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Insights into tectonic processes operating in ancient ocean basins are provided by analyses of
fragments of oceanic lithosphere preserved as ophiolites during collisional orogenesis. Here “we
present a palaeomagnetic analysis of the Upper Cretaceous Hatay (Kizil Dag) ophiolite of Turkey that
provides evidence for intraoceanic microplate rotation and variations in ridge axis orientation in a
Neotethyan ocean basin. Magnetizations at 46 sites are shown to be pre-deformational in origin and
rotated from the relevant reference direction. A net.tectonic rotation approach to the analysis of the
data provides information on permissible net rotation poles and angles and allows uncertainties in
input vectors to be considered. Results demonstrate that all levels of the ophiolite have been rotated
anticlockwise by angles in excess  {90° around steeply inclined axes. The Hatay ophiolite formed in
the same supra-subduction zone spreading system as the Troodos ophiolite (Cyprus), which is known
to have rotated 90° anticlockwise in an intraoceanic setting in the Late Cretaceous to Early Eocene. By
considering our results in the context of the known timing of the Troodos rotation, we infer that 50—
60° of rotation of the Hatay ophiolite took place as part of an areally extensive ‘Troodos microplate’.
This phase of rotation was triggered by initial impingement of the Arabian continental margin with the
Neotethyan subduction trench, consistent with models for modern day oceanic microplate rotation in
complex convergent plate boundaries. The Hatay ophiolite then became detached from the actively
rotating microplate and was emplaced onto the Arabian margin in the Maastrichtian, undergoing a
further 30-40° of anticlockwise rotation during thrusting. Back-stripping of rotations allows correction
of the Hatay sheeted dykes to their initial orientations. The restored dyke trend of 020° differs from
that inferred previously for the Troodos sheeted dyke complex, demonstrating a primary variation in
orientation of Neotethyan spreading axes. Such variability is commonly observed in modern spreading
systems in marginal basins, and which may act as analogues for the supra-subduction zone spreading
inferred for many ophiolites.
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Helenik Yayr'min glineydogu kesimi boyunca Dodekanese Adalari’nda ortaya ¢ikan jeolojik
olusumlarin tektonostratigratik analizleri melanj formunda ¢esitli boyutlarda olistolit iceren kalin filig
tipi kirntil bir istifinin varligim gostermistir. Bu kirmtili depolanma Oligosen déneminde gelisen,
kiigiik 6lgekte breslesme ve kumlu ya da seylli matriks iginde olistolitler ile oldugu kadar gravite
naplarini temsil eden kayan birimlere ait bitytk allokton kiitleler ile de karakterize edilir. Bu allokton
unsurlar, kirintil istifin gesitli seviyelerinde yerlesmislerdir. Bu melanj, Mani birimi ya da Metamorfik
Ionian olarak bilinen gliney Peloponnesus’un and Girit’in taban birimleri ile aym olan goreli otokton
tektonik birimlerin {izerine yerlesmistir. Hafif metamorfize olmus taban birimi, Dogu Girit
dolaylarindan Kassos Adasina ve Rodos’un orta dogusundaki Lindos’a kadar izlenebilmektedir ve
muhtemelen Kos’un taban birimine kadar da uzanmaktadir. Melanj i¢inde olusan allokton
formasyonlar, Helenik yayin digindaki karbonat platformundan gelen, Yunan kitasinin lonian ve
Gavrovo-Tripolis tektonik birimlerine benzeyen, ve aym zamanda Pindos biriminin pelajik olusumlu
Pindos-Cyclades okyanusal havzasindan ve Girit’deki iist tektonik birimler olarak da bilinen ofiyolitik
kayaclardan gelen tiyelerden olusmaktadir.

Melanjin esas ylizeylenmesi, Kos’da Laerma Birimi, Karpathos’da Dogu Kos Birimi olarak bilinen
istiflerin gorildtgii yer olan ve giiney ve orta bolgelerinde pek¢ok kisimda boylu boyunca melanjin
uzanum gosterdigi yer olan Rodos’da ortaya ¢ikmaktadir. Kefalos Yarimadasindaki Bati Kos’un taban
birimi 6rten ve Tripolis klipini igeren, Alt Miyosen, kirntili istif accretionary kamanim marjinal
kismina karsihik gelebilir.

Bu melanj iginde ytizen tektonik birimlerin 6nemli 6zelligi temel olarak Rodos’da agik¢a goriildigii
gibi, yatay olarak genis yayihmli tekil tektonik naplar seklinde olusmasidir. Bu geometri, Girit ve
Yunan kitasinda goriilen disey tektonosratigrafik istiflerle ters diismektedir.

Miyosen déneminde sol yonli dogrultu atimh fay sistemlerinin gelismesi ki bu sistemler giiniimiize
kadar agamal1 olarak KD-GB uzanimh Pliny ve Strabo hendeklerini gelistirmistir. Erken Tersiyer’deki
yakinsak siirlarin giiney kesimleri haline gelmistir ve Miyosen—Kuvaterner boyunca gegici havzalar
ve sirtlar olusturmustur. Boylece, Erken Tersiyer kama yapisinin i¢ kisimlari bugiin Girit’de, orta
kisim Dodekanese’de ve dig kisim ise Tiirkiye’de Bey Daglarinda ortaya ¢ikmaktadir.

Anahtar Sozciikler: Ege Denizi, Dodekanese Adasi, melanj, olistolit, gravite naplart
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Tectonostratigraphic analysis of the geological formations cropping out in the Dodekanese Islands
along the southeast part of the Hellenic Arc has shown the existence of a thick flysch-type clastic
sequence including olistholites of various sizes in a mélange form. These clastic deposits demonstrate
the occurrence of an accretionary wedge system, developed during Oligocene times. characterized by
small scale breccia and olistholites within a sandy or shally matrix as well as huge allochthonous
masses of sliding units representing gravity nappes. These allochthonous elements were emplaced at
various levels of the clastic sequence. The mélange is resting on top of the relative autochthon tectonic
unit, which is identical to the basal unit of southern Peloponnesus and Crete, known as Mani Unit or
Metamorphic lonian. This slightly metamorphosed basal unit can be followed from easternmost Crete
to Kassos Island and to Lindos at the central eastern part of Rhodos, possibly extending also to the
basal unit of Kos. The allochthonous formations occurring within the mélange comprise members
from the external carbonate platform of the Hellenides, resembling to the lonian and to the Gavrovo-
Tripolis tectonic units of continental Greece, and also from the Pindos-Cyclades oceanic basin with
pelagic formations of Pindos Unit and ophiolitic rocks known also from the upper tectonic units in
Crete.

The main outcrops of the mélange occur in Rhodos, known as Laerma Unit, in Kos, known as Eastern
Kos Unit and in Karpathos, where the mélange extends over most of its southern and central part. The
lower Miocene clastic sequence of Western Kos in Kefalos peninsula, which overlies the basal unit
and contains Tripolis klippen, may correspond to a marginal segment of the accretionary wedge.

A major feature of the floating tectonic units within the mélange is that they occur as individual
tectonic nappes, laterally spread over the horizontal dimension as this is manifested mainly in Rhodos.
This geometry contrasts the vertical tectono-stratigraphic succession observed in Crete or continental
Greece.

The development of a sinistral strike-slip fault system during Miocene, which has been gradually
evolved to the present-day NE-SW-trending trenches of Pliny and Strabo, has transformed the
southeast part of the early Tertiary convergent boundary and produced temporary basins and ridges
throughout the Miocene—Quaternary. Thus, internal parts of the early Tertiary wedge structure occur
today at Crete, medial parts at the Dodekanese and external parts at Bey Daglari in Turkey.

Key Words: Aegean Sea, Dodekanese Islands, mélange, olistholites, gravity nappes
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Tektono-Stratigrafisi
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KB Anadolu’da Sakarya Zonu altinda yer alan ve Hersiniyen temel olarak adlandirilan yiiksek dereceli
metamorfitler Kazdagi, Uludag ve Saricakaya civarinda yiizeylemektedir. Genel olarak amfibolit-
granulit fasiyesinde metamorfizmadan etkilenmis gnays, migmatit, metaofiyolit ve mermerlerden
olugan bu metamorfik kiitlelerin birbiriyle korele edilebilen tektono-stratigrafik istiflerden olustugu
saptanmistir.

Edremit Kérfezi kuzeyinde bir antiklinoryum seklinde yiizeyleyen Kazdagi metamorfitleri, altta
amfibollii gnays ve mermer ardalanmali Findikli formasyonu ile temsil edilmektedir. Findikh
formasyonu tizerinde metaofiyolitlerden olusan Tozlu formasyonu tektonik dokanakla yer almaktadir.
Tozlu formasyonunu, Sarikiz mermeri diskordan olarak oértmektedir. Bu birimleri tektonik olarak
tizerleyen Sutiiven formasyonu, paragnays, ortognays ve migmatitlerden olusmaktadir. Oligo-Miyosen
yash granitik kayaclar tarafindan kesilen Kazdag metamorfitleri ¢evredeki diger kayag topluluklariyla
(Paleozoyik-Miyosen yaslt) tektonik dokanak (dogrultu atimli ve siyrilma fay1) olusturmaktadir. {lksel
kayaglarinin yas1 hakkinda yeterli veri bulunmayan Kazdag metamorfitleri gnayslarinda Pb-Pb
buharlastirma yontemiyle 6lgiilen Zr yas tayininde en alttaki Findikhh formasyonu Erken Triyas (246
my), istteki Sutiiven formasyonu Orta Karbonifer’de (317 my) yiiksek dereceli metamorfizmadan
etkilenmistir.

Bursa giineyinde yiizeyleyen Uludag metamorfitleri litolojik 6zellikleri, metamorfizmasi ve tektono-
stratigrafik  yapisi, Kazdag metamorfitlerine  benzer  6zellikler  gostermektedir. Uludag
metamorfitlerinin tabaninda yeralan metaofiyolitleri mermerler diskordan dokanakla 6rtmektedir. Bu
birimleri, paragnays, ortognays ve mermerden olusan Sutiiven formasyonu tektonik olarak
tizerlemektedir. Oligo~Miyosen yash granitik kayaglar tarafindan kesilen Uludag metamorfitleri ¢evre
kayag topluluklartyla (Paleozoyik—Oligosen yasl) tektonik dokanak (dogrultu atimh ve siyrilma fayi)
olusturmaktadir.

Yiksek dereceli metamorfizmadan etkilenmis paragnays ve ortognayslardan olusan Saricakaya
metamorfitleri, Eskisehir kuzeyinde yiizeylemektedir. Saricakaya metamorfitleri litolojik 6zellikleri ve
metamorfizma derecesiyle Kazdag: ve Uludag metamorfitlerinin iist tektonik dilimindeki Sutiiven
formasyonuna benzerlik gdstermektedir. Karbonifer—Triyas yasli granitik kayaclar tarafindan kesilen
Saricakaya metamorfitlerini Liyas yash karasal-s1g denizel litolojiler diskordan olarak ortmektedir.
Ayrica, Saricakaya metamorfitleri Paleozoyik—Miyosen yashi gevre kayaclari iizerinde bindirmeli
dokanakla yeralmaktadir.

Bu ¢alismada birbirleriyle korele edilebilen, Kazdag, Uludag ve Saricakaya metamorfik kiitlelerinde
saptanan napli i¢ yapilarin ilerde yapilacak bélge jeodinamik evrim modellemelerine 6nemli katkilar
saglayacaktir.

Anahtar Sozciikler: Sakarya Zonu, Kazdagi, metaofiyolit, metamorfizma, tektono-stratigrafi
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In NW Anatolia, high grade metamorphites taking place beneath the Sakarya zone and called and
Hercynian basement crop out around Kazdagi, Uludag and Saricakaya. These metamorphic masses are
formed from tectono-stratigraphic sequences which can be correlated with each other and consist of
gneiss, migmatite, metaophiolite and marble affected by amphibolite-granulite facies metamorphism.

Kazdagr metamorphites cropping out as an anticlinorium north of Edremit Bay is represented by
Findikl formation consisting of amphibole gneiss and marble alternation at the bottom. Above Tozlu
formation formed of metaophiolites takes place with a tectonic boundry. Tozlu formation is overlain
by Sarikiz marble uncorformably. Sutiiven formation which overlies these units tectonically consists
of paragneiss, orthogneiss and migmatite.Kazdagi metamorphites which are intruded by Oligo-
—~Miocene granites have tectonic boundries (strike slip and detachment fault) with rock associatious
(Paleozoic-Miocene) around them, Although there is no data for the age of orginal rocks of Kazdagi
metamorphites the Zircon ages found by Pb-Pb evaporation method show that Findikli formation and
Sutliven formation affected by high grade metamorphism in Triassic (246 Ma) and Middle
Carboniferous (317 Ma) respectively.

Uludag metamorphite cropping out south of Bursa shows similaritres with Kazdagi metamorphites in
lithologic characteristics, metamorphism and tectono-stratigraphic structure. Metaophiolites taking
place in the basement of Uludag metamorphites are overlain by marbles unconformably. These units
are overlian tectonically by Sutiiven formation consisting of paragneiss, orthogneiss and marble.
Jludag metamorphites which are intruded by Oligo~Miocene granitic rocks have tectonic boundries
(strikeslip and detachmant fault) with the rock associations (Palaeozoic-Oligocene) around them.

Saricakaya metamorphites consist of paragneiss and orthogeniss affected by high grade metamorphites
crop out north of Eskisehir. Saricakaya metamorphites are similar to the Sutiiven formation which is
the upper tectonic slice of the Kazdagi metamorphites and Uludag metamorphites. Saricakaya
metamorphites are intruded by Carboniferous—Triassic granitic rocks and overlain by Liassic
continental-shallow marine litologies unconformably. And also, Saricakaya metamorphites are
overthrusted over the Palacozoic—Miocene rocks around.

The nappe intra-structure found in this study within the correlable Kazdagi, Uludag and Saricakaya
metamorphites can contribute to regional geodynamic evolution modelling in the future.

Key Words: Sakarya Zone, Kazdagi, metaophiolite, metamorphism, tectono-stratigraphy
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Kazdag Masifi’ nin (KB Anadolu) metamorfik istifi alt boluimlerinde diizenli i¢ yapr sunan
metaultramafik kayalar ve banthh metagabrolardan yapilidir. Metagabrolarin ana ve iz element
jeokimyasi ve nadir toprak element bilesimi bunlarin okyanusal kabuk kokenli oldugunu gosterir.

Alttaki okyanusal kabuk pargasini metaofiyolitlerden tliremis ve yanal devamlilik gosteren taban
cakiltaglan ile baglayan bir platform istifi uyumsuz olarak Ustler. Taban ¢akiltaslarindan tste dogru
kalin beyaz mermerlere ve metakinntili kayalara dereceli dokanaklar boyunca gegilir. Platform
mermerlerin iist kesimlerinde ve metakirintili istifin i¢inde farkli diizeylerde mafik metalav ve metatiif
arakatkilar1 bulunur. Platform istifi i¢erisindeki mermerlerin tist dokanagi boyunca gézlenen mafik
metavolkanitler kalkalkali bazaltik bilesimlidir ve nadir toprak element igerikleri okyanus ortast sirt
bazaltlar1 ve ilksel manto kokenine ait 6zellikler sunar. Metakirintili istifin i¢inde farkh diizeyler
boyunca bulunan metavolkanitler ise kalkalkali andezitik bilesimlidir ve hafif nadir toprak
clementlerce zenginlesme gosterir. Bu ozellik daha tist seviyelerde yer alan volkanitlerin kabuksal
kaynakli bir zenginlesme gegiren magmadan tliredigini belirtir.

Kazdag Masifi’ nde genis yayilim sunan bu platform istifi, altindaki metaofiyolitlerle birlikte,
migmatitlesmeye varan yiiksek sicaklik metamorfizmasi ge¢irmistir. Migmatitlesmenin ileri derecede
oldugu alanlarda, kismi ergime ile metagranitler olusmustur. Migmatitler ve metagranitler ortak ana, iz
ve nadir toprak element 6zelliklerine sahiptir ve bu 6zellikleri kitasal kabuktan tiireme bir ortak koékeni
belirtir.

Bu ¢alismada, Kazdag Grubu platform istifinin en istiindeki metakirintih kayalardan, migmatitlerden
ve migmatitlerin tiirevi olan matagranitlerden bir seri 6érnek toplamlmis ve zirkonlarindan U-Pb ve
“7pb/*°Pb yontemleriyle yas tayinleri yapilmistir. Metagranitlerden iki farkli ornekten yapilan yas
tayinlerinde migmatitlesmenin ve onun tirinii metagranitlerin yasi 28.2 + 4.1 My, 27.6 + 6.8 My ve
26.0 + 5.6 My olarak elde edilmsitir. Metakinntililar ve migmatitlesmis boliimlerden ise 421.9 + 4.1
My, 409.4 + 6.2 My, 327.1 £ 7.4 My, 301.4 £ 2.8 My, 290.8 + 3.4 My, 274.9 + 3.1 My, 169.3 £+ 3.5
My gibi sacilmis degerler elde edilmistir. Metakinntililar, migmatitler ve metagranitlerin yaslari
kalintt yaslar {izerine Alpin migmatitlesmenin izini belirtir.

Platform istifi Sakarya Kitas1” min Mezozoyik platform istifine benzer. En Ustteki metakinntihlarin
sacilmis ve geng sayilabilecek yaslar icermesi bu gortsii giiclendirmektedir. Alttaki ultramafik kayalar
bu durumda, Paleotetis Okyanusuna ait bir par¢a olmahdir.

Kazdag Grubu metamorfik istifi, migmatitik metamorfizma sonrasi (yaklagik 29 My) giineye dogru
itilmeyle dilimlenmistir. Bunlarin da tizerine Triyas yasli Karakaya Kompleksi ve Kretase—Erken
Tersiyer yash Cetmi ofiyolitik melanjina ait naplar gelmistir. Kazdag grubu ve lizerine gelen nap
paketi deformasyon gostermeyen Oligo—Miyosen (yaklasik 21 My) granitleri tarafindan verev olarak
keskin bir dokanak boyunca kesilir.

