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ABSTRACT

SPATIAL VARIATIONS OF SEAFLOOR IRON CYCLE IN CILICIAN BASIN
(EASTERN MEDITERRANEAN)

ERMKEkK, Esr a
M.Sc., Department of Oceanography
SupervisorAssistant Prof. Dr. Mustafa YUCEL
Middle East Technical University

January 2017104PAGES

The biogeochemical cycling of iroifFe) can play a potentiallyimportant role in the
oligotrophic Mediterranean Sea. This importance stems:f{@mron is an essential
micronutrient for the new productipand (ii) itis associateavith other essential redex
sensitive elements including carbon, nitrogen, oxygen and trace metals. Organic carbon
burial in seafloor promotes tliermation of gradients of iroand manganese species due

to their role as electroracceptorfor microbial respiration. The fraction ofeFand Mn

species that is readily available for microlieseferred as reactive Fend Mn which

comprise various labile forms of oxyhyroxidbat could be exactedby a citratebuffered

dithionite solution This thesigreportsthe first geochemical disbution of reactive iron

and manganesaccompanied by other totatetal distributions and tirereactivetotal
partitioningin 25 surface sediment samples taken from four transects in Mersin Bay from
Seyhan River to the Ay diakendrerkl000Tnhdepthcobaa st al
transect affected mainly by Seyhan and Berdan rivers in the Mersin Bay, and two transects
along Goksu River. The deegafloor samples are obtained from a depth between 100

500 m in two transects offshore Erdemli @adksu The reactive iron in Cilician basin

surface sediments is diverselgtibuted Reactive iron enrichment decreases with depth
whereas Mn enrichment significantly increasesauals the open sede: has significant
correlation with organica&r bon in Aydéncék transect. T
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correlation between organic carbon and % niud act i on i n Apadhéncék
transect differs in biogeochemical properties of seawater and seafloor. The spatial
biogeochemical gradient from cxial to deep seafloor could be seen more clear i

Ay d é n c Goksuteamsekts, hintingtacoast to offshore transport oerine reactive

iron and manganese.

Key words: seafloor iron biogeochemistry, reactive iron, reactive manganese, organic

carba, trace metals, Cilician Basin, seafloor microbial activity.
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Demir (Fe) biyojeokimyasal dongusil i gotrofe ki Dodaea Akaeml i r ol
olabilmektedir Bu dnemin nedenleri (i) denniryeni dretim icin temel bir mikro besin
t uzu ,oé(imdenig sistemicin gerekli olan oksijen, nitrojen ve iz metaller gibi
redoksa duyarl & temeDeri 2 me aikrdbial sdiuduendem] | a nt
eektron kaynaj é demir gernsakgangd k ieki gearldaaiy an ol uku

organik k ar bon ak ¢ mg¢ |l as y o nrilmektedir.rCarfgéanndi aznmay °t nal reanf

kull anél abilen reakti f F edithioaite tdmporochzaeltisa k d a
taraféendan extracte edilebilen bu fraksiyc
bul unmaktadeéer . Bu tez, Mersin K°rfezidnin

transekten toplanan 25 ylzey sediman &rneklerinde reaktif demir ve mangan

bi yojeoki mynasali jdaj a@lzénmaet al | e #tdplam neetalan i | |
daj eligrmarya éné ol ukturmaktl®@der .deKéyné i Rr me k
toplanméek olup transekl erden biri $SoksuSeyhan
nehr.i a-ékmkbat éndameal an #6830 &m °dereikn leirk ars

Erdemli veGbksua - €kl ar éndan topl anméxkteéer. Kilikya
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demirfak | € daj él éml Rreagt®stf eddmenk tre diem.gi nl ek me s
Mn zenginl ekmesi aFedv¢ agankio a r o r Aynad&n aelertr
onemli pozitif korelasyon gostermektedihy d € nc € k t r &arbsnevk ¢amuror g an
tane boyu arasénda di krkektede. Hel bij transekttkkendinek or e |
©zg¢ deni z suyu ve deni zigastermekiedK oy & dg re ok-i an
denized oj ru-onehi nl i reaktif demir ve anaalgan |
denize dojru biyoj eokGohksytessaktleringedaha net bihy d € n c
Kekil de Hfektéde.ml ene

Keywords:deni z tabané demir biyojeokimyaseée, r

karbon, iz metaller, Kilikya Baseni, deni z
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CHAPTER |

INTRODUCTION

Iron is one of the most important micronutrients with a diverse biogeochemistry in the
marine environment. The biogeochemical cycling of iron has great influence on marine
ecosystems both in the water column as well as sedinfj@okgerberg, 2001) | r ond s
vitality stems from being a limiting nutrient for new production in euphotic zones, taking
part in electron transfer reactions via rapidly afiag redox state and having the capacity

to closely couple with the biogeochemical cycling of redelated carbon, sulfur,
nitrogen, phosphorous and other trace mékyscinthe, 2006) Occurring in two valence

states as oglized ferric iron, Fe(lll), and reduced ferrous iron, Fe(ll), iron plays a key role

in redox reactions both in water column and sediment with biotic and abiotic activities.
Two main roles in biological processes are the uptake of iron as a prerequisiédi for
growth (assimilation) by organisms such as phytoplankton, and providing energy from
reduction of iron(lll) to maintain heterotrophic metabolic activities of cells (dissimilation).
(Haese, 2006) Further, changes in theoalynamic and kinetic conditions and reactions
shape the oxidation state of iron. The results of those reactions and conditions causes
precipitation or dissolution of irehound minerals and other essential redersitive
elements such as carbon, phospberand trace metals (Slomp, 2013). Apart from roles

in biological and abiotic processes, the amount and dpleese minerals in sediments

supports the microbial communities and haerived reaction pathwaySchmidt, 201Q)

The overall objective of this thesiss to understand the distribution of the most important
and biogeochemically active fraction of i
in the Cilician basin seafloor. The findings of this thesis will shgiat on the early
diagenetic pathways and co&stopen water transport of iron and manganese phases
which directly influence the carbon cycle in the region. Below, | first introduce various

r



aspects of iron biogeochemical cyclasdthe oceanography of the study sjt@sdthen

coninue with presenting my methodologgd results.

1. IRON IN MARINE ECOSYSTEM

Despite being one of the most abundant el
present in stimanomolar levels (very lovirace) in the oceans (Achterberg et al, 2001,

Scholz et al, 2014). The sources iron in marine ecosystem is atmospheric deposition, river,

and hydrothermal vents (Martin and Fitzwater, 1988, Martin et al., 1990, Yucel et al.,
2011). The speciation of iran marine ecosystem varies in size, chemistry, and reactivity

as well as the possible sources and depositional conditions even in existing in trace levels.
These low levels however do not minimize the role of iron biogeochemical cycle that leads

the keystoe processes of entire marine ecosygtishnson, 1997; Maldonado, 2001; Liu,

2002) The shelf to basin shuttle of iron influence its fate as in reactivity, concentration,
mobilization and transportation and biedability for organisms for both as a

micronutrient and electron source for survival (Figufg.1

Despite decades of studisgafloor of iron biogeochemistry poorly defined especially

at regionalscales and at the intersectionlafnd-ocean and sedimemtater boundaries.

. Wet and dry deposition ‘ Dissolved iron in seawater is sourced from three main pathways

of Saharan dust
Dust from the atmosphere

Production of bio- » \ @
available ~—_ Shelf-to-basin _:
. ’; shuttle of iron < @ Deposition and sed|

recycling of
- solid phase iron

ARy, = 443+ 340
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-
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depleted systems) Shelf and slope
Deep sea sediments (sink area) sediments (source area)

Figure 2.1. Iron sources in shelf and slope sediments(left,Boyd and Elwood, 201

open seawater;right;Baldermann et al.,2015)



The most recent studies investigate speciation, size fractionation and isotope fractionation
of iron even in low concentration levels in seawater and sediments with the state of the art
methods and technology to derstand global oceanic processes, past and future

2016:Kleint et al.,
2016)n Figure 1.2,

predictions of climate even{€lough etal., 2016, Raiswell et al.,

2016, Fitzsimmons et al., iron inputs andbioavailability is

-,
o \-
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Figure 1.2.Iron inputs and bioavailability from Shaked and Lis, 2012.

summarized retrieved from Shakand Lis 2012.

Iron minerals enter the sea via atmospheric deposition, rivers and hydrothermal vents, as
in particulate Fe(lll), colloidal, organically complexed, or particuke€ll) forms (such

as pyrite)XYucel, 2011, Gartman et al., 201&ach source shapes the fate of iron particle

in seawater and accumulation in sediments with-associated particles. Thus, the
environmental conditions impinged on its speciation is adpat to shed light on the iron
biogeochemistry in seawater. Iron speciation based on size fractionation is defined as
particulate form (>0.45 um), colloidal (0.4502 um) and soluble (<0.02 pm). In each

size fraction iron exist in a diversity of formsch as Feoxyhydroxides, organic ligand
boundFe, Fe(ll) or Fe(lll) oxidation state for both biota and detritus with -tngersition

in those forms driven by external conditions (i.e. light, oxygen). The colloidal or truly

dissolved fraction of iron in nm@e environment has complex composition, reactivity,
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behavior and effect on the new production. The size and isotopic fractionation of iron to
link the its origin in marine environment is still a mystergiier et al., 2006 To illustrate,
partitioning between colloidal iron and the smaller soluble Fe size fraction is found to
show a significant variability in the surface ocean caused by the number of factors
affecting size fractionation (e.g., Fe sources, ligand controls, thermodynamic controls,
biological utilization) claiming that seasonal component (e.g., seasonal biological growth,
seasonal changes in Fe supply) causes a proportion of the observed surface ocean
variability. Apart from the crucial roles in new production, the iron bound in seafloor
sediments is important due to its role as an electron source for microbial respiration
aroused from its reactivity. The size, particle chemistry, and morphology are crucial to
assess whether particles are reactive with dissolved constituents, providatssitiet
respiration and growth, and are delivered to marine sediments or dispersed-bgeep
currents. Thus, iron mobilization from the shelf to open seafloor, its link with vital organic
matter, phosphorus, sulfur cycles, its effects of contineptaices on seafloor needs to be
investigated for further future estimations of these crucial cycles for both ocean and global

cycles.

