layers:
Polat, 1989; 0.57 % in the sediments from the Dardanelles-
Aegean Sea Junction). Consequently, sediments when
approaching to the Bosphorus Strait or respectively Black
Sea, should therefore show higher organic carbon contents
which is the case in this study. The higher values of organic
carbon concentration Cover 0.50 2 usually correspond to the
higher mud concentrations Cover 70 20 in the samples

CFig. 3.283), especially those from the strait’s channel.

For example, stations: C8, V26, C6, va5, D5, C5-6, V31, Vagz,
V34, C3, C4 and DI CFig. 2.&f) contained, more than 0.80 %
organic carbon. In particular, samples from stations va2g, VaS§,
C86 and also DI with great amounts of wood- and plant-tissues,

displayed maximum values of organic carbon (over 1.00 0.
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Figure 3.23 ¢ Plots of organic carbon vs. mud percentages
in the surface sediments from the junction of
the Dardanelles Strait with the Aegean Sea.
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3.1.2.1.2. CONCLUSION

The organic carbon concentrations of the surface sediments
in the Sea of Marmara and its straits reflected marked
lateral variations, being-+low towards the Aegean Sea but
high towards the Black Sea C0.70 % at BS; 1.13 % at BMJ;
1.06 % at NSM; 1.01 %‘at SSM; 0.93 % at MDJ and 0.57 % at
ADJ). Compared with data from the Eastern Aegean (0.35 %
org.C; Voutsinou-Taliadouri and Satsmadjis, 1982; and
0.6-0.8 %, Emelyanov, 1972; and 0.30-0.70 %, Ergin et al.,
1990ad and North-eastern Mediterranean sediments (0.22 %
org.C; Yilmaz, 1986, and 0.4-0.8 %, Emelyanov, 1972), the
Marmara sediments contain somewhat higher organic carbon
contents, mainly, as a result of differences in the marine
production rates. This is common in many marginal seas where

the sea is much more productive (Pedersen and Calvert, 1990).

However, the distribution of organic carbon within the
sediments C(Fig. 3.24) seems to be affected by the grain-size
in different ways. In particularly, at the Marmara Sea-
Bosphorus Strait Junction, where benthogenic -shelly gravel
and sand were predominant deposits- sediments may bear large
amounts of organic matter. Here, the org.(C contents of the
sediments were marked by the presence of corals, bryozoan
and Lithothamnium calcareum and Lithothamnium corallinotides.
Otherwise, the organic carbon contents of the sediments were
related to their fine texture; finer-—-grained sediments

invariably contained more organic carbon (Fig. 3.2%),
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Figure 3.25 ¢ Plots of organic carbon vs. mud percentages
for all surface sediment samples from the

Sea of Marmara.

presumably because particulate organic matter acts as the

hydraulic equivalent of fine sediment particles, as shown by

Calvert (1987).
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3.1.2.2. TOTAL CARBONATES
3.1.2.2.1. REGIONAL DISTRIBUTION

THE STRAIT OF BOSPHORUS CBS) : The total carbonate contents
Cas % CaCO;) of the surface sediments from the Bosphorus
Strait range between 2 and 88 % with an average value of 37

%, by dry weight C(Table 3.1 and Fig. 3.26).
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Figure 3.26 ¢ Distribution of total carbonate percentages
in the surface sediments along the Strait

of Bosphorus.

Microscopic studies revealed that the measured carbonate
values are consistent with the varying abundances of
biogenic materials C(mainly macrobenthos) in the samples,
represented by the skeletal remains of calcareous organisms

such as pelecypods Cespecially Ostrea edulis, Mytilus
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galloprovincialis; Gire, 1890; Mutlu, 1990 pers.com) and
other molluscan species. As expected, high carbonate values
are inversely correlated with the mud contents in the

samples (Fig. 3.27).
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Figure 3.27 ¢ Plots of carbonate vs. mud percentages in the

surface sediments from the Strait of Bosphorus.

JUNCTION OF THE BOSPHORUS STRAIT WITH THE SEA OF MARMARA CBMJO :
At the Junction of Bosphorus Strait and the Sea of Marmara,
the total carbonate concentrations vary from 9 to 90 % with

an average value of 29 % C(Table 3.2).

High values are concentrated in the nearshore areas in both
European and Asian sides (Fig. 3.283, where increased
occurrences of coralline algae and other molluscan shells
are observed in the samples. Exceplions are stations (MO,
V4, M11, A28 and V7) located in the eastern'part of BMJ. In
general, the carbonate contents of the sediments decrease
with the increasing depth of water and mud contents (Fig.
3.29), in particular, from the nearshore areas towards the

i nner Bosphorus canyon-offshore (Fig. 3.28).
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Figure 3.28 ¢ Plots of carbonate vs. mud percentages in the
surface sediments from the junction of the
Bosphorus Strait with the Sea of Marmara.

NORTHERN SHELF OF THE SEA OF MARMARA CNSM> : Total
carbonate contents of surface sediments from the northern
Marmara shelf, ranged between 8 and 36 % with an average
value of 14 2% CTable 3.3 and Fig. 3.30). The majority of
carbonate was contributed by the calcareous organisms such
as pelecypod, gastropod and foraminifera with the minor
amounts of echinoid spine and plates, which are mostly
present in coarse fractions (>63 0 of the sediment samples.
The distribution pattern revealed the tendency of CaCO8
contents to decrease towards deeper waters (Fig. 3.30) where
shell materials from benthic organisms are rare and mud
fraction is dominant here. Fig. 3.31 also confirms that the
carbonate percentage seem to be inversely correlated to the

mud fraction of the sediment samples.
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Figure 3.31 ¢ Plots of carbonate vs. mud percentages in
the surface sediments from the northern
shelf of the Sea of Marmara.

SOUTHERN SHELF OF THME SEA OF MARMARA C(SSM> : Total
carbonate contents of surface sediments from the southern
shelf of the Sea of Marmara are between 4 and 76 %, with an
average value of 14 % (Table 3.4). In the nearshore
including the Bays of Gemlik and Bandlrma.'the CaCO;
concentration on the average, is 7 %. The highest carbonate
contents are found at stations Vi2 (34 20, K34KOO (32 2
and, N16 (76 %0 and Nl& (36 %) Cmore than 30 % CaCOa; of

between the Bozburun and Kapidad Peninsulas Fig. 3.32).

The remains of biogenous materials (present in the gravel
and sand fractions) are the important CaCO3 contributors to
the sediments. Although the highest carbonate concentrations
are associated with the coarse fractions of sample, their
values decrease with the increasing of mud fractions in the

samples CFig. 3.33D).
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Figure 3.33 ¢ Plots of carbonate vs. mud percentages in
the surface sediments from the southern
shelf of the Sea of Marmara.

JUNCTION OF THE SEA OF MARMARA WITH THE DARDANELLES STRAIT
CMDI> @ Total carbonate concentrations of surface sediments
from the Junction of the Marmara Sea and Dardanelles Strait,
range between 6 and S50 % with an average value of 12 % (Table
3.8>. The CaCO8 contents were usually between 6 and 11 % in
most of the samples, except for some stations in the west

C37 %), southwest (16-22 %, and in the northeast (13-23 %0
CFig. 3.34). The microscopic studies showed the presence of
high amounts of calcareous algae and molluscan shells in the
samples. Therefore, a close relationship between the CaCOs
contents and biogenic admixtures of the sediment samples
Cmostly in the coarse, gravel and sand fractions) is inferred.
Because of low carbonate contents ({30 % CaCO;). these
sediments are considered as being mainly of terrigenic origin.
Fig. 3.35 does not show any relation with the mud percentages
and this suggests that carbonate comes from coarse fraction\
of sediments. This suggestion is also confirmed by the

petrographical examination of samples under the microscope.
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Figure 3.35 ¢ Plots of carbonate vs. mud percentages in
the surface sediments from the junction of
the Sea of Marmara with the Dardanelles
Strait.

JUNCTION OF THE DARDANELLES STRAIT WITH THE AEGEAN SEA CDAJD
At the Dardanelles Strait and Aegean Sea Junction, total
carbonate contents vary from S to 83 %X with an average value
of 26 % CTable 3.6 and Fig. 3.38). Sediments with high CaCO;
concentrations are found at the Aegean exit (sts.; V38, V39,
V40, V42, V44, V36, C8, V37, C7 and V41; >30 %; Fig. a.21)
and the northeastern part of the Dardanelles Strait
(stations; D3 and D4; 37, 50 % respectivelyd). In general,
the carbonate-rich samples were poor in fine-material

CFig. 3.37). While sediments from st. D3 contained bryozoans
and other molluscan shell remains Cpartly encrusted with
calcite) as the main carbonate sources, carbonate rock
fragments from terrigenous sources are dominant at st. D4.
On the other hand, calcareous algae and associated molluscan
shell remains presented the majority of the carbonate
materials in the samples especially from the Aegean exit of

strait. The carbonate contents within the strait Cfrom 8 to
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Figure 3.36 : Distribution of total carbonate percentages
in the surface sediments from the junction of

the Dardanelles Strait with the Aegean Sea.
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Figure 3.37 : Plots of carbonate vs. mud percentages in
the surface sediments from the junction of

the Dardanelles Strait with the Aegean Sea.

50 °; CaCOa) are represented mainly by the abundance of shell
fragments from various calcareous organisms. On the basis of
their biogenic carbonate contents, sediments from the

Dardanelles Strait can be regarded as terrigenous (<30 %
CaCOa). In contrast, the samples from stations D2 and D4,

are classified as biogencous C>30 %, CaCOs). The sediment

samples from the Aegean exit of this strait are of biogenous

13



type originated mainly from the calcareous algae, with the
exception of two stations (V43 and E14) where, the sediments
show more terrigenic character due to the presence of
carbonaceous rock particles, in addition to the shell
fragments. The carbonate-rich biogenic sediments have also
been reported by Perissoratis ¢ al. (19872 in this part of

the Aegean Sea.

3.1.2.2.2. CONCLUSION

The overall results, obtained from a total of 216 sediment
samples, have shown a wide range of CaCOa 2 to Q0 %; avg.
20 2 distribution in the sediments from the Sea of Marmara
and its straits. Their average values decrease from the
Bosphorus Strait towards the Dardanelles Strait (37 %, at
BS; 29 %, at MBJ; 14 %, at NSM; 14 %, at SSM; 12 %, at MDJ
and 26 %, at DAJY but suddenly increases at the Dardanelles
Strait and its Aegean Sea exit. Of the carbonates, the
branched and rounded forms of calcareous algae (Cencrusted
with melobesid and other calcareous shell fragments) are
most characteristic in the Sea of Marmara. The carbonate
distribution map (Fig. 3.38) shows that their concentrations
are mostly less than 30 % of CaCOa, but some patchy areas
C>30 % CaCOa) are concentrated at around BMJ and stations
KS57K00, Ni2, N16, V12, K34K0OO and C2X(1D>. The sediment
samples from those stations most commonly derived from
biogenous origin. Microscopic studies combined with carbonate

analysis revealed that most of the carbonates occur in the
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coarse grained fraction of sediments. The CaCO8 distribution
in the sediments reflects marked local fluctuations.

For example, in the Bosphorus approach of the Sea of
Marmara. carbonate contents of sediments decrease towards
the open sea, due to changes 1n the carbonate sources,
namely from benthic in nearshore to planktonic in offshore.
The carbonates in the‘xnvestxgated surface sediments from
the whole Marmara Sea basin occur mainly in the coarse-sized
fraction, which is mostly represented by carbonaceous shell
materials. The carbonate content of sediment samples from
the same locality may show a wide range of values.

In coarse-grained samples, their contents are higher
compared to that of the fine-grained. It is also confirmed
by the Fig. 3.39. The total carbonate content of the

sedi ments decrease Lowards the offshore and basinal areas.
The source of the carbonate materials in the surface
sediments are commonly of terrigenous type ({30 % Caco;)

based on the genetic classification of all sediment samples.

100

CaCQy (%)

Figure 3.39 ¢ Plots of carbonate vs. mud percentages for all

surface sediment samples of the Marmara Sea.
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3.1.2.3. HEAVY METALS

Numerous studies have shown that heavy metals in recent
marine sediments may have their origin not only from
geolagical but also from anthropogenic sources CFérstner and
Wittmann, 1879; GESAMP, 1985; Krauskopf, 1985). Of the
geological sources, ghe diagenesis (Chester and Aston,
19762, hydrothermal deposits CKrauskopf, 1985; German et
al., 19903 and volcanic-ultramafic series (Rankama and
Sahama, 1968; Kukal, 1971; Krauskopf, 1985) are important
contributors of heavy metals to the sediments. Anthropogenic
sources include various types of metal compounds from the
industrial, municipal and domestic waste discharges,
entering the sea either directly or indirectly (Férstner and
Wittmann, 1979; GESAMP, 1985). On the other hand, in the
sediment, metals mostly occur as associated with and-sor
incorporated into oxides- hydroxides of iron and manganese
silicates, sulfides, carbonates, and organic matter
(Férstner and Wittamnn, 1979; Krauskopf, 1985). Because
these above metal association in most cases, occur in the
finer sizes, the clay- and mud-sized sediments are known to
be the best traps for heavy metals (Mayer and Fink, 1980;
Tessier and Campbell, 1987). Thus, grain-size plays an
important role which controls heavy metal distribution in
the sediments. In particular, Cauwet C1987) cited that the
clay minerals due to their larger specific surface area are
able to accumulate high amounts of metals. Loring (1980)

recently mentioned that in most areas, hydraulic and
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mineralogical Cchemical) particulate fractionation usually
results in increasing heavy metal concentrations with
decreasing sedimentary grain sizes. Thus, grain-size seems
to play an important role which controls heavy metal

distribution in the sediments.

3.1.2.3.1. ELEMENTAL DISTRIBUTION

The concentrations of Fe, Mn, Ni, Zn, Cr, Co, Cu, and Pb
measured in the 23 grab and 7 core sediment samples Cupper
10 cm of the cores) from the Sea of Marmara and its two
straits are shown in Figs. 3.40 to 32.47 and their values are
listed in Table 3.8. The heavy metal data from other sources

are also given for comparison CTable 3.9).

3.1.2.3.1.1 IRON

The total iron concentrations ranged from 1.09 to 4.79 %
with an average of 3.30 % in the thirty surface samples
CFig. 3.40). Comparison with average sedimentary rocks and
relatively older sedimentary units in and around the study
areas suggest that the iron concentrations of surface
sediments from the Sea of Marmara are largely at natural
levels. The variations in the Fe contents of sediments were
interpreted as being due to variations in the lithologic and
biogenic admixtures. This is best shown at stations E2 (10 %

clay; 0.80 % org.C> and M2 (44 % clay; 1.87 % org. Q).
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Table 3.8 ¢ Chemical compositions of the surface sediments

from the Sea of Marmara and its Straits.

Depth Clay org.C CaCOs Fe Mn Ni Zn Cr Co Cu Pb Sediment

Cm % % % % Cevoveee G/ ceasees) Texture
BC-1" sS4 13 0.37 '28 1.45 274 28 42 S2 11 18 17 (gdmS
E2 55 10 0.90 3B 1.09 197 30 69 S8 9 48 34 gmS
M2 A6 44 1.87 12 3.54 422 959 149 141 20 92 94 Cg)sM
N7 60 39 1.31 11 2.89 3338 55 109 104 20 47 73 (gisM
Ma 66 33 1.04 15 2.20 394 50 91 100 19 32 80 CgosM
Bq-a' 54 38 1.14 12 2.91 388 59 88 119 12 39 48 (gd)sM
M16 250 45 1.09 14 3.20 451 S7 91 95 19 33 30 (gisM
MBC-3~ 1200 73 1.05 10 4.10 3719 88 111 102 16 44 49 c
LO2K1S 55 B1 1.37 13 3.80 451 102 82 137 25 27 39 CgdM
K56K15 320 64 1.64 14 3.74 S/A3 1285 89 148 27 34 39 aM
KA5K30 495 2 1.21 11 3.80 780 114 107 112 29 43 51 Cc
K27L04 70 67 1.14 7 4.09 817 134 101 129 30 37 51 CgOM
Nt 4 104 78 1.22 7 3.92 1915 161 107 137 30 35 58 C
NisS 74 77 1.26 7 3.97 929 150 112 141 30 37 60 C
K26K44 67 70 1.31 8 4.09 732 129 109 129 29 33 B0 Cc
K57K00 7S 25 0.97 33 1.51 253 B0 48 B8 12 15 34 gmS
Bc-3" 1286 76 1.00 10 3.74 5538 125 109 112 13 45 40 Cc
K40K0O 101 28 0. 44 10 1.83 394 68 52 91 14 18 28 C(g)mS
N23 67 44 0. 81 12 2.40 310 82 63 124 16 19 30 C(gi)sM
KS0J53 8355 83 1.04 10 3.80 1070 123 110 129 30 40 64 c
K53J42 480 786 1.23 lo 3.86 563 115 98 133 26 33 43 C
N24 1RO 47 0.81 g 3.72 479 118 835 149 19 2Q 34 M
Bc-a* 1108 67 1.14 8 4.68 23854 119 100 123 20 38 48 C
K46337 700 73 1.18 9 3.868 845 123 107 133 30 40 68 CgiM
KA3J22 70 85O 0.99 11 3.66 S0O7 125 89 166 29 29 34 M
V54 126 48 0.69 23 2.6 531 82 83 124 23 285 39 <(gisM
K35J15 B4 B2 0.94 10 3.92 591 129 100 137 27 35 47 CgOM
BC-5" 65 55 0.84 10 4.79 854 114 99 134 24 32 59 M
N27 68 39 1.00 10 4.03 591 118 103 133 22 34 47 (gisM
BC-6" 74 A7 0.19 15 1.98 487 390 44 78 11 13 33 CgOM
Avg. 276 B4 1.04 13 3.30 932 ©3 88 118 21 35 47
Std. 368 20 0.34 8 0.97 1240 38 29 28 7 14 16

Note C*) mean values for the upper 10 cm of cores

g: gravelly S: sand M: Mud C: Clay
Cgd: slightly gravelly s! sandy m: muddy
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Table 3.9 : Chemical compositions of the studied surface
sediment samples (results are given in ug-/g,
except for iron, org.C and CaCOg in % and

others are given for comparison.

org.(C CaCOa Fe Mn Ni Zn Cr Co Cu Fb

1. BC-1 (top 10 cm) 0O.75 '35 1.08 229 20 ' 34 32 11 14 15
1. BC-2 (¢ * ) 0.89 185 2.83 384 53 76 88 10 29 34
1. MBC-3C - ) 1.06 10 4.10 2381 89 102 1068 15 40 49
1. BC-3 ¢ " D 0.91 11 4.8B4 4903 129 a2z 113 20 39 38
1. BC-4 C . )y 1.03 g 4.02 3010 120 95 141 18 37 40
i. BC-5 C * ) 0.76 11 4.30 635 112 84 145 éO 33 45
1. BU-B C * > 0.41 24 1.44 408 40 44 73 13 18 &7
1. Grab sediments 0.94 20 3.30 952 @8 as 118 21 35 47
2. Ml and M4 1.3 17 4.13 2500 091 a0 115 28 41 38
3. Golden Horn 4.80 - 3.20 3098 125 1299 334 23 972 293
4., Golden Horn 4.688 12 - = - = - = - =
5. Izmit Bay 1.15 11 2.62 245 66 73 30 72 25 36
6. E.Aegean Sea 0.35 59 2.42 9285 143 30 92 18 18 17
7. Black Sea = 7e2 51 = 93 22 <] 7
8. Black Sea 2.00 15 3.88 799 82 o8 143 28 38 12
9. Black Sea 1.03 11 3.28 S70 77 87 110 11 49 35
10. Cilician Basin 5.30 1103 3268 107 551 - 2 -
11. Mersin Bay 0.42 41 2.74 449 362 125 37 27 20 11
12. Near-shore muds 6.99 850 55 95 100 13 48 20
12. Deep-sea carbonates 0.90 1000 20 3B 11 7 30 e}
13. Carbonates 0.38 1100 g0 20 11 oO.1 4 9
12. Deep~sea clays B5.8580 8700 225 165 ©0 74 250 80
13. Shales 4.70 850 80 g0 100 20 50 20
13. Sandstones - X0 2 16 35 0.3 X 7
13. Basalt 8.80 1700 150 100 200 48 100 4
13. Granite 2.70 S00 0.8 50 20 3 i2 20
13. Crustal rocks 85.40 1000 78 70 100 22 850 13
14. Soil ' 2.10 320 17 38 43 10 15 17
13. Sea-water €10™* ppm) 20.00 2 17 49 3 0.5 50.3
Note ¢t X means between 1 and 10 ppm
X0 means between 10 and 100 ppm
1. This study 8. Hirst, 1974
2. Evans et al., 1989 g. Yiicesoy, 19Q1
3. Erdem, 1988 10. Shaw and Bush, 1978
4. Ergin et al., 1990a 11. Bodur and Ergin, 1988
5. Yordk, 1988 12. Chester and Aston, 1978
6. Voutsinou-Taliadouri and Satsmadjis, 1982 13. Krauskopf., 1985
7. Cagdatay et al., 1987 14. Rose et al., 1979
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Figure 3.40 ¢ Distribution of iron concentrations in the

surface sediments from the Sea of Marmara.

3.1.2.3.1.2. MANGANESE

The manganese concentrations in the studied sediments ranged
from 197 to 5538 nug-r/g; being highest in the three deep
basins along the Marmara Trough (3719-5538 ug-/g Mn) (Table
3.8 see also Fig. 3.413. Lower Mn levels are usually
confined to sediments from the shallower waters of the study

areas C197-1918% upug-rg; Fig. 3.41).

As shown in Table 3.9, sedimentary rocks usually exhibit Mn
levels up to 1100 pug/m and remarkably high values are
reported from deep-sea clays associated with the formation
of ferro—-manganese concentrations (Chester and Aston, 1976).

However, such materials also contain high concentrations of
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Figure 3.41 ¢ Distribution of manganese concentrations in

the surface sediments from the Sea of Marmara

other elements (i{.e., Fe) which seems to be not the case in
this study. Also, comparison with data from adjacent region
suggests that the high Mn values in the deep-sea sediments
of this study must have been resulted largely from other
processes (il.e., diagenesis) than the lithogenic input. Such
diagenetic Mn-enrichments are known from the Black Sea
CArthur et al., 1988 but they also show high Fe values

which can not be considered in the study area.

3.1.2.3.1.3. NICKEL

The nickel concentrations ranged from 28 to 161 ugs/g with an

average value of 96 ug-g (Fig. 3.42 and see also Table 3.8).

These values are mostly comparable with the average
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concentrations of sedimentary rocks, the

and again,
variations are regarded as a result of the lithogenic and
biocgenic variations in the samples. Emelyanov (1972) found
that the nickel concentrations in the surface samples range
from 10 to 300 ug-g for the whole Mediterranean Sea.
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Figure 3.42 ¢ Distribution of nickel concentrations in the

surface sediments from the Sea of Marmara.

The sediments from the Gemlik Bay contain slightly higher Ni

levels CFig. 3.42), maybe due to presence of relatively

higher clay portions in the samples. However, the source of

Ni could primarly be particular terrigenous.materials on
land, as observed under the microscope. This approach has
been taken from the petrographical examination of the

samples from stations K27L04, N14, N15 and K26K44. As known,
on the coastal hinterland, weathered serpentine rocks are

characteristic (Ternek et al., 19870 and these materials
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normally carry significant Ni. Therefore, the nickel
concentrations in the surface sediments from the Bay of
Gemlik may thought to be originated, at least in part, from
the hinterland by the weathering of serpentine rocks with

the exposed lithology on the land.

3.1.2.3.1.4. ZINC

The concentrations of zinc ranged from 42 to 149 ug-g with
an average value of 88 ug-g (Table 3.8 and Fig. 3.43). These
values are comparable with the average sedimentary rocks
CTable 3.9). At station M2, high Zn contents may come partly
from the man-made activities in the surroundings. For
example, the Golden Horn sediments contain anomalously high

Zn CErdem, 1988).
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Figure 3.43 : Distribution of zinc concentrations in the

surface sediments from the Sea of Marmara.
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3.1.2.3.1.5. CHROMIUM

The chromium concentration in the studied saﬁples ranged
from S2 to 166 ug-g with an average value of 118 ugrg C(Table
3.8 and see also Fig. 3.44). These values are usually in
agreement with the values found in average sedimentary rocks
CTable 3.9, ‘and thus.-are believed to have originated
largely from terrigenic sources. The slightly elevated
occurrences of chromium in the study area probably reflects
the presence of particular geological sources adjacent to
the stuided areas. VYolcanic materials on the surrounding
land-masses have already been reported by Ternek et al.

€1e872.

Figure 3.44 : Distribution of chromium concentrations in

the surface sediments from the Sea of Marmara.
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3.1.2.3.1.6. COBALT

The cobalt concentrations ranged from 9 to 30 ug/g Cmean: 21
ug-sgd) CTable 3.8 and Fig. 3.45), being mostly comparable
with the average compositions of sedimentary rocks (Table
3.9). In the Gemlik Bay, the surficial sediments contained
relatively high Co le;els probably due to occurrences of the
increased clay fractions in the samples. Therefore this

suggests that input from the natural sources is predominant.
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Figure 3.45 : Distribution of cobalt concentrations in the

surface sediments from the Sea of Marmara.
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3.1.2.3.1.7. COPPER

The copper concentrations ranged from 13 to 92 ug/g with a
mean value of 35 ug-rg CTable 3.8 and Fig. 3.48). These

values are nearly comparable with the average values found

in sedimentary rocks CTable 3.9).