Anahtar Sozciikler: Kazdag Masifi, metamagmatik kayalar, petroloji, jeokronoloji
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Kazdag Massif (NW Anatolia) consists of high-grade metamorphic succession of the Kazdag Group.
In the lower part of this group there is an internally regular succession of metaultramafic rocks and
overlaying banded metagabbroes. They resemble to a part of an oceanic crust. The major, trace and
rare earth element compositions (REE) of the metagabbroes also indicate oceanic crustal origin.

A platform succession, along a basal conglomerate unconformably overlays this oceanic crustal slice.
The particles of the conglomerates were derived from the underlying ultramafic rocks. The basal
conglomerates pass upward into thick, white marble sequence and the marbles are overlain by a thick
metaclastic sequence. Along the boundary zone between marbles and metaclastics, and within
different levels of the metaclastics matic metalava and metatuff intervals are found. The metavolcanics
along in the uppermost parts of the marbles are calc-alkaline basalts and their REE content suggests a
mid-oceanic and primary mantle origin. The metavolcanics in the metadetrital unit, on the other hand,
are calc-alkaline andesites and they are enriched in light rare earth elements indicating a crustal
contamination.

The platform sequence and the underlying metaophiolites had been metamorphosed under very high
conditions reaching to migmatization stage. In the highest grade of the migmatization, metagranites
were also formed and emplaced syn-tectonically into the metadetrital sequence. The migmatites and
metagranites display a similar major, trace and REE composition indicating a coeval origin.

A series of samples were collected from the metadetrital unit starting from the country rocks,
continuing into the migmatitic phases and finally from the metagranites. Their isotopic ages were
determined by U-Pb and **’Pb/**Pb methods on zircons. Two samples from metagranites have yielded
28.2 4+ 4.1 Ma, 27.6 + 6.8 Ma and 26.0 + 5.6 Ma ages indicating the age of migmatization and granite
emplacement. Three samples, one from metaphyillites of the country rocks and two from migmatites
showed scattering ages of 421.9 + 4.1 Ma, 409.4 + 6.2 Ma, 327.1 + 7.4 Ma, 301.4 + 2.8 Ma, 290.8 +
3.4 Ma, 274.9 + 3.1 Ma, 169.3 + 3.5 Ma. This scatter is probably due to inherited ages of the detrital
country rocks that later strongly affected by the Alpine metamorphism.

The platform sequence resembles to the Mesozoic platform of the Sakarya Continent. The scattered
and relatively young inherited ages of the metaclastic rocks further strengthen this suggestion. The
underlying ultramafic rocks, therefore, might belong to the Paleotethys oceanic crust.

The Kazdag Group metamorphic sequence had been imbricated by southward thrusting after the
migmatitic metamorphism of approximately 29 Ma. The nappes of the Early Permian-Triassic
Karakaya Complex and Cretaceous—Early Tertiary Cetmi ophiolitic melange were successively thrust
on the Kazdag Massif from the north. These nappe packages including the underlying Kazdag
metamorphics were later intruded by Oligo—Miocene (ca. 21 Ma) non-deformed young granites.

Key Words: Kazdag Massif, metamagmatic rocks, petrology, geochronology
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Kuzeybati Anadolu’da Izmir-Ankara Siitur Zonu boyunca Sakarya Kitasi ile Menderes Masifi arasinda
Kazdag ve Uludag Masifleri dogu—bati uzamumh bir kusak olusturur. Bu iki metamorfik masifin 1¢
stratigrafileri degisik tir mikasistler, kuvars mikagistleri, gnayslar, amfibolitler, metaofiyolitler ve
mermerlerden olusmus kompleks olarak agiklanmistir. Bu kompleks Sakarya Kitasi’nin temeli olarak
nitelendirilmistir. Onceki ¢alismalarda Kazdag Masifi’nin 6nce Karbonifer daha sonra Erken Triyas ve
en son Tersiyer’de olmak tizere ti¢ farkli metamorfizma gecirdigi ileri stirilmiistiir

Bu ¢alismamizda Kazdag Masifi 1/25 000 olgeginde yeniden haritalanmus, i¢ stratigrafisi ve yapisal
ozellikleri ortaya konulmustur. Ayrica Kazdag grubuna ait degisik meta-magmatik kayalarda
petrolojik ve radyojenik izotop (U-Pb ve *“’Pb/*°Pb evaporasyon) yéntemleriyle yas tayinleri
yapilmuistir.

Stratigrafik olarak Kazdag metamorfik istifinin altinda okyanusal kabuga ait olan, icyapisi diizenli
metaultramafikler ve bantli metagabrolar bulunur. Bu kiimiilath metagabrolar jeokimyasal olarak
okyanusal kabuk koékenlidir. Bu okyanusal kabuk bir platform istifi tarafindan uyumsuz olarak ortiiliir.
Platform istifi altindaki okyanusal kabuktan tiiremis bir taban g¢akiltasi ile baslar, {iste dogru kalin
beyaz mermerlere geger ve en istte metakinntili kayalarla devam eder. Mermerlerle metakinntili
kayalar arasinda ve metakirintiblarin igerisinde mafik metavolkanik ara katkilari bulunur. Taban
cakiltaslarindan mermerlere ve iistteki metakirmtililara gegen platform istifi migmatitlesmeye varan
metamorfizma gegirmistir ve iglerine sintektonik granitler yerlesmistir. Bu metamorfik platform istifi
Sakarya Kitasi’nin Mesozoyik istifine benzer. Alttaki okyanusal kabuk ise Paleotetis’e ait bir parca
olmahdir.

Kazdag Grubu igerisinde yer alan metagranitlerden U-Pb seyreltme ve “*’Pb/*"*Pb zirkon evaporasyon
yontemi ile yaglar elde edilmistir. U-Pb seyreltme yontemi zirkon yaslari 27.6 + 6.8 My olarak
saptanmis ve *'Pb/*"*Pb zirkon evaporasyon yontemi ile 28.2 + 4.1 My ve 26.0 + 5.6 My yaslan elde
edilmigtir. Mermer istifi tizerindeki metakirintili kayalardan (301.4 + 2.8 My, 274.9 = 3. 1My, 169.3 +
3.5 My) ve bu kayalarin hemen ¢evresindeki migmatitlesmis kesimlerinden (409.4 + 6.2 My, 327.1 +
7.4 My, 421.9 £ 4.1 My, 290.83 + 3.4 My) elde edilen **’Pb/*”°Pb evaporasyon yaslari oldukca
sacinmis yasg degerleri vermistir. Bu genis araliklarda degisim sunan yaslar metakirintililara ait kalinti
vaslarin - Alpin migmatitlesmeden siddetli etkilendigini gésterir. Onceki ¢alismalarda bu sagilmus
yaslar ¢ok fazli metamorfizma olarak yorumlanmustir. Alpin metamorfizmasinin ardindan Kazdag
metamorfikleri  gliney yénli  sikistirma  etkisi  ile kendi i¢inde dilimlenmis ve tabaninda
metaultramafiklerle baslayan bir dilim platform tizerinde tekrarlanmistir. Bu giiney yonlii itilmelerin
devam eden asamalarinda kuzeyden, énce Karakaya Kompleksi ve tizerine Cetmi ofiyolitik melan)
naplart yerlesmistir. Nap paketleri ve kendi iginde ekaylanmig Kazdag metamorfikleri geng granitler
tarafindan kesilmistir. Bu geng¢ granitlerin yasi Okay ve Satir tarafindan yaklasik 21 My olarak
bulunmustur. Kazdag metamorfiklerinin yiizeylemesi (exhumation) giineye dogru itilme ile olusmus
bindirmeler sonucu meydana gelmistir ve bu olay migmatitlesme ve ona eslik eden sintektonik
metagranitlerin yerlesiminden (~29 My) sonra ve gen¢ granitlerin intruzyonundan (~21 My) once
meydana gelmistir.

Anahtar Sozciikler: jeoloji, Kazdag, metaultramafik, migmatit, jeokronoloji, KB Anadolu
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In the northwestern part of Anatolia along the Izmir-Ankara Suture Zone, the Kazdag and Uludag
metamorphic massifs form an E-W-trending belt between the Sakarya Continent in the north and the
Menderes Massif in the south. Internal succession of these two massifs has been described as
metamorphic complexes consisting of various kinds of micaschists, quartz mica schist, gneisses,
amphibolites, metaophiolites and marbles. This metamorphic complex was considered to be the
basement of the Sakarya Continent. In the literature, it has been suggested that the Kazdag Massif had
experienced polyphase metamorphism, first during Carboniferous time, second during Early Triassic
and third during Tertiary.

In this study, we remapped the Kazdag Massif on 1/25000 scale, studied its internal stratigraphy and
structures and performed some petrologic analyses and radiogenic age determinations.

Stratigraphically in the lower part of the Kazdag metamorphic sequence, there is a part of an oceanic
crust represented by metaultramatic rocks and gabbroic metacumulates. Geochemistry of these banded
metagabbros show a mid-oceanic affinity. This oceanic crust is overlain, along an unconformity. by a
platform succession. At the base of this succession there is a basal conglomerate which passes upward
into white marbles. The marbles are overlain along a gradational boundary with a metadetrital
succession which includes mafic metavolcanic lenses. The platform sequence resembles to the
Mesozoic platform of the Sakarya continent and the underlying oceanic crust might be a part of a
Paleotethys Ocean.

The Kazdag succession had been subjected to high-grade migmatitic metamorphism accompanied by
syntectonic granite emplacements. Zircons of these metagranites have yielded U-Pb ages of 27.6 + 6.8
Ma and *’Pb/**°Pb evaporation ages of 28.2 + 4.1 Ma and 26.0 + 5.6 Ma. The metadetrital sequences
and migmatites show scattered “’Pb/*"® Pb zircon evaporation ages ranging from 301.4 £ 2.8 Ma,
2749 + 3.1 Ma, 169.3 + 3.5 Ma in metasandstones and 409.4 + 6.2 Ma, 327.1 + 7.4 Ma. 421.9 + 4.]
Ma, 290.8 + 3.4 Ma in migmatites. The migmatitization and syntectonic granite emplacement were
coeval and Alpine in age (~29 Ma) and the scattered ages indicate inherit age for the metadetritals with
strong Alpine imprints. These scattered ages on the other hand were interpreted in the literature as an
indication of poliphase metamorphism

After metamorphism the Kazdag metamorphic sequence was internally imbricated by southward
compression and the ultramafic sequence thrust on the top of the platform sequence. Following this
southward imbrication, the nappes of tha Karakaya Complex and the Cetmi Melange were emplaced
on top of the Kazdag metamorphics from the north. These nappe packages including the internally
imbricated Kazdag metamorphics are cut by undeformed young granites (21 Ma).

Exhumation of the Kazdag metamorphics was a result of the southerly imbrication which occurred
after the emplacement of the syntectonic metagranites (~29 Ma) and before the intrusion of the cross

cutting young granites (~21 Ma).

Key Words: geology, Kazdag, metaultramafic, migmatite, geochronology, NW Anatolia
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Anatolid-Torid platformunun kuzey bolimi, Ge¢ Oligosen—Miyosen sirasinda olusmus, yaklasik D-B
uzaniml felsik karakterli magmatik aktiviteyle tanmir. Genis yayilim sunan bu magmatik kayalar,
glineyde Anotolid-Torid blogunu, kuzeyde ise Sakarya Kitasini ve bu ikisinin ¢arpigma zonuna ait
farkh dilimlerini keserek yerlesmistir.

Magmatik kayalara ait yeni jeokronolojik ve Sr-Nd izotop verileri bu ¢alismada iki kaya toplulugu
altinda incelenmistir: Birinci grup, Anatolid-Torid platformunun kristalen bolimiini olusturan,
Menderes Masifi'ne ait gnayslari ve daha geng metagranitleri kapsar. Ikinci grup ise, kuzey Menderes
Masifi’nin deforme olmamis geng granitik kiitlelerine ait olup, Alacam, Egrigéz ve Koyunoba
granitlerinden olusmaktadir.

Menderes Masifi’'nin gnayslarindan elde edilen **’Pb/**°Pb evaporasyon yaslar1 607-551 My araligina
1saret etmektedir. Menderes metamorfikleri igerisinde yer alan metagranitlerden elde edilen U-Pb
zirkon yasi ise 30.04 + 0.56 My’dir. Alacam, Egrigéz ve Koyunoba granitlerinin U-Pb zirkon
kristalizasyon yaslari ise sirasiyla, 20.7 + 1.1 My, 194 + 44 My ve 21.7 £ 1.0 My’dir. Arazi
verilerinin yanisira, jeokronolojik bulgular da, Menderes Masifi’ne ait metagranitlerle, Miyosen yash
deforme olamamis granitoyid kusagi arasindaki belirgin yas farkimm (11-10 Ma) acikca
gostermektedir. Oysa oOnceki ¢alismalarda, bu iki magmatik etkinligin birlikte ve kitasal 6lgekli
styrtlma faylan (detachment) boyunca olustugu ileri striilmiustiir.

Deforme olmamis granitoyidlerin *’Sr/**Sr degerleri 0.70805—0.710546, eNd(t) degerleri ise —5.8 ve
—6.0 arasindadir. Carpigmaya bagli Miyosen granitlerinin Nd-Sr analitik degerleri, iz ve nadir toprak
element bilesimleri, bu kayalarin Menderes Masifi’nin kabuksal kokenli protolitlerinden tiiredigini ve
benzer izotopik bilesimler sundugunu gosterir. Menderes Masifi'nin kuzeyinde yer alan Erken
Miyosen granitlerinin jeokronolojik bulgularn ve izotop karakterleri, Bati Anadolu’da yiizlek veren
diger Oligo—Miyosen granitoyidleri ile ¢arpici benzerlikler sunarlar. Bu granitoyidlerden elde edilen
tiim veriler, granitlerin yaklasik KB—GD dogrultulu bolgesel bir magmatik kusak boyunca c¢arpisma
rejimine bagh gelistigini géstermektedir.

Anahtar Sozciikler: Menderes Masifi, Miyosen magmatizmasi, Alagam, Egrigdz, Koyunoba, U-Pb
zirkon, Nd-Sr izotop
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The northern part of the Anatolide-Tauride platform developed at a site of pronounced E—~W trending
felsic magmatic activity during the late Oligocene—Miocene. These widespread magmatic rocks
intruded into the Anatolide-Tauride Block in the south, the Sakarya Continent in the north, and
different slices of this collision zone.

New geochronological and Sr-Nd isotopic data from the magmatic rocks reveal two groups of
associations. The first group represents gneisses and younger metagranites of the Menderes Massif
that form the crystalline part of the Anatolide-Tauride Block in western Anatolia. The second group
comprises the undeformed Alagam, Egrigéz and Koyunoba granites representing young granitic
bodies of the northern Menderes Massif.

“’Pb/**Pb evaporation ages between 607551 Ma and a U-Pb zircon age of 30.04 + 0.56 Ma were
obtained from the Menderes gneisses and metagranites, respectively. U-Pb zircon ages yield
crystallization ages of 20.7 + 1.1 Ma for Alagam granite, 19.4 + 4.4 Ma for the Egrigdz granite and
21.7 = 1.0 Ma for the Koyunoba granite. In addition to the field observations, the geochronological
data clearly show a significant age difference (11-10 Ma) between the metagranites of the Menderes
Massif and the Miocene undeformed granitoid belt. The metagranites have been previously described
as the tectonic equivalents of the undeformed granitoids emplaced along a crustal-scale detachment
zone.

The undeformed granitoids give *’Sr/*Sr ratios in the range 0.70805-0.710546 and eNd(t) values
between 5.8 and —6.0. According to the Nd-Sr systematics, trace and rare earth compositions, the
Miocene granites of this collisional belt derived from crustal protoliths of the northern Menderes
Massif and display similiar isotopic characteristics. Besides, geochronological data, isotopic
characteristics of the early Miocene granites in the northern Menderes Massif show close similarities
with other Oligo—Miocene granitoids in northwestern Anatolia. All data from these granitoids indicate
that they were formed along a NW-SE-trending regional magmatic belt in a compressional regime
rather than being individual bodies related to local, north-dipping, low angle detachment faults.

Key Words: Menderes Massif, Miocene magmatism, Alagam, Egrigéz, Koyunoba, U-Pb zircon ages,
Nd-Sr isotopes
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Perovskit kimberlit yerlesme yasi ve iliskili kayalarin yerlesme yasi i¢in ¢ok kullanight bir mineraldir.
Genellikle, perovskitin U-Pb kullanilarak yaslandirmasi izotop seyreltmest (ID-TIMS) veya zaman ve
fiyat bakimindan daha yogun olan iyon ayristirma (SHRIMP) teknikleri ile yapilir. Glintimiizde hizh
ve ucuz lazer ablasyon 1CP-MS teknigi perovskitin U-Pb kullantlarak  vaslandirmasi olanak
saglamaktadir. 1CP-MS ckipmanlarna dayali olan lazer ablasyon tekmigi kullamlarak perovskitten
hata pay1 en dusiik ve kesin U-Pb yaslari elde etmek i¢in bashca engel bityiik oranda kursun igerigidir.
Perovskit igindeki bu kursun ve diger bununla ilgili zorluk LA-ICP-MS da kullanilan bazi gazlarin
(i.e. Ar and He) yiiksek civa bosluklart nedeniyle yapilan diizeltmelerden kaynaklanmaktadir.