New knowledge of iron cycle could also help fighting global warming. Natural iron
fertilization triggers increase in nepwroduction via extrantracellular activities in
euphotic zone, therefore, a decrease in atmosphesd@(fted by ocean, in other words
carbon sequestration, is observed. To find the solution of anthropogenindt€ase, the

iron fertilization experimets in ocean were performed in the last decade, both natural and
artificial fertilization in distinct parts of ocegreitbart E., 2010)In this manner, the
continental margins were found to be a key source @EFed, 2004; Breitbart E., 2010)

For example, in the high nutrient low chlorophyll (HNLC) North Pacific Ocean, the
continental margin was a source of Fe via winter mixing making lateral source of Fe

available for organisms and Ean be transported over 900 kbam, 2008)

Besides being a limiting nutrient and playing a key role for new production, seafloor iron
shuttle across benthic redox zones has further significance in addition to fudhagy
production. The iron and manganese rich shelf sediments may also enhance organic carbon
(OC) preservation (e.g., Kaiser and Guggenberger, 2000; Poulton and Raiswell, 2005;
Lalonde et al., 2012, Roy et al., 2013, Homoky et al., 2013). The mecbaaistpective

4



offered by Lalonde et al. (2012) was thatgrecipitation, or chelation between organic
carbon and iron, or both of these processes form macromolecular domains of complexes
that can beesistant to dissolution (Slomp, 2013). These autbstimated that about 22%

of global sedimentary OC could be preserved by reactive Fe phases (Lalonde et al., 2012).
Thus, the iron minerals gain importance in terms of their chemical and physical properties
such as particulate forms, residence time, accatiounl through sediment, reactivity,
solubility, bioavailability, adsorption of elements on their surface. These properties affect
the fate of essential redox sensitive elements especially in redox fronts either in sediments

or water columns.

1.1 Reactivity of iron compounds and their bioavailability in marine sediments

Iron is present in seawater and seafloor as two oxidation states: Fe(ll) and Fe(lll). Fe(ll)
is referred as relatively bioavailable and soluble form. It is produced naturally in
chemically educing conditions. Fe(lll) is the major form stable in oxic conditions and
tends to precipitate as particles. Iron is mainly present in marine environment as iron
oxides forms that vary in reactivity (Sunda and Huntsman, 1995). The chemistry and
minerolog of iron oxyhydroxides in sediment, therefore, is a main determinant for their

further utilization in the environment.

Fe(lll) in seawater and sediment environment tends to be in particulate form and
accumulate mostly as ferric hydroxides (Murray, 1973;bound aluminesilicates
(Raiswell and Canfield, 1998), and ferric phosphate phases (Hyacinthe and Van
Cappellen, 2006). Particulate iron in sediments is generally determined by chemical
extraction techniques that target phases that may differ inasjpeciand reactivity
(Canfield, 1988; Slomp et al., 1996).

Poulton and Raiswell (2002iefines that a highly reactive iron fraction is the fraction of
iron dissolvable by a citratdithionite extraction (Kostka and Luther (1994), Raiswell et
al., 1994; Poltion and Canfield, 2005). This technique formed the basis of this thesis work.
All the main iron oxy(hyrd)oxides (ferrihydrite, goethite, lepidocrocite and hematite)



referred as reactive iron are quantified by this technique with little effects cbarord
silicates and magnetite. The reactivity of various iron minerals towards dissolved sulfide

are given in Table 1.

Table 1.1. Reactivity of iron minerals towards sulfide (pH 7.5, 25°C) according to 1:
Poultonet al. 004), 2: Canfield et al. (1992), and 3: Raiswell and Canfield (1996). The

O6pogrelaxti ve silicate fractiond was -deter:rH
FeDithionite) / Fetoth(Achterberg et al2001,Shulz and Zabel,20)6
Iron mineral / Fraction Half Life, ti»
Hydrous Ferric Oxide 5 min

2-Line Ferrihydrité 12.3 hours
Lepidocrocité 10.9 hours

Goethitée 63 days

Magnetitie 72 days

Hematite 182 years

Sheet Silicate 10 000 years
Poorly-reactive silicate fractioh 2.4 x 16 years

The reactivity of iron mineralin Table 1.1 shows half life of minerals towards sulfide
Underreducing conditions, in the presence of excess sulfate, hydrogen sulfide and pyrite
(FeS) iron sulfides (amorphous and crystalline forms such as mackinawite) are formed.
Regarding this, highly reactive iron is defined as the sum of extracted iron by-citrate
dithionite plus that present as iron sulfides (Poulton and Rai206l5. Pyrite (Fe9), on

the other hand, is a stable end product of-salfide geochemical reactions whighnot
extractabd by citratedithionite leach. Terefore pyritdaron is not a part of the reactive

iron pool in sediments.



Reactivity of iron mostly depends on therficial reactions occurred at the interfaake

H, M
9]
H H 17 N
I I | I
Surface “Ng~ 0 o) o) O
PN 1 1 @) I I
Fe FE& m— Fe Fe — = Fe Fe
I
N “of tH.O Mo”7 +H.O g
Step 1 Step 2

Figure 1.3. In the presence of waterghron oxide surface is hydroxylated (step 1)
followed by HO adsorbedStep 2) ( Shulz and Zabel, 2QX6drawn from Schwertma
and Taylor 1989.)

transportregime and the marine environment. In oxic waters surface of iron oxide is
hydroxylated and subsequently®is adsorbed (Shulz and Zabel, 201Bhe iron oxide

has a very high affinity for adsorption of anions and also cations under natural conditions
especially forthe adsorption dirace metals, phosphorus and organic acids. The reactions
involve either protonation or deprotonation depending upon pH of the environment. In the
presence of excess anion or cation such as trace metals, anions or orgadg thga
adsorption onto iron oxides balandls negatively or positivelychargedsurfaces. The

examples of these reactioae showras below;
SOH +H& SOH;" (Eqn. 1)

SOH+ OHy SO + H0 (Eqn. 2)

-S-OH S0 ~
| +CU* & f Cu +2H

-S-OH S0~

-S-OH -so. ~ O

| +HPO <= | P_ +2bD
-S-OH -s0” T O



-SO-C=0
-SOH +GOsy \ \ + H,0

-S-O-C=0

Figure 1.4. The equations of surface adsoption of cation, anion and organic com
(Retievedfrom Shulz and Zabel, 2016

1.2 Redox reactions of Iron compounds in thermodynamic ladder

Biogeochemical processes in global sedimentary cycle are key controllers of the &arth
surface and climate in geologidahescales (Aller, 2006, ref. therein). These processes
shape the fate of organic material arriving at the seafloor and the dynamic interactions of
deposits and buildup with overlying water and the atmosphere. The seafloor environment
is led by a broad rye of reactions, such as precipitation, dissolution, redox reactions,
recrystallization and biogenic processes. Since the life processes entdiismfar
equilibrium conditions, biology drives rapid reactions in thermodynamically unstable
conditions. Thais called early diagenesis which is the combination of physical, chemical
and biological processes changing the composition and abundance of organic matter in the
upper part of marine sedimenk$enrichs (198Y statel that between 30% to 99% tife

organc matter accumulated the sediment is remineralized by organisms.

As the seafloor environment acts as open systems, in other words strongly tied with the
overlying water and the marine ecosystem, its behavior impacts the bounded marine
environment irshort and long term scales. These impacts are observed relatively obvious
in shallow waters due to release of regenerated nutrients for new production for
phytoplankton (Aller, 2006). However, the impacts of these midtnental cycles in
diverse seaflor types through global ocean and atmosphere is a challenge and still being
guantified for the accurate global budget estimations, biogeochemical models
(Scholz,2014, Aller, 2006, Liu et al., 2015, Severmann et al., 2010).