1 n w* LL x
A i R 6 i ) -
Cu (pg/g)
: ﬁ 1
N
et
0 20Wm Py o
! ¥ Siredt of
lstluun.
Texinoad Ly R 4, s 15
1 DLt T e "i . !
.ﬁ CI T S ‘
LR e
ag '.” 40 &8 oy bm=ad Sald
{—Q—\.W\ / —
° B O 3 00
008 . g
o R ah 14
H ) o Gomid
$ —~
L] »
Strait of B
Oardaneiles 3
CANAKKALE kK
1 Hao"
' i g A H r 4 4

Figure 3.46 : Distribution of copper concentrations in the

surface sediments from the Sea of Marmara.
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3.1.2.3.1.8. LEAD

Lead concentrations vary between 17 and 84 ug-g with an
average value of 47 ug-g CTable 3.8). In most cases, these
values are consistent with the compositions of average
sedimentary rocks (Table 3.9). Maximum Pb content measured
at st. M2 which is loéated in around the junction of
Bosphorus Strait with the Sea of Marmara (Fig. 3.47 and see
also Table 3.8) would possibly indicate anthropogenic

effluents from the adjacent regions.
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Figure 3.47 ¢ Distribution of lead concentrations in the

surface sediments from the Sea of Marmara.
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3.1.2.3.2. INTER-ELEMENTS RELATIONSHIPS

Fig. 3. 48 shows that there exists a significant relationship
between the contents of Fe and clay, Ni, Zn, Cr, Co, and Mn.
It seems that these elements are remarkably concentrated in
the iron phases, whereby Co, Mn and Fe, on the other hand,
would be affected by ﬁost-depositional processes (il.e.,

diagenesis).

In general, iron appears Lo have originated from the
lithogenic materials. Fe considerably correlates with the
organic carbon and Pb, even at significance level C(N=30,
p=0.0%, r=0.36; Table 3.103., This may suggest, also,

association of Fe with the organic fraction and Pb.

Table 3.10 : Correlation coefficient matrix of textural
and chemical parameters of surface sediments
from the Sea of Marmara and its Straits
(N=30, p=0.05, r=0.36).

Uepth Clay org.C CaCOs Fe M Ni Zn Cr Co Cu Pb

Depth 1.00 .55 .11 -.23 .39 .84 .27 .33 .04 .02 .22 .09
Clay .55 1.00 .43 -.70 .BO .48 .82 .82 .61 .73 .23 .40
org.C .11 .43 1.00 -.34 .52 .08 .37 .84 .51 .50 .72 .67
CaCOr ~. 23 -.70 -.34 1.00 -.78 ~.26 -.67 -.50 -. 75 ~. 859 -, 19 -, 39

Fe .39 .80 .52 -.78 1.00 .43 .82 .71 .79 .71 .35 .48
Mn .84 .48 (0B -.26 .41 1.00 .34 .34 .08 -.08 .21 .08
Ni .87 .82 .37 -.87 .82 .34 1.00 .58 .78 .81 .08 .24
Zn .33 .62 .64 -850 .71 .34 .58 1.00 .58 .%2 .69 .59
Cr .04 .61 .51 -.7% .79 .08 .78 ,58 1.00 .75 .29 .40
Co .02 .73 .50 -.59 .71 -.08 .81 .52 .79 1.00 .17 .45
Cu .22 .23 .72 -.19 .3% .21 .08 .69 .29 .17 1.00 .77
Pb .08 A0 .B7 -.39 .48 .03 .24 .59 .40 .48 .77 1.00
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With the exception of four samples from the deep-basins in
the Sea of Marmara, Mn concentrations in most cases,
significantly correlated with the clay and organic fraction
but also with the contents of other metals (N=30, p=0.05,
r=0.36; Table 3.10, see also Fig. 3.49). It appears that the
Mn concentrations in the samples, as a result of diagenesis,
control the distributi;n of other metals, mainly in the

clay-sized fractions.
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Figure 3.48 ¢ The relationships between the Fe contents
and other parameters such as water depth,

clay, organic carbon, carbonate etc.
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and other parameters such as water depth,
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Nickel values strongly correlate with the clay, Fe, Cr and
Co values (Fig. 3.850), but Ni contents inversely related
with the CaCOa values. Although there is a considerable
relation betwesen Ni and Zn values, nickel concentrations
does not significantly related with the org.C, Mn, Cu and Pb
values at a significance level (N=30, p=0.05, r=0.36; Table
3.10>. This would sugéest that Ni together with Cr, Co and
also Z2n occur dominantly in organic, Fe, and clay fractions
of the samples, whereby Cr and Ni possibly from the common
source is enriched in clays. It is known that Ni may occur

in organic matter in appreciable amounts CKukal, 1971).
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Figure 3.50 ¢ The relationships between the Ni contents
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clay, organic carbon, carbonate etc.
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Zinec concentrations are significantly correlated with the
Cu, Pb, Cr, and Co usually in the organic and clay fractions
(Fig. 3.51>. The Zn values are also positively correlated
with the Fe and Ni values. The inverse correlation between
Zn and the CaCO8 indicates the dillution effect of
carbonates on the metals at a level of significance (N=30,

p=0.05, r=0.35; Table 3.10).
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The relationships between the Zn contents
and other parameters such as water depth,

clay, organic carbon, carbonate etc.
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As shown in Fig. 3.%52, chromium concentrations are
correlated with most of the metals at significant levels
CN=30, p=0.09, r=0.36; Table 3.10>. Of these, the
concentrations of Co and Pb follow the same trend of Cr.
Such relationships are commonlyvy taken to imply that these
metals are associated with each other. Again, the inversely
correlation with carbénates indicates dillufion of Cr. The
clay and organic fractions appear to be important

associations of Cr in the sediment.
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As it seen in Fig. 3.853,

and organic fractions.
of Co with the clay-sized and organic substances.

values are also well correlated with Fe,

cobalt

correlates with lead,

clay

This suggests significant association

The cobalt

Ni and Cr values at

significant level C(N=30, p=0.05, r=0.36; Table 3.10). Again
here, carbonates have a dilution effect on Co, like on
chromi um.
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Fig. 3.54 shows the correlation of Cu with other variables.
Of these, Pb resembles the trend of Cu together with the
clay fractions. The copper values are strongly correlated
with the organic carbon in the sediments. Thus, this would
suggests that there is a good association between them, and
the association of Cu with the ofganic matter in marine

sediment has been already pointed ocut by Chester et al.

C1988).
15001 100
’ 80 4 ““l
'E‘ . o~ [y
1000 " a*
— . ~— 804 .
£
o Lol . t
:é' 2 404 * i ‘-. . ¢
o 800 - . (2 4 a
s 20 4 .
e Cedie . ¢
o T T T T 1 o Y T T T 1
q 0 40 [ 4] 100 0 40 L 80 100
Copper (ug, 9} Copper (ug/9)
2.00 A 40
‘ - >
~ 150 r 30 4 .
5 :n' -. J
- ot ‘
4 o s " -
(r‘ 1.00 . i S 20
o . * g . o
Y . R
C os0 . Q4o W S gt b
- .ll.
0.00 v T v oy -] v -y a T Y
Q 0 40 8 0 100 (] 20 40 80 20 100
Copper (ug/q) Copper (ug/q)
100 4
— 804
o -
> :
g’ 80 4 LR
o .‘\\
© 404 “ o L
o at s
[ P
~ 20 4 .
Q T T v 1
Q i 40 80 BO 100

Copper (ug/g)

Figure 3.54 ¢ The relationships between the Cu contents
and other parameters such as water depth,

clay, organic carbon, carbonate etc.

1885



Lead concentrations correlate well with the organic and clay
fractions in the samples (Fig. 3.55). Although, the lead
values are also strongly correlated with the copper wvalues
and it is significantly related with the zinc values at
asignificant level (N=30, p=0.05, r=0.36; Table 3.10). This
would suggests that there is a close association between

those parameters in the marine sediments.
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3.1.2.3.3. CONCLUSION

In general, the studied heavy metals in the surficial
Marmara sediments reflect marked variations in the sediment
texture and mineralogy, in response to various environmental

and depositional conditions.

The heavy metal data showed that the concentrations of Fe,
Ni, Z2n, Cr, Co, Cu and Pb in the samples are largely at
natural levels when compared with their baseline in the
deeper core sediments and their probable source rocks in the
region. Also, they are similar in their values to the
composition of average sedimentary rocks worldwide. From
this it appears that the terrigenous materials from
land-based sources (directly or indirectly? are the main
supplier of these metals to the sediments. Consequently,
there is no satisfactory evidence for an anthropogenic input

of the metals studied, although this can not be ruled out.

Furthermore, the role of diagenesis seems to be effective in
the distribution of these metals, particularly in the case
of Mn which shows anomalously high concentration values.
Comparison with the deeper core sediments reveals high Mn
baseline and thus suggests additional mechanisms of the

Mn-enrichment .
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3.2. COMPOSITION AND DISTRIBUTION OF THE CORE SEDIMENTS

In this part of the Chapter Three, the textural and
petrological compositions of the core sediment samples will

be discussed.

The grain—-size parameters are given in Tables 3,11 to 3,17,
and their profiles through the cores are shown in Figures

3.56 to 3.62.

3.2.1. TEXTURE AND PETROLOGY OF THE CORE SEDIMENTS

Core BC~1 : Site of Core BC-1 is situated in the northern
part of the Bosphorus Strait Cwater depth 54 m, Fig. 3.856).
In this core, gravel percentages ranged from less than 1 %
to 1S % Cavg. 7 %; Table 2.11), with a tendency to increase

towards the base of core, especially between 2 and 18 cm

depths (Fig. 3.56).
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Table 3.11 ¢ Grain-size and chemical composition of
sediments in Core BC-~1,
4 (&} G S Z Corg.C (C) Fe Mn NL Zn Cr Co Cu Pb W/D
cm) %X % %X % % X % Covenvoe UG/Q coveesed

* 1 0-2 045 29 26 0.57 12 2.88 41% 53 72 111 11 28 28 1. 71
2 2-4 <1 43 31 25 0,62 14 2.49 3V 48 62 108 13 26 28 1,50
3 4-5 37511 11 0.21 30 0.83 23% 21 33 268 13 14 16 1.34
4 6-8 Q87 2 2 0.04 40 0.83 168 8 24 510 B8 81,31

*+ 5 8-10 693 1 <1 0,43 45 0.83 166 10 21 11 9 9 81,42
5 10-12 B8 93 2 <1 0,74 44 0.42 180 13 22 11 7 11 12 1.49
7T 12-14 12 85 1 <1 0,74 42 0.42 194 13 28 513 11 12 1,41
] 14-18 10 87 3 <1 1.03 48 0.83 1668 10 a2 S 16 14 18 1,41

* 9 16-18 15 83 2 <1 0.74 48 0.83 152 8 20 5 10 10 B8 1,33

Avg. T77 9 7 0857 38 1.08 229 20 34 32 11 14 15 1.44

Std. 218 12 10 0.29 13 0.72 Q3 17 18 42 3 7 7 0.12

* indicates dublicated samples with average values

4 * Subsample number

b ” Core-Depth

G * Gravel

s * Sand

z * Silt

C " Clay

org.C - Crganic carbon

(q o8] * Carbonate Cevpressed as Ca003)

W/ ' Wet-Dry ratio
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Like gravel, sand percentages (43-83 ¥%; Table 3.11) below 2
cm depth, generally increased down the core (Fig. 3.56).

The maximum sand contents are found at 10-12 cm depth (93 %20O.
Consequently, the clay (<{1-26 2% and silt (1-31 2 portions
of the sediment decreased down the core (Fig. 3.56). Below
about 6 cm depth, clay and silt reached their minimum
concentrations. Visual examination of the core py naked eye
showed no major changes in the sediment structure.

Exceptions are the occurrences of two thin and dark-brownish

laminae at the base of core C14-18 cm depthd

Sand was mainly composed of the biogenous materials

domi nated by pelecypodal shell debris, appeared partly as
encrusted, altered, perforated and subrounded. Terrigenous
constituents of sand are mainly represented by quartz
Cmostly subrounded to rounded) and metamorphic rock
fragments throughout the core. A possible epidote-garnet-
amphibole-pyroxene assemblages, as described from the north
of f Bosphorus (Miller and Stoffers, 19742 can not be
recognized in the samples. Minor amounts of mica flakes,
pyrite and pyritized material are also observed, especially
in the upper part of the core. From about 6-8 cm depth
downward, coarse sediments commonly contained coal particles
Cabout 85 %0. Biogenous components as associated with the
coarse to fine sand included the occurrences of foraminifers
Cmostly Ammonia beccarii, Quengueloculina sp.), pelecypods,
gastropods (Turritella sp.) with minor amounts of ostracods,

bryozoans, calcareous algae and echinoid spine. The vertical
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changes in the sediment texture above B cm depth of Core
BC~1 can be explained rather by the changes in the
depositional and environmental conditions during the much
younger periods of time. However, at this stage, it is

difficult to find a reliable explanation for this.

Core BC-2 : Site of Core BC-2 is located in the south off
Bosphorus Strait C(water depth 64 m, Fig. 3.57). The gravel
fractions of sediments are relatively low (<1-2 %) being, on

the average, 0.71 % (Table 3.12D.

Table 3.12 ¢ Grain-size and chemical composition of
sediments in Core BC-2.
# €D G S§ Z Corg.C(C) Fe Mn NL 2Zn Cr Co Cu Pb WD
Cemd) % % % % % % % Covooace HIAG svacnvsed

*#1 0-2 <1 13 40 39 1.06 11 2.49 3650 53 8% 124 10 38 34 1.87
2 2-4 1 11 52 35 1.13 13 2.91 388 B0 97 121 8 40 47 1.79

3 4-6 1 12 49 29 1.11 12 2.91 388 58 88 111 16 39 51 1.83

4 B-8 1 12 48 40 1.18 12 2.91 401 ©2 83 121 13 37 51 1.84

5 8-10 <1 12 48 39 1.20 12 3.32 401 60 85 116 13 39 47 1.85
5 10-12 ¢1 13 50 37 1.08 13 3.32 415 52 82 108 156 37 47 1.79

7 12-14 <1 12 50 38 0.94 14 2.91 415 58 91 100 16 35 43 1.74
8 14-18 <1 13 44 42 0.94 14 3.32 415 S2 77 95 15 32 43 1.74
g 16-18 <1 12 47 40 0.85 14 2.51 326 55 79 81 0O 28 41 1.75
10 18-20 1 13 47 40 0.84 15 2,15 425 S3 73 76 7 &5 30 1.68
L1 20-22 <1 14 46 40 0.94 15 2.51 297 Sg B8 76 12 24 24 1.81
*12 22-24 1 15 42 42 0.77 15 2.15 423 S4 70 76 9 24 32 1.62
13 24-268 <1 16 45 38 0,77 17 2.15 439 48 B7 76 O 23 20 1.57
14 26-28 1 15 43 41 0.68 16 2.51 241 S1 B8 71 7 23 24 1.59
IS 28-30 <1 17 42 41 0.86 16 2.15 354 S1 73 71 7 24 27 1.63
16 30-32 1 L7 48 34 0.81 16 2.15 340 49 70 71 9 24 30 1.61
7 32-34 1 17 48 34 0.78 15 2.15 382 45 64 67 7 23 27 1.57
I8 34-36 1 17 45 37 0.85 17 2.15 428 8L 78 71 T 24 30 1.589
19 36-38 1 19 42 37 0.81 18 2.15 382 49 75 71 7 286 34 1.58
20 38-40 2 22 43 34 0.71 19 2.51 439 S1 67 B7 9 24 27 1.53
21 40-42 1 21 44 34 0.71 20 2.18 453 S1 101 71 7 24 24 1.50
22 42-44 1 19 43 36 0.80 20 2.51 411 47 59 71 12 24 30 1.50
422 44-45 2 22 40 3G 0.73 21 2.33 319 45 59 B4 7 22 25 1.46
Avg. 1 15 45 38 0.890 1S 2.93 384 B3 76 €98 10 29 34 1.66
Std. 0.5 3 3 30,16 30.4L SBL 5 11 20 3 B 10 0.12
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The sand fractions make up about 11 to 228 % of the bulk
sample Cavg. 18 %, with a slight tendency to increase with
depth C(Fig. 57). This must have resulted in slight increase
of the clay contents (33-42 %) towards the surface, whilst
silt percentages remained nearly uniform throughout the core
C40-81 %; Fig. 3.857)>. Mud is the dominant sediment type in
the core, with percentéges from 76 to 88 % Cavg. 84 20,
Visual examination of core BC-2 by naked eye reveals some
slight changes in the colors of sediments along the core.
Its color changes from dark grayish-green to greenish-gray,
but it was observed that there were some thin laminae in
brown color at around 34-46 cm core depth. The sediments
from top to about 12 cm depth appear greenish-gray in color
showing traces of bioturbation by large amounts of
polychaetes. Between about 12 and 24 cm depth, the ;olor
changes to grayish—-green with no significant polychaetes
occurrences. Below this depth, till down to about 36 cm

pol ychaetes reappeared. The sediments below about 32 cm
depth were dark grayish—green in color and two distinct,

laminated layers occurred in brown color.

Microscopic studies of sand-sized fractions of the sediments
indicate the dominance of terrigenous materials, (70 20.
Quartz is the most common terrigenous minerals that shows
subrounded and partially-rounded shape. Metamorphic rock
fragments are commonly found in dark gray and green in color
Ot.her components of sand include organic debris, mica flakes

and coalified wocd particles which are less common. Biogenous
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constituents are mainly represented by the foraminiferal
tests of hyaline types (Triloculina, Bulimina, Bol;vina.
Ammonia beccariti and Uvigerina sp. etc.) and agglutinated
and milioline type. Elphidiun and Globorotalia sp. are also
observed. The other important biogenocus materials are
derived from the pelecypodal shell fragments Cmostly
abundant in >500 u sized, ostracods, gastropods, annelida,
siliceous sponge spicules, echinoid-spines and -partially
plates, bryozoa, worm tubes, and calcareous algae. Many of
the foraminiferal (Triloculina, Bolivina, and Valvulineria
sp.) and ostracodal shell tests show pyritespyritization.
The nearly uniform clay distribution in Core BC-2 would
suggest no major changes in the depositional conditions,
although slight decreases in the sand contents towards the

surface may be indicative of an environmental response.

Core MBC—-2 : Site of coring of MBC-3 is situated in the
eastern deep basin of the Sea of Marmara Cwater depth 1200
m). Sediments of Core MBC-3 are practically gravel-free (<1
%) but contains some sand (<1-8 2 (Table 3.13>. Other
studies from the same region CErgin and Evans, 1988; Evans
et al., 19890 show comparable trend with their values (1-85
%, sand). Mud comprising of up to over 92 % of bulk samples,
is the predominant sediment type in Core MBC-3 (Fig. 3.858).
In Core MBC-3, the color of sediments shows variations. It
is yellowish-brown to grayish—-green in the upper parts of
core and changes to green-greenish gray in mid-parts to

dark—greenish gray in the lower parts.
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Table 3.13 ¢ Grain-size and chemical composition of

sediments in Core MBC-~3.

» D G § 2 C org.C (C) Fe Mn Ni 2Zn Cr Co Cu Pb W/D
Cemd % % % % % % % Coveovne UGSG eeencas)

* 1 0-a O 1 29 70 1.15 10 4.00 51658 85 120 106 14 48 52 1.89
2 -4 O 1 26872 1.05 10 4.22 38R2 87 113 108 1S 48 49 1.83

3 4-8 Q 1 27 72 1.05 10 4.20 3099 87 107 98 15 43 44 1.83

4 BH-8 O 1 17 821.08 10 4.04 37285 8BS 104 101 21 43 49 1.80
5 82-10 0 1 27 71 Q.93 11 2.94 2724 84 113 101 1S 42 49 1.7€
B 10-12 0 1 287 72 1.03 10 4.10 1284 24 103 101 21 43 44 1.83
7 12-14 O 1 37 62 1.03 10 4.05 B19 91 100 89 21 44 50 1.78
B 14-18 O 1 265 73 1.13 10 2.73 2053 91 100 104 21 44 B1 1.79
Q 16-18 O <l 34 66 1.10 10 2,51 2020 '89 100 109 21 42 S8 1.77
10 18-20 O <1l 33 67 1.08 10 3.49 1333 91 105 104 21 41 62 1.76
11 2082 O 2 35 683 1.00 10 4.34 1727 87 95 99 21 39 48 1.72
12 22-84 0O 229 70 0.96 11 4.44 3940 91 103 104 18 41 52 1.75
13 24-26 O 1 28 71 1.08 10 3.94 2491 83 84 113 15 41 63 1.72
14 26-28 O 1 87 72 1.00 10 4.44 2041 89 103 108 15 39 52 1.73
18 28-30 O 1 24 75 1.03 10 4.09 2082 89 92 108 1S 41 58 1.72
16 30-32 0O 1 34 A5 1.08 10 4.34 1837 91 113 108 18 41 46 1.72
17 32-34 © 1 27 72 1.13 11 4.24 2358 89 94 108 15 39 6§9 1.73
18 d-31B 0 1 27 72 0.98 11 4.19 2123 89 98 108 12 38 63 1.72
19 3B-33 0 1 23 72 0.938 11 4.24 1143 283 103 93 15 38 63 1.70
20 BR-40 O 2 32 66 1.03 10 4.39 1143 83 Q1 93 18 38 465 1.68
21 40-42 O 1 33 65 0.91 12 4.18 31684 89 95 ©6 15 38 49 1.68
22 42-44 O L 23 74 1.08 11 4.24 735 91 99 88 15 38 40 1.68
23 44-48 0O 1 23 77 1.11 10 4.24 S72 83 92 98 1S 39 35 1.67
24 48-48 0O 1 27 72 1.06 10 4.486 887 91 93 93 15 30 46 1.68
25 48-50 O 1 32 67 1.11 10 4.34 1797 93 98 ©O8 18 368 63 1.71
25 80-52 0 1 29 68 1.01 11 4.04 4001 83 92 92 15 38 46 1.68
27 S2-84 O 1 28 71 1.15 12 4.19 4867 95 102 126 15 39 45 1.68
20 54-56 0 1 19 80 1.13 11 4.34 1887 89 99 121 18 39 39 1.656
2086-58 0O 1 21 78 1.028 11 4.14 2921 89 103 126 19 39 31 1.68
30 58-60 O 1 30 69 1.13 10 4.29 28258 03 05 126 12 40 46 1.67
2 ARO-B2 0O 1 38 61 1.15 © 4.26 1235 93 99 125 15 40 54 1.63
32 B2-H4 0O 4 29066 1.03 9 4.03 15958 89 101 131 12 37 39 1.61
AW B4-B5 O 3 32 65 1.03 12 3.80 4336 B4 102 101 9 38 390 1.67
34 BAR-B8 O 1 27 72 1.13 11 4.17 2319 93 116 116 12 40 39 1.864
/W E-7O 0 1 27 72 1.08 11 2,93 3975 9l 79 101 12 39 39 1.66
B 7O-72 O 1 28 7O 1.08 11 3.69 3945 89 108 108 12 37 62 1.67
I7 7R-T4 O 825 B7 1.06 11 4.08 2021 93 110 106 12 39 54 1.66
I8 74-76 O 1 27 T2 1.03 10 4.00 1747 91 O6 111 ©9 40 48 1.79
39 7H-78 O 1 30 68 1.13 10 4.07 1385 89 110 108 15 39 39 1.59
10 78-80 O 3 38 62 1.08 11 3.85 2123 85 117 101 13 39 46 1.57
Avg. 0O 1 2870 1.08 10 4.10 2381 92 102 106 15 40 49 1.71
Std. O 1 4 S5 0.08 1 O.24 1170 3 8 10 3 2 9 0.07

The grain-size profiles show that there are fluctuations in
the silt and clay percentages along the cores (Fig. 3.58),
which may be a consequence of variations in the depositional

conditions.
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The sand fractions of sediments contain large amounts of
biogenous materials which include pelecypods, pteropods and
foraminifers Ccommonly Bulimina, Globulimina, Bolivina,
Uvrgerina, Textularia, Globigerina, and Globorotalia sp.’'s),
as well as, echinoid-spine, and -plates, siliceous sponge
spicules, calcareous algae, ostracods. Of these,
foraminifers, small benthic molluscs, echinoids and some
siliceous sponge spicules are enriched in the coarser-sand
fractions (>18% w). Such observations were also made by
Alavi C1988> and Evans et al. (1989). Fecal pellets are also
common especially in the upper parts of core but their
abundances gradually decrease down the core. The terrigenous
components are mainly compesed of quartz grains (rounded and
partially subrounded), but other lithic particles such as
chert, quartzite, serpentine, mica flakes, and some
unidentified dark- and light-colored mineral grains. Traces
of pyrites are also identified, particularly as infill with
the foraminiferal tests of Triloculina and Boliwvina sp.
Organic debris Ccoal, wood and plant remains2? and slug
particles are additional components in the sediment which
play a minor role. Pyritization within organism remains
Ci.e., foraminiferal tesis) as was observed previously in
the sediments of eastern Marmara basin (Stanley and
Blanpied, 1980), is related to the post-depositional changes
of in redox conditions within the sediment. Organic debris
is very common at the core depth between 14 and SO cm

interval.
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Core BC-3 : Site of Core BC-3 is located in phe central
basin of the Sea of Marmara (water depth 1228 md. The
sediments throughout the core are fully composed of mud
Cover 98 %), whereby clay is dominant. The gravel and sand

fraction are usually less than 1 % of the bulk sample (Table

3.14 and Fig. 3.59.

Table 3.14 : Grain-size and chemical composition of

sediments in Core BC-3.