Bu nedenle, laser ablasyon ile perovskitin U-Pb methodu kulanilarak yaslandirilmasi i¢in, tek toplayic
manyetik sectoralanina sahip 1ICP-MS (SF-ICP-MS) ekipmanlarinin sagladig: yararlarin (¢ok yliksek
duyarlilik, diisiik guiriiltii ve biiyiik bir dogrusal dinamik aralik) arastirdik. Bunun i¢in Garnet Gola, B
Gronland, ve Pyramidefjeld, GB Gronland dan gelen iki kimberlitten perovskit ayristinnlmistir. Heriki
perovskitten aliman ¢oklu taneli 6rnekler ID-TIMS tarafindan U-Pb kullanilarak yaslandrilmistir.
Sonug olarak yerlesme yast Garnet Golt kimberlit 6rnegi i¢in 568+11 My ve Pyramidefjeld kimberliti
win ise 15142 My dir. Katistirma, taglama ve parlatmadan sonra, iki 6rnekten gelen ¢oklu perovskit
taneleri NewWave UP 213 lazer sistemi ile eslestirilmis yiiksek uzaysal ¢ozinurlikli (spot analiz i¢i
kullamlan 30 pm parlama ¢apl) ThermoFinnigan Element2 SF-ICP-MS lazer ablasyon ile
yaslandirlnustir. Kursun diizeltmesi ***Pb yogunlugunun [6l¢tilmiis ?‘“4(Pb+Hg) gaz boslugu igin
diizeltme sonrasi] dl¢iilmesine dayali olarak uygulanir. Ice River Kompleksi (Kolombiya) dan alinan
perovskit kalite kontrol amagh ikincil standart olarak kullanilir. Buradaki perovskitin ¢oklu “in-situ’
Olctimleri 2 farkli analitik sonus verir, bunlar 359+3 My ve 357+3 My dir ve ID-TIMS tarafindan elde
edilen 356 Ma yas ile tam bir uyumluluk gosterir. Garnet Gol kimberhitelerinden alinan ondokuz
perovskit tanelerinin analizinden elde edilen yas 56645 My olup bu yaslar ID-TIMS ile clde edilen
sonuglarla buytik uyumluluk i¢erisindedir. Pyramidefjeld (1 ppm civarinda) den gelen perovskitteki
diisiik Pb igerigi ve kursundaki diizeltme hakkindaki énemli belirsizlikler nedeni ile herhangibir
‘concordia’ yast bulunamamustir. Fakat, ‘in-situ’ lazer ablasyon analizine gore diizeltilmis ortalama
yas “"Pb/**U i¢in 15243 My dir. Bu sonucta ID-TIMS den elde edilen yas ile 15243 My uyumludur.
Sonug olarak, laser ablasyon SF-ICP-MS yoéntemi hizli ve pahali olmayan bir method olmast yaninda
perovskitin kursun oram diizeltismis U-Pb yaslandirmas: i¢inde tam ve kesin sonuclar vermektedir.
Ayrica bu yontem elmas aramalarinda da kullanmlir.

Anahtar Sozciikler: U-Pb jeokronoljisi, lazer ablasyon, in-situ yaslandirma, perovskit, kimberlit,
yerlesme yasi, elmas arama
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Perovskite is a very useful mineral for dating the age of emplacement of kumberlites and associated
rocks. Conventionally, U-Pb dating of perovskite is achieved using isotope dilution (ID-TIMS) or 1on-
probe (SHRIMP) techniques, which are time- and cost-intensive. The potential of the rapid and
inexpensive laser ablation ICP-MS technique for U-Pb dating of perovskite has been demonstrated
recently. The main obstacle for obtaining accurate and precise U-Pb age dates from perovskite by laser
ablation techniques based on quadrupole ICP-MS instruments is the large amount of common lead that
1s incorporated into perovskite and the associated difficulty to perform accurate common lead
corrections due to the high mercury blanks of the gases (i.e. Ar and He) used in LA-ICP-MS.

We therefore investigated the benefits (very high sensitivity, very low dark noise and a large linear
dynamic range) of single collector magnetic sectorfield ICP-MS (SF-ICP-MS) instruments for U-Pb
dating of perovskite by laser ablation. To this end perovskites from two kimberlites from Garnet Lake,
W Greenland, and Pyramidefjeld, SW Greenland, have been separated. Multigrain aliquots of both
perovskite separates were U-Pb dated by ID-TIMS, yielding emplacement ages of 568+11 Ma for the
Garnet Lake kimberlite and 15142 Ma for the Pyramidefjeld kimberlite. After embedding in epoxy.
grinding and polishing, multiple perovskite grains from both samples have been dated in-situ with
high spatial resolution (spot analyses using a 30 pm beam diameter) by laser ablation employing a
ThermoFinnigan Element2 SF-ICP-MS coupled to a NewWave UP 213 laser system. A common lead
correction was applied based on the measured “"'Pb intensity [after correction for the measured
“(Pb+Hg) gas blank]. Perovskite from the Ice River Complex, British Columbia, was used as a
secondary standard for quality control purposes. Multiple in-situ measurements of the Ice River
perovskite in two different analytical sessions yielded concordia ages of 359 +3 Ma and 357 £3 Ma, in
excellent agreement with the age of 356 Ma determined by ID-TIMS (Heaman, pers. comm.).
Nineteen in-situ anaiyses of perovskite grains extracted from the Garnet Lake kimberlite yielded a
concordia age of 566+5 Ma, also in excellent agreement with the age obtained by ID-TIMS. Because
of the very low Pb contents in perovskites from the Pyramidefjeld (around 1 ppm) and the associated
large uncertainties of the common lead correction, no concordia age could be obtained. However, the
in-situ laser ablation analysis yielded a common lead corrected weighted average “°Pb/**U age of
15243 Ma which is again in excellent agreement with the weighted average “"°Pb/***U age of 15242
Ma obtained by ID-TIMS. We therefore conclude that laser ablation SF-ICP-MS is a fast and
mexpensive method for precise and accurate common lead corrected U-Pb dating of perovskite, and
hence diamond exploration.

Key Words: U-Pb geochronology, laser-ablation, in-situ dating, perovskite, kimberlites, emplacement
ages, diamond exploration
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istanbul Zonu’nun stratigrafisi ile ilgili bir¢ok ¢alisma bulunmasina ragmen gecirdigi deformasyon
evreleri konusunda yeterli g¢aligma bulunmamaktadir. [stanbul Zonu'nun yapisal evrimi ile ilgili
bilinen en 6nemli deformasyon evrelerinden birisi Eosen yasli *Sile Sariyaji’ ile belirlenmis K-G
yonlt sikigmadir. Ancak bu evre Oncesi ve sonrasina dair yapisal veriler genellikle detayh
calistimamis ya da net olarak ayirtlanmamistir. stanbul Zonu’nun bugiine kadar gegirdigi yapisal
evrelerin daha iyi anlasilabilmesi igin Istanbul’un dogusunda Maltepe-Kartal arasinda detayh arazi
calismasi yapilmis, birimler haritalanmis ve yapisal veriler derlenmistir. Calisma alaninda, Istanbul
Paleozoyik istifine ait Ordovisiyen—Erken Karbonifer yash g¢okel birimler, Ge¢ Kretase yash
magmatik sokulumlar ve Miyosen ve Kuvaterner yash birimler bulunmaktadir. Paleozoyik istife ait
birimlerde ve Miyosen g¢okellerinde 6lgtilen faylar, kivrimlar, catlak sistemleri, tabaka yonleri ve
sokulumlar ile bunlarin birbirleriyle olan iliskileri ayrintili olarak cahsilmistir. Derlenen veriler
degerlendirilerek, yapilarin birbirini kesme-kesilme iliskileri gz ontine alinmig ve 5 deformasyon
evresi belirlenmistir. Deformasyon evresi 1 (D), KB-GD yonli sikismay1 gosteren, inceleme alaninda
mostra dl¢eginde gozlenebilen KD-GB gidisli kiviimlar ve bu kivrim eksenlerine paralel gelisen
bindirme ve oblik ters faylar ile tanimlanmigtir. Deformasyon evresi 1 (D), KB-GD yonlii stkismanin
devam etmesiyle birlikte ilksel olusan kivrim eksen ve kanatlari ve faylarin progresif olarak yeniden
kivrilmasi ile sonuglanmistir. Deformasyon evresi 2 (D,), KD-GB yonlil gerilmeyi isaret eden ve D,
evresine ait yapilari kesen normal faylarla temsil olunur. Deformasyon evresi 3 (Ds), DKD-BGB
yonlii sikisma ve KKB-GGD yonlti agilmay gosteren Erken Kretase yash dayklar, dayk smirlarma
paralel gelismis dogrultu atimhi faylar, dayklari kesen ve dayklar tarafindan kesilen faylardan
olusmaktadir. Deformasyon evresi 4 (D;), K-G yonli stkisma ile ifade edilir. Bu evre, ¢alisma
alaninda biiyiik 6lgekli, D-B eksenli kivrimlar ile belirlenmistir. Bu doneme ait biiyik dl¢ekli D-B
uzanimh saryajlar ozellikle Istanbul kuzeyinde (Karadeniz kiyi cizgisine paralel) uzun mesafeler
boyunca izlenebilmektedir. Deformasyon evresi 5 (Ds), KD-GB yonlii agilmay1 gosteren ve Miyosen
yash Cukurgesme Formasyonu’nu kesen normal faylarla tanimlanmistir. Bu yapisal iliskilere ve
litoloji-yapi iliskilerine dayanarak, D, evresinin Karbonifer sonras Triyas Oncesinde, D, evresinin
Triyas sonrasi Geg Kretase oncesinde, Ds evresinin Geg¢ Kretase doneminde gelismis dayklarla es
zamanli olarak, D, evresinin Eosen sonrasi-Miyosen oncesinde ve Ds evresinin Miyosen sonrasinda
gelismis oldugu dustinilmektedir. Bu sonuglar belirli bir bolgeden elde edilmis olup, farkh
bolgelerden elde edilecek verilerin birlestirilmesiyle [stanbul Zonu’nun yapisal evrimi tizerine daha
ayrintili sonuglar elde edilebilecektir.

Anahtar Sozciikler: Istanbul Zonu, deformasyon evreleri, [stanbul Paleozoyik Istifi
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Although the stratigraphy of the Istanbul Zone is well known, there are only a few studies on the
structural evolution of this zone. One of the most important deformation episodes is Eocene ‘Sile
Thrust” which shows N-S compression. However, structural data about pre- or post-Eocene
deformation phases is not studied or clearly identified. To have a better understanding on the structural
evolution of the Istanbul Zone, an area between Maltepe and Kartal (eastern Istanbul) has been
mapped in detail and structural data has been collected. In the study area, outcrops of Ordovician-
Lower Carboniferous sedimentary units of the Palaeozoic sequence, Upper Cretaceous dikes, Miocene
and Quaternary units are exposed. Faults, folds, joints, beddings and dikes from the Paleozoic—
Miocene units are analyzed in terms of their structural relations. Totally five deformation phases have
been determined based on cross-cutting relationships of structural elements. The D, deformation is
consistent with NW—SE compression as expressed by NE-SW-oriented folds, thrust and fold axes-
parallel oblique-slip reverse faults. This phase is attributed to a progressive folding of pre-existing
fault planes and fold axes during a NW-SE compression. The D, deformation is represented by
normal faults, which cut structural elements of D,. This deformation phases was the result of a NE-
SW extension. Upper Cretaceous dikes, strike-slip faults developed along the boundaries ot dikes, and
other faults, which cut these dikes, were formed during ENE-~WSW compression and accompanying
NNW-SSE extension. There are also faults which are were cut by dikes as well and this complex
structure is evolved during the D; deformation. The D, deformation is characterized by N-S
compression; many E—W-trending thrust faults oriented parallel to Black Sea coast occur to the north
of Istanbul. The structures of this phase are are represented by large scale E-W-trending folds. The Ds
deformation is expressed by normal faults, which cut Miocene Cukur¢esme Formation, and developed
during NE-SW extension. According to explained structural and lithological relationships, the age of
deformation phases can be expressed as: D;, post-Carboniferous but pre- Triassic: D,, post-Triassic
but pre-Late Cretaceous; D5 to be at the same with the Late Cretaceous age of dikes; Dy, post-Eocene
but pre-Miocene, and Ds, post-Miocene. These results should be correlated and combined with future
studies to understand the full frame of the structural evolution of the Istanbul Zone.

Key Words: Istanbul Zone, deformation episodes, Istanbul Palacozoic sequence
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U-Pb Zirkon Jeokronolijisi Kullamlarak i¢ Hellenid’lerin
Paleotektonik Ortami ve Potansiyel Kaynak Alam

Guido Meinhold' ve Dirk Frei?

""CASP, University of Cambridge, 181a Huntingdon Road,
Cambridge CB3 O0DH, UK (E-posta: guido.meinhold@casp.cam.ac.uk)
* Geological Survey of Denmark and Greenland, Oster Voldgade 10,
DK-1350 Copenhagen, Denmark

Son yillarda, lazer ablasyon indiikleyici-¢ift plazma kiitle spektrometresinin (LA-ICP-MS) baskalasim,
metamortik kayalarda ve dokiintii zirkonlarin Pb-Pb ve U-Pb yas tayini i¢in hizli, nispeten daha ucuz
ve yeterince hizli bir teknik oldugu kamitlannstir. Burada yiitksek uzaysal ¢ozinirlik U-Pb
yaslandirmasi lazer ablasyon sektoralanhi indikleyici-¢ift plazma kiitle spektrometresini (LA-SF-ICP-
MS) sunmaktayiz. Paleozoyik ve Mezozoyik boyunca eski 6nemli magmatik olaylarimin ve potansiyel
kaynak alanlarinin degerlendirilmesi i¢in Heleniklerin i¢ kismindaki (Yunanistan) farkli sedimanter
istiften gelen dokunti zirkon taneleri incelenmistir. Taneli sedimater kayalardaki ¢alismalar
paleotektonik arastirmalarda ¢ok onemlidir ¢tinkii bunlar kaynak alandaki kaya litolojileri hakkinda
bilgi verebilirler. Kaynak alan levha tektoniginin gelisimi sirasinda tamamen ortadan kaybolmus ya da
baska bir ortama dontsmiis olabilir. Ayrica, fosil ve diger stratigrafik verilerin bulunmamasi
durumunda, sediman i¢indeki en ge¢ tane (zirkon vb) depolanma yasi i¢in en {ist sinir1 gosterebilir.

Bu ¢alismada, zirkonun ‘in-situ’ U-Pb yas tayini i¢in basit bir yontem uyguladik. Bu Danimarka ve
Gronland Jeoloji Kurumu’nda (Frei & Gerdes 2008, Chem. Geol.) ThermoFinnigan Element2
manyetik sectoralanli ICP-MS ile eslestirilen ve frekansi 5 kat artirilmis Nd-YAG (213 nm) lazer
ablasyon sistemi ile uygulannustir. Bu yontem, manyetik sectoralanh ICP-MS yiiksek hassasiyetin
avantajindan yararlanir ve 4 kutuplu ICP-MS yontemi ile karsilastirildiginda daha iyi bir ¢oziiniirliikle
(silindir ¢ap1 30 mm ve az ve derinlik ¢oéztntrligi 15 to 20 mm) zirkonun U-Pb yaslandiriimasina
imkan saglar.

Anahtar Soézciikler: LA-ICP-MS, jeokronoloji, zirkon, kaynak, Yunanistan
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Constraints on Provenance and Palaeotectonic Setting
of the Internal Hellenides from U-Pb Zircon Geochronology

Guido Meinhold' & Dirk Frei?

""CASP, University of Cambridge, 181a Huntingdon Road,
Cambridge CB3 O0DH, UK (E-mail: guido.meinhold@casp.cam.ac.uk)
° Geological Survey of Denmark and Greenland, Oster Voldgade 10,

DK-1350 Copenhagen, Denmark

In recent years, laser ablation inductively-coupled plasma mass spectrometry (LA-ICP-MS) has
proven to be a rapid, comparably inexpensive and sufficiently precise technique for in-situ Pb-Pb and
U-Pb age determinations of igneous, metamorphic and detrital zircons. Here, we present high-spatial
resolution U-Pb dating by laser ablation sector-field inductively-coupled plasma mass spectrometry
(LA-SF-ICP-MS) of detrital zircon grains from various clastic sedimentary successions of the internal
Hellenides of Greece to evaluate potential source regions and ancient major magmatic events during
Palaeozoic and Mesozoic times. The study of clastic sedimentary rocks is crucial for palaeotectonic
reconstructions because they can provide information about rock lithologies in the source area which
have often been destroyed and recycled during ancient plate tectonic processes. Furthermore, in the
absence of fossil and other stratigraphic data, the youngest grain (e.g. zircon) in a sedimentary rock
can indicate a maximum limit for the age of deposition.

In this study, we applied a simple method for in-situ U-Pb age determinations of zircons using a
ThermoFinnigan Element2 magnetic sectorfield ICP-MS coupled to a frequency quintupled Nd-YAG
(213 nm) laser ablation system at the Geological Survey of Denmark and Greenland (Frei & Gerdes
2008, Chem. Geol.). This method takes advantage of the very high sensitivity of the magnetic
sectorfied ICP-MS and allows U-Pb age dating of zircons with significantly better spatial resolution
(1.e. spot diameters of 30 micrometers and below and a depth resolution of 15 to 20 micrometers)
compared to quadrupole ICP-MS based methods.

Key Words: LA-ICP-MS, geochronology, zircon, provenance, Greece
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Arap Levhasi ve Anadolu Blogu Simirindan Elde Edilen “Ar/*Ar
Y aslarimin Jeodinamik Cikarimlari: Piitiirge HP Biriminin
Ust Kretase Dalma-Batma ve Eosen Yiikseliminin Kaniti

Yann Rolland', Marc Sosson', Dogan Peringek”,
Nuretdin Kaymaker® ve Eric Barrier’

" Université de Nice Sophia Antipolis, CNRS, UMR GéoAzur, 250 rue A. Einstein,
Valbonne, France (E-posta: Yann.Rolland@unice.fr)
! Canakkale Onsekiz Mart Universitesi, Miihendislik ve Mimarlik Fakiiltesi,
Jeoloji Mithendisligi Béliimii, Terzioglu Yerleskesi, 17020 Canakkale
? Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Boliimii, 06531 Ankara
! Université Pierre et Marie Curie - Paris VI, Laboratoire de Tectonique - CNRS UMR 7072,
4 Place Jussieu F-75252 Paris Cedex 05 France, France

GD Tirkiye Anadolu blogu ve Arabistan levhasinin olugturdugu sinirda ana metamorfik birimler
tizerinde *Ar/*Ar yaslandirmas: yapilmistir. Genel yas araligi Kampanien’den Liitesiyen’e kadar
cesitlilik gdsterir ve iyi tanimlanmis plato yaslarmni igerir(> 70% “’Ar) :

(1) Malatya metamorfik kompleksinin giineyinden alinan bir gabro érneginin jeokimyasal ézellikleri
beklenmedik sekilde geng bir yasi isaret etmektedir: 79+1.0 My olarak amfibolde saptanan bu yas,
yakinlagma ile es zamanh olarak bir yay-ardi havzasinm alt Kampaniyen’de ag¢ilmasimin sonucu olarak
yorumlanabilir ve bu agilan havza muhtemelen tist Kampaniyen’de kapanmistir.