Fe speciation and its bioavailability depends on its governing factors ahataons. Figure
1.5is a simplified diagram of reactions foistinct iron speciegretrieved from Shaked
and Lis 2012)thatshows the reactions and medis of redox reactions. Iron in dissolved
organic, inorganic and colloidal/particulate forms are selected by environmental

Dissolved Organic Dissolved Inorganic Colloid/Particulate
o - i
2
x
3 l‘ 4l A
= i i 2 6
: v L
=]
- -— ——
. e e |
Medi s and g ing factors Effects on sp and bi ilability References
1. Fe(ll)’ OXIDATION
* 0z 05, H0, o Fe(lll) formation and subsequent hydrolysis and precipitation, a-c
decreases bioavailability
o Regulated by pH, temp, salinity
2. Fe(lll) REDUCTION
e Enzymatic- phytoplankton (assimilatory) & bacteria o Elevated [Fe(ll)s.s] and maintenance of active redox cycle, both of d-g
(dissimilatory — low oxygen) which slow down Fe(lll) hydrolysis and precipitation
e Direct photolysis or reduction by photo-produced reactive o Availability is enhanced when [Fe’] increases (as Fe(lll) and Fe(ll) are
transients equally bioavailable)
e O (photochemical/biological origin)
e Humic and fulvic acids
3. Fe(lll)L REDUCTION AND DISSOCIATION
e Enzymatic (as above) o Weaker ligand binding to Fe(ll) (compared to Fe(lll)L) may favor h—i
e Photochemical (as above) dissociation of free Fe(ll) and increase in [Fe’] and bioavailability
e Superoxide (as above) o If Fe(ll) remains complexed - its oxidation may be
stalled/accelerated compared to Fe(ll). Bioavailability of
Fe(ll)L — unknown
4. Fe(ll)L OXIDATION
e 03, 05, H20, o Rates are slower/faster than Fe(ll) oxidation resulting in j—k
e Ligands (L)- some stabilize the complex as Fel(ll)L, some elevated/lowered [Fe(ll)Ls.s]
accelerate its oxidation e Bioavailability of Fe(ll)L — unknown
5. REDUCTIVE DISSOLUTION OF SOLID PHASE IRON
e Bacterial dissimilatory reduction in aggregates e Elevated [Fe’] due to increased Fe(ll) flux l-m
e Ingested colloids (zooplankton) o Elevated Fel (when ligands are at play)
e Direct photolysis and light enhanced siderophore e Dissolution enhances bioavailability as solid phase iron is largely
mediated dissolution inaccessible
6. OXIDATION OF SURFACE ADSORBED Fe(ll)
e 07 and mineral surfaces (O, oxidizes surface bound Fe(ll) o |f oxidation precedes detachment of Fe(ll): decreased flux of Fe(ll) n
much faster than dissolved Fe(ll)) e Following oxidation, the newly precipitated Fe is more reactive than
the original mineral
[Fe(ll)s.s], steady state Fe(ll) concentrations.
References: a. Santana-Casiano et al. (2005), b. G ): ) ( ) 3 )05), f. ] /
retal. (199 2 20 ), k. R ), m. Barl

Figure 1.5. Redox reactions of various Fe species; the major factors and their eff

specation and bioavailability (Retrieved froBhaked and Lis2012).



conditions; such as redox potenthigure 1.5summarizes the leading factors and effects
on iron speciation; each form could toansferred into other form and oxidation state via
photosynthetic activities, physical and kinetic conditions and microbial actggolved
reduced inorganic iron decreases its bioavailability with oxidation. The particulate and
colloidal forms appean bacterial dissimilatory reactions and adsorption of ligands, trace
metals, organic matter onto dissolved mineral surfaces to final precipitate in colloidal
form. However, the reactivity and distribution of iron in seafldww theiron species
transpat in seafloor, in what degree it is bound to organic carbon, sediment type and
conditions is little known specifically in terms of irdérked organic matter degradation,

nitrate, sulfur, phosphorus trasdmicrobial pathways.

The seafloor environmentaries in diagenetic processes and cycles due to diverse
depositional conditions and biology. Diagenetic processes mainly effect the availability of
sedimentary reactants, products and their deposition conditions with depth due to close
relationship betwen organisms and lithogenic fractions. In this manner, one of the main
drivers of early diagenesis is organic matter buftgdure 1.6shows the major type of
diagenetic organic matter cycle in vertical cross section. Deposition of reactive organic
matteris followed by decomposition and oxidation by organisms. The consumption of
organic substrate depends on reactivity and burial conditions of matter, biomass of
organisms with time and depth resulted variations in amount and preservation of organic
matter. Microorganisms and benthic community consumes organic matter for survival,
hence, directly and indirectly influences the amount of available oxidapt®i(@¥, Mn

oxides, Fe oxides, S®, and CQ) and authigenic minerals. Other importance comes from

its impacts on the principal reaction variables pH, redox potential, taeye@, coupling

of recycling of nutrients to the overlying waters and ttrecgphere (Shulz and Zabel,
2016.

10



The thermodynamic ladder, in other words the recantrolled cascade of organic matter
degradation pathways is a function of free energy gain for oxidation of organic matter.
Organisms accepts terminal electrons for enenggrder of Q, NOs, Mn oxides, Fe
oxides, S@and CQ from methanogenesis. The transition from oxic to anoxic

Diagenetic Cqrg cycle
P W, g W, I
Water

Oxidants Dissolved, recycled

Organic matter
0, (reductant)

Sediment
s ;
a g
8 Precipitation {
Solute 3 i
oxidation y
Stored Corg Authigenic minerals
FeS,, MnCO;3, FeCO4
(a) CFAP, Ca,Mg;_,CO;

Figure 1.6. The organic matter burial drives redox zonation andenainmobilization ii

seafloor.

conditions called redox frontcan vary in seafloor or water column. The redox state and
diagenetic zonation in marine environment can be tmrmeters in seafloor surface,
subseafloor, or water column. The organic carbon accumulation rates, abundance of each
oxidants and diversitybenthicorganismgbioturbation)control the redox zonation and

the pathways. Pathways of organic matter degradatnd reactions are showed in Figure

16. Towards methanogenesis available free energy decreases for organisms. Each
pathway results in changes of chemical environment such as releagdVb?NFe?* or

H>S. Manganese and iron reduction takes placengrtite remineralization of associated
particulate minerals, therefore, impacts the fate of midmahd elements. The high
organic matter accumulation drives the redox shuttle and release of its associated forms

described irFigure 1.6 The redox zonatiom distinct environment comes into
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prominence as its association with carbon, sulfur and nitrogen and metal mobilization in
seafloor. The abundance of these oxidants drives the respiration pathways and microbial
communitiesTo illustrate, Mogollén etla(2016 has investigated the suboxic sediments

intr ee stations of Eastern Equatori al Paciy
wt %) and low sedimentation rates {(iQ.00mm ky?) and were quantiy
reactiontransport model with reactionsvolving the Mn and N cycles. This and other

studies focuses on themnsportatiorand mobilization ofron and manganesgycles in

seafloor Another factor in early diagenesis is the type and origin of organic maitele,

i.e. easy to degrade @gic matter includes small organic molecules (such as acetate,
formate). Larger organic molecules may be more refractory to degradation. C/N ratio also
plays a role: typically marirerigin organic matter has lower C/N ratios (rich in N) and is

more labilewhereas terrestrial organic matter has higher C/N ratios and typically more

refractory.

It is found that microbial cultures can use all kind of iron oxides for the dissimilation with
different rates and various degrees (Lovley 1991; Kostka and Né2198) The reaction
pathways of iron oxides for energy mainly depepdsthe lifetime, surface area and
compositionof theiron oxide. Reactive iron as defined by Koska and Luther (1994) is the

bioavailable and preferred fraction of iron minerals folscel

Another key controller of redox zonation is the sediment diagenetic regimes.
Sedimentation processes can affect the redox reaction succession of oxidants. To illustrate,
unsteady regimes, such as highly mobile surface of seafloor may not have vediosal

ladder likewise steady accumulation. Even in steady accumulation regimes may differ in
redox reaction distribution shaped by grains size, organic matter burial, permeability,
sediment bioturbatiofAller, 2006).

1.3Influences on irontbound essentiaklements: carbon, sulfur and phosphorus

Lifetime of iron oxides particulates designates the crystallinity which means order of

crystal lattice. As the aging increases, highly reactive iron oxide fraction with distance to
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Figure 1.7.The metal biogeochemical cycles with important reactions and pro¢atst
Nelson et al.,197etrieved from Shulz and Zabel,2016

Fe(u) s

coast and water depth decreases even though total iron oxides and concentration increases
(Haese et al., 2000).

Extended roles of iron oxides asHigure 1.7stems from surface properties of iron oxides

due to having high affinity for adsorption of cations, anions, organic compounds and
phosphate, trace metals. Hydroxylatiommaheral surface by these compounds, in other
words adsorption onto the minerals causes the removal from environment and
precipitation through the seafloor. Further, redox processes in seafloor induces the changes
in particulate iron minerals forms, hencadsorled element concentration in the
environment. As an example, reduction of Fe oxides in reducing conditions stheh as
presence of b8 resultsn release of adsorbed material through upper zones and formation

of pyrite (Fe9).

Phosphate is a cruciahicronutrient especially for P limited, oligotrophic marine

environments such as Eastern Meditezean Rrticulae phosphorus is well studied in
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such regions due to direct i mpact on organ
Tujrul, 1-S 8Bl amtoij mwunr , 2007, Sert, 2010) .
speciesto reveal P speciation in marine sedimeistyaried, howeverthe extraction
schemes such as SEDEX (Ruttenberg, 1992) fiatfhosphere) is common technique
helps to fractionate exchangeable PbBend P, authenic GR, organic and detrial GR

with extraction steps of different chemicals. Thebeeind P gains importance from the

final accumulation P species due to high adsorption capacity of iron oxides, therefore, Fe
bound P pool is reffered as a measure of totab¥ees in the sediments and to asses the
role of amorphous Fexides in oxic conditions for binding P in sediméBtomp, 2013).