4 D G S Z C org.C (C) Fe Mn Ni 2n Cr Co Cu Pb WD
Cem) % % % % b4 % % Coveanne HGZG sevaces)

* 1 0-2 O 1 24 75 0.93 10 2.87 4050 108 105 ©8 12 46 25 2.185
2 2a2-4 0O 1 28 73 0.93 10 3.23 7185 122 110 114 14 48 34 2.09

3 4-B O 1 21 78 1.05 10 3.23 5947 122 107 114 14 47 37 2.13

4 6-8 <1 1 21 78 1.02 11 4.37 5569 137 105 116 11 44 55 2.08

S 8-10 O 1 22 78 1.07 11 4.98 4057 137 111 118 14 42 48 2.0
B 10-12 O 1 23 75 1.05 11 4,98 5828 133 102 116 14 40 41 2.01

7 12-14 <1 1 21 78 0.88 12 4.81 53832 131 OGS 112 16 40 45 2.00
8 14-18 <1 <1 21 78 0.93 11 4.88 4753 131 102 112 14 40 45 1.98
Q 16-18 O <1 17 83 0.98 11 4.86 3586 133 94 112 14 40 31 2.00
10 18-20 O 1 18 82 0.95 11 4.61 3324 133 88 116 14 40 48 1.0
11 20-22 O 1 21 78 0.85 12 4.25 6473 133 095 {12 16 40 28 2.00
12 22-24 0O 1 19 RO 0.78 13 4.37 8981 130 75 {112 11 39 38 1,97
13 24-26 O 1 18 81 O.80 10 4.37 26883 142 8% 120 14 42 38 1.94
w4 26~28 O | 22 77 0.98 10 4.43 2071 138 88 107 11 39 47 1.68
15 28-30 0O 1 228 77 0.93 11 5.31 3032 142 91 112 11 39 48 1,93
16 30-32 0 1 21l 78 0.93 11 S.71 3645 133 97 107 11 37 31 1.92
17 32-34 O 1 17 82 0.88 11 5.58 3120 131 97 107 14 37 35 1.88
I8 34-36 <1 1 20 79 0.78 16 5.34 8427 124 S8S9 Q0 14 32 21 1.89
19 35-38 0 1 19 80 0.88 14 B8.10 9127 124 91 @0 18 32 35 1,80
20 38-40 Q0 1 19 80 0,80 12 S.10 4461 131 111 107 11 37 35 1.87
21 40-42 O 1 21 79 0.88 11 5.22 3412 129 89 107 14 32 28 1.87
22 42-44 O 1 21 78 0.93 12 S.22 4957 129 102 107 14 32 35 1. 01
23 44~45 0 1 19 80 0.88 11 4.73 3382 124 85 Q9 14 37 41 1.88
24 46-48 0 1 25 75 0.83 11 4.26 4008 118 85 123 20 37 48 1.86
25 48-50 0 1 21 78 0.78 11 4.50 3105 118 90 139 18 37 40 1.85
26 B0-52 0 1 24 78 0.88 11 4.26 6459 124 OO0 139 10 37 40 1.81
*27 B2-54 0 <1 21 78 0.85 11 4.17 4220 122 ©3 127 16 38 38 1,84
Avg. 0O 1 21 78 0,91 11 4.64 4903 129 ©2 113 20 39 38 1.94
Sstd. 0O O 28 20,08 1 0.74 1878 a8 9 11 2 4 8 0.11

The rather uniform profiles of clay and silt along the core
are interpreted as a result of stable depositional conditions
for most of the time. Below the surface, down to about 8 cm
depth of core, sediments are reddish to dark brown in color

and further downward, grayish-green color occurs.
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This suggests that the sediments in the upper 8 cm of core
are oxidizing, when cbmpared with those below this depth

where reducing conditions are dominant.

Quartz and mica minerals seem to be important terrigenous
components in the sediments. Mica flakes in greenish color
is commonly found ét 24-26 cm depth. Pyrite, as a minor
constitute of the sediments, occasionally infills Bulimina
sp. Biogenous components include hyaline types of
pelecypods, gastropods, pteropods, echinoids, silicecus
sponge spicules, polychaete tubes and rotalina types of
foraminifera. Globigerina is a common species of planktonic

foraminifers at depths below 28 cm.

Ccre BC-4 : Site of Core BC-4 is situated in the western
basin of the Marmara Sea (water depth 1106 m). The sediments
of this core can practically be regarded as sand- and

gravel -free (Fig. 3.680). The gravel fraction ranges between <1
% and 1.6 % and the sand fraction constituted <1 % to 6 % of
the bulk sample (Table 3.15). Mud contents exceeded over 94 %
and dominated by clay. Downcore distribution of clay and silt
reveal, in general, no relevant changes and the fluctuations
in clay contents are largely compensated by silt (Fig. 3.60).
Therefore, grain-size profiles show a strong fluctuations
throughout the core. This leads to the consumption that the
depositional and environmental conditions have remained nearly
constant in most of the time. Koreneva (1871) concluded that

the core taken from northwestern depression of the Marmara Sea
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Table 3.15 : Grain-size and chemical composition of

sediments in Core BC-4.

¥ 4 D G S Z Corg.C CC) Fe Mn NI 2n Cr Co Cu Pb W/D
em) X % X %X % %x % Covvenee UG/ ecvvensd
* 1 0-2 <1 <1 31 B2 1.19 8 4.28 6133 122 ©9 118 20 39 55 2.76
2 2-4 O <«<1 353 64 1.19 8 4,87 4652 118 109 123 20 40 58 2.70
3 4-B <l <1 35 65 1,12 8 4.99 2453 120 100 {24 20 37 40 2. 41
4 B-8 0 <1 34 65 1.10 8 4.53 432347 118 03 123 20 37 335 2.60
5 8-10 0O <1 28 72.1.10 8 4.63 1677 118 100 129 20 38 §3 2.67
B 10-12 0O <1 31 68 1.07 8 4.87 1025 1168 97 134 18 37 45 2.17
7 12-14 O 1 3980 1.14 8 4,63 1894 116 97 134 16 37 60 2.20
8 14-16 O 1 3 B1 1.12 8 2,85 1805 114 99 137 12 38 40 2.3}
Q16-18 0 1 45 53 0,08 8 3.48 1869 122 152 158 12 38 24 2.11
10 1R-20 0O 2 45 52 1.02 8 3.468 1267 114 94 137 18 36 40 2.16
1L 20-22 0O 1 3259 1.02 8 3.01 1520 118 87 142 9 39 16 1.9
12 22-24 0O 2 37 Bl 1.14 8 3,40 1425 125 180 142 19 38 48 2.19
13 24-26 0O 3 45 52 1.05 8 3.01 2059 124 76 142 12 28 40 2.08
14 25-28 0 <1 41 59 0,95 8 3.27 1394 128 103 142 12 38 32 2.02
*15 28-30 0 <1 44 58 1. 00 8 3,63 1869 128 094 145 18 35 28 1.9S
16 30-32 0O 1 43 565 1.00 8 3.73 1932 123 88 142 21 35 32 2.00
17 32-34 O B 45 48 0,90 9 3.27 1584 123 78 142 18 33 24 1.88
18 2U4-38 O S 38 57 1.00 10 3.68 3801 114 81 142 18 33 88 2.00
19 33-38 2 1 268 71 1.00 11 3.868 8235 122 81 132 18 38 568 2.158
20 38-40 1 <1 29 69 1.12 10 3.99 66883 1253 81 137 21 30 56 2.22
21 40-42 O <1 28 74 1.10 Q9 3.92 2470 123 114 137 21 39 48 2.16
22 42-44 O <1 30 7O 1,02 9 3.02 2851 123 64 132 24 38 32 2.23
23 44-45 <) <1 29 7L 1.05 © 3,79 3289 123 73 132 21 38 32 2.09
24 4B-48 0O <1 31 69 1. 00 9 3.66 1267 125 88 142 18 38 32 2.02
25 48-50 O 1 W B0 0.93 8 3,509 950 187 83 182 21 38 32 1.79
26 50-52 0O 3 35 62 0.98 10 4.48 2426 115 89 174 21 38 34 1.78
27 52-54 0 4 32 64 0.90 11 4.99 4487 111 8%S 169 15 38 39 1.77
28 B4-56 O (1 24 75 0.83 13 5.08 7428 113 90 153 21 41 34 1.80
*29 56-58 O <1 24 76 0.95 8 4.77 3457 122 95 171 21 42 44 1.82
Avg. O 1 3383 1.03 9 4,02 3010 120 95 141 18 37 40 2.14
Std. O 1 7 7 0,09 1 0.63 1935 5 22 14 4 211 0.28

Cwater depth 1160 md) was not older than Holocene on the
basis of vertical distribution of spore and pollen
concentrations and he belived that the sedimentation rate

was greatest in this part of the Sea of Marmara.

The limited amounts of sand and gravel fractions showed the
presence of terrigenous and biogenous materials. Feldspar,
quartz, micas minerals were important terrigencus detritus. In
addition, pyrite occurrences are observed in the presence of

biogenous and organic substances Cespecially with Bulimina sp.J.
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Biogenic constituents are dominated by hyaline types of
foraminifers (some of them were oxidized, especially the
agglutinated types), of pelecypods, ostracods and pteropods
with minor amounts of echinoid-spine, and -plates and also
siliceous sponge spicules. Globigerina and Globorotalia sp.

are highly abundant at 40-42 cm and 54-56 cm intervals.

It is observed that in the uppermost parts of this core, the
color of sediments ranges from reddish dark-brown to
greenish~-brown Cat about 10 cm depthd, after this interval
with slight gray color turns Lo grayish green in color

represented by clayey materials.

Core BC-5 : The coring site of BC-5 is located at the
northeastern approach of Dardanelles Strait to the Marmara
Sea (water depth 65 md), just near the head of Dardanelles
Canyon. As shown in Fig. 3.61, sediments of Core BC-5 are
almost sand- and gravel -free. The percentages of gravel and
sand did not exceed 1 % throughout the core (Table 3.18).
Consequently, the mud concentrations made up of over 99 %% of
the bulk sample, whereby clay overwhelmed the silt. Again
here, nearly stable depositional conditions are inferred
from the uniform trend in clay and silt percentages (Fig.
3.612. The color of sediments in the uppermost part of core
CO0-4 ecmd is reddish-brown which changes to greenish-gray,
from this depth down Lo 10 cm. Thereafter it constantly
shows green color. This is a typical sediment profile with

oxidizing layers at or near the surface, underlain with
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Table 3.16 ¢ Grain-size and chemical composition of

sediments in Core BC-5.

I 4 b G S 7 C orq.C (C) Fe Mn Ni Z2n Cr Co Cu Pb W/D
(em) %X %X %X % % X % Covonnne HIZG ccosves)

* 1 02 O 1 45 S5 O R7 11 4.39 1320 108 24 131 23 3) B3 1,77
2 2-4 0 <l 43 56 0.84 11 4,850 778 116 78 134 26 32 60 1.768

2 4-8 O 1 42 B7 0.84 10 A.75 BB3 1168 B85 134 28 32 S5 1.7

4 6-2 0O 1 43 55 0.87 10 .11 761 112 99 134 23 22 65 1.79
5 8-10 ¢l 1 42 57 0.79 10 S5.23 730 120 97 139 23 34 50 1.76
B 10-12 <1 1 44 55 0.74 10 4.38 776 118 OB 129 22 34 SO0 1.73
7T 12-14 0O 1 45 54 0.74 10 4.75 714 120 A7 134 23 35 65 1.68
8 14-15 <1 1 40 59 0.74 10 4.53 728 109 80 158 1S 36 39 1,64
G 18-18 <1 1 43 535 0,64 11 4.80 8652 109 79 164 1S 35 24 1.62
10 18-20 0 1 41 58 0.69 10 4.46 652 107 76 164 1% 35 24 1.63
11 20-22 <1 1 43 56 0.80 11 4.33 667 119 Q2 169 18 35 15 1.61
12 22-24 «1 1 35 B4 0.74 11 4,19 7123 107 88 153 18 335 32 1.63
13 24-86 <1 1 39 B0 O0.67 11 4. 02 603 113 QO 1[40 24 33 48 1. 72
14 26-282 <1 1 39 61 0.72 11 4.19 586 115 895 154 24 33 43 1.72
*15 28-30 0 <1 41 99 O0.72 11 4.00 8570 117 64 154 15 33 48 1,73
[6 30-32 ¢1 <1 42 B7 0.72 11 3.97 S38 109 G5 149 21 33 43 1.71
17 32-34 <1 <1 44 S8 0.79 11 297 B0%5 107 78 149 15 33 39 1.70
18 34-265 <1 1 43 57 0.72 11 4.10 521 109 81 149 18 33 30 1.68
1Q 3B-38 (1 1 41 58 0.74 11 4.00 S21 111 85 144 18 31 48 1. 70
20 23AB-40 <L 1 41 59 0.79 11 3,97 838 107 77 134 18 33 850 .68
21 40-42 <1 1 42 57 0.74 11 4.02 489 111 80 139 18 33 39 1.68
A2 42-44 <1 <1 44 56 0.82 11 4.00 489 107 77 139 15 33 48 1,66
23 44-46 <1 1 42 57 0O.77 11 .97 458 109 78 139 18 33 39 1.63
*24 46-483 <1 <4 41 88 O0.77 11 3.92 481 111 88 131 18 33 43 1.68
Avg. <1 1 42 57 0.76 11 4.3D B38 112 B4 145 20 33 4% 1.89
Std. 0 0 2 20068 00.33 184 4 8 12 4 1 12 0.05

reducing layers, as observed in many areas elsewhere CArthur

el al., 1988).

Minor amounts of hyaline (CBulimtna, Bolivina, and Uvigerina
sp.2 and agglutinated tubular types Cusually in the top
sections of core: Valvulinerta, Globoreotalia, Ammonia
beccarit and Textularia sp.) of foraminifers with scattered
occurrences of pelecypods, ostracods, sponge spicules,
echinoid-spine and- plates, plteropods, bryozoa, gastropods
CTurritella sp.3 and calcarecus worm tubes represented the
biogenic fraction in the sediments. The visible terrigenous

constituents under microscope were quartz, feldspar, mica
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flakes, and organic debris (wood and plant remains).
Pyrite andrsor pyritization within the foraminiferal tests

occured in very low concentrations throughout the core.

Core BC-6 : Coring site of BC-6 is located in the southwest
Cwater depth 74 md, just before the Aegean exit of Dardanelles
Strait C(Fig. 2.3). As~shown in Fig. 3.62, gravel is nearly
absent in Core BC-6 and sand reaches no more than 3 2% through-
out the core (see also Table 3.17). Thus, mud is prominent
Cmore than 96 % of the bulk sampled In general, the clay, silt
and sand profiles (Fig. 3.62) show constant trend throughout
the core, suggesting stable depositional conditions, probably
at lower energy levels to favor fine-sedimentation. The color
in the upper 2 cm of core is reddish~brown and changes to
grayish—green down to 10 cm depth. Below this depth, it becomes

brownish—-gray to green. From this, an upper oxidizing unit and

a reducing unit below can be suggested in the core.

Table 3.17 ¢ Grain-size and chemical composition of

sediments in Core BC-6.

4 (M G S Z C org.C (C) Fe Mn Ni 2Z2n Cr Ca Cu Ph W/D
Cem) % % % % % %X % Coveavee HG/G cooenne)

* 1 O-2 0 352 45 0.10 185 1.84 4283 30 3f1 68 Q@ 10 27 1.38
2 2-4 O1 51 48 0.15 17 1.83 3768 37 44 81 12 12 22 1.42
I 4-8 O L B1 47 0,17 13 2.18 454 42 5S4 21 12 19 38 1,38
4 6B-8 O 251 47 0.17 13 2.02 470 42 S2 81 12 18 33 1.39
5 8-10 <1 2 50 48 0,37 19 2.02 610 44 37 81 12 19 44 1,38
B 10-12 <1 1 50 48 0.42 23 1.95 470 42 B2 71 12 18 38 1,37

* 7 12-14 01 54 45 0.37 21 1.94 448 39 49 68 11 16 30 1.38
] 14-16 <1 1 B0 490 0. 45 25 1.14 379 40 40 74 18 17 20 1.38
Q 168-19 <1 2 48 S0 0.89 28 1.12 349 42 46 69 18 19 24 1.40
1O 18-20 O 1 50 49 0.52 32 0.88 3654 40 40 69 135 17 195 1.38

11 20-22 <1 1 49 50 0.49 231 0.93 334 40 40 74 15 17 29 1.39
18 22-24 <1 1 50 49 0,668 234 0.78 32349 42 40 B3 12 17 20 1,38
13 24-26 <1 1 S0 49 O.65 30 0.80 349 42 40 69 12 17 19 1,39

+l4 26-28 <1 1 51 48 O. 668 34 0.73 303 44 46 79 13 17 20 1.38

Avqg. <1 1 51 42 0.4) 24 1.44 408 40 44 73 13 18 27 1.38

std. 0.1 1 1 1 0,19 7 0.54 75 3 5 8 3 2 90.02
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The only visible terrigenous materials under microscope are
siliceous detritus such as quartz, feldspar, mica and
metamorphic rock fragments. Biogenic constituents even in
minor amounts, are the remains of foraminifers (Glodbigerina,
Textularta, Milioline, Elphidium and dmmonia beccarii sp.d
bryozoca, echinoid-spine and -plates, calcareous worm tubes,
siliceous sponge spicules, gastropods, pelecypods, ostracods
and calcareous algae. Some of pelecypods and gastropods

shell are pinkish in color. The barnacles were found only at

16-18 cm depth.
3.2.1.1, CONCLUSION

With the exception of the two cores from the northern part
and south off the Bosphorus Strait (Cores BC-1 and BC-2
respectively), the cores from the esastern, central, and
western basins of the Sea of Marmara CCores MBC-3, BC-3,

and BC-4 respectively), as well as, the Dardanelles Strajit-
the Sea of Marmara Junction (Core BC-5), and the southwestern
part of Dardanelles Strait C(Core BC-6), are mainly composed
of terrigenous mud. This is interpreted that relatively
low-energy conditions have prevailed in these areas at most
of the time of deposition. On the other hand, the slight
fluctuations in the clay and silt contents of sediments
along the cores are attributed to the generally uniform, and
stable depositional conditions may be interrupted by some
temporal and spatial changes in the natural sedimentary

processes. Occurrences of high sand and gravel percentages
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below 2 cm depth of Core BC-1, as well as, the generally
downward increasing sand contents in the Core BC-2 are
consistent with the increased benthogenic activities within
the Bosphorus channel system. It seems that some
environmental changes must have occurred in the most recent
times during which the benthic-biogenic activities are
interrupted by the deposition of fine-grained sediments.
Terrigenous components of the cores include qua;tz.
feldspar, mica minerals and metamorphi¢ rock fragments etc,
which reflects their sources to be mainly from the

surrounding land-masses.

Although sediments from all cores contained both biogenic
and terrigenic components, the latter was dominant.

The biogenic fractions constituted various species of
pteropods, foraminifers, pelecypods, echinoids, even in
minor concentrations in most of the cores. Bioturbation by
the polychaetes was characteristic in the upper sections of

cores.

The presence of hyaline calcareocus foraminifers and the
reddish-brown color of sediments at or near the surface
clearly shows the depositional environments in the studied
coring sites have normally been oxidized. This is also
evident from the color changes in the sediment column,
namely from reddish-brown at or near the surface to

grayish—green at the subsurface.
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3.2.2. GEOCHEMISTRY OF THE CORE SEDIMENTS

3.2.2.1. ORGANIC CARBON

The total organic carbon contents of the core sediments from
the Sea of Marmara and its two straits ranged between 0.04
and 1.20 % Cabout 1 %, on the average; Figs. 3.58 to 3.862
and Tables 3.11 to 3.17). These values are normally
comparable with those reported from the eastern Marmara
basin (1.38 %; Evans et al., 1989 and the deviations from
them can be related to the possibly strong local changes
and-or to the application of different analytical methods.
Comparison of the organic carbon values obtained in this
study with those from deep-sea sediments elsewhere in the
Black Sea and Eastern Mediterranean reflects significant
differences in organic matter production/deposition among
these three seas. Due to its low primary productivity
CSalihodlu et al., 19870 but high decay rates, the
Mediterranean Sea is normally characterized by low organic
carbon contents in the sediments CEmelyanov, 1972; Yilmaz,
19865; Bodur and Ergin, 1988), in contrast to the highly
productive Black Sea waters (Unlilata and Ozsoy, 19863 which
contribute higher organic carbon percentages to the bottom
deposits (Rozanov et al., 1974; Hirst, 1974; Calvert et al.,
1987). Consequently, the transitional Marmara Sea sediments
exhibit average values of contents of sedimentary organic
carbon from the Black Sea and Mediterranean. However, marked

vertical changes occur in the distribution of organic carbon
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in the sediments from the investigated area. For example,
sediments in Core BC-1, show increasing org.C contents, from
6 cm depth towards the surface. At these depths, the upward-
increasing fine fraction of sediments may explain this
pattern. Because, fine-grained sediments are known to be
good traps for the accumulation of organic substances (t.e.,
planktonic remains, ﬁumus matterd. Of course, other reasons
may also be relevant, such as changes in the ;ource. rates
of supply and post-depositional (diagenetic) processes which
is beyond the scope of this work, thus, needs further
research. As it can be seen from the Fig. 3.56, organic
carbon contents below 6 cm depth of Core BC-1, gradually
increase with depth, corresponding to the increasing
biogenic CaCOa concentrations. Although these might be
several reasons for this, changes in the carbonate supply
and-or the post-depositional condition may deserve

attention.

In Core BC-2, the general upward-increasing organic carbon
contents would suggest either changes in the rate- sources of
supply and/or diagenesis in the sediment. The vertical
variations in the organic carbon contents (Fig. 3.57) seem
to be related with changes in the carbonate contents of
sediments which in turn is considered as part of diagenetic
processes. As it has been known by numerous studies, organic
carbon contents in the sediments normally decrease with
depth due to increased decay of organic matter with the time

CKukal, 1971; Berner, 1982; Klinkhammer and Lambert, 1989).
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In the deep-sea Core MBC-3, the organic carbon percentages
are rather constant throughout the core (Fig. 3.58). This
may reflect no major changes in the rate of supply and decay

of organic matter.

Likewise, the deep-sea Core BC-3, reflects no important
changes in the organic carbon distribution along the core
(Fig. 3.99), although a slightly upward-increasing tendency

can inferred probably being due to diagenesis.

A similar upward-increasing in the organic carbon contents
was found in the deep-sea Core BC-4 (Fig. 3.60), where the
diagenesis largely seems to control the organic matter

distribution in the sediment.

The shallow-water Core BC-5 exhibits rather stable
conditions of both deposition and decay of the organic
matter C(Fig. 3.61). The somehow upward-increasing organic
carbon contents above 10 cm depth are interpreted as typical

results of diagenesis.

The other shallow-water Core BC-6 from the south of
Dardanelles display much different pattern. The organic
carbon concentrations generally increase with depth,
accompanied by the downward-increasing carbonate contents
CFig. 3.62). Obviously diagenesis plays an important role
here again, whereby the rate of breakdown-decay of organic

matter exceeds the rate of deposition.
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3.2.2.2. TOTAL CARBONATE

Data from the carbonate measurements together with the
results of microscopic examination of sediment particles
revealed that the majority of carbonate concentrations of
sediments must be derived from biogenic sources. Thus, the
carbonate contents of gediments reflect the presence of the
biogenic admixtures, especially molluscs shell remains.
Carbonate materials are commonly found in the coarse-grained
fractions, as can also be inferred from the significant
correlation between CaCOB, sand and gravel percentages

CTables 3.18 and 3.19).

The CaCOB distribution in Cores BC-1, BC-2, and BC-6 shows a
general tendency of carbonate contents to decrease towards
the surface, while CaCO3 profiles in Cores MBC-3, BC-3,

BC-4, and BC-5 are rather uniform (Figs. 3.56 to 3.62>. This
may be explained by the changes either in the rate of supply
of biogenic carbonate or in the rate of dissolution of

carbonates due to diagenesis within sediment.

The carbonate contents of core sediments from the eastern
Marmara Sea basin obtained in this study Cabout 10 2 CaCO9
in Core MBC-3) are somewha!t lower than those reported by
Evans et al. C(1989; 12-20 % CaCOg). Much smaller CaCOs
values are also known in this region Cless than § %; Stanley
and Blanpied, 1980). This can probably be resulted from the

application of different analytical procedures or-/and strong
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locally changes. A significant relationship is observed
between the organic carbon and carbonate contents of
sediments particularly in Cores BC-1 and BC-6 (Tables 3.18
and 3.24), both are from the strait systems of Bosphorus and
Dardanelles, respectively. fhis correlation would be
indicative of diagenesis in sediments, whereby the increased
rate of organic carbén decay towards the more oxidizing
sediment surface might have been accompanied b; the
dissolution of carbonates, Then it is known that the
decomposition of organic matter in sediments usually
produces organic acids which in turn are able to dissolve

carbonates CKrauskopf, 1885).

The correlation coefficient matrices (Tables 3.19 and 3.20)
also show that there is a strong relationship between CaCO9
and depth, gravel and sand content, but it is inversely
related with the org.C, silt and clay content in only for
the Core BC-1 and BC-2 sediments. Those suggest that the
carbonate contents in the sediments are supplied from the
coarse fraction (>800 ) which is dominated by pelecypods
shell fragments and foraminifers with the subordinate

amounts of other biogenous components
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3.2.2.3. HEAVY METALS

3.2.2.3.1. IRON

Average iron concentrations in the studied core sediments
varied between 1.08 % and 4.62 % (Total Fe). It seems that
the contents of iron.in the samples are mostly derived from
the terrigenous sources, when compared with the average

sedimentary rocks (Table 3.9).

In Core BC~1, above 4 cm, the iron contents of the samples
C0.42-2.49 % Fed increased gradually upward CFig. 3.56) and
below this depth they remained nearly constant representing
background levels of Fe Cabout 1 %) in this core. The
strongly positive correlation between Fe, and silt and clay
contents may suggest the enrichment of Fe in the silt and
clay fractions. On the other hand, the inverse relationship
between Fe and CaCCB contents show the dilution effect of

carbonate on the iron (Table 3.18).

Iron concentrations in Core BC-2 ranged between 2.15 and
3.32 % Cavg. 2.53 %; Table 3.11). Fe profile shows that Fe
contents are generally higher at 0-168 cm depths compared

with the underlying core section (Fig. 3.857).