(2) Kuzey kisimlarda: Malatya metamorfik kompleksindeki yiiksek sicaklik metamorfizmasina
ugramis florit igeren beyaz mermer tabakalari 73.840.3 My muskovit yasina isaret etmektedir ki bu
durumda Kampaniyen ile alakali yiiksek sicaklik jeotermal gradyantia isatet etmektedir.

(3) Bu okyanussal suturun giineyi, Putiirge mikasistlerindeki fenjitlerde 71+0.3 My ile iist
Kampaniyen yas1 gozlenmekedir. Bu durum yiiksek basing metamorfismasina ve Piitiirge biriminin
Malatya kompleksinin altina dalmasi olayina isaret etmektedir.

(4) Piitiirge biriminin tabaninda, taban metamorfiklerinden alinan amfibolit 6rnekleri cok daha geng
yaslara igaret etmektedir: 4741.2 My, bu dénem Piitiirgenin Arabistan marjini iizerine tasindig ve

Piitlirge-Bitlis birimlerinin Liitesiyende (Eosen) yiikseldigi doneme karsilik gelmektedir.

Anahtar Sozciikler: *’Ar/*’Ar yaslandirmasi, ofiyolitler, Neotetis, tizerleme, ¢carpisma, metamorfizma
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Geodynamic Implications of **Ar/*’ Ar Dates Obtained at the Boundary of
Anatolian Block and Arabian Plate: Evidence for an Upper Cretaceous
Subduction and Eocene Exhumation of Piitiirge HP units

Yann Rolland', Marc Sosson', Dogan Peringek”,
Nuretdin Kaymaker® & Eric Barrier®

" Université de Nice Sophia Antipolis, CNRS, UMR GéoAzur, 250 rue A. Einstein,
Valbonne, France (E-mail: Yann.Rolland@unice.fr)

? Canakkale Onsekiz Mart University, Faculty of Engineering and Architecture,
Department of Geological Engineering, Terzioglu Campus, TR—17020 Canakkale, Turkey
? Middle East Technical University, Department of Geological Engineering,
TR-06531 Ankara, Turkey
? Université Pierre et Marie Curie - Paris VI, Laboratoire de Tectonique - CNRS UMR 7072,
4 Place Jussieu F-75252 Paris Cedex 05 France, France

YA Ar dating has been performed on the main metamorphic units at the boundary of SE Turkey
Anatolian Block and the Arabian plate. Most dates range from Campanian to Lutetian and comprise
well-defined plateaux ages (> 70% *“Ar) :

(1) South of the Malatya metamorphic complex a gabbro sample displaying back-arc geochemical
features provided an unexpected young age: 79+1.0 Ma on amphibole (duplicated), which is
interpreted as resulting from the opening of a syn-convergence back-arc basin in the Lower
Campanian, which likely closed in the Upper Campanian.

(2) In the northern part: In the Malatya metamorphic complex high-temperature metamorphosed

fluorite-bearing white marble layer provided a Muscovite age of 73.8+0.3 Ma, which indicates a high
geothermal gradient related in the Campanian.

(3) South of this oceanic suture, Puturge micaschists exhibit an Upper Campanian age of 714+0.3 Ma
on phengite, which indicates that HP metamorphism and thus subduction of the Puturge unit below the
Malatya complex occurred at this time.

(4) At the base of the Puturge unit, amphibolites sampled in frontal metamorphic sole exhibit much
younger ages: 47+1.2 Ma, they thus provide the time for the tectonic transport of the Piitiirge onto the

Arabian margin, and thus exhumation of the Piitiirge-Bitlis units, in the Lutetian (Eocene) times.

Key Words: “’Ar/* Ar dating, ophiolites, Neotethys, obduction, collision, metamorphism
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Gokseki Metatronjemitinin (Agvanis Metamorfikleri) Petrolojisi ve U/Pb
Jeokronolojisi, D Pontidler: Erken Liitesyen Magmatizmasi ve Izleyen
Metamorfizma ve Deformasyon

Yildiz Ozguh’ikl, Timur Ustasmer', P. Ayda Ustadmer” ve Axel Gerdes®

! [stanbul Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii,
34850 Avcilar, Istanbul (E-posta: timur@istanbul.edu.tr)
* Yildiz Teknik Universitesi, Doga Bilimleri Arastirma Merkezi, 34349 Besiktas, Istanbul
I Goethe Universitdt, Institut fiir Geowissenschaften, Altenhiferallee |,
D-60438 Frankfurt am Main, Germany

Agvanis metamorfikleri, Ankara-Erzincan Kenet Kusagi’nin kuzeyinde yer alan yesilsist fasiyesinde
metamorfizmaya ugramis bir kaya toplulugudur. Bu kaya toplulugu kuzey ve glineyden neotektonik
Kuzey Anadolu Fay Zonuna ait faylar ile sinirlanmistir. Metamorfik kayaglari Orta—Geg Eosen yash
s1g denizel kirintih ve karbonatli kayaglar uyumsuz olarak orter. Metamorfik kayaglar, onceki
incelemelerde Triyas yagh Karakaya Kompleksi ve Tokat Masifi ile denegtirilmistir.

Agvanis metamorfikleri egemen olarak metabazitler ile daha az oranda metakarbonat, metagort ve
metapelitik kayaglardan olusur. Bu kaya toplulugu igine sokulmus meta-asidik kayaglar Agvanis
metamorfiklerinin 6nemli bilesenleridir. Meta-asidik kayaglar, dasitik bilesimli dayk ve siller ile ~10
km” lik bir yiizeyleme alam kaplayan Gokseki metatronjemitinden olusur. Gokseki metatronjemiti
ince-orta taneli olup, biiyiik bir sil sekilli kiitledir. Intriizyonun ana kayag yapici mineralleri plajioklas
(% 32-60), kuvars (% 30-53), biyotit (< %10), K-feldspat (< %10) ve yerel olarak amfibol (< % 1)
diir. Tali mineral olarak sfen, zirkon ve apatite rastlamlmistir. Klorit, kalsit ve serizit alterasyon triinii
olarak gelismis ikincil minerallerdir.

Gokseki metatronjemitinden alinan bir numuneden elde edilen magmatik zirkonlarin LA-SF-1ICP-MS
ile yapilan U-Pb analizlerinden, ¢ok hassas 47.7+0.4 My (MSWD= 1.0) yas1 elde edilmistir. Bu yas
verisi, Gokseki metatrojemitinin Erken Lutesiyen doneminde bolgeye yerlestigini, bunu izleyen
donemde ise ¢evre kayalar ile birlikte deformasyon ve metamorfizma gegirdigini ortaya koymaktadir.

Gokseki metatronjemitinin jeokimyasal 6zellikleri, intriizyonun kalk-alkalen bilesimli, I-tipt bir
granitoid oldugunu ve mafik bir kaynak alanin kismi ergimesi sonucu olustugunu gostermistir.
Biyotitlerin mineral kimyas1 ise kalk-alkalen, orojenik pliitonlara ait biyotitlerin kimyas: ile uyum
icindedir. Bolgesel denestirmeler ve stratigrafi, Erken Litesiyen magmatizmasinin, litosferik gerilme
ortamina yerlestigini diistindiirmektedir.

Anahtar Sozciikler: Agvanis, D Pontidler, metatronjemit, U/Pb jeokronolojisi, I-tipi, Lutesyen
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Petrology and U/Pb Geochronolgy of Gokseki Metatrondjhemite (Agvanis
Metamorphics), E Pontides: Early Lutetian Magmatism and Subsequent
Metamorphism and Deformation

Yildiz Ozgiiliik', Timur Ustadmer', P. Ayda Ustadmer” & Axel Gerdes’

" Istanbul Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Avcilar,
TR-34850 Istanbul, Tiirkive (E-mail: timur@istanbul.edu.tr)
’ Yildiz Teknik Universitesi, Doga Bilimleri Arastirma Merkezi, Besitas, TR-34349 Istanbul, Tiirkiye
? Goethe Universitdt, Institut fiir Geowissenschaften, Altenhdferallee 1,
D-60438 Frankfurt am Main, Germany

The Agvanis metamorphics are greenschist facies metamorphic rocks, exposed to the N of the Ankara-
Erzincan Suture Belt. This rock assemblage is bounded by faults related to the neotectonic North
Anatolian Fault Zone. The metamorphic rocks are unconformably overlain by Mid-Upper Eocene
shallow-marine clastics and carbonates. Previous studies correlated these metamorphic rocks with the
Triassic Karakaya Complex and the Tokat Massif.

The Agvanis Metamorphics comprise dominantly metabasites with subordinate metacarbonates-
metacherts and metapelitic rocks. Meta-acidic rocks intruding this rock assemblage are important
components of the Agvanis Metamorphics. The meta-acidic rocks comprise dacitic dykes and sills,
together with Gokseki metatrondjhemite, covering an area of ~10 km®. The Gokseki metatrondjhemite
is fine to medium grained and forms a large sill-like body. Rock forming minerals are plagioclase
(32-60%), quartz (30-53%), K-feldspar (< 10%) and locally amphibole (< 1%). Minor minerals are
sphene, zircon and apatite. Chlorite, calcite and serizite are the secondary minerals formed during
alteration.

Laser ablation U-Pb dating by magnetic sector field ICP-MS of magmatic zircons in the Gokseki
metatrondjhemite have yielded a well-constrained concordia age of 47.7+0.4 Ma (MSWD= 1.0). The
age data indicate that the Gokseki metatrondjhemite was intruded during the Early Lutetian and
subsequently underwent deformation and metamorphism together with the surrounding rock units.

The geochemical characteristics of the Gokseki metatrondjhemites suggest that it is calc-alkaline, I-
type granitoid, formed by partial melting of mafic source rocks. Mineral chemistry of biotites is
comparable to that of calc-alkaline, orogenic plutons. Regional comparisons and stratigraphy suggest

that Early Lutetian magmatism was related to lithospheric extension.

Key Words: Agvanis, E Pontides, metatronjhemite, U/Pb geochronology, I-type, Lutetian
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Yeralti Suyunda Arsenik Kirliligi ve Saghga Etkileri

Feroze Ahmed

Insaat Mithendisligi Boliimii, Banglades Miihendislik ve Teknoloji Universitesi
Dhaka-1000, Banglades (E-posta: fahmed@ce.buet.ac.bd)

Diinyanin pek ¢ok iilkesinde, uzun siireden beri yeralti suyunun arsenik ile kirlenmesi su temininde
karsilasilan baslica sorunlardan biri olarak bilinmektedir. Arsenik kirliliginin pek ¢ok iilkedeki sebebi
olarak dogal ve jeolojik olaylar gosterilmistir. Arsenik renk, tat ve koklama ile belirlenemediginden, tarihte
de ideal bir zehir olarak bilinmektedir. Inorganik arsenik, 1987°de Uluslararasi Kanser Arastirmalart Ajansi
(IARC) tarafindan insanlar i¢in kanserojen olarak kabul edilmistir. Arsenik sorunu olan ilkelerdeki
milyonlarca insan igme sularindan yiiksek miktarda arsenik alimma maruz kalmistr. Ulusal i¢gme suyu
standartlarinda 50 pg/L olarak kabul edilen degerin iizerinde arsenik alimina maruz kalan insan sayisi ile
ilgili en ciddi vakalar, Banglades’te 29 milyon, Hindistan’da 4,5 ile 6 milyon, Cin’de 5,6 milyon,
Arjantin’de ise 2 milyon olarak verilmistir. Gida maddeleri, arsenigin viicuda aliminda &nemli olan diger
bir aractir. Arsenikle kirlenmis akiferlerin sulama amag¢h kullanimi, tarimda, tarimsal faaliyet yapilan
ortamda ve gida zincirinde risk olusturmaktadir. Siirekli arsenik alimma maruz kalinmasi sonucunda ortaya
¢ikan temel bulgular (symptoms), deride renk koyulagmasi (melanosis), deride keratin artigi (keratosis),
kangren (gangrene), beyin ve kalp disinda viicudun diger kisimlarinda goriilen damar rahatsizhig
(peripheral vascular disorder), cilt kanseri (skin cancer) ve bazi viicut i¢i kanserlerdir (a number of internal
cancers).

Bu calisma, diinya olgeginde arsenik sorununun onemi, arsenik zehirlenmesine maruz kalinmasi, olas
emilim siiregleri, viicuda alinmis arsenigin metabolizmasi ve viicuttan atilimi tizerinde durmaktadir. Cilt
(skin), mesane (bladder) ve akciger (lung) kanseri ayrica kanserojen olmayan deri lezyonlar (skin lesion);
deride keratin artisi-keratosis ve asir1 pigment olusumu (hyperpigmentation) risklerindeki arsenige bagh
artisin, yasam siiresine etkisi ile ilgili tahmin modelleri ve olusabilecek hastaliklarin (disease burden)
kestirimi deginilen konulardir. ABD Ulusal Arastirma Konseyinin (The National Research Council, USA)
arsenik miktarinda artisin bobrek (kidney), karaciger (liver) ve prostat (prostate) kanserinin yani sira
kardiyovaskiiler (cardiovascular), endokrin (endocrine), tireme (reproductive) ve bilissel (cognitive)
rahatsizliklara neden oldugunu kabul etmesine ragmen, ashinda bunlar kesin kanitlara dayandirilmis
degildir. Igme suyundaki arsenigin viicuda alinmasiyla kiiresel 6lgekte olusabilecek hastaliklar (disease
burden) 1000 kisi icin 1,5-6,7 DALYs (Disability Adjusted Life Years - Tahmini Yasam Yih Siiresinde
Azalis) olarak tahmin edilmektedir. Giiney Asya en ¢ok etkilenen bélgelerden biridir, bu boélge igin DALY
degerleri 1000 kisi igin 6,2 ile 26,5 arasinda degigmektedir. Arsenik ile kirlenmis yeralti suyunun tarimda
kullaniminin, tarim topragi ve iiriine olan etkilerine de deginilmektedir.

Bu ¢alisma, ayrica Banglades’de igme suyuna bagh kronik arsenik zehirlenmesi (arsenicosis) ile ilgili
ulusal dlgekte yapilan tarama programinin sonuglarini da icermektedir. Programda, kirlenmis s1g kuyularin
(tubewell) bulundugu bolgelerde yasayan 66 milyon insan taranmis, 38.430 i¢me suyuna bagh kronik
arsenik zehirlenme vakasi tespit edilmistir. Deride renk koyulagmasi, deride keratin artisi, deride asin
keratin artis1 (hyperkeratosis), kangren, 6dem (oedema) ve cilt kanseri (skin cancer) gibi gozle goriilebilen
dermatolojik ve bununla ilgili belirtiler, teshisin asil kaynagini teskil eder. Hindistan’da ki bir aragtirma
ekibi, yalmzca Bati Bengal’de 14.000 igme suyuna bagh kronik arsenik zehirlenme vakasi, tespit etmistir.
Banglades ve Hindistan’da arsenige bagli ortalama deri lezyonu (skin lesion) goériilme sikhigi, giinimiizde
igme suyundaki arsenik kirlenme miktarina bagli tahmin edilen cilt kanseri (skin cancer) artisina gore
oldukea diisiiktiir. Ieme suyundaki arsenik igerigi ile igme suyuna baglh kronik arsenik zehirlenme vakasi,
goriilme sikligr arasindaki bolgesel degiskenlik belirgindir. igme suyuna bagli kronik arsenik zehirlenme
vakasinda artisi gosteren veriler agisindan yapilan degerlendirmeye gore; esasen Tayvan’a ait verilere
dayali tahmini riskler olmasi gerekenden daha yiiksek degerlerdir veya Banglades ve Hindistan’da gozle
goriilebilen bulgular (symptoms) olaym erken safhalarina ait olabilir; giintimiizdeki kirlilik seviyelerine
karsilik gelen tahmini etkiler hentiz ortaya ¢ikmaktadir.

Anahtar Sézciikler: arsenik kirliligi, yeraltisuyu, igme suyuna bagl kronik arsenik zehirlenmesi. kanser,
saglik riski, olusabilecek hastaliklar
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Arsenic Contamination in Groundwater and Its Effects on Health

Feroze Ahmed
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Arsenic contamination of groundwater has long been identified as a major water supply problem in
many countries of the world. The cause of arsenic contamination in most countries has been described
as naturally occurring and geological. The presence of arsenic is not detectable by colour. taste or
smell, hence it is historically known as an ideal poison. International Agency for Research on Cancer
(IARC) in 1987 classified inorganic arsenic as carcinogenic to human. Millions of people n the
arsenic affected countries are exposed to high levels of arsenic from drinking water. The worst
exposures to arsenic exceeding National Drinking Water Standard of 50ug/L include 29 million in
Bangladesh, and 4.5 to 6.0 million in India, 5.6 million in China and 2 million in Argentina. Food is
another major route of arsenic ingestion. Arsenic in irrigation water abstracted from contaminated
aquifers has become a threat to agriculture, agro-environment and contamination of the food chain.
The commonly reported symptoms of chronic arsenic exposures are melanosis, keratosis, gangrene,
peripheral vascular disorder, skin cancer and a number of internal cancers.

This paper presents the magnitude of the global arsenic problem, arsenic exposures, and possible
mechanism of absorption, metabolism and excretion of ingested arsenic. The models for estimation of
arsenic associated lifetime excess risks of skin, bladder and lung cancers as well as non-carcinogenic
skin lesion (keratosis and hyperpigmentation) and prediction of disease burden are discussed.
Although The National Research Council, USA acknowledged that other diseases including cancers of
the kidney, liver and prostate as well as cardiovascular, endocrine, reproductive and cognitive effects
can be attributed to excessive arsenic consumption but these are based on less conclusive evidence.
The global disease burden for ingestion of arsenic in drinking water has been estimated in the range of
1.5 - 6.7 DALYs (Disability Adjusted Life Years) perl000 population. The South East Asia is the
worst affected region, the DALY estimates for this region ranged from 6.2 to 26.5 per 1000
population. The effects of irrigation using arsenic contaminated groundwater on agricultural soil and
crops are discussed.