Solidi phaseFe-bound P pool in sediment is increased through sulfate reduction front in
sediment and this pool is assunethe made up 385% of total P in the surface sediments

and act as major burial sink for(Blomp 2013)Adsorption ad burial in seaflooris not

POC Degradation  Reaction AG®
pathway (kJ mal)
Oxygen reduction CH;O + 03 = COy + H;0 479
Denitrification 5CH,0 + 4NOgy—=> 2N, + 4HCO4 + CO, + 3H,0 453
Manganese CH,0 + 3C0, + H,0 + 2Mn0, = 2Mn?* + 4HCO,- -349
reduction

Iron reduction CH,0 + 7CO, + 4Fe(0OH), > 4Fe® + BHCO, + 3H,0 114
Sulfate reduction 2CH;0 + 50,23 H.5 + 2ZHCO, -IT
Methanogenesis CH,COO0-+H* » CH, + CO, -28

Figure 1.8.0Organic matter degradation pathways (Yucel, 2015)

only proces®f Fe-P but also formation of Fe(HP phases in redox zongsich as sulfate
methane transition zones) gains importance as its link to recent changes in environmental
dynamics, possibleipward shift of the redoxane. Therefore, iis studied in lake,
eustuarine, near shore coastal; suboxic sedini8tamp et al., 2013, Ruttenberg, 2003,
Sivan et al., 2011).
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One of the potential source of reactive and Mn is contineat shelf sediments due to

river inputfrom terrestrial environments (Johnson et al., 1992, Poulton and Raiswell, 2000,
Elrod et al., 2004; Moore et al., 2004, Roy et al.,2013). The studies show thaenived
sediments are rich ireactive Fe (Poulton and Raiswell, 2005). Reactive Fe andriin
contained iramorphous and poorly crystalline (and presumably Mn) metal hydroxides and
oxides (Canfield, 1989; Poulton and Raiswell, 2002, Poulton and Canfield, 2005, Roy et
al., 2013). Riverderived sedimentary reactive Fe and Bheaccepted as micronutrient
supply to the coastal ocean (e.g., Poulton and Raiswell, 2002; Severmann et al., 2010,
Yucel, 2010) and also potential supply to the ommean viatransportation and

mobilization.

Thereactive iron in seafloor is claimed to be strongly interlinked with organic carbon with
the findings of preservation of organic matter up tobal mass of 1:45x10° grams of
organic carbon (Lalonde et al., 2012). This relationship is studied so éatiteate the
accurate budgets of carbon cycle since the global warming has reached up to drastic levels.
Thus, the reactive iron in diverse seafloor environments such as oxic, coastal to open
marine ecosystems, oxygen minimum zones and euxinic enviros(&afiolz, 2014, Roy

et al, 2013, Shields et al., 2016, Lalonde et al., 2012). One of the major findingsF&f OC
association is that organic carbon and reactive Fe have significant correlation (Shields et
al., 2016). These authors examined the role aftrezairon (Fe) in preserving organic
carbon (OC) across Wax Lake Delta, a prograding delta within the Mississippi River Delta
complex. They have found that ~15.0% of the OC was boundrtovifte the estimation

of ~8% of the OC initially deposited in deit systems is bound to &gequivalent to 6 x

102 gC yrY). This percentage increases pdspositionally, as coprecipitation ofand

OC allows for an even greater amount of OC to be boundrtodrether sudy in coastal

to open basin showed thatective Fe enrichment (terrestrial Fe input to seafloor)
decreases with depth in oxic waters and start to increase in oxygen minimum zones
(OMZ). Belowthe OMZ, high lithogenic Fe enrichments are obsenfagdher, grain size

is also found to have significaobrrelation with reactive iron and organic carbon (Roy et

al., 2013) in OregarCalifornia (USA) continental margin near the mouths of six small

mountainous rivers. This work revealed that sediments are also enrichecaimdPAdk
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with comparisons amongrain size, Fe and Mrkr suggesting mud size suspended
sediments be a carrier of the riverirgactive metals to the seabddhe deposition and
mobilization of OC:Fgsuggests that these two components have a common source or a
common processes that proegithe mutual preservation. On the other hang, isifound

to be least partially decoupled from OGs:Fd grain size, that brings questions of
diagenetic water column and sedimpracesses preferentially mobilizing tteactive Mn

over Fe.
2. BIOGEOCHEMICA L DISTRUBUTION OF IRON IN CILICIAN BASIN
2.1 Cilician Basin

The Mediterranean Sea is a rtaditude senyenclosed basin aradnearly isolated oceanic
system. It is connected to the Atlantic Ocean, the Red Sda #reBlack Sea via Turkish
Straits. The Atlantic Ocean is the milestone of the general water mass circulation, also
calledglobal thermohaline circulation that imclesthe Atlantic, Indian, Pacific Oceans.

The connection with the Atlantic Ocean makes Mediteaarea important to affect this

Surface circulation in the Mediterranean Sea

t\ &

—~» Main path
> Seasonal path

> Secondary path or recirculation
) Dense water formation zone

O Mesoscale gyres

Sources: C Millott and Taupier-Letage, 1. (2005). Grculation in
theMediterranean Sea. Hdb Env Chem Vol.5, PartK, 29-66

Figure 2.1.Surface Circulation of in the Mediterranean Sea(Millott, 2005)

circulation within its characteristic seawater properties.
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The Mediterranean Sea has complex, integrated spatial scplésisin scale (or
thermohaline) circulation, ii) the stliasin scale circulatiorand iii) the mesoscales
(Pinardi et al., 2005 and references therein). These scales are driven from differences in
topography, coastal influences, internal processes. Anfoadatge scale circulation,
dynamic sukbasin scale cyclonic and anticyclonic gyres and energetic mesoscale eddie
influences the seawater of the whalasin. As theFigure 2.1shows that coastal sites
interact with the main path of the circulation so ¢alenvironments could affect the
whole Mediterranean Sea and even the Atlantic Ocean.

The main path of the water circulation is driven by less dense Atlantic esitering
through Gibraltar and formation of intermediate and deep water formations. These water
masses are Modified Atlantic with increase in salinity to the east, Levantineatiate

water (LIW) and Mediterranean Deep Water. Further, the Sicily Strait is a natural
boundary which prevents mixingf western and easteiMediterranearseawates. The
wesern and eastern seawaters diffevarious properties such as temperaturiisaas

well as the biology.

e —

L
0 250 500 750 1000 1250 1500 1750 2000 2250 2500
depth (m)

34° 35°

Figure 2.3. Cilician Basin depth profile ahwater circulation(Ozsoy and &, 200¢
Collins and Banner, 1979
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Unlike the Western, the Eastern Mediterranean Sea is one of the utmost oligotrophic seas
in the world (Figure 2.2. Nutrient rich Atlantic surface water losses its nutriearisl

becomes nutrient deficient to the east by phytoplankton growth in the surface of the

S
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Mediterranean
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Figure 2.4.Chl-a concentration (mg ni) in surface waters Mediterranean Sea cov:
a complete annual cycle (from September 2007 to September 2008) and visualiz
been produced with the Giovanni online deyatem, developed and maintained by
NASA GES DISC from Gogou et al., 2013.

Atlantic flow and complete its cycle and reaches to Atlantic again after hundred years
(Krom et al., 199). Moreover, limited number of rivers, low precipitation, taégtperature

and evaporation makes other sources extremely valuable such as seafloor, too. For that
reason, the surface sediment which is a sinks of major and limiting nutrients (Fe, N, P,
trace metals) especially in shallow waters could lead the new piadwia release of

these compounds.

In Cilician Basin, the mean currents show relatively simple pattern, the actual time
dependent currents in this region is complicated specifically in the coastal réigiens.
Cilician Basin is located in the Eastern betine with a depth range of approximately O
1250 m. The shallower coastline mainly affected from Seyhan, Ceyhan, Goksu Rivers in
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which local eddies observed with diverse seafloor types. The seafloor topoghaplygs
from east to west part with ancrease in sbmarine canyon¢Talaset al., 2015). The
coastal lines affected from fresh water that carries organic matters, nutrients to the
seawater so as to seafloor. Despite the river inputs, the open sea is still oligotrophic water
framing seafloor defient in organic matter for microbial commties as opposed to

coastal area

The chemical properties of Cilician Basin show similar vertical pattern in dissolved
oxygen and salinity. Di ssolved oxygen <con
levels,for oxic waters with almost 100% sadtion in the first 200 m depth. Deeper than

100m depth and below the euphotic zdissolved oxygetends to decrease until constant

deep water concentratisrof 1802 0 O . Eh&lcyclonic region has the-Bbm euphotic

layer, up to 116120 m in anticyclonic regions. According to depth and location, dissolved
oxygen concentrations similar to density profiles show variations in deep water which
imply the rapid horizontal movement of deep water without creating any significant
regionalcharacteristic§ Y&l maz and Tu#égtalr007). 199 8; Ediger

2.21Iron in marine sediments of Cilician Basin

The reactive iron in river dominated to open shelf sediments has been studied in various
marine environments (Yucel, 2010, Roy et al.,203cholz et al., 2014, Shields et al.,
2015, Salvado et al., 2015). The behavior of reactive Fe and Mn from river sediments is
found to have different trends and correlations. To illustratefrém suspended Umpqua

river sediments is about 2 wt% wheré&as from the depocenter is just a little higher than
that value. The decrease in Minom suspended sediments to depocenter is more than an
order of magnitude. Based on these findings, authors claimed a depletion in terrestrially
derived reactive Mn may be larger than for Fe. The reason for the higher depletiofn of Mn
compared to Femayresulted from the higher mobility of manganese compared to iron
during remobilization from AeMn-oxyhydroxides, which is a wetlocumented process

in marine and riverine settings (Band, 2005, Shulz and Zabel,2016
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The reactive iron record in CiliciaBasin will be the first record of the region. However,

the abundance and distribution of Fe, Mn and other trace metals and heavy metals has been
reported in the literature. The weight percent of Fe in shore sediments of Mersin Bay is
2.7% (Bodur, 1988), 39 in Mersin Harbour and 4.27 in shore sediments of Lamas,
Mersin Bay Ramelov et a).1978), 3.61 in Cilician Basin (Shaw and Bush,1978).