The correlation coefficient matrix CTable 3.19) shows that
there is a significantly positive relationship between the

contents of Fe, organic carbon, and to lesser extent of
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silt. From this, it appears that the elevated concentration
of Fe in the upper core sections are resulted from the

higher organic and silt fractions of sediments.

Table 3.18 ¢ Correlation coefficient matrix of the various
parameters measured in Core BC-1
(N=g, p=0.05, r=0.67).

Depth Gravel Sand Silt Clay orq.C CaC0 Fe Mn  Ni iIn, ¢ Co Cu Fb

Depth t.00

Gravel 0.90 1.00

Sand 0.73 0.68 1.00

S5ilt  -0.79 -0.78 -0,99 1.0

Clay -0.84 -0,80 -0.98 0.99 1.00

orq.C 0.55 0,27 0.02 -0.04 -0.13 1,00

CaCo 0.88 0,82 0.9 -0,97 -0.99 0.20 1.00

Fe 0,72 -0,68 -0.96 0.94 0.94 -0.03 -0.91 1,00

Mn -0,81 -0,79 -0,97 0,98 0,99 -0,03 -0.98 0,93 1.00

Hi -0.78 -0.79 -0.97 0.98 0.98 0.02 -0.97 0.93 0.997 1.00

in -0,80 -0,76 ~-0.97 0.98 0.98 -0.05 -0.98 0.4 0,995 0.99 1.00

Cr 0,79 ~0,79 -0.97 0,99 0,98 -0.02 -0.96 0,946 0.%9 0.99 0,99 (.00
Co 003 0,09 -0,27 0,21 0,20 0,30 ~0.20 0.21 0,19 0.8 0,18 0.13 t.00

Cu ~0.64 ~0.71 -0.94 0.95 0,93 0.23 -0.90 0.91 0.95 0.96 0,93 0,95 0.35 1.00
Fb ~0.68 ~0.74 -0.92 (.94 0.93 0.18 -0.91 0.88 0.94 0.94 0.92 0.93 0.4 0.98 1.00

Table 3.19 ¢ Correlation coefficient matrix of the various
parameters measured in Core BC-2

CN=23, p=0.05, r=0.41).

Depth Gravel Sand Silt Clay org.C CaCD Fe M Ni  In Cr GCo Cu  Pb

Depth  1.00

Gravel 0.78 1.00

Sand 0.93 0,84 1,00

Silt -0.77 ~0.63 -0.74 1.00

Clay -0.48 -0,5 -0,62 -0,07 1.00

org.C -0.85 -0,59 -0.75 0.7% 0.25 1.00

CaCo 0.96 0,80 0.93 -0,77 ~0.49 -0.83 1.00

Fe =0.65 ~0.42 -0.59 0.50 0.27 0.74 -0.59 1,00
M 0,00 0.02 0.10 0,08 -0.23 0.1 0.06 0.08 1.00
Ni -0.81 ~0.60 -0.77 0.62 0.41 0.81 -0,76 0.66 0,06 1,00

In -0.58 -0,41 -0.44 0,56 0.002 0.56 -0.49 0.42 0.32 0.62 1.00
C" "0. qi "'(.’u 58 '0- 76 0. 73 0025 0. 93 -0-84 0'74 D' 14 0. 77 0.67 1.00

Co -0.57 -0.48 -0.54 Q.46 0.27 0.62 -0.53 0.82 0.20 0.57 0,28 0.40 1,00
Cu -0.87 -0,53 -0.73 0.75 0,19 0,92 -0.81 0.80 0.17 0,77 .71 0.97 0,65 1.00
Fb -0.75 -0.41 -0, 70 0.65 0.24 0.85 -0.73 0.B0 0.19 0.74 0,60 0.83 0.69 0.90 1.00
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Iron concentrations of sediments in Core MBC-3 vary from
3.49 to 4.46 % with an average of 4.10 % (CTable 3.13). These
values seem to be comparable with those reported from the
eastern Marmara basin C4.13 % Fe; Evans et al., 1989G). The
Fe profile did not show any significant wvariation throughout

the core (Fig. 3.58).

Iron concentrations in Core BC-3 range between 2.87 and 5.71
% with an average value of 4.84 % CTable 3.14). Fe profile
shows that the maximum iron content occurs at about 30 cm
depth; from this depth towards the both surface and base of
core, it gradually decreases (Fig. 3.89). Because there is
no major fluctuations in the other sedimentary parameters,
the iron distribution in this core must therefore be
controlled largely by the diagenetic processes within
sediment. As it will be shown the later, the role of
diagenesis in this core is apparent from the fluctuations in

Mn-profile.

Iron concentrations in Core BC-4 vary from 3.01 to 5.08 %
with a mean value of 4.02 % CTable 3.15). The Fe profile
CFig. 3.B0) shows that its value increases from a depth
about of 20 cm towards the both surface and base of the
core. A strongly positive correlation between the contents
of Fe and clay suggests the association of Fe with the clay

fractions.
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The iron contents in Core BC-5 ranged between 3.92 and S.23
% with an average value of 4.30 % (Table 3.186>. The Fe
values in the core increase slightly from the bottom towards
the surface (Fig. 3.61)>. Changes in the diagenetic

conditions can possibly explain this distribution pattern.

Iron concentrations ig Core BC-8 from 0.73 to 2.15 % with a
mean value of 1.44 % CTable 3.17). These values’are
comparably lower than those found in the previous Marmara
cores, although other sedimentary parameters seem to be not
related with this pattern. The detailed analysis of
mineralogy would be very helpful in the future research.
Thus, at this stage, it is difficult to determine the nature
of this pattern. However, the somehow increased Fe contents
above 12 cm depth, over a steady baseline would rather
suggest the diagenetic reactions in the sediment to be

significant in controlling the Fe distribution C(Fig. 3.82).
3.2.2.3.28. MANGANESE

Average manganese concentrations in the studied core
sediments ranged from 229 to 4903 ugrg (Table 3.9>. Although
the manganese ore deposit in the Istranca is the only one
that is being mined among occurrences in the vicinities of
Bursa, Istanbul, Ganakkale and Bilecik CTernek, et al.,
1987), it seems that there is no any indicative deposition
based on the petrographical examination of the bottom

sediments. Therefore, these Mn levels can not solely be
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explained by the terrigencus influxes. In addition, other
influences or post-depositional processes must be present to
cause such high Mn levels in the sediments because no

evidence exists for an anthropogenic input.

The manganese concentrations in Core BC-1 gradually decrease
from the surface (415 ug-/gd down to 6 cm (235 ug/g) and
below this depth Mn remains almost constant CTable 3.11;
Fig. 3.56). Mn gradient seems to follow silt and clay
profiles suggesting close association of manganese in the
fine sediment fractions. This is also shown by the strongly
correlation between the Mn and the silt and clay percentages

of the sediments (Table 3.18).

In Core BC-2, manganese concentrations ranged between 241
and 483 ug/g with a mean value of 384 ugs/g (Table 3.12). It
does not show any significant change along the core profile
CFig. 3.57). The correlation coefficient matrix shows that
their concentrations are not related with the granulometric
and other chemical parameters at a significant level (N=23,

p=0.05, r=0.41; Table 3.18) in this core.

The manganese contents in Core MBC-3 from the eastern basin
of the Marmara Sea show not only strong fluctuations but
also anomalously high values (8572-5168 ug/g; avg. 2381 ug- g
Fig. 3.858 and Table 3.13). Such high Mn levels were
previously reported in the same region (Ergin and Evans,

1988) but, with no further explanation. These values are
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considerably higher than those obtained in the sediments
from shallower waters of the Sea of Marmara (253-1070 ug-g:
Fig. 3.41>. It seems that particular geological influxes
or-and post-depositional processes are responsible for such
high Mn concentrations in the sediments. Because other
metals do not follow the same trend as that of Mn, distinct
Mn phases must be pre;ent in the samples, most probably as a
result of diagenesis in the sediment. Average sedimentary

rocks contain much lesser Mn contents (Table 3.9).

In Core BC-3 from the central basin of Marmara Sea, like in
the eastern basin, sediments contain anomalously high Mn
contents ranging between 2071 nugrs/g and 91287 ugrsg, with a
mean value of 4803 ug-sg CTable 3.14)>. Their values show
strong fluctuations throughout the core (Fig. 3.59,
although sediment texture does not follow the same trend. It
thus appears that distinct Mn phases occur in the samples,
probably due to diagenesis. Whether or not, particular
hydrogenic, volcanogenic, and submarine-weathering processes
also contributed to such Mn-enrichment, can not be confirmed

at this stage.

In Core BC-4 from the western Marmara basin, the manganese
concentrations vary from 980 ug-/g to 8235 ug-/g with an
average value of 3010 ug-g C(Table 3.15). Again here, the Mn
concentrations of sediments are markedly higher than those
obtained in surface sediments from the surrounding shallower

waters C(479-1070 ug-g Mn; Fig. 3.41>. Mn values of
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sedimentary rocks are significantly low (Table 3.9).

The distribution of Mn in Core BC-5, from the Marmara Sea-
Dardanelles Junction (Fig. 3.61), is different from those
found in the deep-sea cores MBC-3, BC-3, and BC-4 (Figs.
3.88, 3.59 and 3.60>. The manganese concentrations in Core
BC-5 ranged between ;58 ug-g and 1320 ug/g with an average
value of 636 ugrsg (Table 3.16). These values are
comparatively much lower than those from the deep-sea cores
(MBC-3, BC-3 and BC-4>, but they seem to be similar to the
most of the Mn values, measured in sediment from the
cshallower waters. Also comparison with the average
sedimentary rocks showed consistency (Table 3.9).

Mn distribution is rather uniform along the core, except the
slight increase at the surface (Fig. 3.61) may be due to

di agenesis.

In Core BC-6, from the Dardanelles Strait-Aegean Sea
Junction, manganese concentrations vary from 303 ug-/g to
6510 ugrg with an average of 408 ug- g (Table 3.17).

No significant changes in the downcore Mn distribution are
observed (Fig. 32.62), suggesting Mn fluxes at nearly
constant rate and with no remarkable diagenetic
remobilization of this metal. In general, Mn levels of
sediments in Core BC-6 are at natural levels when compared
those with average sedimentary rocks CTable 3.9). Although,
correlation coefficient matrix shows some positively

correlation between the Mn and, Fe and Pb. They are not
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supported by the graphic representation of data. Although
manganese concentrations are inversely related with the core
depth, org.C, and CaCOs contents through this core at a

level of significance C(N=14, p=0.05, r=0.53; Table 3.24D.

3.2.2.3.3. NICKEL

Average Nickel concentrations in the studied core sediments
ranged from 20 to 129 ug-g, being mostly comparable with the

average sedimentary rocks (Table 3.9).

Nickel contents of sediments in Core BC-1 varied between 6
and 53 ug-g with an average value of 20 ugr/g CTable 3.11).
The profile shows an upward-increase in the metal contents
of sediments above B-8 cm and below this depth and they
remain constant (Fig. 3.56)>. This Ni-gradient like many
other metals coincides with the silt and clay profiles
showing an upward-increase in the fine—grained fractions
CFig. 3.568). The significant correlations of Ni with the
grain-size, and carbonate, but also with the other metal
data reflect biogenically-controlled sediment texture which
in turn, determines the amount of Ni in the sediments (Table

3.18)0.

In Core BC-2, nickel concentrations range from 45 to 62 ug-/g’
with an average value of 853 nug/g CTable 3.12). These values
are somehow higher than those in Core BC-1, probably due to

grain-size effect. The downcore profile shows that a slight
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increasing trend towards the surface (Fig. 3.57).

The Ni-values in Core BC-2 are largely comparable with the
composition of average sedimentary rocks indicating the
dominance of terrigenic influences. Also, the surface
sediments from other stations in this part of the sea
displayed similar Ni levels (Fig. 3.42). The correlation
coefficient matrix sgows that there is a positively
correlation between the Ni, and the silt and ;rganic carbon
contents (Table 2.19). This may suggest an association of

these parameters.

The nickel concentrations in Core MBC-3 (83-95 ug-rg; avg. 89
ugsg; Table 3.13), are rather uniform along the core C(Fig.
3.58). These values are comparable with those previously
reported from the same region CEvans et al., 1989D.

In general, Ni levels measured in this core are typical for
sedimentary rocks (Table 3.9). Apparently, the normally
higher Ni contents in Core MBC-3 than those in Cores BC-1,
and BC-2 are the result of presence of generally higher clay
contents (Fig. 3.58). The presence of significant
relationships between the Ni and org.C contents of samples

CTable 3.20), is not remarkable on the Fig. 3.58.
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Table 3.20 : Correlation coefficient matrix of the various

parameters measured in Core MBC-3
C(N=40, p=0.05, r=0.30).

Depth Gravel Sand Silt Clay org.C CaC0 Fe Hn Ni In Cr Co Cu Pb

Depth  1.00

Gravel 0.00 0.00

Sand 0.39 0.00 1,00

Silt 0.07 0,00 -0.02 1.00

Clay -0.17 0.00 -0.25 -0.96 1.00

org.C  0.25 0.00 -0.11 -0.14 0.16 1.00

CaCo 0.27 0.00 0,16 -0.14 0.10 -0,22 1.00

Fe
Hn
Mi
in
Cr
Co
Cu
Fb

-0,04 0.00 ~0.11 -0.13 0,16 -0.08 -0.10 1.00

0,05 0.00 0.15 -0,18 0.13 0.01 0,48 -0,20 1,00

0,34 0,00 -0,02 0.11 -0.10 0.36 -0.04 0,19 0,20 1,00

-0.10 0.00 0.18 0,01 -0,06 0.09 0.02 -0,08 0,17 -0.04 1,00

0.30 0.00 0,08 -0.07 0.05 0.41 -0.156 -0,01 0,12 0,40 0,06 1.00

"0566 0-(‘0 "0031 0004 0;05 -0001 -0129 "'0.04 -00 26 -0-07 0.00 -0. 19 1-00
-On 72 0-00 ~0. 27 '.0. ll 0. 17 0- 12 "0037 -0, 11 0. 15 -‘)o 15 00 34 "0.01 0' 48 1.00
0,31 0.00 -0.09 0.18 -0.15 -0.07 ~0.07 -0.10 ©,02 0.08 -0.12 -0.12 0.14 0.09 §.00

The concentrations of Ni in Core BC-3 ranged between 108 and
142 ugr-g with an average of 129 ugrsg CTable 3.145. In this
core, the highest Ni concentrations are measured probably be
resulted from the presence of higher clay contents in the
samples (Fig. 3.99). Sedimentary rocks contain, on the
average, 2-80 ugrg Ni. The nickel profile shows that there
is an downward-increase in the contents, from surface to 6-8
cm, and below this depth, the Ni-level becomes rather
constant. The slight fluctuations are more likely as a
consequence of the lithologic differences in the samples.
The correlation coefficient matrix shows that there is a
significant relationship between the Ni, and clay and Fe
contents (Table 3.2105. From this, a close association of Ni

can be infered in the Fe and clay fractions.
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Table 3.21 : Correlation coefficient matrix of the various
parameters measured in Core BC-3
CN=27, p=0.05, r=0.38).

Depth Gravel Sand Silt Clay org.C CaCO0 Fe Mn  Ni iIn C C Cu Pb

Depth 1.00

Gravel -0,26 1.00

Sand 0.09 -0.34 1.00

Silt -0.14 0.04 -0,31 1.00

Clay 0.14 <0.04 0,23 -1.00 1,00

org.C -0,61 0.06 -0.40 0,21 -0,17 1.00

CaCO 0.27 0,02 0,31 -0.30 0.27 -0.45 1.00

Fe 0.39 0.04 0,27 ~0.42 0.41 -0.09 0.3%9 1,00

Mn ~0.16 0.06 0,06 0.11 -0.12 -0.13 0.467 -0.17 1.00

Ni =0.17 0.1t 0.28 -0,40 0.38 0.25 ~0.06 0,57 -0.23 1.00

In -0.51 0.16 -0.38 0.33 -0,30 0.56 -0.27 -0.20 .03 -0,06 {.00

Cr 0.24 -0.02 -0.40 0,26 -0.22 -0.05 -0.43 -0.22 -0.18 -0.02 -0.09 1.00

Co 0.19 0.08B -0.34 0.06 -0.03 0,21 0.12 -0,13 0,03 -0.34 -0.14 0.13 1.00

Cu -0.79 0.11 -0.22 0.28 -0.27 0,48 ~0,63 -0.67 -0.08 -0.01 0.45 0,19 -0.14 1.00
Fb =0.11 0.29 -0.30 0,09 -0.,07 ' 0.38 =0.36 0.08 -0.25 0.42 -0.01 0.43 ~0.05 0.27 1.00

The nickel concentrations in Core BC-4 varied from 111 to
128 ug-g with an average of 120 ug-/g (Table 3.15). These
values tend to be nearly uniform long the core with only
little fluctuations (Fig. 3.60)>. The Ni contents in Core
BC-4, like those in Core BC-3, are slightly higher than the
average composition of sedimentary rocks Cfable 3.90. The
correlation coefficient matrix does not show any reliable
relationship with the other parameters at a significant

level (N=29, p=0.05, r=0.37; Table 3.:225.
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Table 3.22 Correlation coefficient matrix of the various
parameters measured in Core BC-4

(N=29, p=0.05, r=0.37).

Depth Gravel Sand Silt Clay orq.C CaC0 Fe Hn Ni In Cr Co Cu

Depth  1.00

Bravel 0,14 1,00

Sand 0.17 -0.10 .00

Silt  -0.34 -0.32 0.44 1,00

Clay 0.26 0,26 0,39 -0,98 {,00

org.C -0.72 0,04 -0.35 -0,07 0,13 1.00

CaCO 0.62 0,40 0.24 -0,47 0,36 0,52 1.00

Fe ~-0,06 -0,05 -0.27 -0.59 0,60 0,13 0.28 1.00

Mn 0.15 0,64 -0. 1§ -0.58 0,52 0,00 0,68 0,42 .00

Ni 0.10 0,16 -0.28 0.13 -0.07 0.04 ~-0.35 -0.53 -0.20 1,00

In -0,34 -0,18 ~-0.14 0,13 -0,10 0,29 -0.30 -0.06 -0.23 0.14 1,00
Cr 0,71 -0.15 0.34 0.03 0,09 -0.72 0.37 0.01 -0.10 <0, {4 0,05 1.00

Co 0,30 0,09 -0.25 -0,51 ¢.51 0.06 0.24 0,43 0,32 0.11 -0,21 -0,11 1.00
Cu 0.10 0.18 -0,56 -0.67 0,72 9.12 0,22 0,40 0.52 ~0.10 0,07 9.09 0.38 1.00
Fb ~0. 25 ‘:,- 37 "Dn 10 -0, 40 0. 37 0' 57 ‘)u 08 0- 41 0. 43 "Uo 20 Ov 10 -0, 36 0- 27 0' 33

In Core BC-5, the Ni concentrations vary from 107 to 120
ug-g with an average of 112 pg-g (Table 3.16>. These Ni
levels are comparable with the composition of average
sedimentary rocks CTable 3.9). The positively correlation of
Ni with the Co and Fe (Table 3.23) seems to be not

sufficient to determine metal association in this core.

197



Table 3.23 : Correlation coefficient matrix of the

Dept
Grav
Sand
Silt
Clay
org.

various parameters measured in Core BC-5

C(N=24, p=0.05, r=0.40).

Depth Gravel Sand Silt Clay org.C Cal0 Fe Wn Ni In Cr Co Cu Fb

o 1.00
el 0.41 .00
-0.42 0.14 1,00
-0,24 -0.12 0,07 1.00
0.24 0.09 -0,10 -1.00 1,00
C ~0,27 -0.40 90,07 0,33 -0.32 1.00

CaC0  0.59 0.29 -0.16 -0,22 0.22 -0,18 1.00

fe
Mn
Ni
in
Cr
Lo
Cu
Fb

-0.80 -0,42 0.40 0,27 -0.27 0.28 -0,77 1.00
-0,80 -0.33 0.56 .25 ~0.25 0.39 -0.28 0.50 1,00
-0.45 -0.06 0.07 0,22 -0,22 0.01 -0.42 0.49 0.14 1.00
-0.33 .29 0.37 0,07 -0.08 0.09 -0.36 0.44 0,24 0.31 1.00
0,07 ~0.06 -0.14 -0.37 0,37 -0,73 0.17 -0.11 -0.20 -0,23 0,23 1.00
-g.61 0,01 0.36 0,13 -0.14 0,37 -0.28 0.45 0.46 0.61 0.57 -0.50 1.00
~0,18 0.06 -0.18 -0.20 0.20 -0.39 -0.33 020 -0.11 0.04 0,02 0,57 -0.37 1.00
-0,35 -0,20 0,25 0.32 -0,32 0.70 -0,27 0.29 0.38 0.37 0.17 -0.82 0.63 -0.58 1.00

The nickel concentrations in Core BC-5, ranged between 30
and 44 ugsg with a mean value of 40 ugs/g CTable 3.17>. These
Ni—leyels are comparatively lower than those from other
cores, with the exception of BC-1. The lithologic and
biogenic differences in the sample can be accounted for

this. No major trend exists in the downcore distribution of

Ni in Core BC-1 (CTable 3.9).

3.2.2.3.4. ZINC

Average Zn contents of the studied core sediments (34-102
ug-gd are generally consistent with the average compositions
of sedimentary rocks CTable 3.9). This implies that great

portions of Zn in the cores are from the terrigenic sources.
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The zinc concentrations in Core BC-1, vary from 20 to 72
Hg-g with a mean value of 34 ugrg CTable 3.11). The
Zn-levels increase upward above 8 ¢cm in the core, in
association with the fine sediment fractions, as is the case
for many metals in this core (Fig. 3.986). The correlation of
Zn with silt, clay, Fe, and Mn CTable 3.18) may suggest an

association of these metals in the silt and clay fractions.

In Core BC-2, zinc concentrations (59-101 ugs/g; avg. 76
Table 3.12> are slightly higher than those in Core BC-1,
probably as a consequence of abundant fine materials in the
samples. The Zn profile (Fig. 3.57) shows that its values
slightly but generally increase from bottom to surface,
although the grain-size do not follow the same trend.
However, organic carbon and iron contents which also
increase upwards in the core, may be responsible for the Zn
increases. The correlation coefficient matrix may confirm

the association of zinc with the org.C, and Fe (Table 3.19).

In Core MBC-3, from the eastern deep basin, the zinc
concentrations ranged between 79 and 120 ug-/g with an
average of 102 ugrsg (Table 2.13). These values are similar
to those previously found in the same region CEvans et al.,
19893 (Table 3.38). The Zn profile shows that its values tend
to be rather constant throughout the core, except minor

fluctuations (Fig. 3.58).
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In Core BC-3, from the central deep-basin, the Zn
concentrations varied between 75 and 111 ugr/g with a mean
value of 92 ugr g CTable 3.14). The Zn-profile shows that
there seems to be an increasing trend in the contents, from
about. 20 cm towards the surface in this core (Fig. 3.59).
As it is seen on the correlation coefficient matrix, the Zn
concentrations are correlated with the org.C contents at a

significant level (Table 3.210.

The zinc concentrations in Core BC-4, from the western,
deep-basin, ranged between 64 and 180 upug-g with an average
of 95 ugsg CTable 3.15). The Zn-profile shows that its
values seem to be constant throughout the core, except for
strongly fluctuations at depths of 14-34 cm and 38-44 cm
CFig. 3.60). The correlation coefficient matrix shows that
there is no any reliable relationship between Zn and other
parameters at significant levels CN=29. p=0.08, r=0.37;

Table 3.22).

The Zn concentrations in Core BC-8, from the Dardanelles
Strait-Marmara Sea Junction varies from 84 to 99 ug-g with a
mean value of 84 ug-g C(Table 3.16). These values are
slightly lower than those obtained in the deep-sea Cores
MBC-3, BC-3, and BC-4 (Figs. 3.58, 3.959 and 3.60); probably
due to grain-size effect. No significant changes of 2Zn
contents were observed along the profile (Fig. 3.61), except
slight fluctuations which are most probably be due to

lithologic differences in the samples. The correlation
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coefficient matrix shows that the Zn-values are correlated
with the Fe values at significant levels (Table 3.23). This
may indicate that the Zn concentrations are, in part,

associated with the Fe-phase.

In Core BC-6, the zinc concentrations ranged between 31 and
54 ugrsg Cavg. 44 ug/g; Table 3.17). The Zn-profile seems to
be usually constant with some minor fluctuation;. as a
consequence of lithologic differences (Fig. 3.62). There
exists no significant correlation between Zn and other

sedimentary parameters (Table 3.240.

Table 3.24 : Correlation coefficient matrix of the
various parameters measured in Core BC-6

C(N=14, p=0.05, r=0.53).

Depth Gravel Sand S8ilt Clay orgq.C CaCO Fe Mn  Ni In G Co Cu Pb

Depth 1.00

Gravel 0.47 1.00

Sand -0.31 -0.14 1.00

Silt -0.47 -0.62 0.07 1.00

Clay 0.62 0,55 -0.47 0,91 1,00

org.c  0.96 0.59 -0.86 -0.33 ©.653 1.00

CaCo 0.94 0.43 -0.48 -0.55 (.68 0.94 .00

Fe -0.90 -0,33 0,32 0.59 -0.66 -0.86 -0.94 1,00

Mn ~-0,61 -0, 11 0,36 0.31 -0,43 -0.33 -0.67 0.79 1.00

Ni 0.93 0,42 -0,36 0,32 0.50 0.3 0,36 -0,23 0.08 1.00

in =0.10 0.02 -0.49 0.25 -0.03 =0.13 -0.26 0,37 0.10 0.49 1,00

Cr -0.39 ~0.22 -0.05 0.18 -0.11 -0.47 -0.51 0.46 0,38 0.27 0,35 .00

Co 0.41 0.27 ~0.24 ~0,72 0.7% 0,46 0.47 -0,50 -0,37 0.34. 0,02 -0.04 .00

Cu 0,80 0,46 -0,50 ~0.57 0.70 .82 0.71 -0.68 -0.36 0.73 0.23 -0,24 0.71 1.00
Fb 0,50 -0,03 0,19 0.22 -0.28 ~0.42 -0.55 0.71 0.83 0,20 0,31 0.33 -0,36 -0.25 1.00
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3.2.2.3.5. CHROMIUM

Average Cr contents in the studied cores were between 32 and
145 ug-g CTable 3.9), being mostly consistent with the
average composition of sedimentary rocks. This shows the

terrigenous source to be main supplier of Cr in the samples.