The paper also presents the results of the national screening of arsenicosis cases in Bangladesh. The
program identified 38,430 arsenicosis cases by screening 66 million people living the areas of
contaminated tubewells. The visible dermatological and related manifestations such as melanosis,
keratosis and hyperkeratosis, gangrene, oedema and skin cancer were the main basis of diagnosis. A
research group in India has counted 14,000 arsenicosis cases in West Bengal alone. The average
prevalence of arsenical skin lesion in Bangladesh and India is much lower than the estimated excess
skin cancer corresponding to present level of arsenic contamination of drinking water. The regional
variability in the prevalence of arsenicosis with arsenic content in drinking water is prominent. The
arsenicosis-exposure data suggest that the estimated risks mainly based on Taiwanese data may be an
overestimate or the visible symptoms in Bangladesh and India may be in the preliminary stage. the
estimated effects corresponding to present contamination level are yet to occur.

Key Words: arsenic contamination, groundwater, arsenicosis, cancer, health risk, disease burden
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Aluminyumca Zengin Su Kaynaklarimin insan Saghgina Etkisi
(Canakkale—Tiirkiye)

Alper Baba', Coskun Bakar®, Handan Isin Ozisik Karaman® ve Fatma Sengiinalp'

" Canakkale Onsekiz Mart Universitesi, Jeoloji Miihendisligi Boliimii, Terzioglu Kampiisii,
17020 Canakkale (E-posta: alperbaba@comu.edu.tr)
’ Canakkale Onsekiz Mart Universitesi, Tip Fakiiltesi, Terzioglu Kampiisii, 17020 Canakkale

Bu ¢alisma kapsaminda, bolgedeki su kaynaklarinmin insan saghgina etkilerinin degerlendirilmesi hedef
almmistir. Yapilan ¢ahismalar sonucu Canakkale ve ¢evresinde su kaynaklarimin fiziksel ve kimyasal
acisindan ¢esitlilik gosterdigi, genellikle distik pH'li (pH<5) soguk su kaynaklarinin oldukea altere
olmus volkanik birimlerden kaynaklandigi goriilmiistiir. Bélgede altere olan ve diisiik pH It bu sularda
Altimniyum (Al) konsantrasyonlarinin 13 ile 15 ppm arasinda degistigi saptanmustir. Altere olan
zonlarda gelen kaynak sularinda aliminyum (Al) degerleri igme suyu i¢in énerilen limit degerlerini
(0.2 ppm) olduk¢a asmustir. Bu yoredeki bu tiir sular yore insanlan ve diger illerden gelen kisiler
tarafindan yogun bir sekilde igme suyu olarak kullamilmaktadir. Al’'un kronik maruziyetinin
noropsikolojik sorunlara yol agabilecegi bilinmektedir. Bu ¢alisma kapsaminda yiiksek Al icerikli Eksi
suyun (Kirazh) yorede yasiyan insanlara etkisi incelenmesi amaciyla hidrojeokimyasal, biyolojik ve
norolojik ¢calismalar yapilmistir.

Anahtar Sozciikler: aluminyum, Biga Yarimadasi, tibbi jeoloji, su ve saglk
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Impact of High Concentration Aluminium in Water Sources
on Human Health (Canakkale-Tiirkiye)

Alper Baba', Coskun Bakar?, Handan Isin Ozisik Karaman® & Fatma Sengi’xnalp1
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TR—17020 Canakkale, Tiirkiye (E-mail: alperbaba@comu.edu.tr)
* Canakkale Onsekiz Mart Universitesi, Tip Fakiiltesi, Terzioglu Kampiisii
TR—17020 Canakkale, Tiirkiye

Within the scope of this study, human health impacts of water sources have evaluated. The results
show that water sources have different physical and chemical properties in Canakkale and its
surrounding. Generally, low pH (pH<5) water comes from high altered volcanic rocks in this region.
These water sources also contain high concentration aluminum (AD which is range from 13 to 15 ppm.
Waters originating from altered formations were shown to contain elevated levels of aluminum that is
higher than the currently effective drinking water quality limit value (0.2 ppm). Many people have
been used these water for drinking. It is known that high concentration of aluminum in water source
impact human health such as neurological effect. Hyrogeochemical properties of water source in
Kirazli Area, which has contain high concentration Al, was evaluated. Also, biological and
neurological studies from local people were done.

Key Words: aluminium, Biga Peninsula, medical geology, water and health
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Flor Elementinin Saghk Acisindan Onemi, Florosis Hastahig:
ve Bu Konuda Ulkemizde Yasanan Celiskiler

Umit Demirel

Istanbul Universitesi, Tip Fakiiltesi, 34093 Istanbul (E-posta: udemirel@istanbul.edu.tr)

Diinya Saghk Orgiitii insanlar i¢in giinliik flor alim miktarin1 1.5 ppm olarak gerekli gdrmustir. Flor
elementi halk saghigi acisindan gocuk ve erigskinlerde dis ¢iiriigiint onleyici etkisi agisindan 6nemlidir.
DSO giinliik flor ahmini hesaplarken yalnizca igme sularindaki flor degerine bakilmayip diger olast
kaynaklardan saglanan flor miktarinin total olarak hesaplanmasini ve buna gore programlarin
olusturulmasimi tavsiye etmektedir. Giinliikk optimal flor miktarinin alim agildiginda, viicutta gesitli
sistemik etkiler ortaya ¢ikmaktadir. Bunlardan ilki diglerde goérilen ‘dental florosis’ daha ileri safhasi
ise iskelet sistemini tutan ‘iskelet florosisi’ olarak tamimlanan hastaliklar gorilmektedir. Benim 2003
yihnda Van ili Caldiran ilgesinde; bolgenin volkanik yapisindan kaynaklanan florosis hastahgi ve
2008 yilinda Aydin ili Buharkent il¢esinde ;bolgedeki termal sularin yiiksek diizeyde flor elementi
icermesi ve bu sularm i¢cme ve kullanma suyu olarak kullanilmasindan kaynaklanan florosis
hastahigunin tesbiti ve dnlenmesi amaci i¢in bu bélgelerde genis ¢apli bir arastirma yapilmig olup bir
plan hazirlanmistir. Basta hiikimetlerin  hazirladigi 5 Yillik Kalkinma Planlari olmak iizere
tilkemizdeki resmi belgelere bakilacak olursa tilkemizdeki florosis hastaligindan hi¢ bahsedilmez. Tam
tersine dis ¢iiriigiinii 6nleme programi ¢ercevesinde flor alim programlarinin tiim yurtta uygulanmasi
tavsiye edilmektedir. Ne ilgingtir ki Diinya Saghk Orgiitii ve Birlesmis Milletler Kalkinma Programi
(UNDP)*2006 raporlarinda Tiirkiye florosis hastahginin yaygm olarak goraldigii 25 tlkeden biri
olarak gosterilmektedir.

Bu celiskiler 15181 altinda bu konunun biitiin boyutlan ile ele alan bir proje hazirladim.Basta DSO
olmak {izere diinyanin belirli merkezlerine bu projeyi gonderdim.Hepsinin ortak gorisii Tirkiyede
florosis hastaligimnin belirli bolgelerde ciddi boyutlarda gériildiigii ve bunun i¢in gerekli politikalarin
ivedilikle olusturulmast gerektigi yonde olmustur.

Anahtar Sozciikler: flor, Tiirkiye, florosis, dis ¢uriigi, su, flor hapi
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Fluoride Fluorosis Problem in Turkey Diliemma

Umit Demirel
Istanbul Universitesi, Tip Fakiiltesi, TR—-34093 Istanbul, Tiirkiye (E-mail: udemirel@istanbul.edu.tr )

According to some published research work and the findings of the United Nations Development
Programme (UNDP), fluorosis is still one of the important health problems in Turkey. With the
objecttive of providing a wider perspective to the problem of high levels of fluoride imgestion in
Turkey,this paper presents some basic facts about fluorine exposure and its distribution in the
environment as the primary cause. This study measured flouride content in drinking water, beverages,
food, soil (geological and industry contaminated), blood and urine samples both for humans and
animals. It is believed that the excessive amount of flouride intake is the primary cause of fluorosis
problem in Turkey. This problem is more acute in some regions of Turkey than other regions So all
the authorities support the ‘Fluoride Intake’ program throughout Turkey for prevention of tooth decay.
The issue of fluoride consumption of people and animals in Turkey has never been monitored
carefully and measured. Many studies done lacked coordination as they were done independently and
with no reference or knowledge of results of other studies. Thus, the main question of whether there is
a nsk of fluorosis in Turkey or not has never been answered. The factorial effects of fluoride on
people, other living creatures, and the environment need to be examined as well as possible risk levels
at various locations. It is the opinion of this author that a very serious error is made when it is
suggested that there are no risks of fluorosis as long as the content of fluoride in the drinking water
meets the standards. It is even more serious to provide the children with extra fluoride orally on the
false premise that the water they drink does not have enough fluoride. Even more important than
conducting further studies of these health problems is the need to identify and implement practical
measures to control and prevent future exposure to excessive levels of fluoride in the natural water
supplies and other environmental sources.

Key Words: fluor, Turkey, fluorosis, ooth decay, water, fluor table
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Termal Camurlarin Tedavi Amach Kullanimi

Muazzez Celik Karakaya ve Necati Karakaya

Selcuk Universitesi, Jeoloji Miihendisligi Boliimii, Sel¢uklu 42031, Konya
(E-posta: mzzclk@cukurova.edu.tr)

Minerallerin ve kil minerallerinin tedavi amaciyla kullanimi insanlik tarihi kadar eskidir. Kil
mineralleri terapi amaciyla, ilag katkist olarak, spalarda estetik tipta kullanilmaktadir. Farmakolojik
formiillerde sindirim sistemi, diyabet Onleyici, bagirsak yumusaticisi, dermatolojik koruyucu ve
kozmetik amagh kullanimi séz konusudur. Bu alanlarda kullaniminda killerin yiizey alanlarinin
yiiksek olmasi, absorblama/adsorblama kapasiteleri, reolojileri, KDK, plastik 6zellikleri, hidrofilik
ozellikleri, tane boylart ve soguma indeksleri, indrt olmalari, zehirli olmamalar veya ¢ok dusiik
diizeyde olmalar1 rol oynamaktadir. Spalarda dermatolojik hastaliklar i¢in kullanildiginda kronik
romatolojik iltihaplanma agrilanim hafifletmektedir. Estetik tipta ise, cilt temizligi ve nemlendirme
amaciyla ve yogun yad metabolizmast bozuklugu, akne ve seliilitle miicadele etmek amaciyla
kullanilmaktadir.

Ulkemizde bir ¢ok kaplicada yerinde olusmus ¢amurlar terapi ve farmakolojik amagla
kullanilmaktadir. Camurlarin tedavide kullanimini sicak mineralli su igerigi, olgunlasma asamalar,
bazi fiziksel ve kimyasal Ozellikleri etkilemektedir. Fakat yapilan incelemelerde bu kaplicalarin
birgogunda ¢amur analizlerinin olmadigi veya yetersiz oldugu goézlenmistir. Giiniimiizde ¢amur
terapilerinin belirli patolojilerin tedavilerinde kullammmimin giderek yayginlastigr gozlenmektedir.
Ancak kullanilacak ¢amurlarin sertifikalandirilmasi, standart kriterlerin belirlenmesi gerekmektedir.
Artan talebi karsilayabilmek i¢in yeni rezervlerin arastirilmasi, formulerin elde edilmesi veya spesifik
tedaviler icin standartlarin olusturulmasi yéniinde tilkemizde bir arastirma bulunmamaktadir. Halen
termal ¢amur tedavilerinin yapildigi 12 kaplicadan ¢amur ve ti¢ kaplicadan da su 6rnekleri alinarak 6n
incelemeleri yapilmistir. Alinan ¢amur numunelerinden bazilarinin mineralojik bilesimlerinin ve baz

onemli parametrelerinin de uygun olmadig1 dolayisiyla termal ¢camurun ozelliklerini gostermedigi
gbzlenmistir.

Anahtar Sézciikler: estetik tip, kaphcalar, kil, peloterapi, termal ¢camur, tibbi jeoloji
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The Use of Thermal Muds for Therapatic Purposes

Muazzez Celik Karakaya & Necati Karakaya

Sel¢uk Universitesi, Jeoloji Miihendisligi Boliimii, Selcuklu, TR—42031 Konya, Tiirkiye
(E-mail: mzzelk@cukurova.edu.tr)

The use of minerals and mainly clay minerals for medicinal purposes is almost as old as mankind
itself. Clay minerals are used for therapeutic purposes, in pharmaceutical formulations, spas and
aesthetic medicine. In pharmaceutical formulations, they are used gastrointestinal protectors, oral
laxatives, antidiarrhoeaics, dermatological protectors, cosmetics. The main purposes of clay in
medicinal application is principally due to their high specific area and their absorption/adsorption
capacity, hydrophilic characters, chemical inertness, their CECs, plastic properties, rheology, grain
size, cooling index and low or no toxicity for the patient. They are used in spas to treat dermatological
diseases and to alleviate the pain of chronic rheumatic inflammations. In aesthetic medicine, they are
mainly used to clean and moisturize the skin and to combat compact lipodystrophies, acne and
cellulite.

In our country, clay mud occurring in-situ used in therapeutic and pharmaceutical purposes and in
some spas. Various factors are ruling the quality of a peloid: thermo-mineral water, maturation
processes, physical and chemical features. It is observed that, analytical results of the mud which are
used in the spas were not made or partly made. Nowadays pelotherapy is being more-and-more
focused on specific pathologies and treatments. These applications need a certification and standard
criteria of the thermal mud suitability. In order to able to meet increasingly demand new reserves
should be explored. Formulations and specifications for the treatments they are going te be employed
should be investigated. However, there is not any scientific investigation carried out on mud and their
standards. Thermal mud samples were taken from twelve different spas and three water samples were
taken from in same spas for preliminary investigations. Mineralogic composition and some major
parameters of some of the thermal mud samples were not in required quality of thermal-mud
properties.

Key Words: aesthetic medicine, clay, medical geology, pelotherapy, spa, thermal, mud
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Cal, Siiller ve Bekilli (Denizli, Tiirkiye) Cevresindeki Asl?est (Tremolit)
Olusumlarinin Jeolojik, Mineralojik ve Petrografik Olarak Incelenmesi ve Bu
Olusumlarin Kanser Riski A¢isindan Degerlendirilmesi

Yahya Ozpinar ve Mustafa Egri

Pamukkale Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii,
Kkl Kampiisii, 20017 Denizli (E-posta. yozpinar@pau.edu.tr)

Bu g¢alisma ‘Denizli ilindeki g¢evresel asbest maruziyeti ve solunum sistemlerine etkileri’ konulu
¢alismanin, birinci asamasimi olusturmaktadir. Bu ¢alismamin ilk asamasinda Cal, Siller, Bekill
ilgeleri ve yakin g¢evresindeki asbest olusumlarinin jeolojik, mineralojik ve petrografik incelemeler:
yapilmis, tarim alanlarinda % hacim olarak dagilimlari, bahge ve ev duvarlarinda baglayici, ev
iclerinde siva ve c¢ati Ortiisii olarak kullanilan kumlu killerin (geren topragi) asbest lifleri igerip
igermedikleri arastirtlmistir.

Inceleme alaninin temelinde disiik derecede metamorfizma gegirmis olan metamorfitler yer alir.
Bekilli Grubu olarak adlandirilan metamorfitler, alttan iiste dogru, birbirleriyle gecisli ve uyumlu
olarak gelen Paleozoyik yash Karahalli ve Mesozoyik yasli Biikriice ve Gémce Formasyolan ile
temsil edilmektedir. Karahalli, Biikriice ve Gomce Formasyinarinda egemen litoloji mermerlerdir. Bu
formasyonlarin tizerine uyumlu olarak, kalksist, serizit-klorit sistler, piemontitli sistler ile temsil edilen
Alt Paleosen-Alt Eosen yasgh Salvan Formasyonu gelmektedir. Tiim alttaki birimler tizerine yatay ve
yataya yakin tektonik dokanakla Cokelez Grubuna ait olan ve metagakiltasi, metakumtas1 ve
metasilttag: ile temsil edilen Sazak Formasyonu ve Cokelez Kiregtaglarn gelir. Asbest olusumlar,
Bekilli grubuna ait mermerler i¢inde ve ofikarbonatlara baglh olarak olusmustur. Ofikrabonatlar da
mermerlerin devrik kivrimli kanatlarinda gelisen ekayh yapilarda olusmustur. Bu alanlarda serpantinit,
kismen ofikalsite dontsmiis serpantinit ve metabazit kiitleleri de yer almaktadir. Ofikarbanatlarin
mikroskopik incelemelerinde kalintt serpantinit pargalarina ait, dokular (mesh doku) ve tremolit asbest
lifleri belirlenmistir. Elde edilen bulgulara gére asbest olusumlarinin protolitlerinin ultramafik ve
mafik kayaclar oldugu anlasilmaktadir. Sahada yaygin olarak yiizeylenen ve asbest liftleri iceren
talk/talk sist olusumlar1 da kivrimhi ve ekayli yapilar icinde gelisen ofikarbonatlarla iliskili olarak
olusmustur. Raman spektrometresi ve XRD yoéntemleri ile yapilan incelemelerde asbest liflerinin
amfibol tirii asbest (tremolit) oldugu belirlenmistir. Gerek tremolit asbest ve gerekse de tremolit
icerikli talk 6rneklerinde saptanan mineral parajenezi: tremolit + lizardit + talk + kalsit + kuvars +
hematit + titanit + klorit’ dir. Tremolit igerikli talk ve tremolit asbest icerikli zonlarin devamin
olusturan tarim alanlar1 ve bu zonlar tizerine yer alan toprak horizonunda, ayrica kiigiik dere kanallar
ile iligkili olan rakimui diisiik alanlardaki aliivyonlarda da (hacimsel yiizdeleri, %1.6-56 arasinda
degisen tremolit lifleri igerdikleri saptanmustir (Poyrazli’da maksimum %56, Siiller’de maksimum %7
ve Kocakdy’de %2). Diger taraftan Cokelez Formasyonu tabanindaki ekayli zonlarda yer alan ve yore
halki tarafindan “geren toprag:” olarak adlandirilan kumlu kil olusumlarinda mikroskop, XRD, SEM
incelemelerinde asbest liftlerine rastlanmanustir.

Sonug olarak, caligilan alandaki tremolit asbest olusumlarmin sikligi ve yayihimlan goéz oniine
almdiginda Poyrazl, Ekizbaba, Siller ve Kocakdy gibi yerlesim alanlarinda solunum sistem,
hastaliklarina yakalanma riskinin fazla olabilecegi sonucuna varilmis ve o nedenle bu yerlesim

alanlarinda tibbi ¢aligsmalar baglatlmistir.