The Cilician Basin coastal seafloor are composed of diverse sediment textures ranging
from mud to gravelly mud. Thgrain size distribution pattern of the surface sediments is
mainly shaped by the irregular bottom topography of the region and terrigeneous inputs
carried by perennial rivers. The complex wave and current system as with local eddies and
coastal filaments ra also the factors controlling the grain size composition of the
sediments. The surface sediments are predominantly characterized by their relatively high
mud contents with varying silt and clay fractions. The total proportion of cgaaseed
fractionséand and gravel) accounts for less than 10% in most sediment. The wind
generated coastal flaments plays an important role in the generalz@asEdbution

pattern of the Mersin Bay sediments with significant correlation of grain size fraction
(Tuncand Yemeniciojlu, 2013). However, there

open Cilician seafloor.
2.3 Aims of this study

Cilician Basin has specific ecological properties owing to relatively high productive
coastal seafloor and very oligotrophic opeaf®r. The mobilization and transportation

of the particles generated in the coastal sites could therefore affect the open seawater. The
reactive Fe and Mn transportation to open seafloor, therefore, is an important mechanism

that needs to be investigatedthe region. Key questions can be listed as:

a Can the sedimentary reactive iron speciesmach environmentally significant
concentration3

b- Could we find fingerpring of Fe-derived microbial respiration in the seafloor of
Cilician Basin seafloor?

c- Is thae any evidence for croshelf transport of Fe and Mn?
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There are three main objectives of this study:

(i) To determine the concentratiomd sedimentary reactive iron species along four

transects covering the entire Cilician Basin

(i) Through generating an extensive geochemical datec®atring overlying water
column and sedimentary parametets explorethe geochemical factors thabntrol
reactive iron cycling

(iif) Based on a synthesis of findings, to establish a first cdnaémodel of iron cyclén
the Cilician Basin seafloor.
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CHAPTER Il

3. MATERIAL METHODS

3.1Sampling Site

The sampling site icated in the Cilician Basin in the Eastern Mediterraneiatrjbuted

along four transectsetween Seyhan River @bksuRiver Delta. Atotal of 25 stationsn
thesetransectsvere sampleduringthreecruisesin the winter of late 201 early 2016

Seyhan transect samples were collected in October 281idb theGoksuand Ay dénc é
transect samples were collected in November 20h&. sampling of Erdemli Time Series

(ETS sedimenrd followed on: the stations3-11 werevisited in January2016, and the

sampled 2 and 13 collected in March 201Boastal surface sedimentsre sampled from

10-100m depth whereas deep seafloor samples t@&en between 16800m depth. The

) 4 o Seyhan River
,X 0 3
N ETS%8 6O ° 2
9 3
100 =
: (o]
Goksu River 12
Aydincik
1 139
15
} 1
20-23 18
240 19
259
Latakia
Basin
sdana Troug h
Figure 3.1. Locatiors o f the sampling stations &

Cilician Basin(Eastern Mediterranean).
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river effect on seafloor biogeochemistry in coastal seafloor sediments was invdstigate
Seyhan, an@Goksutransects. Further, open seafloor samples from oligotrophic Cilician
Basin is studiedh ETS, Goksu transects. Table 8ites thecollected sampketransect,

station name, latitude, longitude, bottom water depth in this study

Table 3.1 The collected sampgdransect, station name, latitude, longitude, bottom water

depth in this study.

Transect Station Latitude (North) Longitude(East) Water
(degrees:minute) (degrees:minute) Depth(m)
Seyhan 1 36 41.3322 34 53.4667 15
2 36 38.5128 34 53.2777 35
3 36 34.3012 34 52.9920 53
Seyhan 4 36 43.9848 34 48.8900 11
5 36 40.1305 34 47.6186 40
6 36 37.3350 34 45.9650 56
7 36 31.8159 34 50.2792 77
ETS 8 36 33.4523 34 15.6063 20
9 36 32.8978 34 15.8745 50
10 3632.1065 34 16.4436 75
11 36 29.9112 34 18.1119 100
12 36 26.2417 34 20.6981 200
13 36 17.0056 34 19.7347 400
Goksu 14 36 14 9669 33 59 9059 22
15 36 11.5848 34 00.1412 48
16 36 09.2119 3359.8947 75
17 36 08.5606 3359.9116 97
18 3607.8363 3359.7481 180
19 36 05.1350 33 59.8549 450
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Table 3.1.The collected samples transect, station name, latitude, longitude, bottom water

depth in this study (continued).

Transect Station Latitude (North) Longitude (East) Water
(degrees:minute) (degrees:minute) Depth (m)

Aydeéer20 36 08.9364 3328.3013 21

21 36 08.6783 3327.6789 40

22 36 07.7701 3328.6966 76

23 36 06.8098 33 28.9397 100

24 36 025571 3328 9200 220

25 3559.9011 3328.9314 500

3.2Sampling and analysis of seawatebiogeochemicaparameters

The sampling site seawater properties were determined by main physical and
biogeochemical parameters. Seawater was sampled via a General Oceanics rosette sampler
having 12 bottles of 8 liter volunmupled with a Se8ird Model 9 conductivitydepth
temperature (CTD) sensor. The CTD and the rosette sampler were operated using a Lebus
hydrographic winch with a 2000tong cable. The CTD profiling system provided the
physical characteristics of seawaseich as temperature, salinity and density during the
downcast of rosette sampler whereas the water was sampled (i.e. bottles closed) during the
up cast. Then, the following biogeochemical analyses were performed on the water

samples.
3.2.1.Sampling and Aralysis of Dissolved Oxyge(DO):

Seawater was immediately subsampled from Rosette system bottles into the 100 ml Pyrex
bottles with careful handling. The water transferred into Pyrex bottles with the help of
silicon tube as filling twice of its volume wiblut any air bubbles to prevent atmospheric
oxygen contribution contamination followed by immediate addition of manganese(ll)
chloride and alkaline potassium iodide reagents. After addition of reagents the samples
were shaken vigorously and put in dark &reast 30 minutes for complete reaction of
entire oxygen with the reagents (Strickland and Parsons, 1972, Furuya and Harada, 1995).

24



Dissolved oxygen levels of water column at each station were determined via Winkler
titration using an oiboard automatetitrator (Grasshoff et al., 1983). This method is based

on measurement of dissolved oxygen level from iodometric titration by using Manganous
Chloride, Potassium iodide as redox reagents. First, dissolved oxygen is precipitated as
Mn(OH). then followed byacidification of medium to achieve iodide ion to form iodine
which is titrated bysodium thiosulfate. The automated Winkler titration instrument
measures and calculates the dissolved oxygen level in the samples using the amount of
thiosulfate consumed duag titration. Analysis of samples were performed on board with
Metrohnm model automated Winkler titration instrument and redox electrode prior to

addition of diluted sulfuric acid before titration with thiosulfate solution.
3.2.2.Sampling and analysis oNutrients and Total Phosphorus(TP)

The sampling for nutrients (Nitrate, nitrite, ammonium, silicate and phosphate) and total

phosphorus was performed separately after oxygen subsampling into the high density
polyethylene bottles. All bottles were petkeared with 10% hydrochloric acid, and later

on rinsed three times with MilliQ water. The seawater was subsampled into bottles after

three flushes before final volume and put into freezer until analysis for nutrients and TP.

The nutrients of seawater were Baad by a BrarLuebbe model fouchannel aute

analyzer. The main principle for this analysis is to convert each nutrient into a color
forming molecular complex by a series of reactions with specific reagents to measure
concentration in the samples withrtagn wavelengths (Grasshoff, a8 , Saj | amt i mu |
Tugrul, 2003

a. Nitrate and nitriteanalysis:

Firstly, nitrate is reduced to nitrite via cadmium column. Nitrite in the medium reacts with
sulfonamide and coupled with-(d-naphthyl}ethylenediamine dihyahloride to form a

red-purple dye. The concentration of the dye is measured at 520 nm wavelength.
b. Ammonium Analysis:

Ammoniumis determined via addition of Berthelot reagent in basic medium to form a

colored compound measured at 660 nm wavelength. Doollogmetric determination of
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ammonium, high concentration citrate buffer was used to prevent precipitation of seawater

calcium and manganese ions.
c. Silicate Analysis

Silicate analysis includes the acidification of solution by ascorbic acid,réueiced to
silicomolybdous acid (a blue compound) following the addition of oxalic acid to eliminate
positive interference of phosphate. The sample is passed through flowcell and measured
at 660nm.

d. Phosphate Analysis

Ortho-Phosphate is analgd as additon of aidified ammonium molybdate seawater
sample ® produce phosphomolybdic acid. Then, addition of dihydrazine suddtees
phosphomolybdic acid tphosphomolybdous acid (a blue compouiitde absorbance

measured at 820m.
e. Total Phosphous:

Total phosphorus is measured as initial digestion of phosphorus species into the phosphate
form, then followed by addition of certain reagents for colorimetric determination of
phosphateeompounds. For this analysis, seawater samples were place into dagdffwed

bottles with addition of potassium persulphate, and then Teflon bottles were put into
autoclave system for oxidation under 2 atm pressure and 120 °C about 60 minutes. After
cooling, each samples pH were adjuste®ilyy diluted NaOH solution, thenlated with
deionized water to final 50 ml volume. By ascorbic acid and colorimetric reagent addition,
the measurements at 880 nm were done. The concentration of samples were calculates

from calibration standards.
f.  Chlorophyll a:

Seawater subsampled intamber 1L amber Nalgene bottles and immediately filtered
through GF/F filter with 47 mm pore sizAfter filtration, filters were placed into

aluminum covers anfitozenuntil analysis.
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Analysis of chlorophyHa is a spectrophotometric determinafftorescence via
extractionof chlorophylta into acetone medium. To do this, filters were placed into
centrifuge tubes and 8 ml 90% acetone solution was added. This salatoantrifuged

at 6000 rpm for 5 minutes, then measured HITACHI model F2500 Florescence
Spectrophometer. The concentration of&hwas decided with measurements at the 420

nm excitation and 669 nm emission wavelengthiasmundet al 2006.
3.3 Determination of sediment properties

Surface seafloor sediments wesampled by 5 L volume Van Veen Grab sampler. This
sampler collects the upper few centimeters of surface sediments. The upper surface
sediment about one cm length were swept by clean spatula to get rid of théoomdiabl
surface of the sediment. In orde®o perform a consistent sampling, sediments were
deliberately subsampled with average of 10 cm length from theldrgiin areas that are
thought to represent the oxidized, surface sediment. Subsamples were taken first for iron

and trace metal analysi®llowed by total organic carbon and grain size analyses.