The chromium concentrations in Core BC-1 varied in a wide
range, from 5 to 111 ugrsg Cavg. 32 pg-g; Table 3.110. The
values rapidly decrease from surface to 6-8 cm and below
this depth, Cr contents remain rather uniform along the core
CFig. 3.56)3. The generally high Cr contents in the upper
core sections seem to be affected by the presence of larger
fine fractions in the samples (Fig. 3.586). This is also
evident from the close correlation of Cr with the silt and

clay percentages of samples (Table 3.18).

In Core BC-2, the chromium concentrations ranged between 64
and 124 ugrg Cavg. 86 ugrg Table 3.12>. The Cr-profile shows
that its values are almost constant below 18-20 cm depth of
core, but tend to increase towards the surface CFig. 3.57).
The increasing Cr contents coincide with the increasing
fine-grained fraction of samples, as shown by the

correlation coefficient matrix CTable 3.19D.
In Core MBC-3, the Cr contents of samples varied from 88 to
131 ugrg with an average value of 106 ugrg (Table 3.13).

These values are also in harmony with those previously
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reported from the same region (Evans et al., 1989. The
Cr-profile shows that there are litile fluctuations in the

contents but they remain within a narrow range (Fig. 3.58).

The chromium concentrations in Core BC-3, from the central
basin, (90-139 ugrg; avg. 113 ugrsg; Table 3.14), are widely
consistent with those from the eastern deep basin. Fig. 3.59

shows a strong fluctuations at the bottom core.’

The chromium concentrations in Core BC-4 ranged between 118
and 174 ugrg Cavg. 141 ugrg; Table 3.15). These values seem
to be somewhat higher ihan the other deep-sea Cores MBC-3

and BC-3 (Table 3.9). The downcore Cr distribution shows no

ma jor changes (Fig. 3.60D.

The Cr concentrations in Core BC-5 vary from 129 to 189 ug-sg
with an average of 145 pgrsg (Table 3.16>. The Cr profile
CFig. 3.61> shows that the metal values tend to decrease
slightly, from about 14 cm depth down to base of the core
but also they decrease generally, from the 14 cm interval
towards the surface. However, the grain-size distribution
does not follow the same trend, which suggests no major
influences of the grain-size on chromium in this core. On
the other hand, it has been observed that there exists a
tendency of Cr to decrease in the concentrations, from the
Dardanelles Strait- Marmara Sea Junction (Core BC-5) to
Bosphorus region (Core BC-1) (Figs. 3.61 to 3.86). This

finding is not confirmed by the surface sediments from the
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grab samplers (Fig. 3.61)>. The available metal data in
combination with the petrographic results obtained in this
study reveals that some changes in the metal sources or-and
in the nature of diagenesis might have occurred at the times
of deposition of subsurface sediment layer. This needs

further research with the emphasize on X-ray mineralogy.

The chromium concentrations in Core BC-6 ranged between B3
and 81 ug-g with an average of 73 ugrg CTable 3.17). The Cr
profile CFig. 3.62) tends to be nearly constant throughout
the core except some minor fluctuations due to lithologic

.

variations.
3.2.2.3.6. COBALT

In Core BC-1, the cobalt concentrations ranged from 7 to 16
nug-g with an average of 11 ugrsg C(Table 3.113. The Co profile
shows somewhat fluctuations but they are not affected by the
grain-size (Fig. 3.56). This is also supported by the lack

of significant correlations (Table 3.18).

The cobalt concentrations in Core BC-2 ranged from 7 to 16
ug-g with an average of 10 upgsg CTable 3.128). The Co profile
shows an increasing tendency in the metal contents above
about 16 ¢em depth of the core (Fig. 3.57). Below this depth,
the Co values seem to be generally constant, with some minor
fluctuations. The correlation coefficient matrix shows a

positively and significant relationship between the Co and
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organic carbon and Fe contents which could be an indication

for chemical diagenesis in the presence of organic matter.

The cobalt concentrations in Core MBC-3 (9-21 ug-g; avg. 185
ug-g ; Table 3.13), are marked by fluctuations all along the
core (Fig. 3.58). In general, the Co levels of this core are
similar to those previously obtained in the same region
CEvans et al., 1989). The abrupt fluctuations in the Co
contents in this core obviously reflect lithogenic and

diagenetic changes in the region studied.

The Co concentrations in Core BC-3 vary from 10 to 20 ugrg
with an average of 20 nug-g CTable 3.143>. The Co profile
(Fig. 3.99) shows slight fluctuations in the metal contents
along the core. This is probably due to lithogenic and

diagenetic variations in the region.

In Core BC-4, the Co contents (9-24 ug-g; on average, 18
pg-g; Table 3.195) showed that there are marked fluctuations
with the lower values between 8 and 30 cm intervals of the
core (Fig. 3.60). These low Co levels are apparently related
to the lower clay, and Mn contents of the samples suggesting

possible lithogenic and diagenetic effects in the core.

The cobalt concentrations in Core BC-5, ranged between 195
and 286 ug-/g with an average of 20 ug-/g CTable 3.16D,
increasing at 0-12 and 22-32 cm intervals (Fig. 3.61),.

This must be resulted from the lithogenic and diagenetic



variations in the region.

In Core BC-6, the cobalt concentrations ranged from @ to 18
pug-sg Cavg. 13 pgrg; Table 3.17). Abrupt changes in the metal
contents occur at 12-14 cm and 20-22 cm depths, obviously
due to diagenetic and lithogenic effects. The inferred
correlation coefficieﬁts between the Co and clay contents
CTable 3.24) are not not apparent on their concéntration

profiles CFig. 3.62).
3.2.2.3.7. COPPER

Average concentrations of copper in the studied cores (14 to
40 ugrsg Cu; Table 3.9) are widely consistent with the
average metal levels of sedimentary rocks. Thus, the Cu
values of this study can be considered as being mainly of

lithogenic origin.

The copper concentrations in Core BC-1 (6-26 ug-g; avg. 14
ug-sg;, Table 3.11D reflect the predominantly lithologic
materials in some varying proportions. This is e;ident from
the increasing Cu and clay and silt contents of sediments in
the upper core section CFig. 3.56). The correlation
coefficient matrix shows a strongly positive correlation of

Cu with the silt and clay, but also with Fe (Table 3.18).

In Core BC-2, the copper concentrations varied from 22 to 40

ug-g with an average value of 29 ugrsg CTable 3.12). These
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values are slightly higher than those from Core BC-1
resulted from grain-size effects Ci.e., abundant fine
materials). However, the Cu profile CFig. 3.%57) shows that
the higher Cu concentrations above about 20-22 cm depth
follow the increasing Fe and org.C contents in the core.
This could be indicative of an association of Cu in the Fe
and organic phases. Tﬁe correlation coefficient matrix shows
a strongly positive correlation with the org.C, and Fe

CTable 3.19).

In Core MBC-3, the copper concentrations of MBC-3 (36-46
pg-s/g;, avg. 40 pgrg; Table 3.13) are found to be similar to
those previously reported from the same region CEvans et
al., 1989). Except for some upward-increase in the upper
sections, the most of the samples are uniform in their Cu

contents (Fig. 3.58).

The Cu concentrations in Core BC-3 ranged between 32 and 47
ug-g with an average of 39 ngrsg CTable 3.14). As shown in
Fig. 3.59, copper contents exhibit an increasing tendency at
or near the surface, although sediment lithology remains
unchanged. The correlation coefficient matrix shows a
strongly and positively significant correlation of Cu with

the org.C contents (CTable 3.21).
The copper concentrations in Core BC-4 (33-42 ug-/g avg. 37
ug-g; Table 3.15) seem to be mostly constant with only minor

fluctuations (Fig. 3.60). The presence of a strongly and
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positively correlation with the clay and Fe percentages
reflects an association of Cu with the clay and Fe portions

of samples.

In Core BC-5, the copper concentrations ranged between 31
and 36 pug-/g with an average of 33 ug-/g CTable 3.16), being

are nearly constant throughout the core (Fig. 3.81).

The concentrations of copper in Core BC-5 (10-19 ug-g; avg.
16 ugrg; Table 3.17) show a decreasing trend from about 16
cm towards the surface (Fig. 3.62). The presence of tLhe
significant correlation between the Cu and org.C contents
CTable 3.24) seems to be an indication for close

relationship between Cu and organic matter in the sediments.

3.2.2.3.8. LEAD

Average lead concentrations in the studied core sediments
C15-49 ug-/g) are slightly higher than those normally found
in sedimentary rocks (Table 3.9) but they are still at

natural levels.

The lead concentrations in Core BC-1 ranged between 8 and 28
ug-sg Cavg. 15 ugrsg; Table 3.11). The Pb profile like many
other metals increasing values from about 6-8 cm depth shows
a tendency Lo increase towards the surface and below this
interval they usually remain uniform downcore CFig. 3.56).

In particular, the correlation of Pb and clay contents
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followed by Fe (Table 3.18) may explain the lithogenic

control on Pb distribution in the core.

In Core BC-2, the lead concentrations (20-51 ugrg; avg. 34
ng-g; Table 3.12) are generally higher in the upper 20 cm of
core but rather constant below this depth (Fig. 3.57).

These increased Pb le;els in the core follow those of the
organic carbon and iron. It therefore appears tgat Pb is
mainly associated with the organic and iron phases in samples.
This is also shown by the presence of a strongly positive
correlation between the Pb and org.C, and Fe contents (Table

3.19D.

In Core MBC-3, the lead concentrations ranged from 31 to 69
ug-g with an average value of 49 ugrg (Table 3.13). These
values are comparable with those previously reported from
the same region C(Evans et al., 1989). The downcore profile
of Pb shows marked fluctuations with no major trend

throughout the core (Fig. 3.58).

The lead concentrations in Core BC-3 (21-855 ugrg; avg. 38
ug-sg; Table 3.14) shows a slightly increasing tendency with
strong fluctuations from bottom to the upper part of this
core depth about 6 cm level, and their concentrations
suddenly decrease from this level to uppermost part of Core

BC-3 (Fig. 3.59).

209



The lead concentrations in Core BC-4 (16-8B0 ugrg; avg. 40
ug-g; Table 3.15) are marked by fluctuations with no
downcore gradients of this metal C(Fig. 3.80).

The correlation coefficient matrix shows that the lead
concentrations are positively correlated with the clay,
org.C, Fe, and Mn contents CTable 3.22) which may suggest an

association of these parameters.

In Core BC-5, the lead concentrations ranged from 15 to 65
ug-s/g with an average of 45 ugsg (Table 3.186)., The Pb profile
shows remarkably fluctuations in the upper 24 cm of the
core, where both increasing and decreasing tendencies of the
values are observed (Fig. 2.61). This is probably accounted
for the presence of both lithogenic and diagenetic

variations in the region.

The lead concentrations in Core BC-6 (15-44 ug-g; avg. 27
ngrsg; Table 3.17) are slightly high between about 2 to 12 cm
depths C(Fig. 3.82) and no significant changes are observed
in the texture of the samples. This is presumably as a

result of the diagenetic effects.
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3.2.2.3.9. CONCLUSION

In comparison with the worldwide average composition of
sedimentary rocks, the heavy metals data obtained in this
study have shown that the concentrations of Fe, Ni, 2Zn, Cr,
Co, Cu, and Pb in the studied sediment cores are largely at
natural levels. And, ihe variations in the metal contents
are interpreted as results of wvariations in the’sediment
texture and mineralogy, as well as, the changes in
diagenetic processes. The role of diagenesis seems to be
effective in the distribution of Fe, Mn, and Co, which
showed great fluctuations throughout the cores, although
sediment texture did not wvary greatly. The surface- or near
shore-enrichment of the redox-sensible metals Fe and Mn was
also confirmed by the field observations on .the cores, where
the reddish colors of top sections of the cores were
changing to greenish—-gray in the subsurface, due to changes
in the redox-conditions within the sediment, from oxidizing

to reducing, respectively.

However, the exceptionally high Mn concentrations Cup to
9127 ug-g) found in deep-sea Cores (MBC-3, BC-3, and BC-4)
presumably reflect input from particular but presently-

unknown sources or-and specific diagenetic processes.

The average Cr levels in the cores slightly tend to decrease
from the Dardanelles-Marmara Junction to the Bosphorus

region, as a result of the presence of varying clay
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proportions in the sediments. Such as an enrichment is shown
by other metals CFe, MNi, Zn, Cu, and Pb), particularly in

Core BC-1, where sediments contained high clay percentages.

Thus, the levels of most elements which are elevated above
baseline (values from deeper core sections) shown the
importance of both liéhogenesis and diagenesis within the
given depositional environment. However, the somewhat higher
Cu, Pb, and Zn, concentrations in the upper sections of core
BC-2, from the southern Bosphorus exit may be explained, to

some degree, by the anthropogenic effluents.
Detrital silicates and oxides-hydroxides are the main

carrier substances of the studied heavy metals, as inferred

from the petrographic investigations.
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CHAPTER FOUR

4. SUMMARY AND CONCLUSIONS

The studied surficial sediments from the Sea of Marmara and
its straits are composed of materials of a wide range of

grain size, from <1 to 95 2% of gravel, <1 to 98 % of sand

and from <1 to 98 % of mud.

The gravel fractions of the grab sediments are made of both
terrigenic and biogenic materials in varying proportions.

Of these, the pelecypods (Mytillus galloprovincialis, Modiolus
barbatus, Corbula gibba, Gafrarium minima and Venus ovata) and
the calcareous Rhodophyceae are important biogenic admixtures.
The sand portions of the grab sedimenis generally vary
inversely with depth in the open sea depositional environments.
However, relatively high sand contents (>30 %% are found in
the nearshore and shallow-water areas especially along the
Bosphorus and Dardanelles Straits and their open-sea junctions.
This fraction is mainly composed of the terrigenous materials
with lesser amounts of the biogenics. Terrigenous components
include quartz grains, mica flakes, and metamorphic Cschist and
quartzitel, basicrultrabasic, and sedimentary rock fragments
and also organic debris Cplant—-, wood-tissues in mostly
fibreous form, coal, slug and tarball particles). The mineral

grains and rock fragments reflect their sources most probably
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to be the surrounding land masses of the Sea of Marmara. Mud
(silt and clay) contents in the grab sediments range from less
than 1 to 100 % and increase significantly with water depth.
They are predominantly concentrated in the offshore (10 km
away from the coast) areas and especially in the deep basins

of the Sea of Marmara and the Bay of Gemlik.

On the other hand, the slight fluctuations in tﬁe clay and
silt contents of sediments along the cores are generally
attributed to the changes in the erosional and depositional
conditions. In particularly, occurrences of high sand and
gravel percentages below 2 cm depth of Core BC-1, as well as,
the generally downward increasing sand contents in the Core
BC-2 are consistent with the increased benthogenic activities
within the Bosphorus channel system. This suggests that some
environmental changes must have occurred in the most recent
times during which the benthic-biogenic activities are
interrupted by the deposition of fine-sediments. The biogenic
fractions in the core sediments constituted various species of
foraminifers, pelecypods, pteropods and echinoids in most of
the cores. Bioturbation by the polychaetes was characteristic
in the upper sections of the cores. The presence of hyaline
calcareous foraminifers and the reddish-brown color of deep-
sea sediments at or near the surface clearly show that the
depositional environments in the studied coring sites have
normally been oxygenated. This is also evident from the color
changes in the sediment column, namely from reddish-brown at

or near the surface to grayish—-green at the subsurface.
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The moisture content of the grab sediments ranges from 23 to
137 % with a mean of 80 %. In the core sediments their values
range between 31 and 176 % with a mean about of 77 %. The high
moisture percentages are usually related to the presence of
clay fractions in the samples, especially in the deep basins
and Gemlik Bay. The high absorbance capacity of the clay

minerals explains the moisture contents of the studied samples.

The organic carbon concentrations of the grab sediments in the
Sea of Marmara and its straits reflect marked lateral
variations, being low towards the Aegean Sea but high towards
the Black Sea CO0.70 % at BS; 1.13 % at BMJ; 1.06 % at NSM;
1.01 % at SSM; 0.93 % at MDJ and 0.57 % at DAJD. This is
interpreted to be the result of differences in the primary
production rates between the two seas. However, the
distribution of organic carbon within the sediments may also
be affected by the grain-size in different ways. In
particularly, at the Marmara Sea-Bosphorus Strait Junction,
where benthogenic -shelly gravel and sand were predominant
deposits—-sediments may bear large amounts of organic matter.
Otherwise, the organic carbon contents of the sediments were

confined to their fine texture.

The organic carbon contents of the core sediments ranged
between 0.04 and 1.20 % Cabout 1 %, on the average). The
vertical variations in the organic carbon contents normally
seem to be related to the changes in the benthogenic carbonate

contents of sediments which in turn is considered as part of
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diagenesis. The other shallow-water Core BC-8 from the south
of Dardanelles display much different pattern. Its org.C
contents generally increase with depth, accompanied by the

downward-increasing carbonate contents.

The overall CaCOs distribution in the grab sediments (2 to 90
%:; avg. 20 % represent the amount of biogenic shell fragments
in the samples. The average values of CaCO; decrease from the
Bosphorus Strait towards the Dardanelles Strait (37 %, at BS;
29 %, at MBJ: 14 %, at NSM; 14 %, at SSM; 12 %, at MDJ and 26
%, at DAJ) but suddenly increases at the Dardanelles Strait
and its Aegean Sea exit. Of the carbonates, the branched and
rounded forms of calcareous algae Cencrusted with melobesid

and other calcareous shell fragments) are most characteristic.

The carbonate concentrations range between 8 and 21 % in most
of the core sediments, which are represented by coarse-grained
carbonaceous shell materials. Exceptions are the two corés
from the northern Bosphorus and southern Dardanelles Straits
C(their concentrations reach to 48 2. The CaCOs distribution
in Cores BC-1, BC-2, and BC-6 shows a general tendency of
carbonate contents to decrease towards the surface, while
CaCO8 profiles in Cores MBC-3, BC-3, BC-4, and BC-B are rather
uniform. This may be explained by the changes either in the

rate of supply of biogenic carbonate or in the rate of

dissolution of carbonates due to diagenesis within sediment.
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The heavy metal data showed that the concentrations of Fe, Ni,
Zn, Cr, Co, Cu and Pb in the samples are largely at natur;l
levels when compared with their baseline in the deeper core
sediments and their probable source rocks in the region.

Also, they are similar in their values to the composition of
average sedimentary rocks worldwide. From this it appears that
the terrigenocus mater;als from land-based sources Cdirectly or
indirectly) are the main supplier of these metals to the
sediments. However, the exceptionally high Mn concentrations
Cup to 9127 ug-/gd) found in deep-sea cores (MBC-3, BC-3, and
BC-4) presumably reflect input from particular but presently-
unknown sources or./and specific diagenetic processes.

The average Cr levels in the cores slightly tend to decrease
from the Dardanelles-Marmara Junction to the Bosphorus region,
as a result of the presence of varying clay proportions in the
sediments. Such as an enrichment is shown by other metals (Fe,
Ni, Zn, Cu, and Pb), particularly in Core BC-1, where
sediments contained high clay percentages. Thus, the levels

of most elements which are increased above baseline (values
from deeper core sections) shown the importance of both
lithogenesis and diagenesis within the given depositional
environment. However, the somewhat higher Cu, Pb, and Zn,
concentrations in the upper sections of core BC-2, from the
southern Bosphorus exit may be explained, to some degree, by
the anthropogenic effluents. Detrital silicates and oxides~
hydroxides are the main carrier substances of the studied

heavy metals, as inferred from the petrographic investigations.

217



REFERENCES



LIST OF REFERENCES

Adatepe, F.M., (1988). Interpretation of the geophysical
data of the Sea of Marmara. Ph.D. Thesis, Istanbul
University Cin Turkishd, 133p.

Agemian, H., and Chau, A.S.Y., C1976). Evaluation of
extraction techniques for the determination of metals in
aquatic sediments. Analyst, vol.101, no.1207, pp.761-767.

Aitchison, J.C. and Flood, P.G., C(1890). Geochemical
constraints on the depositional setting of palaeozoic
cherts from the New England Orogen, NSW, eastern
Australia. Marine Gecology, vol.94, pp.79-95.

Akal, T. C1987). Personel Communication.

Alavi, S.N., C1980). Micropaleontological studies of recent
sediments from the Cilician Basin (N.E. Mediterranean),
Ph.D. Thests, Univ. of London, U.K. 9QOp.

Alavi, S.N., C(1986). Geology of the Turkish Straits. In:
Bingel, F., Unsal, M., and Alavi, S.N. Ceds.),
oceanography of the Turkish Straits, METU, Institute of
Marine Sciences, Erdemli-lgel TURKIYE, vol.1IV.

Alavi, S.N., €1988). Late Holocene deep-sea benthic
foraminifera from the Sea of Marmara, Marine
Micropaleontolegy, vol.13, pp.213-237.

Alavi, S.N., (1€89). Personal communication.

Alavi, S.N., Okyar, M., and Timur, K., €1983). Late
Quaternary sedimentation in the Strait of Bosphorus:
High-resolution seismic profiling, Marine Geology,
vol. 89, pp.185-205.

Algan, I.M., and Akbulut, A .O., (1985). Kocasu gayr adrz
kesiminde denizalt:i depolarinin bazi sedimentolejik
ozellikleri (Some sedimentological characteristics of
submarine deposits at the mouth of Kocasu River), 1st.
Univ., Deniz Bilimleri ve Cod. Enst. cilt.2, say1.2,
sayfa.145-154.

Algan, O., €1987)>. Kigikgekmece laginintin dip
sedimentlerinin dagilimi CThe distribution of the bottom
sediments of Kiglkgekmece Lagoond, Ist. Univ. Deniz Bil.
ve Cod. Enst. Biilteni, cilt.3, sayi.4, sayfa.li7-125.

218



Anastasakis, G., (1985). Red-eastern Mediterranean - Marmara
- Black Sea stagnation layers: sequence development and
time succession. Fapp. Comm. Int. Mer Medit., vol.g9,
fasc.2, pp.a229-230.

Anastasakis, 6., and Lykousis, V., C€1985). Bulk mineralogy
of the Aegean sea surface sediments. Rapp. Comm. int.
Mer Medit., vol.29, fasc.2, pp.167-168,

Ardel, A., C1951>. Marmara Denizi. Tedrisat Mecmuasi,
l.sayidan ayri basi, sayfa.l-8.

Ardel, A. and Inandik, H., (1957>. Marmara Denizinin
tegekkilll ve tekamilt, Turk Codrafya Dergisi, no.l1l7,
sayfa.83-90, Istanbul.

Ardel, A. and Kunter, A., C1957). Marmara’nin denizalta
reliefi, Ist. Untv. Cod. Enst. Dergisi. cilt.4, sayx1.8,

Arrhenius, G., C1980). Pelagic sediments, In: Mn.N.Hill Ced.D,
The sea (ideas and obserwations on progress in the study
of the seas>. Robert E.Krieger Publ. Co. New York, 1980,
(the earth beneath the sea historyd), vol.3, pp.B6S5-727.

Arthur, M. A, Breda, J.E., Dean, W.E., Derman, A.S., Gagnon,
A.B., Hay, B.J., Konuk, Y.T., Honjo, S., Neff, E.D.,
Pilskaln, C.H., and Briskin, M., €1988). In: Temporal
and spatial variability in sedimentation in the Black
Sea: Cruise Report R/V Knorr 134-8, Black Sea Leg 1
April 16-May 7,1988. Black Sea Sedimantation Data File,
Woods Hole Oceanographic Institution Technical Report
WHOI -88-35, and Piri Reis International Contribution
Series, vol.2, no.6, pp.109-129.

Artiz, I., €1990). Tufan efsanesi ve Marmara Denizi.
Cumhuriyet Bilim—Teknik, say1.155 (24 Subat 1990D
sayfa.l, 14 ve 15.

Artiiz, I., and Baykut, F., (1888). Hydrography of the Sea of
Marmara and its scientific research on pollution,
Applied and Research Center of Environmental
Publications, Ist. tniv., vol.3, 133p.

Bacescu, M. C., C1985). The effects of the geological and
physico-chemical factors on the distribution of marine
plants and animals in the Mediterraneans, In:
Apostolopoulou, M.M., Kiortsis, V., Ceds.),

Medi terranean Marine Ecosystems, NATO Conference Series,
I, Ecology, vol.8., pp.1g5-212.

Bakkalsalihodlu, A., and Yiice, H., (1984). Istanbul Bodazi
Bevkoz Koyu’nda deniz dibi sediment dagilim Szellikleri
(sea floor sediments of the Beykoz Bay, Bosphorus).,
Ist. Univ. Deniz Bil. wve Cof. Enst. Bllteni, cilt.l,
sayir.1l, sayfa.91-104.

219



Barker, C., C1986). Organic geochemistry in petroleum
exploration. AAPG Educ. Course Note Series No.10, 159p.

Bagturk, 0., Saydam, A.C., Salihodlu, I., and Yilmaz, A.,
€1986). Oceanography of the Turkish Straits, first
annual report, Healt of Turkish Straits: chemical and
environmental aspects of the Sea of Marmara, METU,
Institute of Marine Sciences, £rdemli-Igel TURKLYE,
vol.II, 130p.