Anahtar Sozciikler: Denizli, tremolit asbest, geren topragi, ofikarbonat, kanserojen, solunum sistemi
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As Geological, Mineralogical and Petrgraphical Investigation of Tremolite
Asbestos Occurrences Around the Cal, Siiller and Bekilli (Denizli, Turkey) and
Evaluation from Cancer Risk Assessment of these Occurrences

Yahya Ozpinar & Mustafa Egri

Pamukkale Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihensligi Boliimii,
Kimiklt Kampiisii, TR-20017 Denizli, Tiirkive (E-mail: yozpinar@pau.edu.tr)

This work 1s the first stage of investigation on ‘Environmental asbestos exposure in Denizli and its
effects on respiratory system’. The first stage of studies, in the Cal, Siiller and Bekilli and its
surrounding areas, the investigation of geological, mineralogical and petrographical of asbestos
occurrences were made. Distribution of asbestos formation, mineral species, which the protolith rock
of asbestos fibers were determined, in addition, distribution as volume per cent within agricultural area
and as binding material for making house wall, in addition roof cover sandy clay named as ‘geren
topragy” whether has asbestos fibers or has not asbestos fibers were investigated.

At basement of investigation area are found metamorphic rocks named Bekilli Group indicating low-
grade metamorphism. From bottom to top, Bekilli Group is represented Karahalli Formation in
Paleozoic age and Biikriice and Gémce Formation in Mesozoic age, which they are found as
horizontally and vertically transition. Bekilli Group is overlain by Salvan Formation in lower
Paleocene and lower Eocene age. The Dominant lithology of Karahalli, Biikriice and Goémce
Formation are marbles. Salvan Formation is represented by calcschist and serizite quartzschist and
piemontite marble. All of these units are tectonically overlain by Cékelez Group represented by Sazak
Formation represented by metaconglometarate, metasandstone and metasiltstone and Cokelez
Limestone. Asbestos occurrences are found in marble and in ophicarbonate belonging to Bekilli
Group. Ophicarbonate zones exhibit in structure of folding and thrusting. Ophicarbonate zones and its
surrounding areas have the exposures of serpentinite and serpantinite having been transformed
ophicalcite and metabasalt are located. According to the microscopically examination of
ophicarbonates were seen the mesh texture belonging to remnant serpentine parts and tremolite fibers.
[t is understood that protolith of tremolite asbestos was the ultramafic and mafic rocks. In the field,
talc and talc schist occurrences containing tremolite asbestos belonging to ophicarbonate are also
related with folding and thrusting structure. According to the results of XRD and Raman spectrometry
investigations as amphibole type asbestos minerals to be tremolite asbestos were determined.
According to results of microscope and XRD investigations, mineral paragenesis determining of
tremolite asbestos and also talc containing tremolite fibers occurrences is tremolite+ lizardite + talc +
calcite + quratz + hematite + titanite and chlorite. Both of agriculture areas, which are located the
prolongation of talc and asbestos occurrences and main asbestos rocks are overlain by soil zones and
also alluvium which is located in the low altitude areas contain of tremolite fibers (as percent volume)
have the maximum amount of 1.6 and 56 % fibers (as percent volume, in Siiller town max. 7%, in
Kocakdy village max. 2% and in Poyrazh village max. 56%) were determined. On the other hand,
according to SEM and XRD method, in the roof cover sandy clay named as “Geren topragr” from
villages citizen did not contain of tremolite fibers were seen.

As result, worked areas are given to take in view that density and distributions of tremolite asbestos
fibers, which are situated at Poyrazh, Ekizbaba, Kocakdy villages and Siller town may be risk
respiratory system for citizen were satisfied and at the location of previously mentioned, medical
studies were begun.

Key Words: Denizli, tremolite asbestos, roof cover sandy clay, ophicarbonate, carcinogenic,
respiratory system
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Madencilik Faaliyetlerinin Tibb1 Jeoloji A¢isindan Degerlendirilmesi:
Biga Yarimadasi (Can-Canakkale)

Alper Baba', Orhan Giindiiz*, Dilsad Save®, Giilbin Giirdal', Serdar Siiliin’,
Mustafa Bozeu' ve Hasan Ozcan’

"Canakkale Onsekiz Mart Universitesi, Jeoloji Miihendisligi Boliimii, Terzioglu Kampuisii,
17020 Canakkale, Tiirkive (E-posta.: alperbaba(@comu.edu.tr)
* Dokuz Eyliil Universitesi, Cevre Mithendisligi Béliimii, Tinaztepe Kampiisii. Buca 35160, Izmir
* Marmara Univeristesi, Tip Fakiiltesi, Halk Sagligit Anabilim Dali, 34730 Istanbul
" Canakkale Onsekiz Mart Universitesi, Toprak Boliimii, Terziogly Kampiisii, 17020 Canakkale

Incelenen alan, Biga Yarimadasi’nda Kazdag: yiikseliminin kuzeybatisinda yaklagik KD—GB uzanimli
bir dag arasi havzadir. Bu havza, ge¢ Eosen’den baslayarak Pliyo—Kuvaterner’e kadar cesitli
dénemlerde etkin olan volkanizmalarin tirtinii volkanoklastiklerle birlikte ¢6kelmis denizel, lagliner ve
gdlsel kirnntili kayaglari icermektedir. Dolayisi ile bolgede sedimenter ve hidrotermal kaynakli maden
yataklari bulunmakta ve ekonomik olarak degerlendirilmektedir. Bu ¢alisma kapsaminda, bolgedeki
madencilik faaliyetlerinin ¢evre ve insan saghgina etkilerinin degerlendirilmesi hedef alinmistir. Bu
amag i¢in oncelikle proje sahasinin jeolojik ve hidrojeolojik haritalarinin revizyonu yapilmis; toprak,
koémir ve kil orneklerinde mineralojik ve jeokimyasal analizler gergeklestirilmis; ylizey ve
yeraltisularinda majér ve mindr elementler, agir metaller ve izotop degerleri Sl¢tilmiis; ve, bolge
halkindan biyolojik 6rnekler (sa¢ ve kan) toplanarak analiz edilmistir. Bu ¢alismalari takiben, termik
santral atiklarimin toksik test analizleri gereklestirilmis, yoredeki hava kirliligi parametreleri
irdelenmis ve elde edilen biitlin parametreler istatiksel olarak degerlendirilmistir. Bu veriler CBS
ortamina aktarilmis, analiz edilerek tematik haritalari olusturulmus, kirlilik yaythmi ile ilgili haritalar
yapilmis, halk saghgi ve kirlilik parametreleri iliskilendirilmistir.

Anahtar Sozciikler: Biga Yarimadasi, ¢evre, madencilik, tibbi jeoloji, su ve saghk
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The Assessment of Mining Activities from Medical Geology Perspective:
Biga Peninsula (Can-Canakkale)
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The project area is a NE-SW-oriented watershed situated in a mountainous region to the northwest of
Ida Mountains in Biga Peninsula. This basin contains marine, lagoon and lake sediments precipitated
with volcanoclastics that occurred as a result of the volcanism which was effective in various periods
from the late Eocene to Plio—Quaternary. Thus, the region has several sedimentary and hydrothermal
mineral deposits, which are economically extracted. Within the scope of this study, the environmental
and human health impacts of these mining activities were investigated. Accordingly, revisions of
geological and hydrogeological maps of the region were performed; mineralogical and geochemical
analysis on soil, coal and ash samples were conducted; anion-cation, heavy metal and isotope analysis
on surface and subsurface water samples were undertaken; and, biological samples (hair and blood)
from local people were collected and analyzed. Then, toxic test analysis was performed on thermal
power plant wastes and local air quality parameters were assessed and statistical analysis of all
parameters was conducted. These data sets were taken to the GIS platform for further analysis and
thematical mapping with regards to determining the extent of pollution distributions, which are then,
associated with human health results.

Key Words: Biga Peninsula, environment, mining, medical geology, water and health
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Asit Maden Sahalarimin Olusumunda Mikroorganizmalarin Rolii
ve Biyojeokimyasal Prosesler

Nurgiil Celik-Balci', Kevin Mandernack® ve Wayne C. ShanksllI®

! [stanbul Teknik Universitesi, Jeoloji Miihendisligi Béliimii, 34469 Maslak, Istanbul
(E-posta: ncelik@jitu.edu.tr) )
° Department of Chemistry and Geochemistry, Colorado School of Mines,
1500 Illinois Street, Golden, CO 80401, USA
P US Geological Survey, Denver Federal Center, MS 973 Denver, CO, USA

Mikroorganizmalar mineral ve metallerin ¢oziinmesinde, tasinmasinda ve depolanmasinda ana rol
oynarlar. Ozellikle Fe, S, O ve C gibi elementlerin dongiisiinii etkileyen bakteriler, asit maden
sahalarinin (AMS) olusumunda da etkilidirler. Sulfturlit minerallerin, biyolojik ve kimyasal olarak
ayrismasi maden sahalarinda asit olusumunun ana kaynagidir. Asit maden sahasi/sulari olarak (AMS)
bilinen bu ortamlar giinimiizde madencilik faaliyetleri nedeniyle olusan en yaygin ¢evre problemidir
ve yiiksek asidite ve metal igerigine sahip olmalart nedeniyle ekolojik hayati énemli oranda tehdit
etmektedir. Uygun iyilestirme metotlarinin  gelistirilmesi, siilfirld minerallerin  oksidasyon
mekanizmalarinin - ve ortamdaki mikroorganizma topluluklarimin  belirlenerek  biyojeokimyasal
proseslerin agiga konmasina baghdir.

Biyojeokimyasal prosesleri ortaya koymak i¢in pirit, sfalerit ve galen biyolojik ve kimyasal olarak
AMS’mi temsil eden laboratuar kosullart (pH <3, aerobik ve anaerobik)) altinda oksitlenmistir.
Biyolojik deneylerde (Acidithiobacillus ferroxidans ile) disen pH ve artan siilfat nedeniyle pirit,
sfalerit ve galen minerallerinin kimyasal reaksiyonlara oranla hizla oksitlendigi belirlenmistir.
Sfaleritin biyolojik olarak oksitlenmesi swrasinda iz metallerin (Cu, Pb, Co, Cd, Mn, Fe)
konsantrasyonu hizla artarken, kimyasal reaksiyonlarda olduk¢a diisiik oldugu tespit edilmistir. Deney
verileri degerlendirilerek, siilfir minerallerinin oksitlenmesinde bakterilerin rolii ve biyojeokimyasal
reaksiyonlar tartisilacaktir.

Anahtar Sozciikler: asit maden sahasi, mikroorganizma, stlfiir, metal, rehabilitasyon, biyojeokimya
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Microorganisms play a predominant role in the solubilization, transport, and deposition of metals and
minerals in the environment. Bacteria which regulate Fe, S, O and C cycles also have influences on the
formation of AMD. The main source of acid production in AMD is biological and chemical
weathering of sulfur minerals. The environments known as AMD 1is one of the most common
environmental problems developed during mining activities and are harmful to ecological life due to
high heavy metal concentrations and acidity. In order to develop proper remediation strategies it is
vital to elucidate oxidation mechanism of sulfur minerals, microbiological community and
biogeochemical processes in the environment.

In order to elucidate biogeochemical processes, pyrite, sphalerite and galena were oxidized as
biological and chemical under AMD conditions (pH<3, aerobic & anaerobic). In the biological
experiments these minerals were oxidized faster compared to the chemical ones due to lower pH and
increasing sulfate concentrations. In contrast to chemical incubations, , trace metals concentrations
(Cu, Pb, Co, Cd, Mn, Fe) increased significantly during biological oxidation of sphalerite. Based on
the experimental results, oxidation mechanisms of sulfur minerals and bacterial influences on the
oxidation mechanisms will be discussed.

Key Words: acid mine drainage, microorganism, sulfur, metal, rehabilitation, biogeochemistry
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ikincil Minerallerin Asidik Drenaj Olusumundaki Rolii

Mehmet Karadeniz

Maden Tetkik ve Arama Genel Miidiirliigii, Maden Analiz ve Teknolojileri Dairesi Baskanligi,
06520 Sogiitozii, Ankara (E-posta. mehmetk(@mta.gov.tr)

Pirit, pirotin ve markazit gibi silfiirli demir mineralleri igeren suilfiirlii komiir, baz metal, degerli
metal ve uranyum yataklarinda rastlanan asit maden drenajimin olusumu ¢ok sayida faktoére baglh son
derece karmasik bir siirectir. Genel bir ifadeyle, temel bilesenler olan hava, nem ve tetikleyici mineral
ile birlikte siilfur oksitlenme {riinlerinin ortaya ¢ikisinda rol oynayanlar birincil, olusan asidi
notiirlestiren veya tepkime triinleriyle tepkiyenler ikincil, asidin taginmasinda ve tiikketilmesinde etken
olanlar tgiinctl faktorler olarak kabul edilir. Bunlar kaynak, ¢evre veya diger etmenler niteliginde
olup, jeokimyasal, kimyasal, fizikokimyasal ve biyokimyasal mekanizmalardan biri ya da daha
fazlasinda yer alarak olusum siirecini dogrudan veya dolayli bigimde etkilerler. Asit maden drenaji,
Oziinde, minerallerin ¢oziinmesi, ardindan kati hale gecerek ¢okelmesi ve yeniden ¢oziinmesiyle
sekillenen sirecler dizisidir. Bu siireglerin sonunda meydana gelen drenajin kimyasi birbirini takip
eden t¢ asamada sekillenir.

[lk ¢ozinmeyi takiben ¢ozelti atmosfer etkisine maruz kaldiginda oksitlenme, seyrelme, karisma,
buharlagma ve nétiirlesme gibi strecler mineral presipitasyonunu dogurur ve artik yiginlari, maden
atiklari ve ylizey akintis1 kiyilar1 gibi degisik alanlarda ikincil mineral olusumlart meydana gelebilir.
Ugtinciil (kuruma esnasinda gozenek sulari kaynakli olarak kristallesenler), hatta dordiinciil
(kurutulmus 6rneklerin laboratuarda depolanmalari sirasinda oksitlenmeyle olusanlar) mineral olusum
stireclerinden soz edilmektedir. Cokelen mineral gruplar i¢inde siilfatlar, metal oksitler, hidroksitler,
karbonatlar, fosfatlar, arsenatlar, halitler ve ikincil stlfiirler olabilir. Céziiniirliikleri kolay ¢oziiniirden
¢ozlinmeze kadar genis bir yelpazede degisiklik gosterebilir. Burada ¢oziinmeleriyle drenajim
asiditesini etkileyen siilfatlar, karbonatlar ve hidroksitler arasinda ¢oziiniirliigii yiiksek olanlar ile
metal depolama 6zelligi bulunanlar asidik drenaj a¢isindan énemlidir. Ikincil mineral gruplar iginde
stilfatlar en biiyiik grubu teskil etmektedir. Siilfiirlerin en bol bulunanlan pirit ve pirotin oldugundan,
onlarin oksitlenmesiyle ortaya ¢ikan demir siilfatlar da en yaygin ikincil minerallerdir.

Genel anlamda, kolay ya da uygun kosullar altinda ¢oziinebilen mineraller drenaj niteliginde
belirleyicidirler. Dogal olarak, ikincil mineral olusumlarinda maden yataginin jeokimyasal yapisi
mineralojik bilesimleri agisindan 6nemli iken, pH’in seviyesine gore baskin olan Fe’  ve Fe'
tyonlarinin ayricalikli rol oynadiklart agiktir. Cozuniirliikleri ise daha ¢ok yagis, sicaklik, nem, pH gibi
dis etkenlere baghdir. Bu ¢er¢evede, drenajin kimyasal nitelikleri baglaminda siilfatiar ve karbonatlar
daha etkili olurken, alunit-jarosit grubu kisith ¢oziintrlikleri nedeniyle su kalitesine daha az etki
ederler. Zor ¢oziinen ikincil mineral olusumlan drenaj niteligine etki etmiyor goriinse de, drenajin
kirlilik yiiktinii azaltmalarn nedeniyle énemlidirler.

Anahtar Sozciikler: asit maden drenaji, ikincil mineral, ¢dziiniir siilfat, jeokimya, presipitasyon
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The Role of Secondary Minerals in Generation of Acidic Drainage
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Maden Tetkik ve Arama Genel Miidiirliigii, Maden Analiz ve Teknolojileri Dairesi Baskanlig,
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Acid mine drainage formation that is seen on sulfidic coal, base metal, precious metal and uranium
deposits containing sulfidic iron minerals such as pyrite, pyrotite, marcasite is a very complex process
that belongs to many factors. In general, factors that playing rol on the appearances of products of
sulfide oxidation together with main constituents like air, moisture and triggering mineral is regarded
as primary, that neutralizing acid or reacting with reaction products regarded as secondary and that
acting to carry and to consume acid regarded as tertiary factors. These are source, environmental or
other factors and affect formation process directly or indriectly as taking place in one or more of
geochemical, chemical, physicochemical and biochemical mechanisms.

Acid mine drainage is essentially, a series of processes in which primary minerals dissolve at first,
then they precipitate after solidification and dissolve once again. The chemistry of drainage that occurs
as a result of these processes is determined by three consequent stages. After the first dissolution, if
the solution is exposed to atmosphere, some processes such as oxidation, dilution, mixing, evaporation
and neutralization cause mineral precipitation and secondary mineral formations may result in on
different fields like tailing hips, mine wastes and bank of streams. It is mentioned that tertiary
(crystallized ones from pore waters during drying) even quaternary (oxidation of dried samples during
the deposition in laboratories) mineral formation processes is observed. Among the precipitating
mineral groups sulphates, metal oxides, hidroxides, carbonates, phosphates, halides and secondary
sulfides can take places. Their solubilities may change from easily soluble to non-soluble in a wide
range. Here, among sulphates, carbonates, and hydroxides, the ones that having high solubilities and
metal storing feature is more important from the point of acidic drainage. Sulfates are the largest group
in secondary minerals. Also, since pyrite and pyrotite the most abundant seen sulfides, iron sulphates
are the most common secondary minerals which are the oxidation products of them.