For each of the solighase parameters the results will be reported as micromoles of
element per gram dry weight of sediment. In order to convert the wet weight of sediments
to dry weight, subsames$ of about 0.5 g were dried at 60°C for 24 hours and then re
weighed. Using the weight loss upon drying porosity was assessed, which was then used

to calculate dry sediment weights
3.31. Extraction of reactive iron by buffered dithionite solution

The £diments were subsampled intopteaned (10 % HCI acid, Analytical Grade, then
MilliQ water) 50 ml centrifuge tubes with pideaned plastic spatulas (trace metal free).
The leftover space in the 50L tubes were then saturated by nitrogen gas to prevent

oxidation of samples that were kept20°C until analysis.

In this study, reactive iron is defined as the(&eyhydr) oxides that have a potential of
going through relatively fast (days to months) geochemical interactions with organic
carbonphosphorus, trace metalsaefined byKostka and Luther (1994). This extraction
method is sufficient to dissolve the major iron oxide phases (ferrihydrite, goethite, trace

amount of magnetite) with partially extracting some hematite and minor amourds of i
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from chlorite and silicates (Canfield, 1989; 3da and Luther, 1994). Mass of triplicate

of each sample was approximately 0.5 g wet sediments in vials. 10 ml of dithionite solution
was added to vials. The freshly prepared dithionite solution inclode$1 dithonite,
0.35M Naacetate /0.2 M Naitrate (pH 4.8) per L. The vials were shaken for 48 h.
Followed by 0.45um filtration and filtrate stored in dark environment at +4 °C until
analysis. In order to prevent matrix effects due to concentratesrdtthimatrix, the
filtrates were diluted 50 fold and analyzed by I8 Nexlon 350X.

Inductively Coupled Plasma Mass Spectroscopy {M3F) instrument basically detects

the ions via ions mass to charge ratio, in other words molecular mass. To achieve this,
sample is needed to be in aqueous phase for sample introduction system consisting auto
sampler, pumps, nebulizer, inductively coupled plasma, plasma interface, cones,
guadrupole mass filters and detector. The samples are introduced to system from spray
chanber forming micrometer diameters droplets to the system. Then, the nebulized
particles are carried to plasma with the help of a carrier gas (an inert gas), to ionize the
elements. The desired nebulized element passes through thee satepiace which

corsist of threenested Ni cones and quadrupole ion deflector providing the eliminate
undesired elements before affecting detector. Then the mass filters separate the ions as
their mass to charge ratio, and detector gives the signal. This instrument hasadtiese

of operation improves to interference removal for specific elements and applications.

The detection limits for all elements and blank contributions was far less than the
concentration in the seafloor samples. However, some stations were obsdraree Rb
concentrations | ess than ppb I evels and

calibration curves for the all elements has the coefficiehtgiRater than 0.99.
3.3.2Determination of other trace metal concentrations

The trace metal caentrations wereetermined in the same samples that were analyzed

by reactive iron.

Total acid digestion method was applied for determination of total iron, and other trace
metals concentration. This method includes microwasasted digestion of dry

sadiments with nitric acid (HNg) and hydrofluoric acid (HF). The dried triplicate samples
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weighed about 0.1 g put in Teflon Microwave digestion containers with addition of 5 ml
concentrated HN® The containers were placed in microwave digestion syste®0at 1
Watt and 120°C for 15 minutes. After cooling, 2 ml concentrated hydrofluoric acid were
added and the samples weredigested with the same procedulgested aqueous
samples weradded 0.6 g boric acid theitaced into 50 ml centrifuge tubentainers

were three times rinsed with MilliQ wat for minimize sample loss and diluted to 50 ml
with distilled MilliQ water.The analysis of digested samples was measured as 10 fold and
with 100 fold dilution and analyzed by IG®S Nexlon 350X instrumenThe calibration
standards were prepared by using Perkin Elmer raldthent calibration standard
solution of metals (including Fe, Al, As, Mn, Mg, K, V, Cr, Co, Ni, Ca, Mg, Se, Sr, Ga,
Ba, Be,Pb, Cs) in 5% HN{Qwvith concentration of 1Qg/ml each elemd. Internal Yttrium
standard was added in each sample before analysis to correct the intensity deviations
during measurement with IEGMS. The net intensity data were automatically corrected by
using Yttrium internal standard intensity. The molar concéotra of each element were
calculated by standard calibration curve of each element with multiplication of volume,

dilution and division of molar mass.

The METUIMS laboratory metal digestion and measurement technique has been
evaluated for MEDPOL Proficiey Test in 2015 by International Atomic Energy Agency
(IAEA) Marine Environmental Studies Laboratory. According to intercalibration results,
the results of metals analysis (Al, Co, Cr, Cu, Fe, Mn, Ni, Pb, V, Zn, Ag, Hg) have been
satisfactory except fahe Ag and Hg elements. For Hg the applied digestion methods are
expected not to be efficient, so the result is not surprising. For Ag, despite the low
confidence in the intercalibration effort, we had good internal and external calibration

curves.
3.3.3 Qganic carbon Analysis

Sediments were subsampled during the cruises in glass bottles kept in 4°C. The
concentration of total organic carbon in sediments was determined by weighing about 30
mg of dry sediment samples in silver capsules. The removal ofmargarbon is treated

by 20% HCI acid addition to the samples in silver capsules since carbonates were

transformed into C@gas. After removal of carbonates, samples were dried at 70°C for 24
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hours. The dried samples then measured by Vario El Cube ii@n@HN analyzer. Total
carbon and total nitrogen analysis were done with theegarocure except HCI addition
(Yucel 2011, Nieuwenhuize et al994).

3.3.4 Grain Size Analysis

For laboratory determinations of grain size, subsamples were placed iotohags and
kept in-20 C until analysis. For grain size analysisarsesamples were thawed, then
sieved by 2 mm, 1 mm, 0.5 mm, 0.25mmeshesThe total amount of each size separated
fraction was weighted, and each fraction in total percent is calculaléw sediments
grain size less than 0.25 mwmas analyzed bylaser diffractionMastersizer Model
instrument. The percentweight of each sizas calculated together witkieving and

Mastersizer instrument.
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CHAPTER 1lI

4. RESULTS

In this chapter the major parameters seawater data is presented by transects, followed by
sedimentary solid phase data collected from seafloor of Cilician.ddsrseawater data

in this study has been used to present the difference in biogeochemistry of the overlying
water. Therefore, each station and transect in this study is likely to help to geochemical
factors that controls reactive iron species.

4.1 Major prop erties of Seawaterin sampling site

Seyhan Transect:Physical and biogeochemical data of oxic seawater column of Seyhan
stations is represented in Table 3. Depth of six stations was in the rangg6ofiil Station

7 (100m depth) had no seawater data in this transect. Seyhan stations could be divided into
two subtransects; the stations3lare closer to the mouth of Seyhan River and the stations
4-6 were located in shelf area of Seyhan transect. Seawater temperature is around 26 °C
and increases from shallower to deeper stations by around +0.4°C. Salinig with

38-39 psu. The surface seawater salinity slightly increases through deep stations as similar
increase in density showing the river effect on shallower stations. Essential nutrients for
new production such as phosphate, nitrate and nitrite beetesiwere ranging from, 0.03

0.10 uM for phosphate, 0.6568 uM for nitrate and nitrite, and 10104 uM for silicate.

Chlorophylta levels, which is a proxy for the production in sea, were betweer2(B81

Mo/L.

Data for station 4 was observed tovédhe lowest temperature, salinity and density with
more than 2 times high nutrient values indicating that this station contained waters affected
by the lowsalinity and higknutrient containing river waters. Bottom water of Station 6
was found to have manum chlorophylta value of 2.98 ug/L that could stem from
sufficient seawater penetration to the bottom water and optimum conditions for production

of specific organisis

31



Table 4.1. Station name, depth (m), temperatut€)( salinity (psu), densitykg.m3),
dissolved oxygefuM/L) , phosphate (uY nitrate and nitrite (UMY silicate (UM and
chlorophylta (ugL) data inthe Seyhan transect

Station Depth Temp. Salinity Density Dissolved Phosphate Nitrate+ Silicate  Chlorophyll -a
name Oxygen Nitrite
(m) Q) (psu)  kg.m® (UML) (uM) (uM) (HM) (Hg/L)

1-Seyhan 0 26.35 38.84 25.82 203.45 0.06 0.64 4.21 1.02
15 27.13 39.31 25.93 17145 0.09 0.70 4.05 1.05

2-Seyhan 0  26.57 39.10 25.95 207.64 0.06 0.12 2.86 0.32
10 26.58 39.10 25.95 203.02 0.04 0.10 2.67 0.42
35 26.90 39.35 26.03 202.96 0.04 0.06 2.27 0.30

3-Seyhan 0 27.07 39.36 25.98 200.15 0.02 0.05 1.96 2.58
10 27.08 39.36 25.98 200.24 0.02 0.06 1.27 0.13
45 26.92 39.41 26.07 207.50 0.02 0.07 1.66 0.19
53 22.18 38.88 27.12 208.69 0.02 0.14 2.32 0.25

4-Seyhan 0 25.85 38.13 25.45 210.80 0.10 2.68 7.04 2.30
11 26.20 38.83 25.86 205.50 0.10 1.75 6.08 1.09

5-Seyhan 0 26.91 39.37 26.04 199.39 0.03 0.07 1.60 0.16
10 26.93 39.37 26.03 200.24 0.03 0.06 1.43 0.16
40 26.77 39.41 26.12 199.85 0.03 0.09 1.05 0.11

6-Seyhan 0 26.77 39.40 26.11 199.07 0.03 0.12 1.14 0.14
10 26.78 39.41 26.11 202.35 0.05 0.14 1.04 0.11
40 24.94 39.11 26.47 218.42 0.05 0.15 1.01 0.25
56 20.77 38.91 27.54 217.76 0.06 0.17 1.44 2.98
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Figure 4.1. Seawater parameter profileEStations 13(blue lines) and Stationsé{greel
lines) in Seyhan Transed. Temperature®C) B. Salinity (psu)C. Density (kg.n¥) D.
Dissolved Oxygen(M/L), E. PhosphateyM) F. Nitrate+Nitrite (M), G. Silicate (M)
H. Chlorophylta (ug/L).
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Figure 6.1. Seawater parameter profileEStations 13(blue lines) and Stationsé{greel
lines) in Seyhan Transed. Temperature®C) B. Salinity (psu)C. Density (kg.n?) D.
Dissolved OxygenyM/L) E.Phosphatey(M) F.Nitrate+Nitrite(uM) G.Silicate uM) H.
Chlorophylta (ug/L) (continued).