Bagtirk, ©., Yilmaz, A., Saydam, A.C., and Salihoglu, I.,
C1988)., Oceanography of the Turkish Straits, second
annual report, Healt of Turkish Straits: chemical and
environmental aspects of the Sea of Marmara, METU,
Institute of Marine Sciences, Erdemli-l¢el TURKIYE,
vol.II, 130p.

Bagtirk, ., Tugrul, S., Yilmaz, A., and Saydam, C., C1990D.
Oceanography of the Turkish Straits, third annual report,
Healt of Turkish Straits: chemical and environmental
aspects of the Sea of Marmara, METL, Institute of Marine
Sciences, Erdemli-l¢el -TURKIYE, vol.II, B69p.

Battiston, G.A., Degetto, S., Gerbasi, B., and Sbrignadello,
G., C1989). Determination of sediment composition and
chronology as a tool for environmental impact
investigations. Marine Chemistry, vol.26, pp.91-100.

BCR, (1988). Reference standard samples C(CRM-142, light
sandy soild, European Community of Bureau.

Bellan-Santini, C1985). The mediterranean benthos;
reflections and problems raised by a classification of
the benthic assemblages. In: Apostolopoulou, M.N.,
Kiortsis, V., Ceds.), Mediterranean Marine Ecosystems,
NATO Conference Series, I, Ecology, vol.8., pp.19-48.

Berner, R.A., (1985). Sulphate reduction, organic matter
decomposition and pyrtie formation. Phil. Trans. R. Soc.
London, A series, vol.3198, pp.25-38.

Bingel and Unsal, (1988). Biology of the Bosphorus and its
entrances,In: Bingel, F., M. Unsal, and S.N.Alavi
Ceds.)>, Oceanography of the Turkish Straits, METU,
Institute of Marine Sciences, Erdemli-lgel TURKILYE,
vol. IV, pp.C5.1-5,22).

Bizsel, N., (1988). Dynamics of phosphate and nitrate in the
Sea of Marmara. M.Sc. Thesis, METU, Institute of Marine
Sciences, Erdemli-lgel -TURKIYE, 226p.

Bodur, M.N., and Ergin, M., C1988). Heavy metal associations
in recent inshore sediments from the Mersin Bay, Turkey.
Bollettiino Di Oceanclogila Teorica Ed Applicata, val.VI,
no.l, pp.15-34.

220



Bordovskiy, O.K., C1965>. Accumulation and transformation of
organic substances in marine sediments. Special Issue:
organic matter in marine sediments. Marine Geology.
vol. 3, pp.3-114.

Brandon, D.E., €(1973). Waters of the Great Barrier Reef
Province, In: Jones, D.A., and R.Endean (Ceds.), Biology
and Geology of coral reefs, Geology, vol.I, no.1l,
pp. 187-232.

Brinkmann, R., (1978). Geology of Turkey. Elsevier Sci. Publ.
Company, Amsterdam,. 158p.

Bush, P.R., C1970)>. A rapid method for the determination of
carbonate carbon and organic carbon. Chemical Geclogy,
vol.6, pp.59-62.

Buyilkay, M., C(1989). The surface and internal oscillations
in the Bosphorus, related to meteorological forces.
M. Sc. Thesis, METU, Institute of Marine Sciences,
Erdemli-Igel - TURKIYE, 1869p.

Gagatay, N., Saltoglu, T., and Gedik, A., (1987).
Karadeniz’in giincel ¢oékellerinin jeokimyas:
(Geochemistry of the recent Black Sea sediments).
T.M.M.O0.B., Jeol. Mih. Dergist, sayir.30-31, sayfa.47-64.

Calvert, S.E., (1987). Oceanographic controls on the
accumul ation of organic matter in marine sediments. In:
Brooks, J., and A.J., Fleet, Ceds.), Marine Petroleum
Source Rocks Geological Scciety Special Publication,
no. 26, pp.137-151.

Calvert S.E., Vogel, J.S., Southon, J.R., C1987). Carbon
accumulation rates and the region of the Holocene
sapropel in the Black Sea. Geology, vol.195, p.918-921,

Campbell, A.C., C1982). The Hamlyn Guide to the Flora and
Fauna of the Mediterranean 5Sea; Hamlyn Publ. London, 320p.

Canfield, D.E., (1989). Sulfate reduction and oxic
respiration in marine sediments: implications for
organic carbon preservation in euxinic environments.
Deep Sea Research, vol.36, no.l, pp.1281-138,

Carter,T.G., Flanagan, J.P., Jones, C.R., Marchant, F.L.,
Murchison, R.R., Rebman, J.A., Slyvester J.C., and
Whitney, J.C., C1972). A new bathymetric chart and
physiography of the Mediterranean Sea, In: Stanley,
D.S., Ced.)>. The Mediterranean Sea: A Natural
sedimentation Labeoratory, Dowden, Hutchinson & Ross,
Inc., Pennsylvania, pp.1-25.

221



Caspers, H., C1968). La macrofaune bentiqiue du Bosphore et
les problemes de 1l’infilitration des element
Mediterraneans dans lLa Mer Noire, Rapp. Comm. Int. Mer
Medit., 19C2>, pp.l1l07-115.

Caulet, J.P., C(1972>. Recent biogenic calcareous
sedimentation on Lthe Algerian continental shelf, In:
Stanley, D.S., (ed.d>. The Mediterranean Sea: A Natural
sedimentation Laboratory, Dowden, Hutchinson & Ross,
Inc., Pennsylvania, pp.a6l-277.

Cauwet, G., (1987). Influence of sedimentological features
on the distribution of trace metals in marine sediments.
Marine chemistry, vol.22, pp.231-234.

Chester, R., and Hughes, M. J., (1987). A chemical technique
for the seperation of ferro-manganese minerals,
carbonate minerals and adsorbed trace elements from
pelagic sediments. Chemical Gecology, vol.2, pp.a49-262.

Chester, R. and Aston, S.R., C1976). The geochemistry of
deep-sea sediments. In: Riley,J.P and R.Chester (eds.),
Chemical oceanography, &nd edition, vol.6, ch. 34,
pp. 281 -390.

Chester, R., Thomas, A., Lin, F.J., Basaham, A.S., and
Jacinto, G., (1988). The solid state speciation of
copper in surface water particulates and oceanic
sediments. Marine Chemistry, vol.24, pp.261-292.

Coleman, M.L., (1985). Geoochemistry of diagenetic
non-silicate minerals: kinetic considerations. Phil.
Trans. R. Soc. London, A.Series, vol.315, pp.39-56.

Crampin, S., and Uger, S., (1973). The seismicity of the
Marmara Sea region of Turkey, Gecphysical Journol of the
Royal Astronomical Society, vol. 40, pp.269-288.

Crampin, S. and Evans, R., (1986). NeobLectonics of the
Marmara Sea region of Turkey. J.Geol.Soc. London,
vol.143, pp.343-348, B.figs.

Cronan, D.S., (1976). Manganese nodules and other ferro -
manganese oxide deposits, In: Riley, J.P. and R.Chester
Ceds. ), Chemical Oceancgraphy, 2.nd edition, vol.B5,
ch. 28, pp.2l17-263.

DAMOC, €1971>. Master Plan and Feasibility report for water
supply and seawage for the Istanbul regioon, Prepared by
DAMOC Concorsiwum for WHO, Los Angeles, CA., vol.I-IIL.

Darkot., B., (1957). Bodazlarin mensei, Ist. Univ. Yayini,

no. B2, Edebivyat Fak. Cod. Enst. Nesriyati, 4, Cofrafya
Arastirmalaryi I.

az2a



Davies, T.A., and Gorsline, D.S., (1978). Oceanic sediments
and sedimentary processes, In: Riley, J.P., and R.Chester
Ceds. D, Chemical oceanography, 2.nd edition, vol.S5,
pp. 1-73.

De Filippi, G.L., Tovenitti, L., and Akyarli, A., C1986D,
Current analysis in the Marmara-Bosphorus Junction,
1. AIOM CAssocrazione Al Ingegneria Of fshore a Marinad
Congress, Venice.

DelLange, G.J., Middelburg, J.J., and Pruysers, P.A., C(1989.
Middle and Late Quaternary depositional sequences and
cycles in the eaastern Mediterranean. DISCUSSION.
Sedimentology, vol. 36, pp.l15S1-156. .

Demir, M., (1954). Bodaz ve adalar sahillerinin omurgasiz
dip hayvanlari, I.U. Fen Fak. Hidrobiyoloji Arastirma
Enstitisi yayinlarindan, (3>, B1Sp.

DMIGM, (198Q). Deviet meteoroloji Isleri Genel Midirliigi,
Aylik Meteorclojyy Biltenleri, Ankara, (sayi.90-101).

Eaton,A., C1979>. The impact of anoxia on Mn fluxes in the
Chesapeake Bay. Geoc. et Cosm. Acta, vol.43, pp.429-432.

Elderfield, H., C1977>. The form of manganese and iron in
marine sediments, In: G.FP.Glasby (ed.)>, Marine manganese
deposits, Elsewier Uceanography Series #.15, ch.9,
pp. 268-289.

Elderfield, H., €1985). Element cycling in bottom sediments.
Phil. Trans. R. Soc. London, A series 315, pp.19-23.

El -Wakeel, S.K. and Riley, J.P., C1957). The determination
of organic carbon in marine muds. Extrait du Journal du
Consetl International Pour L’exploration de la Mer, vol.
XXII, no.2, pp.180-183.

El -Sayed, M.Kh., El-Wakeel, S.K., and Rifat, A.E., C1988).
Factor analysis of sediments in the Alexandria Western
Harbour, Egypt. Oceanoleogia Acta, vol.11l, no.1, pp.1-11.

Emel yanov, E. M., (1972). Principal types of recent bottom
sediments in the Mediterranean Sea: their mineralogy and
geochemistry, In: Stanley, D.S. Ced.). The Mediterranean
Sea: A Natural sedimentation Laboratory, Dowden,
Hutchinson & Ross, Inc., Pennsylvania, pp.355-386.

Emerson S., and Hedges, J.I., (1988). Processes controlling
the organic carbon content of the open ocean sediments.
Paleoceanography, vol.3, no.5, pp.621-634.

EPA, (1990). Quality Criteria for Water, U.S. Environmental
Protection Agency, Washington, D.C.

223



Erdem, E., (1988>. The distribution of trace elements in
Golden Horn surface sediments. M. Sc. Thesis, METU,
Institute of Marine Sciences, Erdemli-lgel TURKIYE, 10Sp.

Ergin, M., and Evans, 6., (1988). Recent sediments f{om the
Sea of Marmara, METYU, Institute of Marine Sciences,
Erdemli-Igel /TURKIYE, R104-88-12, 113p.

Ergin, M., Alavi, S.N., Bodur, M.N., Ediger, V., and Okyar,
M., 1988. A review of geology and geochemistry of the
northeastern Mediterranean basins. Technical Report,
METL), Institute of Marine Sciences,
Erdemli-I¢cel " TURKIYE, 154p.

Ergin, M., Ediger, V., Bodur, M.N., and Okvar, M., C1990a).
A preliminary study of the principal recent sediment
types along the eastern margin of the Aegean Sea. Rapp.
Comm. Int. Mer Medit., 32, 1, p.103 Cabstract).

Ergin, M., Ediger, V., Bodur, M.N., and Okvar, M., C1990b).
A review of modern sedimentation in the Golden Horn
Estuary (Sea of Marmarad, TURKEY. Boll. di Ocean. Teo.
ed Appl., vol.VIII, no.2, pp.135-151.

Ergin, M., and Yortk, R., C1990). Distribution and texture
of the bottom sediments in a semi-enclosed coastal
inlet, the Izmit Bay from the éastern Sea of Marmara
CTurkey). Estuarine, Coastal and Shelf Science, vol. 30,
pp. 647-654.

Ergin, M., Bodur, M.N., Ediger, V., (1991a). Distribution
of surficial shelf sediments from the northeastern and
southwestern parts of the Sea of Marmara; Strait and
Canyon regimes of the Dardanelles and Bosphorus. Marine
Geology, vol.96, no. 374, pp.313-340.

Ergin, M., Saydam. €., Bastiirk, O, Erdem, E, and Yé&riik, R.,
€1991bd. Heavy metal concentrations in surface sediments
from the two coastal inlets (Golden Horn Estuary and the
Bay of Izmitd, of the northeastern Sea of Marmara.
Chemical Geology, (in press),

Ergiin, M., Izdar, E., Ulug, A., and Ozel, E., (1989,
Structure and evolution of the Sea of Marmara. Terra
Cognita 8.

Ergiin, M., C1990). Geophysical framework of the Sea of
Marmara. Rapp. Comm. int. Mer Medit., vol.32, no.1l,
G~V8, pp.103.

Ering, S., €1978). Changes in the physical environments in
Turkey since the end of the Last Glacial, In: Brice,
W.C., Ced.d The enuvironmental history of the near and
Middle East since the Last Ice age, Academic Press,
London, pp.87-108.

224



Erol, O., (1987)>. Ganakkale yéresinde Kuvaterner kiyi
oynamalari. Arnkara Univ. Dil ve Tarih-Cofrafya Fak.
50, Y1l Armadani, sayfa.179-187.

Erol, O., (19832. Marmara bdlgesinde jeomorfoloji
arastirmalariy. 7Tirkiye 1. Jeomorfoloji Kurultayl (989
Ankara, Bildiri Ozleri, sayfa. 30-31.

Erol, O., (1991>. Canakkale ydresinin jeomorfolojik ve
nectektonik evrimi. Mihendislik Jeolojisi Biltent
CBaskidad.

Evans, G., Erten, H., Alavi, S.N., Von-Gunten, H.R., and
Ergin, M., (1988). Surficial deep-water sediments of the
Eastern Marmara Basin. Geco-Marine LlLetters, vol.@,
pp. 27-36.

Evans, RB., Asudeh, I., Crampin, S., and Uger, S., (198%5).
Tectonics of the Marmara Sea region of Turkey; new
evidence from micro-earthquake fault plane solutions.
Geophysical Journal of the Royal Astronomical Society,
val . 83, pp.47-60.

Eyidodan, H., €1988). Rates of crustal deformation in
western Turkey as deduced from major earthquakes,
Tectonophysics, vol.148, pp.83-62.

Fairbridge, R.W., (1972). Quaternary sedimentation in the
Medi terranean region controlled by tectonics,
paleoclimates and sea level, In: Stanley, D.S. Ced.D.
The Medilerranean Sea: A Natural sedimentation
Laboratory, Dowden, Hutchinson & Ross, Inc.,
Pennsylvania, pp.89-113.

Flugel, E., C1978). Mikrofazielle Unteruchungsmethoden wvon
Kalken. Springer—-Verlag, Berlin-Heidelberg, 45p.

Folk, R.L., C1974D. Fetrology of sedimentary rocks. Hemphill
Publ.Co., Austin, Texas 787032, 182p.

Froelich, P.N., C1980). Analysis of organic carbon in marine
sediments. Limno. Ocean., vol.25, no.3, pp.564-572.

Forstner, U., and Wittmann, G.T.W., (1979). Metal pollution
in the aguatic environment. Springer-Verlag Berlin
Heidelberg, 486p.

Friedman, G.M., and Sanders, J.E., C1978). Principles of
sedimentology. John Wiley & Sons, New York, 792p.

Friedman, G.M., and Johnson, K.G., (1982). Exercises in
sedimentology. John Wiley and Sons, New York, 208p.

225



Gagosian, R.B., and Peltzer, E.T., C1986). The importance of
atmospheric input of terrestrial organic material to
deep sea sediments. Organic Geochemistry, vol.10,
pp. 661 -669.

Gaudette, H.E., Flight, W.R., Toner, L., Folger, D.VW.,
C1974). An inexpensive titration method for
determination of organic carbon in recent sediments.
Jour. Sedimentary Petrology., vol.44, no.l, pp.249-253.

German, C.R., Klinkhammer, G.P., Edward, J.M., Mitra, A.,
and Elderfield, H., C€1990). Hydrothermal scavenging of
rare—earth elements in the ocean. Nature, vol. 345,

7. June. 1990, pp.S5i16-518. .

GESAMP. , (1985). CIMO-FAO-UNESCO-WMO-WHO-IAEA-UN-UNEP Joint
Group of Experts on the Scientific Aspects of Marine
Pollution), Cadmium, Lead and Tin in the marine
environment. UNEP Pegional Seas Feports and Studies
No. 56, 83p.

Gieskes, J.M., (1983). The chemistry of interstitial waters
of deep-sea sediments: interpretation of Deep Sea
Drilling Data. In: J.P.Riley and B.Chester (eds.),
Chemical Oceanography, Academic Press Inc. London,
vol.8, pp.22l-a70.

Goedicke, I.R., (1972). Submarine canyons and on the central
continental shelf of Lebanon, In: Stanley, D.S. Ced.D).
The Mediterranean Sea: A Natural sedimentation
Laborctory, Dowden, Hutchinson &% Ross, Inc.,
Pennsylvania, pp.685-670.

Gdgmen, D., (1988). Fluctuations of chlorophyll-A and
primary productivity as related to physical chemical and
biological parameters in Turkish coastal waters. M. Sc.
Thesis, METU, Institute of Marine Sciences,

Erdemli-Igel -TURKIYE, 137p.

Griffin, J.J., and Goldberg, E.D., €1975). The fluxes of
elemental carbon in coastal marine sediments.
Limnological Oceanography. vol.20, pp.456-463.

Gross et al., (1972). Distribution of organic carbon in the
surface sediment, northeast Pacific Ocean, In: Pruter,
A.T., and Alverson, D.L., (eds.), Columbia River estuary
and adjacent ocean water; biloenvironmental studies;
Univ., Washington Press, p.254-264.

Guerzoni ,S., Fignani, M., Giordani, P., and Frascari, F.,
C1984). Heavy metals in sediments from different
environments of a northern Adriatic Sea area, Italy.
Environmental Geology Water Sciences, vol.B, no.2&,
Pp.111-119.

226



Gire, F., C1990). Spatial distribution of the benthic
organisms along the Turkish Strait system Dardanelles,
Northeastern Marmara and Bosphorus.

M.Sc. Thesis, METU, Institute of Marine Sciences,
Erdemli-Igel ~-TURKIYE, 117p.

Guy, H.P., C1969). Laboratery theory and methods for
sediment analysis. U.S. Geol. Survey Tech. Water. Re.
Inv., book.B8, ch.l, S7p.

Haq, B.U., and Boersma, A., (198l). Introduction to marine
micropaleontology. Elsevier Sci. Publ. Inc., Netherlands.

Hasanodlu, A., (1975). A study of the economic value of the
Mussels, (Mytillus galloprovincialis Lamarck) of
Bosphorus. Publ. Hydrobiol. Res. Inst. Fac. of Sct.,
Ist. Univ., n.l4, a2p.

Hedges, J.I., and Stern, J.H., C(1984). Carbon and nitrogen
determinations of carbonate~containing solids.
Limnological Oceanography, vol.29, no.3, pp.657-663.

Herman, Y., €1989). Late Quaternary palaeocanography of the
Eastern Mediterranean: The deep-sea record.
Marine Geoleogy, vol.87, pp.l-4.

Hirst, D.M, €C1974). Geochemisrty of sediments from eleven
Black Sea cores, In: Degens, E.T., and Ross, D.A Ceds.>)
The Black Sea-Geology, Chemistry, and Biology. Am. Assoc,
Petr. Geol. Memoir.20, Tulsa Oklahama, pp.430-455.

Ibach, J.E.L., €1982). Relationship between sedimentation
rate and total organic carbon content in ancient marine
sediments. Am. Asscc. Petr. Geol. Bull., vol.66, no.2,
pp. 170-188,

I1I0C, €1981). International bathymetric chart of the
Mediterranean, International Oceanographic Commision sheel.

Kaplan, I.R., and Rittenberg, S.C., C(1980). Basin
sedimentation and diagenesis, In: Hill, M.N., Ced.>, The
Sea Cildeas and observalions on progress wn the study of
the seas)y, The sarth beneath the sea history, Robert,
E.Krieger Publishing Company, New Tork, vol.3, ch.23,
pp. 583-619. :

Kaya, 0., C1991)>. Istanbul Rodazi ¢evresinin jeolojik
anagizgileri. 44. Tirkiye Jeoclojt Kurultayr Bildirt
Ozlert, Ankara, sayfa.l.

Kelling, G. and Stanley, D.J., (1972). Sedimentation in the
vicinity of the strait of Gibraltar. In: D.J.Stanley
Ced.), The Mediterranean 5Sea—A natural sedimentation
taboratory. Dowden, Hutchinson and Ross, Strausburg,
Pennsylvania, pp.489-519.

227



Ketchum, B.H., (1983). Ecosystems of the world 26: Estuaries
and enclosecd seas. Elsevier scientific publishing company
Netherlands, S00p.

Ketin, I., C1967). LUmuni Jeolojir. !.Kisim: Arzkabudunun ig¢
olaylari (General Geology. Part.1: Internal Movements of
the Crust of the Eartho, Istanbul Tech. Univ., Mining
Faculty Press., No. 360, 277p.

Ketin, I., C19882). Genel Jeoloji (Yerbilimlerine Girisd.
Ist. Tek. Univ. Vakfi Yayini, cilt.l, sayir.22, 597 sayfa.

Klinkhammer, G.M., and Lambert, C.E., (1989). Preservation
of organic matter during salinity excursions. Nature,
vol. 339, pp.a271-274.

Koreneva, E.V., (1971). Spores and pollen in Mediterranean
bottom sediments, In: Funnel, B.M., and W.PER.Riedel
Ceds.). The micropalaeontology of oceans, Cambridge
University Press, London, pp.361-371.

Krauskopf, K.B., (1983). Intrecduction to geochemistry, 2.nd
edition. McGraw-Hill International series in the Earth
and Planetary Sciences. 617p.

Kristensen, E., and Andersen, F.Q., C(1987). Determination of
organic carbon in marine sediments: a comparison of tLwo
CHN-Analyzer methods. Jour. Explor. Mar. Biol. Ecol.,
vol. 109, pp.B660-663.

Krom, M.D., and Berner, R.A., (1983). A rapid method for the
determination of organic and carbonate carbon in
geological samples. Journal of Sedimentary Petrology,
vol.53, no.2, pp.BB50-663.

Kubilay, N., (1989). Organotin compounds in the marine
environments, M. 5. Thestis, METU, Institute of Marine
Sciences, Erdemli-lgel -TURKIYE, 126p.

Kuivila, K.M., and Murray, J.W., (1984). Organic matter
diagenesis in fresh-water sediments: The alkalinity and
total COz balance and methane production in the sediments
of lake Washington. Limneo. Ocean., 29C6), 1218-1230.

Kukal, Z.Csc. C1971D. Geology of recent sediments. Academic
Press Inc., London, 490p.

Lallier-Verges, E., and Clinard, C., €1983>. Ultra-thin
section study of the mineralogy and geochemistry of Mn
micronodules from the South Pacific. Marine Geology,
vol. 52, pp.267-280.

Lallier—-Verges, E., and Alberic, P., C(1989). Burrowing: a

major process in the Mn-Ni enrichment of red clays.
Marine Geology, vol.86, pp.75-79, Letter Section.

228



Latif, M.A., Ojuz, T., Sur,H.I., Besikiepe, S., 0Ozsoy, E.,
and Unlijata, U., (1890). Oceanography of the Turkish
Straits, third annual report, Physical oceanography of
the Turkish Straits. METU, Institute of Marine Sciences,
Erdemlii~Igel - TURKIYE, vol.Il.

Lee, C.M., and Macalady, D L., (1989, Towards a standard
method for the measurement of organic carbon in
sediments. Inter. Jour. Environ. Anal. Chem., vol. 398,
pPp. 219-225.

Lemmen, Donald S., €1990). Glaciomarine sedientation in
Disraeli Fi jord, high Arctic Canada. Marine Geology,
vol. 84, pp.9-22. -

Leopold, L.b., Wolman, M.B., and Miller, J.P., (1964D.
Fluvial processes in geomorphology, San Francisco;
¥.H. Freeman Publ. .

Lisitzin, A.P., C1986). Principles of geological mapping of
marine sediments (with special reference to the African
continental margin). UNESCO Reports in Marine Sciences,
Paris, no. 37, 10lp.

Loring, D.H., C1984>. Trace-metal geochemistry of sediments
from Baffin Bay. Canadian. Jour. Earth Sci., vol.Z2l,
pp. 13688-1 373,

Loring, D.H., €1987). Reliability of trace metal analyses of
marine sediments-An ICES interaction study (I /TM/MSD -
In: Lindberg, S.E., and Hutchinson. T.C. Ceds.D
Heavy metals in the enuvironment, vol.1l, pp.352-358.

Loring, D.H., and Rantala, R.T.T., (1988). An
intercalibration exercise for trace metals in marine
sediments. Marine Chemistrv, vol. 24, pp.13-28.

Loring, D.H., €1990). Lithium, a new approch for the
granulometric normalization of trace metal data.
Marine Chemistry, vol 29, pp.l155-168.

Lyle, M., C1983>. The brown-green color transition in marine
sediment.s: A marker of the Fe(III)-Fe(II) redox
boundary. Limneological Oceancography, 28053, 1026-1033.

Martin, J.M., Nirel, P., and Thomas, A.J., C1987).
Sequential extraction techniques: Promises and problems.
Marine Chemistry, vol.22, pp.313-341.

Matson, E.A., (1989). Biogsochemistry of Mariana Islands

coastal sediments: terresetrial influence on 61%:. Ash,
CaCO9 Al, Fe, Si, and P. Coral Reefs, vol.7, pp.153-160.

229



Mayer, L. M., and Fink, K.J.R., C1980). Granulometric
dependance of chromium accumulation in estuarine
sediments in Maine. Estuarine Coastal Marine Sciences,
vol.1l1l, pp. 491 -3503.

Merig, E., (1990). Istanbul Bodazi gineyi ve Hali¢’in Geg
Kuvaterner CHolosend dip tortullari. Ist. Tek. Univ.
Vakfi, 114p.