Generally, minerals that can dissolve easilly or under appropriate conditions are determining factor in
drainage quality. Naturally, as geochemical structure of mine deposit is important in terms of
mineralogical composition, it is clear that Fe’" and Fe’" ions which are dominant belong to pH level
play concessive role. Their solubilities mostly depend on external factors such as precipitation,
temperature, humidity, pH. In this frame, as sulphates and carbonates are more effective in the context
of drainage quality, because of being poorly soluble, alunite-jarosite group minerals affect drainage
quality less. Eventhough, hardly soluble secondary mineral formations seem to be inconclusive on
drainage quality, they are significant due to decreasing metal load.

Key Words: acid mine drainage, secondary mineral, soluble sulphate, geochemistry, precipitation
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Gorgii Pb-Zn Yatagi Cevresinde Toprakta Ag, Ba, Cd, Pb
ve Zn Dagilim, Malatya, Tiirkiye

Giillii Kirat', Cemal Béliicek?, Leyla Kalender ve Ahmet Sagiroglu'

" Firat Universitesi, Jeoloji Miihendisligi Bélimii, 23119 Elazig (E-posta: g kirat@hotmail.com)
’ Balikesir Universitesi, Jeoloji Miihendisligi Béliimii, Cagis Yerleskesi, 10165 Balikesir

Malatya’nin yaklasik 20 km batisinda yer alan Gorgii Pb-Zn yatagi uzun yillardir isletilen karbonat,
siilfiir ve stilfat mineralleri bakimindan zengin bir yataktir. Simitsonit, galen, sfalerit ve barit yatagmn
ana bilesenlerini olusturmaktadir. Ayrica anglezit, seriizit, pirit ve eser miktarda altin ve kalkopirit
yatak i¢erisinde bulunmaktadir.

Dogal stire¢ igerisinde cevher minerallerinin bozusmasi ile metaller ¢evredeki toprak igerisinde
dagilmaktadir. Bu metal dagihmina isletme sirasinda yatak ¢evresinde biriktirilen pasalarin da katkisi
olmaktadir. Bu ¢alismada cevherlesmeyi olusturan minerallerin baglica bilesenleri olan Ag, Ba, Cd, Pb
ve Zn metallerinin toprak i¢erisindeki dagilimi incelenmistir.

Bu amagla yatak ile Malatya-Kayseri karayolu arasinda kalan alanda toprak érneklemesi yapilmis ve
alinan 53 toprak 6rneginin kimyasal analizleri yapilmustir.

Analizi yapilan elementlerin mesafeye gore dagilimi incelenmis, bu elementlerin bélgedeki
hidromorfik dagilim sekilleri ortaya konmustur. Inceleme konusu metallerin topraktaki maksimum,
medyan ve standart sapma degerleri sirasiyla asagidaki gibidir: Ag: 2508, 61 ppb ve 350; Ba: 1414,
180 ppm ve 225; Cd: 54, 0,7 ppm ve 8; Pb: 7082, 64 ppm, ve 1008; Zn: 9094, 127 ppm ve 1339. Bu
metaller arasinda olduk¢a kuvvetli pozitif korelasyon bulunmaktadir (parantez i¢indekiler Pearson
korelasyon katsayisi (1,)): Zn-Cd (0,89), Pb-Ag (0,85), Pb-Cu (0,57), Cd-Ag (0,96), Cd-Pb (0,83), Ag-
Ba (0,88), Ag-Zn (0,88), Ba-Zn (0,55), Pb-Zn (0,94) ve Cd-Ba (0,89).

Anahtar Sozciikler: Gorgii, metal dagilimi, Pb-Zn, toprak
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Distribution of Ag, Ba, Cd, Pb ve Zn in Soil Around
Gorgii Pb-Zn Deposit Malatya, Turkey
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? Balikesir Universitesi, Jeoloji Miihendisligi Boliimii, Cagis Yerleskesi,
TR—10165 Balikesir, Turkey

Gorgii Pb-Zn deposit is rich in carbonate, sulfur and sulphate. The mine has been active for a long
time and is located at twenty kilometers west of Malatya. Major minerals in the deposit are galena,
sphalerite, smithsonite (the dominant ore mineral), anglesite, cerussite, pyrite-marcasite and minor
gold and chalcopyrite.

The metals are distributed in the soil by alteration of the ore minerals in the natural circulation. The
wastes also contributed to metal distribution. In the study, major ore minerals (Ag, Ba, Cd, Pb and Zn)
were studied in order to elucidate to distribution in the soil.

In this purpose, fifty-three soil samples were collected from between ore deposit and Malatya-Kayseri
motorway and analyzed by ICP-MS. The elements were studied to distribution according to distance
and determined hydromorphic shapes in the area of these elements.

Maximum, median and standard deviation values of the metals in the soil are below, respectively. Ag:
ppb 2508, 61 and 350; Ba: ppm 1414, 180 and 225; Cd: ppm 54, 0,7 and 8; Pb: ppm 7082, 64 and
1008; Zn: ppm 9094, 127 and 1339. There is strongly positive correlation between these elements
according to Pearson correlation coefficient (r,): Zn-Cd (0,89), Pb-Ag (0,85), Pb-Cu (0,57), Cd-Ag
(0,96), Cd-Pb (0,83), Ag-Ba (0,88), Ag-Zn (0,88), Ba-Zn (0,55), Pb-Zn (0,94) and Cd-Ba (0,89).

Key Words: Gorgi, distribution of metals, Pb-Zn, soil
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Can Havzasi Komiir ve Kiillerinin Cevresel Etkileri

Gilbin Girdal ve Alper Baba

Canakkale Onsekiz Mart Universitesi, Jeoloji Miihendisligi Béliimii,
Terzioglu Kampiisii, 17020 Canakkale (E-posta: ggurdal(@comu.edu.tr)

Komtr madenciliginde; komiuirtin ¢ikarilmasi, depolanmasi, yakilmasi ve yanma sonrasi olusan atik
trtnler dahil bir ¢ok stire¢ gerekli dnlemler alinmadigi takdirde ¢evre ve insan saghigi agisindan
onemli problemler olusturabilmektedir. Dolayis: ile ticari amaglar i¢in belirlenen komir kalite
parametrelerinin kapsami genisletilmekte, ¢evre ve insan saghig agisindan 6nem tasiyan parametreler
de bu ¢alismalara dahil edilmektedir.

Bu ¢alismada Can havzasi komirleri ve bu komirlerin kullanildigi Can Termik Santralinden
kaynaklanan atiklar, ICP-AES ve ICP-MS yontemleri ile toksik element igerikleri agisindan
incelenmistir.

Cevre ve insan saghg agisindan risk tasiyan komirdeki iz elementler As, B, Ba, Be, Cd, Co, Cu, F,
Hg, Mo, Ni, Pb, Sb, Se, Sn TI, Th, V, U ve Zn dur. Bu elementler icerik ve kdken agisindan
degerlendirilmistir. Elementlerin konsantrasyolarina ait sinir degerler, oncelikle Tiirkiye ve Diinya
komdrleri igin verilen sinir degerler ile karsilastiriimisdir. Bu degerlendirmelere gore As (maks:
6413.5 ppm), U (maks: 64.5 ppm) ve V (maks: 459 ppm) konsantrasyonlari verilen standart degerlerin
tizerindedir. Bu havzada ozellikle Yayakoy sahasinda As degerleri dikkat g¢ekici oranda yiiksek
bulunmustur. Elementlerin kokenleri; element konsantrasyonlari, kiil ve kiikiirt arasindaki korelasyon
verilerine dayanarak belirlenmistir. 1z elementler hem igerik hem koken acisindan (organik ve/veya
inorganik) havzada farkli 6zellikler tasimaktadir.

Komir yakith Can Termik Santralinden (akiskan yatakli) elde edilen ugucu kiiller ASTM 618
standardina goére C sintfindadir.  Farkli  donemlerde alinmis  kiillerdeki agir  metallerin
konsantrasyonlart genel olarak Diinya ortalama simir degerleri igindedir. Ancak kiillerin element
konsantrasyonlar termik santralde yakilan kdmiir kalitesi ve santralde kullanilan kire¢ miktarina bagh
olarak donemsel farkliliklar sunmaktadir. Ornegin, 2006 yilinda ugucu kiillerde Zn ve As ortalama
degerleri sirast ile 117.5 ppm ve 71.64 ppm iken bu degerler 2008 yilinda ise 67.5 ppm ve 582.23 ppm
olarak ol¢tilmiistiir. Yapilan incelemeler kiillerin bilesiminde bulunan toksik elementlerin suya ve
topraga gecerek cevresel agidan risk olusturdugunu gostermektedir. Bu nedenle havzada bulunan kiil
atik depolama sahasinin gézlem altinda tutulmasi son derece énemlidir.

Anahtar Sozciikler: komiir, ugucu kiil, ¢cevresel etki, Can havzasi
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Environmental Impact of Coal and It’s Ash in Can Basin
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Coal mining activities including many processes such as production, stock, combustion and
combustion wastes led to the environmental and health problems without any sufficient prevention.
Consequently, the commercial coal quality data are extended to contain information such as the other
parameters that could help in evaluating the potential environmental and human health impacts of
coal.

In this study, Can basin coals and wastes from Can thermal power plant have been studied using ICP-
AES and ICP-MS methods in order to investigate the origin and concentration of toxic elements.

Elements which may have risk for environmental and health hazards are As, B, Ba, Be. Cd. Co, Cu, F,
Hg, Mo, Ni, Pb, Sb, Se, Sn Tl, Th, V, U and Zn . These elements are evaluated for their origin and
distribution in lignite. The concentrations of these elements are compared with the range of Turkish
and World coal averages. According to the data, the contents of As (max: 6413.5 ppm), U (max: 64.5
ppm) and V (max: 459 ppm) was found to exceed the given standard value. Especially As value is
extremely high in the basin around Yayakoy region. Elemental modes of occurrence in coal are treated
using correlation data with element concentration, ash and sulphur contents. Concentration and origin
(organic and/or inorganic) of the elements have a different character in Can basin.

Fly ashes from coal-fired Can thermal power plant are classified as C class based on ASTM 618
standard. The heavy metal concentrations of fly ash taken from different period are within the range of
world average. However, the concentration of elements of fly ash varies due to the used-coal quality
and the content of using lime in different periods. For example, the contents of Zn and As in fly ash
are 117.5 ppm and 71.6 ppm respectively in 2006 but values of these elements were measured as 67.5
ppm and 582.2 ppm in 2008. The results of this study showed that the toxic elements in fly ash have a
risk for water and soil. That’s why: it is recommended that extra care should be taken for disposal site
of fly ash.

Key Words: coal, fly ash, environmental impact, Can basin
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Mersin-Tarsus Arasindaki Bolge Topraklarinda ve Yeralti Sularinda
Nitrat ve Nitrit Diizeylerinin Karsilagtirilmasi

Mehmet Ali Kurt, Clineyt Giiler, Musa Alpaslan ve Can Akbulut

Mersin Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii,
33343 Ciftlikkoy, Mersin (E-posta: malikurt@mersin.edu.tr)

Mersin ilinin dogusunda yer alan inceleme alani; tarimsal (6zellikle seracilik) ve endiistriyel
faaliyetlerin birlikte ve yogun olarak gortldigii bir alandir. Bu ¢alisma ile bolgedeki topraklarda ve
yeralti sularindaki nitrat ve nitrit diizeylerinin belirlenmesi ve alansal dagiliminin Cografi Bilgi
Sistemi (CBS) yardimiyla belirlenmesi ve potansiyel kirletici kaynaklarmnin ortaya konulmasi
amaglanmisur. Bu amagla, Mersin-Tarsus arasinda kalan bolgeden Agustos 2007 de 208 toprak érnegi
(0—15 cm derinlikten) ve 157 yeralti suyu 6rnegi alinnustir. Toprak orneklerinden nitrat ve nitritin
ekstraksiyonu 2,0 N KCI ¢ozeltisi ile yapilmis olup, elde edilen sivinin ve alinan su 6rneklerinin nitrat
ve nitrit igerikleri spektrofotometre 1ile belirlenmistir. Elde edilen sonuglara gore; bolgedeki
topraklarda nitrat degerleri 10-1478 mg/L arasinda degisirken; nitrit degerler: 0,0-9,6 mg/L. arasinda
degismektedir. Yeralti sularinda ise nitrat degerleri 01834 mg/L araliginda degisirken; nitrit degerlert
0,0-10,3 mg/L. arasinda degismektedir. Bolgedeki toprak ve yeralti sularindaki nitrat ve nitrit
dagihimlarinin CBS yardimiyla yapilan karsilastirmasit sonucunda bu dagilimlarin  birbirlerine
benzerlik gostermedikleri  saptanmistir. CBS  ortaminda {retilen ¢esitli  tematik  haritalar
incelendiginde; yeralti sularindaki yiiksek nitrat ve nitrit konsantrasyonlarinin daha ¢ok yerlesim
alanlart ve sanayi faaliyetlerinin yogun oldugu boélgelerde goriildiigu; topraklardaki yiiksek nitrat ve
nitrit konsantrasyonlarinin ise tarimsal faaliyetlerin yogun oldugu bolgelerde gortildiigi belirlenmuistir.

Anahtar Sozciikler: nitrat, nitrit, toprak, su, Deligay, Tarsus Cayi, Cografi Bilgi Sistemi



Comparison of the Nitrate and Nitrite Levels in Soils and
Ground Waters of the Area Between Mersin and Tarsus

Mehmet Ali Kurt, Clineyt Giiler, Musa Alpaslan & Can Akbulut

Mersin Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Cifilikkoy,
TR-33343 Mersin, Turkey (E-mail: malikurt@mersin.edu.tr)

Study area is located cast of the city of Mersin where both agricultural (especially greenhouse
cultivation) and industrial activities are very intense. Aims of this study were; to determine nitrate and
nitrite levels in soil and ground water samples collected from the area and their spatial distributions
using a Geographic Information System (GIS); and to find out their potential sources of pollution.
With this purpose, 208 topsoil samples (from a depth of 0—15 cm) and 157 ground water samples were
collected in August 2007 from the area between Mersin-Tarsus. Extraction of nitrate and nitrite from
soil samples was carried out using a 2.0 N KCI solution and nitrate and nitrite concentrations of
obtained extracts and collected ground water samples were determined by spectrophotometer.
According to results obtained from this study; nitrate concentrations in soil samples range between
10-1478 mg/L.; whereas nitrite concentrations range between 0.0-9.6 mg/L.. In ground water samples,
however, nitrate concentrations range between 0-1834 mg/L.; whereas nitrite concentrations range
between 0.0-10.3 mg/L. Comparison of the spatial distribution of nitrate and nitrite in soils and
ground water of the area using GIS revealed that their spatial distributions do not show a strung
correlation. Examination of thematic maps produced by GIS indicate that high nitrate and nitrite
concentrations in ground water generally occur around settlement areas and industrial facilities;
whereas, high nitrate and nitrite concentrations in soils of the area generally occur in places where
agricultural activities are very intense.

Key Words: nitrate, nitrite, soil, water, Deli¢ay, Tarsus river, Geographic Information System
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Cevremizdeki Dogal Radyoaktivite ve
Icme Sularindaki Uranyumun Saghga Etkisi

Yiiksel Atakan
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Almanya (E-posta: ybatakan(@gmail.com)

Toprak, su, hava, bitki ortlisti, besinler ve yapt malzemesi gibi daha bir¢ok ortamda bulunan dogal
radyoaktif maddeler vicudumuzu distan ve igten isinliyorlar. Her ¢esit toprakta kilogram basina
ortalama olarak 500 Bq diizeyinde dogal radyoaktif madde bulunmakta (Radyoaktivite birimi olan
IBecquerel: Saniyede 1 bozunma gosteren radyoaktif madde miktart). Bunlarin en 6nemlileri Potasyum 40,
Toryum 232, Uranyum 235 ve Uranyum 238 ile bunlardan tiireyen radyoizotoplar (Yartlanma sireleri
Diinya’nin yasi kadar ve daha da fazla). Insani etkileyenler iginde en 6nemlisi uranyum ve toryum’dan
tireyen radon gazi. Ayrica uzaydan gelen kozmik isinlar da insam stirekli 1sinlamakta. Yerel
radyasyonlarin kozmik isinlarla birlikte insanda bir yilda olusturdugu ortalama doz diinya ortalamasi
olarak 2,4 mSv (mili Sievert; 1 Sv= Viicudun kg’1 basina sogurulan radyasyon dozu: 1 Joule/kg).

Gerek AB ve gerekse Almanya ilgili yonetmelikleri, sulardaki uranyum i¢in herhangi bir sinir deger
ongormiiyor. Insani Tiiketim Amagl Sular Hakkinda 25730 sayili (2005) yonetmelikte uranyumla
ilgili bir madde bulunmuyor. TAEK internet sayfalarinda ise, bu konuda herhangi bir dlciim ve
degerlendirmeye rastlanmiyor. Uranyumla ilgili olarak Diinya Saghk Orgiitiiniin (WHO) &nerdigi
'vilcudun kg't basina giinde en ¢ok 0.6 ng' dan gidilerek Almanya’da bir sinir deger bulunmaya c¢aligihyor
(TDI= Tolarable Daily Intake ' Viicuda alinacak uranyum ig¢in giinliik tolerans degeri). Almanya’da sise ve
musluk sularindan ahnan 8200 6rnegin 150'sinde 10 pg/litre'nin Ustiinde uranyum bulundugu ‘besin
izleme’ Srgiitlince agiklandi.

Bu sunumun basinda konuya yabanci olanlar i¢in, radyasyon fiziginin temel kavram ve birimleriyle
radyasyon dozu kisaca agiklaniyor. Daha sonra ‘I¢gme Sularindaki Uranyum’ konusuna giriliyor ve
saghga etkisi, sinir degerlerin anlami agiklanarak, tartigiliyor.

Ozetle sonuclar ve dneriler:

1. Dogal radyoaktivite, dogal radyasyon heryerde az ¢ok var
Dogal radyasyon insan viicudunu distan ve igten siirekli 1sinlamakta

3. Diinyada her kisi yilda ortalama olarak 2,4 mSv’lik bir doz almakta ve bunun yarisi kadarn
radon gazinin etkisinden kaynaklanmakta

4. Ortalama dozun degisim aralig1 biyiik (1-10 mSv)

5. Tirkiyede boige ve yorelere gore halkin aldig: dogal radyasyon dozlari hesaplanmiyor ve hala
diinya ortalamalari kullaniliyor (Turkiye’de ¢evrede dlgiilen dozhizlari, viicudun aldigr dozun
hesaplanmasinda sadece kiigiik bir katki saglayabiliyor, hava ve besinler yoluyla dogadan
alinan dozlar da hesaplanip ‘toplam dogal kaynakli dozlar’ bulunmali).