ETS transect: Stations along ETS transect reflected oligotrophic and oxic nature of the
typical Eastern Mediterranean waters in Table 4. Seawater temperature decreased through
water column with defp. In coastal stations, water temperature and salinity values
represented strong mixing in winter season through oxic water column. Nutrient data
ranged between as in the following; 0036 (uM) for phosphate, 0.06866 (uM) for

nitrate and nitrite, 0%4.33 (uM) for silicate. Chlorophya concentrations changed
between 0.0D.07 (ug/L).

In the coastal station, phosphate, nitrate and nitrite, silicate levels were approximately
similar from surface to bottom water due to strong mixing. On the other hand, there was
slight increase in nutrient data with depth. For instance, phosphate increased to 0.11 pM
resulting from detrital accumulation of organic matter antdsequent remineralization
processes. Remineralization result in the breakdownrgaroc matter into inorganic
nutrients. As the water column of the Eastern Mediterranean is oxygenated, we can
presume that oxic remineralization pathway is responsible with the accumulation of
nutrientswith depth, releasing nitrate and phosphate which were previously bounded to
organic matter. As a result, the bottom waters of deeper stations become progressively
enriched in nitrate and phosphate in all transects (Figure 4.2 to 4.4).
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Table 4.2 Station name, depth (m), temperatui€)( salinity (psu), densityk(y.nrs),
dissolved oxygefuM/L) , phosphate (uY nitrate and nitrite (UM silicate (UM and
chlorophylta (ugL) data in theETStransect

Station Depth Temp Salinity Dissolved Total Phosphate Nitrate+ Silicate Chlorophyll-a

Name Oxygen Phos. nitrite
(m) (CC) _ (psu) (UML) (M) (uM) (UM) M) (ug/L)
8-ETS 0 18.35 39.21 23342 0.24 0.08 0.40 1.52 0.04
10 18.36 39.21 230.90 0.21 0.05 0.38 1.06 0.03
20 18.28 39.20 23222 0.21 0.05 0.42 1.02 0.03
9-ETS 0 18.35 39.21 216.18 0.17 0.03 0.23 0.75 0.07
10 18.35 39.21 231.11 0.15 0.03 0.27 0.84 0.03
25 18.31 39.21 233.81 0.18 0.05 0.21 0.82 0.06
46 18.29 39.21 228.42 0.19 0.05 0.33 0.83 0.06
10-ETS 0 18.27 39.21 232.10 0.15 0.04 0.14 0.79 0.07
10 18.27 39.21 23453 0.15 0.04 0.16 0.75 0.06
25 18.28 39.21 230.21 0.16 0.04 0.20 0.73 0.05
50 18.27 39.21 229.06 0.16 0.04 0.20 0.77 0.07
73 18.10 39.20 234.75 0.19 0.05 0.21 0.74 0.05
11-ETS 0 18.22 39.17 23539 0.13 0.04 0.32 0.74 0.04
10 18.23 39.17 235.05 0.16 0.05 0.13 0.94 0.03
25 18.23 39.17 234.45 0.10 0.06 0.30 0.87 0.06
50 18.17 39.19 236.46 0.11 0.05 0.40 0.90 0.06
75 1766 39.22 235.77 0.14 0.03 0.44 0.90 0.13
95 17.53 39.23 235.77 0.18 0.05 0.56 0.79 0.18
12-ETS 0 18.19 39.02 23459 0.18 0.06 0.10 0.65 0.03
10 18.10 39.02 235.97 0.16 0.06 0.08 0.75 0.01
25 18.03 39.02 236.29 0.16 0.06 0.10 0.71 0.01
50 18.03 39.04 229.83 0.17 0.08 0.10 0.70 0.01
75 18.00 39.08 228.46 0.17 0.08 0.28 0.88 0.02
100 17.86 39.08 225.87 0.18 0.07 0.37 0.91 0.01
150 17.53 39.09 226.84 0.18 0.09 0.39 1.39 0.02
195 16.78 39.09 21352 0.19 0.09 1.15 1.20 0.01
13-ETS 0 17.94 39.03 233.74 0.15 0.05 0.08 0.81 0.03
10 1794 39.03 234.75 0.15 0.07 0.08 0.67 0.00
25 1792 39.03 232.72 0.16 0.05 0.08 0.76 0.02
50 1791 39.03 232.80 0.16 0.06 0.09 0.77 0.01
75 17.76 39.11 229.48 0.17 0.06 0.36 0.89 0.01
100 17.69 39.11 228.74 0.17 0.05 0.44 0.97 0.01
150 17.14 39.09 223.79 0.18 0.06 0.55 0.97 0.02
200 16.83 39.10 200.56 0.18 0.08 1.13 1.24 0.01

300 15.35 39.03 197.00 0.20 0.14 4.66 4.33
400 1448 38.91 186.41 0.20 0.13 2.96 3.52
500 13.92 38.80 18349 0.21 0.16 2.96 4.28
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Figure 4.2. Seawater parameter profileEStations 811 in ETS TransecA. Temperatur
(°C) B. Salinity (psu)C. Density (kg.n¥) D. Dissolved Oxygenp(M/L) E.Phosphai
(uM) F.Nitrate+Nitrite M) G.Silicate (4M) H. Chlorophylta (g/L).
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Figure 4.3 Seawater parametgorofiles of Stations 1213 in ETS TransectA.
Temperature°C) B. Salinity (psu)C. Density (kg.nr) D. Dissolved Oxygenp(M/L) E.
Phosphatepy(M) F.Nitrate+Nitrite {M) G.Silicate 4M) H. Chlorophylta (ug/L).

The operseafloor differed from coastal stations with lower productivity and lower nutrient
values. The nitrate, silicate decreased more than 2 times, with the increase in these
nutrients in depth. The bottom water oxygen of open seawater decreased up to 180 uM,
coupled to an increase intrate, silicate and phosphakée typical operseawater profile

was found here, as demonstrated by the increase of nutrient values in deeper water layers

resulting from remineratation processes.
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Goksuand Ay dénc éStationsrotsoksuantls Aydéncéek transect
in the western part of the Cilician Basin. Seawater temperature decreased through water
column with depth as typical behavior of seawater profile in Table 5. Surface seawater
temperature was around 22%+1°C. Upper layer of the water column was uniform,

pointing to mixing. Nutrient data ranged between @@4 uM for phosphate, 0.6628

MM for nitrate and nitrite, and 0.78.05uM for silicate. ChlorophyHa ranged between
0.02:0.19pgl/L.

Coastal area was found to b times more productive than open seawater in euphotic
zone. Nitrate concentration in coastal stations was low, whereas open stations displayed
an increase with deptlue to remineralization processe& decrease in oxygen
concentration in bottom watef open station was observed, with a corresponding increase

in nutrientlevels Tabl e 4.3 gives the seawater dat a

Table 4.3. Station name, depth (m), temperatui€)( salinity (psu), densityk(y.n),
dissolved oxygefuM/L), phosphate (uY nitrate and nitrite (U] silicate (UM and
chlorophylta (ugL) data inG°® k s u a n diransecdd € n c é k

Station Depth  Temp. Salinity Density Dissolved Phosphate Nitrate+  Silicate  Chl-a
Name Oxygen nitrite
(m) Q) (psu) kg.m’® (ML) (M) (M) (M) (pglL)

14-GOksu 22 2245 39.38 2742 22183 0.03 0.08 0.83
15-Goksu 48 23.30 39.34 27.15 216.89 0.04 031 0.76
16-GOksu 0 23.39 39.36 27.13 214.06 0.10 081 0.76 0.12
10 23.39 39.36 27.13 21445 0.05 036 0.74 0.12
25 23.40 39.36 27.13 215.20 0.02 0.12 0.72 0.12
50 23.26 39.35 27.17 22292 0.05 0.10 0.84 O0.16
75 20.47 38.85 27.58 233.18 0.05 0.33 0.83 0.19
17-Goksu 100 1857 38.89 28.11 240.03 0.06 0.15 098 0.11
18Goksu 160 17.36 39.06 28.56 213.93 0.08 065 112 0.05
19-GOoksu 450 14.16 38.87 29.16 180.13 0.24 6.28 8.05 0.01

20Ay d 21 22.62 39.37 2736 21783 0.03 0.26 1.04 0.15

M

21-Ay d 40 22.67 39.36 27.34 216.05 0.02 0.06 0.77 0.19

M
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Table 4.3 Station name, depth (m), temperatti@)( salinity (psu), densityk(.m3),

dissolved oxygefuM/L), phosphate (UM nitrate and nitrite (UM silicate (UM and
chlorophylta (ugL) data in theG° k s u

a n dtransectd@mticuéediy.