Merig¢, E., and Saking, M., (1991). Istanbul Bodazi gineyi
dip gdkellerinin CHolosen) Foraminifer topluludu ve
cokelme ortaminin ekolojik Szellikleri. 44. Tirkiye
Jeolojt Kurultayi, drnkara, Bildiri Ozleri, sayfa.2.

Merig, E., Saking, M., and Eroskay, O., €1988). Istanbul
Bogdazi ve Halig gokellerinin evrim modeli. Mith. Jeol.
Billtent, cilt. 10, sayfa.10-14 C(with English abstract).

METU-IMS, (198%5). Oceanographic studies for the Istanbul
sewerage project: Uskildar-Kabatas sewer outfall systems,
Part 1: current-meter measurements. Middle East Technical
University, Institute of Marine Sciences,
Erdemli-lgel - TURKIYE, 42p.

METU-IMS, (1989). Middle East Tecnical University, Institute
of Marine Sciences, Erdemli-lgel /TURKIYE, Unpublished
raw data files.

METU-IMS, (1990). Middle East Tecnical University, Institute
of Marine Sciences, Erdemli-lgel TURKIYE, Unpublished
raw data files.

METU-IMS, C(1991>. Middle East Tecnical University, Institute
of Marine Sciences, Erdemli-lgel /TURKIYE, Unpublished
raw data files.

Milliman., J.D., Weiler, Y., and Stanley, D.J., C1972).
Morphology and carbonate sedimentation on the shallow
banks in the Alborian Sea, In: D.J.Stanley Ced.), The
Medtiterranean Sea-4 natural sedimentation laboratory,
Dowden, Hutchinson and Ross, Strausburg, Pennsylvania,
pp. 241 -259.

Milliman, C(1974). Recent Sedimentary Carbonates CMarine
Carbonates, Part-{>, Elsevier Publ., Springer-Verlag,
Berlin Heidelberg, New York, 375p.

Mills, G.L., and Quinn, J.G., (1979). Determination of
organic carbon in marine sediments by persulfate

oxidation. Chemical Geology, vol.25, pp.l155-162.

Miller, G., C1967). Methods in sedimentary petrology.
E. Schweizbart’sche Verlags buch. Stuttgart, 216p.

230



Mitlller, G.J., C1985). The pre-coralligen community in the
Marmara Sea. Rapp. Comm. int. Mer Medit., vol.29,
fasc. 5, pp.327-328.

Miller, G. and Stoffers, P., (1974). Mineralogy and
petrology of Black Sea Basin sediments. In: E.T.Degens
and D.Ross (eds.D>, The Black Sea-Geology, Chemistry,
and Bioleogy., AAPG. Publ. Memoir 20. pp.200-248.

Murat, A., and Got, H., C(1989>. Middle and Late Quaternary
depositional sequences and cycles in the eastern

Mediterranean. Sedimentology, vol.36, pp.156-1598, C(REPLY).

Mutlu, E., C1990). A preliminary study on macrobenthic
molluscs and crustaceans along the Anatolian coasts of
the Black Sea. M. 5¢. Thesis, METLU, Institute of Marine
Sciences, Erdemli-lgel -TURKIYE, 180p.

Ooguz, T., and Sur, H.I., C1989). A two-layer model of water
exchange through the Dardanelles Strait.
Ocean. Acta, vol.12, no.l, pp.23-31.

Okita, P.M., Mavnard, J.B., Spiker, E.C., and Force, E.R.,
£1988). Isotopic evidence for organic matter oxidation
by manganese reduction in the formation of stratiform
manganese carbonate ore. Geochimica et Cosmochimica
Acta, vol.52, pp.S679-2685.

Okyar, M. C1987). Late Quaternary sedimentation in the
Strait of Bosphorus: A geophysical approach.
M. Sc. Thesis, METU, Institute of Marine Sciences,
Erdemli-Igcel TURKIYE, 117p.

Oran, M., Cl986), Diagnostic calculation of the currents
through the Bosphorus. M.Sc. Thests, METYU, Institute of
Marine Sciences, Erdemlii-Igel -TURKIYE, 88p.

Ozsoy, E., Ojuz, T., Latif, M.A., UnlUata, U., C1986D.
Oceanography of the Turkish Straits, first annual
report, Physical oceanography of the Turkish Straits.
METY, Institute of Marine Sciences,

Erdemli-Icel  TURKIYE, vol.I, 269p.

bzsoy, E., Ojuz, T., Latif, M.A., Unliata, U., Sur, H.I.,
and Besikiepe, $., (1988). Oceanography of the Turkish
Straits, second annual report, Physical oceanography of
the Turkish Straits. METU, Institute of Marine Sciences,
Erdemli-1gel  TURKIYE, vol.I.

Parker, F.I., (1958). Eastern Mediterranean foraminifera.
Swed. Deep-Sea Exped. Rep., vol.8, no.d4, pp.219-2895.

Passega, R., (1977>. Significance of CM diagrams of

sediments deposited by suspensions.
Sedimentology, vol.24, pp.723-733.

231



Pedersen T.F., and Calvert, S.E., (1890). Anoxia vs.
productivity: what controls the formation of organic
carbon-rich sediments and sedimentary rocks ?.

AAPG Bulletin, vol.74, no.4, pp.454-466, 8 Figs.

Perissoratis, €., Angelopoulus, I., Mitropoulus, D.,
Matarangos, D., and Konispoliatis, N., (19895, Geology
of the surficial sediments off eastern Macedonia and
Thraki, Northern Aegean Sea. Rapp. Comm. Int. Mer
Medit., vol.29, fasc.2, pp.201-202.

Perissoratis €., Moorby, S.A., Papavasiliou, C., Cronan,
D.S.. Angelopoulus, I., Sakellariadou, F., and
Mitropoulus, D., €1987). The geology and geochemistry of
the surficial sediments off thraki, Northern Greece,
Marine Geolegy, vol.74, pp.208-224.

Prnar-Erdem, N., and Ilhan, E., C1977). Outlines of the
stratigraphy and tectonics of Turkey, with notes on the
geology of Cyprus, In: Nairn, A.E.M., Kanes, W.H., and
Stehli, F.G.S., Ceds.d, The ocean basins and margins
CE. Medi terranean), Plenum Press, New York, vol.4A,
pR.277-318.

Polat, ¢. C1989). The supply, use and distribution of
organic carbon in the Sea of Marmara.
M.Sc. Thesis, METU, Institute of Marine Sciences,
Erdemit-1gel  TURKIYE, 126p.

Rankama, K., and Sahama, TH.G., C1988). Geochemistiry.
The university of Chicago Press, Chicago 912p.

Peineck, H.-E., and Singh, I.B., C1975). Depositional
sedimentary environments. Springer-Verlag, New York, 439p.

Rigassi, D., C1971). Petroleum Geology of Turkey, In:
Campbell, A.S., (Ced.), Geology and History of Turkey,
The Petroleum Explor. Soc. of Libyva, Tripoli,
pp. 453-483.

Romankevich, E.A., (1984). Geochemistry of organic matter in
the ocean, Springer-Verlag, Berlin Heidelberg, New York,
Tokyo, 334p.

Rose, A.W., Hawkens, H.E., and Webb, J.S., C1979.
Geochemistry in mineral exploration, 2.nd edition.
Academic Press Inc. (London) LTD. 658p.

Rozanov, A.G., Volkov, I1.I., and Yagodinskaya, T.A., C1974).
Forms of iron in surface layer of Black Sea sediments.
In: Degens, E.T., and Ross, D.A. Ceds.), The Black Sea-
Geology, Chemistry, and Biology. Am. Assoc. Peilrol. Geol.
Memoir 20, Tulsa, Oklahoma, pp.532-541.

232



Salihodlu, I., Yilmaz, A., Bastirk, ¢&., and Saydam, A.C.,
C1987). Kuzey Levant Denizi’nin Osinografisi, Kimyasal
Osinografi (Chemical Oceanography of the Northeastern
Mediterranean Sead. MET!), Institute of Marine Sciences,
Erdemli-Igel - TURKIYE, Cin Turkish>, cilt.II, 125 sayfa.

Sandstrom, M. W., Tirendi, F., and Nott, A., (1986). Direct
determination of organic carbon in modern reef sediments
and calcareous organisms after dissolution of carbonate.
Marine Geology, vol.70, pp.321-329.

Sayar, C., C1977)>. Halig¢ ve civarinin jeolojisi, Halig
sorunlary we ¢dzim yollari ulusal sempozyumu teblidlert,
Subat 1976, saytfa.355-375. .

Sengsdr, A.MC., GSriur, N., and Saroglu, F., C(1985),.
Strike-slip faulting and related basin formation in
zones of tectonic escape: Turkey as a case study, In:
Biddle, K.T., and N.Chritte-Black (Ceds.), strike-slip
deformation basin formation and sedimentation, SEPM
Spec. Publ., No: 37, pp.227-264.

Shaw, H.F., and Bush, P.R., C1978). The mineralogy and
geochemistry of the recent surface sediments of the
Cilician Basin, ME-Mediterranean. Marine Geology,
vol.&a7, pp.115-136, ‘

Shepard, P.R.., (1954). Nomenclature based on Sand-Silt-Clay
ratios., Jour. of Sedimentary Petrology, vol.24, pp.51-68.

Shimkus, K.M,, and Trimonis, E.S., C(1974). Modern
sedimentation in Black Sea, In: Degens, E.T., and Ross,
D.A., Ceds.D, The Black Sea-Geology, Chemistry, and
Biology. Am. Assoc. Petr. Geol. Memoir.20, Tulsa
Oklahama, pp.249-278.

Simons, D.B., Pichardson, E.V., and Nordin, C.F., C1969).
Sedimentary structures and their hydrodynamic
interpretation, In: G.V.Middleton Ced.), 34-52, SEPM
Spec. Publ., no.l2.

Stanley D. J., and Blanpied, C., (1980>. Late Quaternary
water exchange between the eastern Mediterranean and the
Black Sea. Nature, vol.285, pp.S537-541.

Sur, H.I., €1988). Mumerical modelling studies of two-layer
flows in the Dardanelles Strait and the Bay of Izmit,
Ph.D. Thesis, METU, Institute of Marine sciences,
Erdemli-Igel /TURKIYE, 254p.

233



Sutherland, H.E., Calvert, S.E., and Morris, R.J., C1984D.
Geochemical studies of the recent sapropel and
associated sediment from the Hellenic Outer Ridge,
Eastern Mediterranean Sea I: Mineralogy and chemical
composition. Marine Geology, vol.586, pp.79-92.

Ternek, Z., Erentdéz, C., Pamir, H.N. and Akytrek, B., C(1987).
Tilrkiye Jeoloji Harittasi C(Explanatory text of the
geological map of Turkey), MTA Yavini, ANKARA, 105 sayfa,
4 sekil, 9 levha, 1 map (1500000, lIstanbul Paftasird.

Tessier, A. and Campbell, P.G.C., C1987). Partitioning of
trace metals in sediments: relationships with
bioavailability. Hydrobiclogia, vol.149, pp.43-52.

Thunell, R.C., (1978). Distribution of recent planktonic
foraminifera in surface sediments of the Mediterranean
Sea. Marine Micropaleontology, vol.3, pp.147-173.

Timur, K., (1990>. Personel communication.

TNHC. , €1983). Turkish Navy Hydrographic Chart No: 2921.
Sevir Hidrografi ve Osinografi Dairesi Baskanlig:,
Istanbul. Mercator Projection, Scale: 1..85,000.

TNHC. , C€1984). Turkish Navy Hydrographic Chart No: 2l&
Sevir Hidrografi ve Osinografi Dairesi Baskanlid:,
Istanbul. Mercator Projection, Scale: 1.75,000.

TNHC., CLl976). Turkish Navy Hydrographic Chart No: 295
Sevir Hidrografi ve Osinografi Dairesi Baskanlig:,
Istanbul. Mercator Projection, Scale: 175,000,

TNHC. , C197%). Turkish Nawvy Hydrographic Chart No: 29
Seyir Hidrografi wve Osinografi Dairesi Baskanlid:,
Istanbul. Mercator Projection, Scale: 1.-250,000.

Tortonese, E. and Demir, M., C(19603. The echinoderm fauna of
the Sea of Marmara and the Bosphorus. Publ. Hydrobiol.
RPesearch Inst. Faculty of Science, Istanbul University,
Seri B, 5 (1-2), pp.3-16.

Trask, P.D., C19688). Recent marine sediments : A4 symposium.
Dover Publ., Inc., New York, 735p.

Uger,S.B., Crampin, S., Evans, F., Miller, A.J., and
Kafadar, N., (1985). The MAPNET radiolinked seismometer
network spanning the Marmara Sea and the seismicity of
the western Turkey. Geophysical Journal of the Royal
Astronomical Society, vol.83, pp.17-30.

Ulug, A., 8zel, E., and Ciftgi, G., (1987). Seismic studies

in the Bosphorus. Chamber Geophys. Eng. Turkey, Ankara,
1, pp.130-144 Cin Turkish with English Abstr.D.

234



UNEP-I AEA., (C1986). Determination of total iron in marine
sediments by flame atomic absorption spectrophotometry,
FPeference methods for marine pollution studies, No.37-39,

UNEP-IUCN, (1988). Coral Reefs of the World, Vol.2: Indian
Ocean, Red Sea and Gulf, UNEP Reginol Seas Directories
and Bibliographies. IUCN, Gland, Switzerland and
Cambridge, U.K-UNEP, Nairobi, Kenva, pp.1-389, 36 maps.

Unliiata, U., and &zsoy, E., (1986). Oceanography of the
Turkish Straits, first annual report, Healt of Turkish
Straits: I.O0Oxygen deficiency of the Sea of Marmara.
METY, Institute of Marine sctiences,

Erdemli-Icel TURKIYE, vol.II.

Unliiata, U., Ojuz, T., Latif, M A, , and Ozsoy, E., (1990).
on the physical oceanography of the Turkish Straits, In:
L.J.Pratt Ced.>, The phvsical oceancgraphy of sea
stratts, Kluwer Academic Publ., London, NATO Advanced
study institutes series. Series C. Mathematical and
Physical Series, vol. 318, pp.25-60.

unsal, M., and Uysal, Z., (1988). Plankton and benthic
invertabrates of the Bosphorus-Marmara Junction.
METU, Institute of Marine Sciences,
Erdemli~-l1gel /TURKIYE, Technical Report, SB3p.

Uysal, H., C(1970). Biological and ecological investigations
on the Mussels (Mytillus galloprovincialis Lamarck)
living in the coast line of Turkey. Sci. Reports, Fac.
Sci. Ege Univ., Biology, vol.S3, 79p.

Uysal, Z. C1987). Fate and distribution of plankton around
the Bosphorus (south-western Black Sea, Bosphorus,
Golden Horn, north-eastern Marmara and the Bay of
Izmitd. M. Sc. Thesis, METU, Institute of Marine Sciences,
Erdemlt~1gel -TURKIYE, 1Slp.

Van-Iperen, J., and Helder, ¥., (1985). A method for
determination of organic carbon in calcarecous marine
sediments. Marine Geology, vol.B4, pp.l179-187,

Voutsinou—-Taliadouri, F., and Satsmadjis, J., €1982).
Concentration of some metals in east Aegean sediments.
Revy. Int. Oceanogr. Med., CLXVI-LXVIID> 6667, pp.71-76.

Yalginlar, 1., C19772. Istanbul Halig¢ ig¢indeki dolmanin bir
deniz kanaliyla dnlenmesi, Malig sorunlari ve goztm
vollar:y ulusal sempozyumu teblidleri, Subat 1976,
sayfa.287-298, Bodazi¢i Univ., Bebek-Istanbul.

Yemeniciodlu, S., (1990). The basin-scale fate of mercury in

the Sea of Marmara. Ph.D. Thesis, METU, Institute of
Marine Sciences, Erdemli-Igel TURKIYE, 160p.

235



Yenigiin, O., and Albek, E., (1990>. Two dimensional two
layer hydrodynamical model of the Marmara Sea. Dofa, Tr.
J. of Eng. and Env. Sciences, vol.l14, pp.1-17.

Yilmaz, A., €1986), The origin and the nature of humic
substances in the marine environment. Ph.D. Thesis,
METU, Institute of Marine Sciences,
Erdemli-Igel - TURKIYE, 142p.

Yoridk, RB., (1988). A partial geochemical study of bottom
sediments from the lIzmit Bay. M.Sc. Thesis, METY,
Institute of Marine Sciences, Erdemli-lgel -TURKIYE, 113p.

Yicesoy, F. C(1991). Geochemistry of the heavy metals in the
surface sediments from the southern Black Sea Shelf and
Upper Slope. M.Sc. Thesis, METU, Institute of Marine
Scrences, Erdemii-lgel -TURKIYE, 15Cp.

Welikly, K., Suess, E., Andre Ungerer, C., Miiller, P.j., and
Fischer, K., (1983). Problems with accurate carbon
measurements in marine sediments and particulate matter
in sea-water: A new approach.

Limnological Oceanography, 28(6), 1252-1259.

236



APPENDICES



Appendix 1.1

STATIDN
NAME
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K26K24
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Mo
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Eld
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C2Xi2)
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K33J17
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M7
K30J53
K45K30
K40K10
Mi4
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K32K20
K24K57
K27K54
M3
K40K40
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K40L00
M3
£21(2)
k25440
B10
k33J34
K25k08
LOOK1S
K33J48
K34J25
Ka7K34
k34K00
K30J27

Moisture contents of some grab sediment

samples from the Zea of Marmara and its

Straits CRosphorus and Dardanelles).
Wt W Wd  Ww=l-Wd Ws=Wd-Wt n=w/ W
*100

TARE TARE ¥ TARE % WATER DRY SMP. WT.SMP MODIST. WET/DRY DRY/WEY
W6  WT.WG DR.WG WG WG WE  CONT. RATIO RATIO

36.41  50.14 44.0B 6,06 7.67 13,73 79 © .79
.86 46,03 40,61 5.43 3.959 3.38 137 2.5
6.9 49.44 42,32 7.13 575 12.88 124 2.24
39,15 58.52 S52.46 6,05 13,32 19.37 43 1.45
3e.66 50,15 44,37 5.78  7.71 13.49 75 1.75
39.05 53,59 4650 .09 7.4 14.54 9%  1.95
38.78 59,77 47.64 8,13 934 17.49 87 1.87
37.69 58,32 952.78 5.54 15.09 20.83 37 1.37
37.68 53.B9 46.94 694  9.27 6.2 73 1.75
36.87 57,09 4s.88 10,17 10.00 20,18 102 2.02
39.82 40,53 5§1.23 9.30  11.41 20.71 81 1.81
40,18 56.73 48,20 8,53 8.02 16.35 106 2.06
38.10 51,14 44.55 6.59  6.45 13.04 102 2,02
3802 e0.10  S2.71 7.39  14.69  22.08 50  1.50
37,21 51,21 45.01 6,20  7.80 14.00 80 1.80
37.54 57.60 47.%6 10,04 10,02 20.04 100 2.00
39.04 61,56 51,63  9.93 12,59 22.52 79 1.79
37.25 44,37 40.3% 398 3.4 T7.12 127 .27
39.84  4s.14 42,56 3.59 272 431 132 2.32
38.64 4B.70 43.46 5.24 4,81 10.03 09 2.09
36.37 51.44 45,24 6,20 B.87 15.07 70 170
36,59 50,77 4466 610 B.O7 14018 76 1.7
IB.66 51,79 44.89 670 622 13012 m 2.11
39.94 54,90 46,32 8,57 6.39 14.9 134 2.34
39.36 55.B1 4b.16  9.645  6.B0 16,45 142 2.42
39.53 54.18 48.96 5.23 9.42 14,865 59 1.55
36,98 S51.63  43.41 B.21 6.83  15.05 120 2,20
39.64 5371 45.98 7.73 6,34 14.06 122 2.22
39.643 54.03  47.11 493  7.48 14,40 - 93 1.93
36,74 49,73 43,36 6,17 6,83 13.00 90 1.90
37.49 51,18 44.4B  6.70 6.9 13.69 96 1.96
36.95 46,59 41,53 5.06  4.57  9.44 111 2.11
40.32 56,18 52.09  4.09 11.77 15.87 35 1.35
.78 49.99 42,97 7.0 6.19 13,24 13 243
40,80 53.49 47.36  6.33 6.06  12.89 96 1.96
43,25 959.28 90.93  8.35 7.68 16,03 109 2.09
43,18 54,20 48.20 5.99  5.02 11.02 119 2.19
45.36 &5.27 954.23 11.04  8.87 19.91 124 2.24
44,64 57.46 51.53 5.93  e.8B 12,82 86  1.8b
42.14 0,99 54,56  &.42 12.42 18.85 32 1.52
43,32 56,53 51.08  5.47 7.76 13,23 70 1.70

237

0.56
0.42
0.45
0.69
0.57
0.4
0.54
0.73
0.57
0,39
0.55
0.48
0.49
.67
0.56
0.50
0.56
0.44
0.43
0.48
0.39
0,57
0.47
0.43
0.41
0.64
0.45
0.45
0.52
0.53
0.51
0.47
0.74
0.47
0.51
0.48
0.46
.45
0.54
0.66
0.59



Appendi 1.1 : Continued.

C2¥<2) 44,62 59.12 51.82 7.31 7.19  14.50 102 2.02

0.50
K38J22 42.86 57.35 49.25 B.10  6.39 14.49 127 2.27  0.44
Nt 44,05 59.42 55.07  4.34 11,02 15.37 39 1.39 0.72
N2 45,92  60.69 53.36 7.32  7.45 14.77 %8 1.98  0.50
K40k 20 45,76 58.76 52,00  6.76 6,24 13.00 108  2.08  0.48
K35J15 41.84 57.02 49.43  7.59  7.59 15.18 100 2.00  0.50
N3 42,67 60,49 S50.98 9,51 B8.31 17.82 114 2,14 0.47
K40KOO 41.99 64,15 56.53 7.63 14.54 2i.16 52 1.52  0.68
N4 I3B.63  59.57 51,77 7.80  13.14  20.94 5  1.59  0.83
K22J57 41.37 58.17 51,36  4.81  9.99 16.81 68 -1.68  0.59
K26J29 37.319 82,34 52.35 9.99 14.96 24.95 67  1.67  0.40
K30J17 44,31 63,91 53.65 10,26 9.34  19.&0 110 2.10  0.48
BC-5 40.98 60,24 50.47  9.77 9.49 19.26 103 2,03 0.49
M12 42,61 57.07 51,65 5,42 9.03 14.45 80 1.0 0.62
M13 44.14  »t.81 53,09 B.72  B.94 17.87 98 1.98 0.5t
M1l 45.30 s1.18 54.74  6.44  9.43 15.88 68  1.48  0.59
M1 45.12 65,07 56.34  8.73 11.22 19.95 78  1.78  0.56
M8 45,82 6371 55.93 7.78 10,11 17.89 77 177 0.57
M6 45.63 60.12 S53.09 7.03  7.46 14.49 ~94 1,94  0.51
M& 55.15 73,98 &5.74 B.24 10.59 18.83 78  1.78 0.5
M4 40,82 59.82 51.19  8.63 10.37  19.00 83 1.B3 0.55
vi 36.50 49,30 44,30  5.00 7.80 12.80 64 1.648  O.61
"7, 44,40 61,65 53.30 8.35 8.9 17.25 94  1.94  0.52
V3 42.90  65.10  55.00 10.10 12.10 22.20 83 1.83 0.55
V4 38.50 61,90 54,40  7.50 15.90 23.40 47  1.47  0.68
VS 44.80 61,90 53.00 8.9 8.20 17.10 109 2,09 0.48
Vb 40.00 53,00 47.40  5.60  7.40 13.00 7 1.76 0.57
v7 39.60 58.40 51,30 7.10  11.70 18.80 ol  1.81  0.62
ve 36.60 56,70 46,10 10.60  9.50 20.10 112 2.12  0.47
Ve 39.60 55.45 47.40 8.05  7.80 15.85 103 2,03  0.49
V10 38.90 58.10 4B.00 10.10  9.10 19.20 1 2.1t 0.47
vi2 44,30 66,40 55.80 10,60 11.50 22.10 92 1.92  0.52
Vi3 41.20  95.20 47.90  7.30 6.70 14.00 109  2.09 0.48
vig 36.80 59,10 47.40 11.50 10.80 22.30 106 2.06 0.48
vi5 37.60  S56.10 48,50  7.60 10.90 1B8.50 70 1,70 0.59
Vib 41.80 64,70 55.50  9.20 13,70 22.90 67  1.87  0.80
V17 45.10  63.30 56,90  4.40 11,80 18.20 54  1.54  0.65
vi8 40.30 63,950 51.80 11.70 11.50 23.20 102 2.02 0.5
vi9 38.90  61.50 50.20 11.30  11.30 22.60 100 2.00  0.50
v20 39.20  a6l.70  S0.80 10.90  11.40 22,50 94  1.94  0.52
v21 37.30  57.50 46,90 10.60  9.60 20.20 110 2.10  0.48
V22 40.20 &66.90 58,00 8.90 17.80 26.70 50 1.50  0.47
V25 36.50 50,90 44.50 6,40  B.00 14.40 B0 1.80 0.56
v2h 37.00 58.40 51,20 7.20 14.20 21.40 51 1.51  0.6b
V27 43.20 71,30 61.00  10.3¢  17.80 28.10 58 1.58  0.63
V30 43,10 sl.607 §7.2077 4.40  14.10 18,50 3 1.3t 0.7s
V31 30.70 959.70 51.60 8.10 10.90 19.00 74 1.74  0.57
V32 42,30 50.70 47.20  3.50 4.90  8.40 71 1.7t 0.58
V33 36.80 64,10 55.20 8.90 18.40 27.30 48  1.48  0.47
V34 40.80 63.50 53.80  9.70 13,00 22.70 7% 1.7 0.57
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Appendix 1.1 : Conti nued.