Station Depth  Temp. Salinity Density Dissolved Phosphate Nitrate+  Silicate  Chl-a
Name Oxygen nitrite
(m) ¢C) (psu) kg.m*® (ML) (L) (L) (V) (ugll)
222Ay déer 76 2256 39.38 27.39 214.60 0.03 0.27 1.18 0.18
23Aydeéer O 22.82 39.35 27.29 216.20 0.02 0.06 0.88 0.19
10 22.83 39.35 27.29 216.01 0.03 0.06 0.62 0.14
25 22.83 39.36 27.29 213.17 0.03 0.13 0.68 0.16
50 22.60 39.36 27.36 219.19 0.06 0.10 058 0.11
75 2254 39.38 27.40 223.56 0.05 0.25 1.18 0.15
100 17.92 39.03 28.39 228.93 0.06 0.46 1.06 0.12
24Aydeéer 220 16.35 39.11 28.84 203.54 0.10 2.09 2.05 0.02
25Aydeéer O 21.42 39.26 27.62 222.68 0.03 0.20 0.76 0.09
10 2143 39.26 27.62 223.03 0.03 0.23 0.70 0.12
25 2144 39.26 27.62 222.38 0.02 0.34 0.72 0.07
50 21.40 39.25 27.62 224.15 0.02 0.25 0.78 0.12
75 17.99 39.01 28.35 238.32 0.03 0.48 0.78 0.23
100 17.34 39.09 28.58 227.56 0.05 0.50 1.00 0.17
150 16.50 39.12 28.81 207.07 0.07 2.03 1.33 0.05
200 15,59 39.07 28.99 190.42 0.12 3.77 325 0.01
300 14.40 38.91 29.14 180.74 0.21 5.47 6.06
500 13.87 38.81 29.18 178.39 0.23 6.16 8.04
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Figure 4.4givesonly the bottom seawater data in the transétthiese graphs depth only

gives the total depth of the station represented as therblueAy déncék and r ed
transect. In other words, the coastal stations are close toreten depth. The Goksu

transect starts from station-Gbksu and ends in station-GHksu.
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Figure 4.4. Bottom seawater parameter datfaStations 1419 in Goksu and 2@5 in
Aydéncék Al TeanpesatuefC3 B. Salinity (psu)C. Density (kg.n?) D.
Dissolved OxygenyM/L), E. Phosphatep(M) F. Nitrate+Nitrite 4M) G. Silicate uM)
H. Chlorophylta (ug/L). Each dot is a station froghallow to deep sea. Red dots repre

G°ksu stations, blue triangles repre
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Bottom Water Properties of all transects:

The biogeochemistry of seawater is an effective key to reveal seafloor ecosystem in terms
of microbial life, available energy sourceand toestimate the possible survival pathways

for organisms. Therefore, the composition of the bottom water that overlays the upper
surface sediment (the penetration depends on biogeochemistry of seafiogoprtant

for undersandng how reactive irors associated witbrganic carbon, nitrogen, other trace
metals and how it is transporteffom coastal system to open oligotrophic marine
ecosystem. For that reason, some of the important bottom water biogeochemical data is

given n Tabe 4.4 and Figure 4.5

Table 4.4 Station name, depth (m), temperatti@)( salinity (psu), densityk(.ni3),
dissolved oxygefuM/L), phosphate (UM nitrate and nitrite (UM silicate (UM and
chlorophylta (ugL) bottom watedata in theall transecs.

Station Depth Temp.  Salinity Density Dissolved Phosphate Nitrate+ Silicate Chl-a
Name Oxygen nitrite
(m) (°C) (psu) kg.m?® (ML) (M) (HM) (HM) (Ho/L)

1-Seyhan 15 27.13 39.31 2593 17145 0.09 0.70 405 1.05
2-Seyhan 35 26.90 39.35 26.03 202.96 0.04 0.06 2.27 0.30
3-Seyhan 53 22.18 38.88 27.12 208.69 0.02 014 232 0.25
4-Seyhan 11 26.20 38.83 25.86 205.50 0.10 1.75 6.08 1.09
5-Seyhan 40 26.77 39.41 26.12 199.85 0.03 0.09 1.05 0.11
6-Seyhan 56 20.77 38.91 2754 217.76 0.06 0.17 144 298

8-ETS 20 18.28 39.20 28.43 232.22 0.05 042 1.02 0.03
9-ETS 46 18.29 39.21 28.42 228.42 0.05 0.33 0.83 0.06
10-ETS 73 18.10 39.20 28.47 234.75 0.05 0.21 0.74 0.05
11-ETS 95 1753 39.23 28.64 235.77 0.05 056 0.79 0.18
12-ETS 195 16.78 39.09 28.71 213.52 0.09 1.15 120 0.01

13-ETS 400 14.48 3891 29.16 186.41 0.13 296 3.52
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Table 4.4 Station name, depth (m), temperath@)( salinity (psu), densityk(.ns),
dissolved oxygefuM/L), phosphate (U] nitrate and nitrite (UMY silicate (UM and

chlorophylta (udL) bottom watedata in thall transect (continued).

Station Depth  Temp. Salinity Density Dissolved Phosphate Nitrate+ Silicate Chl-a
Name Oxygen nitrite
(m (o) (psu)  kg.m® (UML) (uM) (um) (M) (ug/L)
14-Goksu 22 2245 39.38 27.42 221.83 0.03 0.08 0.83
15-Goksu 48 23.30 39.34 27.15 216.89 0.04 0.31 0.76
16-Goksu 75 20.47 38.85 27.58 233.18 0.05 0.33 083 0.19
17-Goksu 100 18.57 38.89 28.11 240.03 0.06 0.15 098 0.11
18-Goksu 160 17.36 39.06 28.56 213.93 0.08 0.65 1.12 0.05
19-Go6ksu 450 14.16 38.87 29.16 180.13 0.24 6.28 8.05 0.01
20Ay der 21 2262 39.37 27.36 217.83 0.03 0.26 1.04 0.15
21-Ay der 40 2267 39.36 27.34 216.05 0.02 0.06 0.77 0.19
222Ay der 76 2256 39.38 27.39 214.60 0.03 0.27 1.18 0.18
23Ayder 100 17.92 39.03 28.39 228.93 0.06 046 1.06 0.12
24Ay der 220 16.35 39.11 28.84 203.54 0.10 209 205 0.02
25Ay d e 500 14.07 38.85 29.16 176.69 0.22 6.19 8.32 0.08(0m)
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Figure 4.5 Bottom seawater parameter dafaStations in 4 transecté. Temperatur
(°C) B. Salinity (psu)C. Density (kg.n?) D. PhosphatepM) E. Nitrate+Nitrite (1M) F.
Chlorophylta (ug/L). Each dot is a station from shallow to deep sea and represe

by different color.
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4.2 Grain size distribution

Sedimensamples comprised of diverse particle size distribution in Cilician Basin. Grain
size is classifiedvia particle diameter (Fig.4&iving hint to formation of the particle,
settling velocity of the particle in the marine environment, biogeochemicalgseséen

the sedimentThe particles having diameter more than 2 mm are classified as gravel, 2
0.063 mm diameter particles as sand, less than 0.063 mm silt an@incidyfraction)
(Fig.4.6) The size of particle gains importance from its content, itsaaten with
biology and geochemistrThe particle size in sedimeastalso substantial since the micro
size particles being able to interact with microbed adsorbed metals Seyhan transect,

the sediments mostly consisted of madhe range of 782% except the 63% station 7.
ETS transect included namiform distributionwith depth;coastal station was 63% gravel
and sand. The grain size cansly decreased with depth in k& (2089%) transect
wher eas Ay dshoweeé largearratoom ofparticte sizes (284%) with water
depth

Millimeters (mm) Micrometers (um) Phi (¢) | Wentworth size class
4096 -12.0 Boulder
256 | 8.0 o
Cobble o
64 I -6.0 5]
Pebble
4 20 | — —— — — —
Granule
2.00 1 -1.0
Very coarse sand
1.00 0.0
Coarse sand
1/2 0.50 -+ — — -850 — — 4 10 —|— — — — — — -
Medium sand 5
1/4 0.25 1 250 2.0 w
Fine sand
1/8 0125 — — — - 125 — — — 3.0 —|— — — — — —
Very fine sand
116 0.0625 — 63 4.0
Coarse silt
1/32 o031 — — — -3 — — 4 50 —|— — — — — —
Medium silt -
1/64 00156 | — — - 156 — — — B0 —| — — — — — — E
Fine silt
1/128 0.0078 — 7.8 7.0
Very fine silt
1/256 0.0039 3.9 8.0
-
0.00006 0.06 14.0 Clay ]

Figure 4.6. :UddenrWentworth grairsize classification of terrigeneous sediments (
Wentworth, 1922)

In Seyhan transectedimentswvere classifieagnainlymud. The ETS transect samples were
classified as mostly fine sand in the coastline and mud in the offshore whereas Goksu

samples were dominated by coassad n the coast anchud in the offshoreThevery
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fine sand was predominantn t he ¢ oast a)whighpec@&mecudik thes a mp | e

offshoresediment sampldg$ig. 4.7)

Figure 4.7. The distribution ofmud f racti on i n Seyha
Transects sediment samples with depth of stationg{n§eyhan Transect Stations
7(0-63um grain size)B. ETS Transect StationsB (0-63um grain size) C. Gokst
Transect Stations 149 (063um grain sie), D.Aydénc ék Tr an2s
63um grain size).
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