V35 39.10 60,90 S3.90  7.00 14.80 21.80 47  1.47  0.68
V36 40.20 62.50 55.30 7.20 15.10 22.30 8 148 0.68
V37 40.70 66,00 59.10 8.9 18.40 25,30 38 138 0.73
V38 45.10 62,80 59.20  3.60 1410 17.70 26 L.26  0.80
V39 36,70 57.90 52.90 5.00 16,20 21,20 31 L3 0.7s
V4D 36.70  68.40 58.90  9.50 22,20 3L.70 43 1.43  0.70
Va1 36.40 56.80 51,30 5.50 14.90 20,40 37 137 0.73
V42 37.20 59.70  S3.30 6,40 16,10 22,50 . 40 - 1.40  0.72
Va3 38.30 42.80 955.50 7.30 17.20 24.50 42 1.42  0.70
V44 37.30 7040 60.70  10.70 2340 3410 46 L.46  0.69
V4s 50.90 73.40 62,90 10.50 12,00 22.50 88 1.88 0,53
Vas 37.30  59.50 48.60 10,90 11,30 2220 95  1.96  0.51
v47 43.10  66.10 55.50 10,60 12.40 23.00  B5 1.85 0,54
v4g 38.30 55.80 47,10 B.70 8,80 17.50 99 L9  0.50
V49 38,90 62,40 50.60 11.80 11,70 23.50 101 2,01  0.50
V50 84,10 62,30 54,50  7.80 10,40 18.20 75 LTS 0.87
V51 37.60  57.20  50.50  6.70 12,90 19.60 52 152  0.66
vs2 41.10 57.90 49.20 B8.70 B8.10 16.80 107  2.07  0.48
vs3 40.50 64,20 52.70 11.50 12,20 2370 94  1.94 0.5
V54 40.70  59.80 51.40 8.0 10,70 19,10 79 LJ9  0.56
BS 48.80 74.50 68.80 S.70 20,00 2570 29 1.29 0.78
B7 42,50 63.20 55.80 7.40 13.30 20.70 56 1.56  0.68
Bi1 43.60  £9.20 57,70 11.50 14,10 25.60 82 1.8B2  0.55
M4 844,41 B1.69 67.48 1421 23.07 3.8 62 162 0,62
M5 44,98 83.12 &9.52 13.60 24.54 38.13 55 1,55  0O.64
Mi6 44.87 7430 62.68 1l.61 17,82 29.43 65 1.65 0.6l
M17 45.52 69.17 59%.66 9.51 14.14 23.65 67  1.67  0.80
Mi8 42.96 65.38 56.17 9.21 1321 2242 70 170  0.59
M19 44.66 69.44 58.39 11.05 13.73 2478 80 1.80 0.5
M20 04,35 67.28 S57.64 9.3 13.29 22.92 72 172 0.58
M21 44,19 4,20 55.35 B.85 ‘Il.16 20,00 79 179 0.5
KC# 44.85 £5.73 564,28 9.45 11.42 20,88 83 1.83  0.55
K28K08 45.21 70,57 59.94 10,63 14.72 25.3 72 172 0.58
K20J47 4536 7157 6168 .90 1631 26,21 81 L6l 0.62
K27L00 4436 66.24 56,73 9.52 12,36 21.88 77 L.77 0.5
B.L. 33,48  £2.54 5751  5.03 13.03 18.06 3% 139 072
k33420 36.66 S4.34 46,33  8.01 967 17.68 83 1.83  0.55
K56K15 36.56  46.84 42.20 464  5.63 10.28 B2 1.82  0.55
k34,28 39.15  58.83 48.39 10.44  9.25 19.68 113 243  0.47
K40J24 39.05 5241 46,36 605 7.31 1336 B3 1.83 0.5
K38J55 38.28 4412 41.45 2.7 3.7 S5.85 84 1.84  0.54
K39J16 37.69  54.62 47.85  6.78 10,15 16,93 &7 1.47  0.60
K628 37.68  80.41 39.89 0.52 221 274 24 1.24  0.81
K30J11 37.86  53.05 45.81 7.23 795 1519 91 191  0.52
K43J22 39.82 S5.78 48.77 7.01 B8.95 15.% 78 1.78 0.5
K53J32 40.18  S6.84 48.29 8.5 8.10 le.e6 106 2.06  0.49
k40430 38.10  S6.59 47.54 9.05 9.45 18.50 9% 1% 0.5
K25J00 38.02  64.67 S51.96 12,71 13.94 26,65 91 L9  0.52
k37425 37,21 58.80 48.58 10.22 1137 2.9 % 1.9  0.53
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Appendix 1.1 : Continued.

N25 39.57 55.22 47.27 7.95 7.70 15.45 103 2.03 T 0.89
K30J22 39.23  S8.21 48,49 9.52 9.46 18.99 101 2,01  0.50
K28J13 37,25 65.25 5255 1270 15.30 28.00 83 1.83 0.5
k3310 39.84  59.38 49.48  9.87  9.64 19.51 102 2,02 0.49
N26 40.84 56.79 48.96  7.82  B8.12 15.95 9% 1.9 0.5
K33J34 36.37  49.77 44,06 5.1 7.70  13.40 74 1,74 0.57
N27 335 S0.68 84,56 6,08 6,21 12,29 9%  1.98  0.51
N24 3B.66 S6.41 48.87 7.54 10.21 17.75 74 1.74 0.58
K53J42 39.94 51,11 45,18 5.93  5.25 11,18 113 . 2,13 0.47
KA6J3T 9.3 52.38 45.36  7.02 600 13.02 117 2,17 0.4
N23 39.53 58.37 50.46  7.92 10,93 18.84 72 172 0.58
KS7K0O 36.58  74.77 61.81 12.96 25.23 38.19 51 151  0.6b
N22 39.64 40,86 55.25  S.61 15.80 21.22 3B 1.3 0.74
N21 39.63  59.12  50.37  B.75  10.74  19.49 81  1.81  0.55
N20 36.74  bl.64 51,02 10.62 14.28  28.90 74 1.74  0.57
K30K15 3748 61.91 49.20 12.71  11.72 24.43 108 2.08  0.48
K35K15 36.95 59.87 47.56 12,30 10.61 22.91 116  2.16  0.4s
N19 40.32  61.81 55,19  6.22 14.87 21.09 2 1.42 07
LO2K15 36,78 60.59 48,40 12,19 11.62 23.81 105  2.05  0.49
N18 40.80  61.37 50.57 10,79  9.78 20,57 {10 2,10  0.48
KS9K30 43.25 64.47 5379 10.69 10,54 21.22 101 2,01  0.50
K56k 30 43.18  65.50 56.22 .28 13.08 22,32 71 L7 0.58
K38K30 45,36 69.62 58,67 10.95 13.31 24.28 82 1.82 0.5
K35J09 44,64 73.34 §9.28 14.06 14.64 28.70 9% 1.96  0.51
N17 42,14 77,28 &0.09 17.19 17.95 35.14 9% 1.95  0.51
Nio 43.32  61.94 56,27  S5.66 12,95 18.62 4 1.4 0.70
K26K45 84,62 68,36 S5.12 11,24 10,49 21.74 107 2,07  0.48
NS 42,85 52.63 52.86 9.78 10.00 19,77 9%  1.98 0.5
N14 44,05 61.06 51.59 9.47  7.54 17.01 126 2,26 0.4
N13 45.91 72,09 59.07 13.02 13.16 26.18 9 1.9 0.50 _
N12 45.76 77.32 6B.63  8.68 22,88 31.56 33 1.38 0.72
K35K45 41.84  70.9% 56,74 14.19 14,90 29.09 95  1.95  0.51
K40K4S 42,67 65.11 53.83 11.78 11.16 22.44 101 2,01  0.50
N11 41,99 73.98 59.47 14.50 17.48 31.98 83 1.83 0.5
N10 38.63 71,32 59.59 11.74 20,96 32.49 56 1.56  0.64
H10 41,37 66,38 6106 5.28  19.69 24.98 27 .27 0.79
M 37,39 65.58 55.93 Q.66 18,53 28.19 52 1.52 0.66
N7 44.31  82.46  66.39 16,07 22,08 38.15 73 173 0.58
BIS 39.17  65.14 60,29  4.B5 21.12 25.9 23 1,23 0.8
N6 43.16  74.00 61.42 12,58 18,27 30.84 &9 1.49  0.59
NS 43.21 76,08 6651 9.5 23.30 32.Bb 4 1.4 0N
B14 36,65 45.71 43.82 1,89 T.17  9.08 26 1.26 0,79
B7-A 37.55 59.47 54.05 5.42 16,50 21.92 33 133 0.75
B2 A2 721 65,29 5.91 23.68  29.59 25 1.5 0.80
BO 43.76 B0.80 72.59 B.21 28.83 37.04 28 1.28 0.78
Ava. 80  1.80 0.57
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Appendix 2.1

EMF,
HUMBER

000 OB N

Avg.

DEFTH
M)

00~02
0204
04-08
06-08
08~-10
{0~-12
12-14
14~-14
16-18

Wt

THRE
WG.

41,91
42.04
42.42
42.31
41.33
43.04
41.86
43.93

41.43

THRE
Wi. WG

bl.el
67.15
74.38
68.60
77,83
68.42
79.77
76.24
70.81

Wd  Ww=W-Wd We=id-Wt

TARE
DR, WG

53.43
58.73
86,22
62.39
&7.71
60,07
68.72
66,77
63.58

WATER
WG,

8.18
8.41
8.16
b.22
10.14
8.35
11.06
9.47
7.23

241

DRy
WG,

11.92
16.70
22.80
20.07
24.36
17.00
26.83
22.84
22,15

Core BC-1.

m=bw/Wg

*#100

WET MOIiST.

W3, CONT.
19.70 n
23,11 50
31.94 k)
26.29 i
34.48 42
25,36 49
3.9 4
12.31 41
29.39 3
44

WT/DR
RATIO

1.71

1.50
1.34
1.3t
1.42
1.49
1.41
1.41
1.33

1.44

DR/WT
RATIO

0.5’8

0.6b
0.74
0.76
0.71
0.47
0.74
0.71
0.75

0-70



Appendi <

SMP.
NUMBER

OO N U NN -

Avag.

DEPTH
(cm)

00~02
02-04
0d=-06
06-08
08-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-728
28~-30
J0-32
32-34
34-34
I46-18
IB8-40
40~42
42-44
44-44

2.2

TARE
WG.

38.44
36,66
36.56
39.15
3b.64
39.05
8,28
37.69
37.68
18,35
39.82
40, 18
38.10
38.02
37.214
37.54
39.04
37.25
39.84
40.84
36,37
I6.59
IB. b6

Molsture contents of

TARE
WT. WG

71.59
73.87
84,20
78,862
86.50
99.50
74.91
82.47
87.32
94.90
96.65
83.16
105.83
82.91
88.25
103.04
96.77
93.61
102,05
88.57
82.47
1035.70
121.92

TARE
DR. WG

56.27
57.39
42,460
&0.36
63.467
72. 74
99.31
63,47
bb. 09
72.02
75.08
bb.63
B81.19
66.30
68.53
79.52
75.81
74.13
79.16
71.96
67.09
g2.71
95.88

WATER
NGI

15.32
16.48
21.60
18.07
22.83
26,76
13.59
1g2.01
21.23
22.88
21,57
16.33
24.64
16.61
19.72

25.52

20.96
21.47
22.89
16.61
15.38
23.00
26.04

242

DRY
L]

17.63
20.74
26.04
21.41
27.04
33.69
21.04
25.77
28.141
33.67
35.26
26.43
43.10
28.28
31.32
41.98
36.77
36.89
39.32
31.13
30.72
46,12
57.22

Core BC-2.
WET MOIST.
WG CONT.
32.95 87
7.2 79

47.64 83’
I9.48 84
49.84 85
60.45 79
I6.63 74
44,78 74
49.464 75
56.55 &8
56.83 61
42,98 62
&7.74 37
44,89 59
51.04 63
67.30 61
57.73 57
58.3%6 38
62.22 58
47,74 3
46.10 50
69.11 30
B83.26 46
bb

WI/DR  DR/WT
RATIO  RATIO
1.87  0.54
1.79 0.5
1.83 0.5
.84 0,54
1.85  0.54
1.79 0.5
.74  0.57
.74 0.58
1.75  0.57
.68 0.60
L6t 0.62
.62 0.62
1.57  0.64
1.59  0.63
1.63 0.6l
.61 0.62
1.57 0.6
1.5 0.63
1.5 0.63
1.53  0.63
1.50  0.87
1.50  0.67
1.46  0.69
.66 0.60



Appendix 2. 3

SHF.
NUMBER

M NEU D WN -

Ava.

DEPTH
tcm)

00-02
02~04
04-06
04-08
08-10
10-12
12-14
14-14
16-18
i8-20
20-22
22-24
24-26
26-28
28-30
30-12
32-34
34-36
36-38
38-40
40-42
42-44
44-44
446-48
48-50
S50-52
32-54
54-56
56-58
58-60
&0-62
42-64
b4-bb
bb~68
68-70
70-72
72-74
74-74
76-78
78-80

TARE
WG'

18,64
36,64
36,56
39.15
36,66
29.05
18,28
37.69
37.68
18.33
19.82
40.18
I8.10
3B.02
7.2
37.54
39.04
37,35
319.84
40,84
36.37
36,59
38,66
39.94
39,36
19.53
36,58
39.64
19.63
36,74
43,32
34,99
40,32
36,78
45,92
43,25
43.18
43.36
44,64
42.14

Mrizture contents of Core MBC-3,

TARE
WT. WG

50.29

47.18 -

47.15
51.22
52,44
52.24
52,13
49,47
50.75
52.55
53.83
52.79
51.92
52,62
53,43
52,54
93.04
54.78
55.83
59.20
52.73
58.93
58. 96
58.11
54.55
57.42
56.08
58,84
57.82
56490
£0.51
56.97
58.54
99.22
63,72
58.17
59.44
56. 64
63.44
63.40

TARE
DR. WG

44,82
42,40
42,47
45,85
45,47
46,24
44,08
44.39
45,06
46,44
49,14
47.39
44.12
4b, 44
46,63
dp,26
47.14
47.43
49,23
51.74
44,11
49.89
50,56
30.78
48,25
50.20
48.18
91.18
50,45
48,57
52.85
49,34
51.22
48,02
Sha b2
52.14
52.96
Si.67
57.75
535.67

WATER
NG L]

5.47
4,78
4.88
3.36
6,94
&.00
6,05
5.24
5.69
6.11
6.6%
5.40
3.80
6.16
6.80
6,28
5.90
1.33
6.460
7.46
5,62
9.04
8,00
7.33
6.30
7.22
7.90
7.66
7.37
7.93
b.6b
7.861
7.32
7.19
7.11
601
&.48
4.98
7.69
7.73

243

DRY
WG

4.18
5.73
5.90
b.71
8.81
7.19
7.80
6.69
7.8
8.10
2.32
7.21
8.02
8.44
9.42
8.72
B.190
10.20
9.39
10.91
.73
13.30
11.89
10.84
8.89
10.67
11.80
11.54
10.82
11.83
10.53
12.41
10.99
11.24
10.70
8.91
9.78
4.31
13.11
13.53

WET
WG

11.65
10.53
10.78
12.07
153.75
13.189
13.85
11.97
13.08
14.21
16.01
12.61
13.82
14.60
16.22
15,00
14.00
17.33
15.99
18.36
16.36
22,24
19.90
18.17
15.19
17.89
19.50
19.20
18.19
19.76
17.19
20.01
18,22
1B.43
17.81
14.92
16.26
i1.29
20.80
21.26

MOIST.
COoNT,

89
83
83

80’

79
83
78
79
77
74
72
75
72
73
72
72
73
72
70
&8
68
o8
67
8
71
68
68
bb
48
b7
63
61
b7
b4
bb
67
b6
79
59
57

71

WI/DR  DR/WT
RATIO RATIO

- - L - . - - - - - - - Ll - - - - L) - - - L) - - -
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Appendix 2. 4

SMP.
NUMBER

e
S OO N U DN -

NN NN N
NEDRURNRESEYRrGREAaN:S

Ava.

DEPTH
(cm)

00-02
02-04
04~
06-08
08-10
10-12
12-14
14-18
16-18
18-20
20-22
22-24
24-26
24-28
2830
30-32
32-34
34-3b
J6-18
18-40
40-42
42-44
44-46
4p-48
48-50
50-52

52-34

TARE
WG.

36.74
37.49
36.95
40,32
36.78
40.80
43.23
43.18
43.36
44,64
42.14
43,32
44,62
42.86
44,05
45.92
43.76
41.84
42.67
41.99
3B8.63
41.37
37.39
44,31
39.17
43.82
45.63

Moisture contents of

TARE TARE
WT.WE  DR.WG
54.97 45.21
52.97 44.88
57.07 46.41
64,79 52.09
3B8.47 47.34
61.39 51.15
85.97 54.58
6l.60  52.50
65.67 55.53
68.00  56.37
60.23  51.18
64,65 54.15
67.66 96.52
64.35 55.68
69.86 57.41
&9.78 58.37
73.18  60.38
70.82  §7.15
71.19  57.76
6B.62 56.20
49.31  55.03
67.23  54.92
68.79  54.06
72.39 §9.48
69.18 53.41
78,87  64.03
Bl.26 &5.02

WATER
NG-

9.76
8.09
10,65
12.70
11.12
16.43
11.39
9.09
10.14
f1.43
9.05
10.50
i1.14
8.a7
12.46
11.41
12.80
13. 67
13,43
12.42
14.26
12.31
14.73
13.11
13.77
14.83
16,24

244

DRY
WG

8.47

7.40

9.46
11.77
10.56
10.35
11.34

9.33
10.17
11.73

2.04
10.84
11.90
12.82
13.35
12.45
14.62
15.31
15.09
14.21
16.42
13.36
16.67
15.17
16.24
18.21
19.39

Core BC-3.

WET MDIST. WI/DR
WG CONT.  RATIO
18.23 115 2.13
15.48 109 2.09
20.11 113 2.13
24,47 108 2.08
21,69 103 2.03
20,79 101 2.01
22,72 100 2.00
18.42 98 1.98
20.34 0] 2.00
23.36 99 1.99
18.08 100 2.00
21,33 97 1.97
23.04 94 1.94
21.49 &8 1.68
25.81 93 1.93
23.84 92 1.92
27.42 88 1.88
28.98 89 1.89
28.52 89 1.89
20.63 a7 1.87
30.68 87 1.87
25.864 N 1.91
31,40 a8 1.88
28.28 86 .84
30.00 85 1.85
33.05 81 1.81
33.63 84 1.84

94 1.94

DR/WT
RATIO



Appendix 2.9

S"P.
NUMBER

000N OB N e

Avg.

DEFTH
{cm)

00-02
02-04
04-064
06-08
0B-10
10-12
12-14
14-14
16-18
18-20
20-22
22-24
24-26
264-28
28-30
30-22
32-34
14-36
36-38
38-40
40~-42
42-44
44-44
46-48
48-50
90-52
52~54
54-36
54-58

TARE
We.

3b.41
3b.66
36.56
39.15
Jb. 66
39.05
38.28
37.69

" 37.68

36.87
39.82
40.18
38.10
38.02
37.21
37.54
39.04
37.25
39.84
38.64
36.37
36.39
I8.66
39.94
39.36
39.53
36.58
39,64
39.63

Moisture contents of Core BC-4.

TARE
WT. WG

97.22
61.08
57.17
63.96
68.67
57.23
61.11
S51.09
59.42
60.37
61.24
&0.76
65,32
67.77
63.88
94.43
64.14
61.51
64.87
63,02
59.60
S56.27
69.94
64,05
b6.01
bh. b9
63,65
60,83
a%.01

TARE
DR. WG

© 43,95

43.72
45.11
48,68
48.63
47.44
48.65
43.51
47.94
47.74
50.58
49.59
51.32
532.78
50.92
46.01
52,38
49.35
31.44
49,42
47.12
43.40
31.70
51.89
54.23
54.82
53.03
51.43
595.77

WATER
WG,

13.27
15.37
12.06
15.29
20.02

9.79
12,436

7.99
11.46
12.63
10.66
11.17
14.00
14,99
12.96

8.42
i1.77
12.16
13.41
13.490
12.48
10.87
14.24
12.16
11.78
11.87
12,40

9.42
1%.24

2458

DRY
WG

7.53
92.06
8.54
2.53
£1.99
8.29
10.37
.81
10.29
10.86
10.76
9.40
13.22
14.76
13.71
8.46
13.34
12.10
11.62
10.97
10,73
8.81
13.03
£1.95
14.87
15.29
16.47
11.79
t6.14

WET
We

20.891
24.43
20,80
24.82
32,00
18.18
22.83
13.40
21.74
23.50
21.42
20.58
27.22
29.75
26,67
16.89
23.10
28,26
25.04
24,37
23.23
19.68
27.28
24.11
26.45
27.16
29.06
21.20
29.38

MOLST.
CONT.

176

170.

i3l
160
167
117
120
131
111
116

99
119
106
102

93
100

a8
100
113
122
116
123
109
102

79

78

77

80

82

114

WT/DR  DR/WT
RATIO  RATIO
2.76 0.38
2.70  0.37
2.41 0.41
2.60 0.38
.67  0.37
2.17 0.4
2.20  0.45
2.31 0.43
2.11 0.47
2.16  0.44
1.99 0.9
2.19 0.4
2.06  0.49
2,02 0.50
1.95 0.31
2.0 0,50
1.88 .33
2.00 0.50
2.15  0.46
2,22 0.45
2.16 0.4
2,23 0.45
2.09 0.48
2.02 0.50
1.79  0.56
1.78  0.56
1.77  0.57
1.80 0.9
.82  0.5%
2.14  0.47



Appendix 2.6

SMP.
NUMBER

OO NN -

N ol o e

Avq.

DEFTH
{cm)

00-02
02-04
04-06
$6-08
08-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
2826
26-28
28-30
30-32
32-34
34-36
36-38
38-40
40-42
42-44
34-44
446-48

TARE
wB'

39.94
39.36
39.53
J6.58
39. 64
39,63
36.74
37.49
36.99
44,32
36.78
40,80
43.25
43.18
43.36
44.64
42.14
43.32
44,62
42.86
44,03
43.92
43.76
41.84

TARE
WT. WG

98.39
89.30
97.62
89.44
93.58
84.49
91,08
96.18
89.67
98.59
98.463
103.02
106.25
107.48
104.02
99.25
104.38
99. 46
97.46
59.81
108.78
127.70
112.71
107.81

Moisture

TARE
DR. W6

72.91
67.67
72.96
66.04
70.36
6b.74
&9.18
73.31
69,57
73.97
79.17
79.03
79.85
80.49
79.24
76.b6b
78.49
76.47
79.90
76.73
83.07
95,13
86.71
81.72

WATER
WG.

25.48
21.62
25.06
2%.41
23.21
19.78
21.90
22.87
20,11
22.62
23.46
23.97
26,40

26.00
26.09

contents

DRY

32.97
28,31
33.03
29.46
30.72
27.08
12.44
35.82
32.61
39. 83
38.39
8,25
34,80
37.31
33.88
32,02
36.55
33.35
31.28
33.87
39.02
49,24
40,95
39.88

of Core BC-5,

WET
we

58.45
49.94
58.09
52.86
33.94
46.86
54.34
58.69
S52.72
38.27
61.64
62.22
63.00
64.31
58. 66
.61
62.24
56. 14
53.04
56.95
64.73
81.79
b6.96
63.97

Moist.
CONT.

77"

76
74
79
76
73
48
64
62
a3
61
&3
72
72
73
7t
70
68
70
o8
6b
bb
63
63

&9

WI/DR
RATIO

»
NN N
oo o

* w 3 w B @
o

s e w = s s s -

HGLEEEIEITOINEZEARESH

W pan P ek fute Pk Dok Pk ot G Sous bk Pk b P Gk et b Bavh fmk b e b P
.

—
-

o
0

DR/WT
RATIO

0.56
0.57
0.57
0,56
0.57
0.58
0.80
0.6
0.62
0.61
V.62
.81
0.58
0.58
0.58
0.59
0,59
0.59
0.59
0.5%
0.80
0.89
0.61
Q.60

0.59



Appendix 2.7

SMP.
NUMBER

OO N U BN -

DEPTH
(cm)

00-02
02-04
04-08b
06-08
08-10
10-12
12-14
14-186
16-18
18-20
20-22
22-24
24-24
26~28

TARE
W6.

42,467
41,99
38.63
41,37
37.39
44,31
39.17
43,16
38,37
3b.65
37.55
41.62
43.76
40,81

Moisture contents of Core BC-5.

TARE
WT. W6

115.85
1053.84
122.84
131.80
137.468
132.78
112.67
125.70
133.44
123,63
124,32
120,32
142,70
147.99

TARE

.DR. WG

95.81
84,92
99.81
108.45
111.20
108,98
92.62
102.77
106.07
99.55
99.93
98.51
115.16
£33.01

WATER
WG.

20.04
18.92
23.04
23.34
26.48
23.80
20.495
22.94
27.37
24.08
24.39
21.81
27.54
34,98

247

DRY
W6

53.15
44.93
61.18
67.09
73.80
64,67
53.44
39. 61
67.70
62.90
62,39
56.89
71.40
92.20

WET
WG

73.18
43.83
B4.21
90.43
100.29
88.47
73.49
82.54
93.07
86.98
B6.78
78.70
98.94
127.18

Mo18T.
CONT,

18-

42
38
35
36
37
38
38
40
38
39
38
39
I8

38

WT/DR  DR/WT

RATIO RATIO
1.38 0.7
1.42 0.70
1.38 0.73
1,35 0.74
.36 0.74
.37 0.73
.38 0.73
.38 0.72
1.0 0.7%
.38 0.72
.39 0.72
.38 0.72
1.39 072
1.38  0.72
.38 0.72
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