6. Tirkiyede gesitli bolge ve yorelerde zaman zaman jeolojik yapilarda ve ayrica ev yapim
malzemelerinde (beton) yapilan dozhizi ve radyoaktivite dl¢timleri sistematik olarak belirli
araliklarla stirdiiriilmeli ve tiim yorelerde insanin viicut disindan ve iginden aldigi dozlar
hesaplanarak internette yayimlanip giincellenmeli.

7. ig¢me sularinda toplam alfa simir degerinin asilmast durumunda Uranyum da dl¢iilmeli ve
WHO onerileri Tiirkiye’de de gdzontine alinmali ve bunlar da internette siirekli yayimlanmal.

Anahtar Sozciikler: dogal radyoakivite, sulardaki uranyum, sinir degerler
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Natural Radiation in Man’s Environment and the Health Effects
of Uranium in Drinking Water

Yiiksel Atakan

Radiation Protection Consulting Office, Mannheimer Str. 15, 64646 Heppenheim,
Germany (E-mail: ybatakan@gmail.com)

Background radiation arises from naturally occurring radioisotopes in the earth’s crust as well as
cosmic rays. Naturally occurring radioisotopes (so called primordial radionuclides in the earth’s crust)
have radioactive decay half-lives that are approximately the earth’s age or older. Their decay products
have shorter half-lives ranging from seconds to years. Naturally occurring radioisotopes are found in
soil, water, the atmosphere, plants, and food and may be incorporated in construction materials and
household products. These radioisotopes expose man to ionizing radiation both externally and
internally. Soils on average have specific activity of 500 Bg/kg (Radioactivity unit Becquerel is one
decay per second). The most important long-lived naturally occurring radionuclides are Th232, U235,
and U238, their decay products and K40. Worldwide background radiation dose to man is 2.4 mSv/y
(milliSievert per year; 1 Sv= 1 Joule/kg, which is the absorbed radiation dose per kg of body). About
one-half the dose comes from breathing radon or thoron gases, which are daughter products of U238
and Th232 series respectively.

Europian and turkisch Regulations do not specify a limit for uranium in drinking water. The World
Health Organisation (WHO) recommends daily 0,6 pg per kg of the body-weight from uranium in
drinking water (i.e., Tolarable Daily Intake (=TDI). In Germany 150 of 8200 drinking water samples (from
bottles and tap) show uranium concentrations larger than 10 pg/ liter.

At the beginning of this presentation, the fundamentals of radiation physics and units are summarized
for the multi-disciplined audience. Finally, uranium in drinking water and its possible health effects on
man are reviewed and the maximum permissible concentrations in air and water are presented.

Results summarized and recommendations:

1. There are everywhere some amount of natural radioactivity and natural radiation
Natural radiation exposes to man ionizing radiation from outside as well as from inside of
body

3. Worldwide background radiation dose to man is 2.4 mSv/y (milliSievert per year). About the

half of it originates from radon gas.

The variation range of the average annual radiation dose is large (1-10 mSv)

5. The regional and environmental doses exposed to the man are not evaluated in Turkey, the
world-average-values are still used (The measured values of dose rates in the environment in
Turkey are small contributions to the dose, so that the contributions through air and food
should also be evaluated).

6. Dose rates and radioactivity measurements should systematically be performed in geological
structures as well as in building materials (concret) in Turkey. The external and internal doses
estimated through these data should be presented and renewed periodically in internet

7. Uranium in drinking water should also be measured, if the gross-alpha-activity-limit were
exceeded. The WHO recommendations in this connection should also be considered in
Turkey.

b

Key Words: natural radioactivity, uranium in waters, limits
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Granitik Kayaclarin Ekosistem Uzerindeki EtKisi:
Kestanbol Pliitonu, Ezine Canakkale, Tiirkiye

Yiiksel Orgiin', Sabah Yilmaz Sahin®, Nesrin Altnsoy’, Yildirim Giingor®,
Nurgiil Celik Balci' ve Cemile Erarslan'

" Istanbul Teknik Universitesi, Maden Fakiiltesi, Jeoloji Miihendisligi Béliimii,
34469 Sariver, Istanbul (E-posta: orgun@itu.edu.tr)
" Istanbul Universitesi, Miihendislik Fakiiltesi, Jeofizik Miihendisligi Boliimii,
34850 Avcilar, Istanbul
? Istanbul Teknik Universitesi, Enerji Enstitiisii, 34469 Sariver, Istanbul
* [stanbul Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii,
34850 Avcilar, Istanbul

Granitik kayaclar, bunlarin eslenigi volkanik kayaglar ve her ikisinden tireyen sedimanter ve
metamorfik kayaclar yer kabugunda oldukg¢a genis alanlar kaplamaktadir. Antik ¢aglardan giiniimiize
bu alanlar yerlesim yeri, tarim alani ve maden sahasi olarak insanlik tarafindan yogun sekilde
kullanilmistir. Bu alanlarda yasayan insanlar su ve yapt malzemesi ihtivaglarini bu kayaglardan
karsilamislardir; 6rnegin Neandria antik sehri, Kestanbol —~Ezine, gibi. Bu kayaglar ayni zamanda canh
yasami i¢in temel mineral elementleri olan Ca, P, Na, K, Zn, Cu, Se, Mo, Mn, ve F agisindan
zenginlesmislerdir. Ote yandan belirli bir dozun tizerinde canh yasamui igin tehlikeli olan U, Th ve As
gibi elementler de bu kayaclarda zenginlesme egilimindedir. Ekosistem, canli ve cansiz elementler ve
belli bir bolgede yasayan canlinin yasami ve davramslar tizerinde etkili olan islemlerin biitiiniinden
ibarettir. Buna gore granitik ve bunlarla iliskili kayaglarla kaph bolgelerde, ekosistemin cansiz bileseni
bu kayaclarla temsil edilmektedir.

Bu ¢alisma bu konudaki temel kavramlart ve bolgenin jeolojik ozelliklerini tamimladiktan sonra.
Kestanbol plitonu ve onu ¢evreleyen kayaglarin (volkanik ve sedimanter) ekosistem tGzerindeki etkisi
yeralti sulari, yapt malzemeleri, plaj kumlari ve hava agisindan incelenmistir. Antik ¢aglarda Neandria
olarak bilinen Ezine ilgesinin, ¢ok blyitik bir kismu (yaklagik %85) Kestanbol plitonu ve volkanik
kayaglari tizerine konuglanmistir. Incelemeler, hidrotermal alterasyon ve damar kayalarinmn (apliti
pegmatit, lamprofir) yaygin oldugu kesimlerde yeralti sulari, magmatik kayaclar, plaj kumlar ve
havanin (ev i¢i ve ev dis1) U, As, Al, Sb, Fe, Mn gibi iz elementler ve toplam-a. (sularda), **U aktivite
konsantrasyonu (kaya¢ ve kumlarda) ve radon (***Rn) (havada) acisindan zenginlesmis oldugunu
ortaya koymustur. Hesaplanan Raeq aktivite ve tehlike indeksi (H.,) degerleri granitik ve volkanik
kayaglarin ve plaj kumlarinin i¢ mekanlarda yapr malzemesi olarak kullanilmamast gerekliligini
gostermistir.

Anahtar Sézciikler: granitik kayag, ekosistem, yeralti suyu, yapi malzemesi, radon (*’Rn),
radyoaktivite
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Effects of Granitic Rocks on the Ecosystem:
Kestanbol Pluton, Ezine Canakkale, Turkey
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Aveilar, TR-34850 Istanbul, Tiirkive

The granitic rocks, their complimentary volcanic rocks, and the sedimentary and metamorphic rocks
originated from these two cover large area over the Earth’s crust. These fields are used very heavily by
the humans for settling, agricultural, and mining purposes since the ancient ages. The humans meet
their needs for water and construction material from these rocks as seen in the case of Neandria
antique city in Kestanbol-Ezine. Over the time, these rocks became rich in Ca, P, Na, K, Zn, Cu, Se,
Mo, Mn, and F which are the essential elements for living organisms. However, elements like U, Th
and As have a tendency to become rich within these rocks also. Term ecosystem consists of
community of biotic and abiotic elements and processes that are influencing on behavior and life of
certain unit in defined natural habitats. These rocks represent the abiotic component of the ecosystem
in the regions where the granitic and related rocks are found.

In this study. we study the effects of the Kestanbol pluton and the surrounding rocks (volcanic and
sedimentary) on the ecosystem from the point of view of the underground water, construction material,
beach sand, and air after we describe the basic concepts and the geological characteristics of the
region. Large part of Ezine town (85 %) as known Neandria in antique ages is located over the
Kestanbol pluton and volcanic rocks. Studies reveal that the groundwater, magmatic rocks, beach sand
and air (in door and out door) are rich in trace elements such as U, As, Al, Sb, Fe, Mn and gross-a (in
water), **U activity concentration (in rocks and sand) and radon gas (***Rn) (in air) over the parts
where the hydrothermal alteration and vein rocks (aplite, pegmatite and lamprophyre). The results of
Ra,, activities and hazard index (H¢) that were calculated, on the other hand, show that granitic and
volcanic rocks and beach sand should not be used as building material in internal spaces.

Key Words: granitic rocks, ecosystem, groundwaters, building material, radon (***Rn), radioactivity
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Beylikova-Kaymaz-Frigya Vadisi (Eskisehir) Civari Su Kaynaklarindaki Radon
Iceriginin Belirlenmesi ve insan Saghgi Acisindan Risk Degerlendirmesi

Galip Yiice, Didem U. Yasin, Esra Ak ve Tolga Say

Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Béliimii, 26480 Megelik, Eskisehir
(E-posta: gyuce@ogu.edu.tr)

Yasam kaynagimiz olan suyun miktarindaki azalma ve kalitesindeki kétiilesme, siirdiiriilebilir yasami
olumsuz yonde etkilemektedir. Su kaynaklarimizin kalitesindeki kotiilesme su kaynakli gesitli
hastaliklara neden olmaktadir. Bunlar igerisinde en o¢nemlilerinden birisi olan igme-kullanma
sularindaki ytiksek radon igeriginin akciger kanseri ile olan iliskisine yonelik olarak, son on yilda pek
¢ok arastirmaci tarafindan ¢esitli galigmalar yapilmaktadir. Bu ¢er¢evede yapilan ¢alismanin amaci da
Eskisehir civarinda onceki ¢alismalarda belirlenen dogal radyoaktivitesi (toplam alfa ve toplam beta
olarak) yuksek su kaynaklarinin radon gazi igeriginin saptanmasi ve risk yoniinden
degerlendirilmesidir. Bu ¢ergevede, bolgesel jeolojisi nedeniyle dogal radyoaktivitesinin yiiksek
oldugu bilinen Eskisehir iline bagh Sivrihisar, Karakaya, Beylikova, Kaymaz ile Frigya vadisinde yer
alan Yazilikaya, Saricaova, Biiyiikyayla ve Karadren yerlesim yerlerindeki su kaynaklarinda yerinde
radon derisimleri 6l¢timlenmistir.  Yerlesim yerlerinin igme suyu gereksinimi yalmzca yeralti
sularindan saglanmaktadir. 19 adet su kaynaginda yapilan 6lgiimlere gore radon degerleri 1,6 BqL ™' ile
230 BqL."' arasinda degismektedir.

Elde edilen ol¢timler sulardaki radon gazi miktarinin DSO ile AB’nin 6ngordigii standartlarin
tizerinde kalan degerlere sahip oldugunu gostermektedir. Olgiim yapilan alanlardaki genel litolcji ve
akifer birimler granit, alkali monzodiyorit, sist-kalksist, uranyum-toryum cevheri, tiif-riyolitik tif
ozelliklidir. [k degerlendirmelere gore, 6zellikle yukarida anilan birimlerde agilmis olan derin sondayj
kuyularindan  suyunu temin eden yerlesimlerde yasayanlarin 6nemli oranda risk tasidigi
anlagilmaktadir. Sudaki yiiksek radon icerigi dikkate alindiginda, ¢alisma alaninda daha ayrintili
calismalarin yapilmasi gerekmektedir.

Anahtar Sozciikler: radon, su kaynaklari, litoloji, saghk, risk
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Determination of Radon Concentration in Water Resources
Around Beylikova-Kaymaz-Pyhrigian Valley (Eskisehir-Turkey)
and its Risk Assessment for Human Health

Galip Yiice, Didem U. Yasin, Esra Ak & Tolga Say

Eskisehir Osmangazi University, Department of Geological Engineering, Meselik,
TR—-26480 Eskisehir, Turkey (E-mail: gyuce(@ogu.edu.tr)

The global decreasing in the quantity of water and deterioration of water quality are negative effects
on sustainable life. Decreasing in water quality causes water-borne diseases. One of the most
important among these is the investigation of the relationship between high radon content in drinking
water and lung cancer that have been increasingly carried out by many researchers in the last decay.
The purpose of this study was to determine radon content in water resources having higher gross alpha
and gross beta values that had been measured by the previous studies and to evaluate its risk level for
human health. In this frame, in situ radon concentrations were measured in water resources at
residential areas of Sivrihisar, Karakaya, Beylikova, Kaymaz and Yazilikaya, Saricaova, Biiyiikyayla,
Karadren in the Phrygian valley (Eskisehir) that were known higher natural radioactivity due to
regional geology. Drinking water demand of the residents in the area is only provided from
groundwater resources. Radon concentration in 19 water supplies (fountains, wells and springs)
changes between 1.6 BqL™ and 230 BqL ™.

The obtained results showed that radon content in most of water resources is higher than the normal
value according to WHO and EU standards. Granite, alkaline monzodiorite, schist-calcschist, uranium
and thorium ore deposits and tuff-ryholitic tuff are the main geologic units in the study area, and
granite, tuff, ryholitic tuff act as aquifer units. On the basis of preliminary results, people who live in
the study area have higher risk due to the usage of water from deep wells for drinking purpose.
Considering the higher radon content in water resources, detailed researches are required in the study
area.

Key Words: radon, water resources, lithology, health, risk
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Alikoy, Vakif ve Koreken (Kiitahya) Dolayindaki Sularin Halk Saghgina Etkisi

Siikrii Arslan' ve M. Tahir Nalbant¢ilar®

! Jeoloji Miihendisleri Odasi, Konya Subesi, 42100 Konya (E-posta: skrars@hotmail.com)
? Selcuk Universitesi, Jeoloji Miihendisligi Boliimii, 42100 Sel¢ukiu, Konya

Bu ¢alismada, kanser vakalarmin sikga gortuldigi Kitahya’nmin kuzeybauisindaki Sahin, Alikdy ve
Oren arasindaki yerlesim alanlarindaki sularim halk saghigi agisindan degerlendirilmesi amaglanmistir.
Calisma alaninda kaynak, yiizey ve yeralti suyunu temsil edecek 30 noktadan su Orneklemesi
yapilmistir. Yagish ve kurak donemleri temsil edecek sekilde tekrarlanan bu orneklerde yerinde ve
laboratuvarda yapilan analizlere gore bolgedeki sularmmin kalitesi ve kirlilik durumu ortaya
konulmustur. Analizlerle sulardaki halk sagligini tehdit edebilecek bir riskin s6z konusu olup olmadig:
arastirllmistir.

Inceleme alaninda yiizeyleyen akifer ozelligindeki Bozyer formasyonu ile aliivyon gegirimii,
Karaagac, Cokkoy ve Emet formasyonlari ise az ge¢irimlidir.

Hidrokimyasal analiz sonuglarina gore sular Piper diyagraminda 5. ve 6. bdlge icerisine diiserken,
Schoeller diyagramina gore iki farkli kokene sahip oldugu belirlenmistir. Wilcox diyagraminda ¢ok iyi
ve 1yl su alanlarinda toplanmis olup, ABD tuzluluk diyagramina gore su ornekleri Cs-S, simifindadir.
Ayrica orneklerin kirlilik durumlart EPA (2003) standartlarina gore degerlendirildiginde basta As
olmak tizere Al, Mg, Br ve Sb kabul edilebilir sinir1 ge¢mektedir.

Sonug olarak, inceleme alanindaki sular ana elementler bakimindan kullanilabilir nitelikte iken, bazi 1z
elementler agisindan halk saghgini tehdit etmektedir.

Anahtar Sozciikler: su kalitesi, su kirliligi, halk saghigi, Kiitahya
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The Effect of the Waters Around Alikoy, Vakif
and Koreken (Kiitahya) on Public Health

Siikrii Arslan' & M. Tahir Nalbantcilar”

'Jeoloji Miihendisleri Odast, Konya Subesi, TR—42100 Konya, Tiirkive (E-mail: skrars@hotmail.com)
“Sel¢uk Universitesi, Jeoloji Miihendisligi Boliimii. Sel¢uku, TR—42100 Konya, Tiirkiye

It is aimed that water in the Sahin, Alakoy and Oren villages in the North West of Kiitahya where
cancer events seen frequently is evaluated on the point of public health. Water sampling is made from
30 points, which represent the spring, surface and groundwater in the study area. Pollution situation
and quality of water in the area is exposed according to analysis made in the laboratory and these
samples taken from wet and dry seasons repeatedly. It is researched with analysis that if there is any
risk threats public health in the water.

While the units of the study area Bozyer formation and alluvium showing aquifer characteristics and
alluvium are permeable in the study area and Karaagag, Cokkdy and Emet formations are low
permeable.

The samples plotted the 5. And 6" area in the Piper Diagram according to the result of hydrochemical
analysis, on the other hand it is determined that water have two different origin according two
Schoeller Diagram. The samples are classified in very good and good water zones on the Wilcox
Diagrams. According to USA Salinity Diagram, the samples of the study area were located in the C;-
S, class. Furthermore, when pollution situation of samples are evaluated with respect to EPA (2003)
standards, As at first and Al, Mg, Br and Sb beyond the acceptable limit.

As a result, while water in the study area is usable according to main elements, on the other hand, it
threats the public health with respect to some trace elements.

Key Words: water quality, water pollution, public health, Kiitahya
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Yeralti Sularinda Arsenik Kirliligi: Kokeni, Davranmisi ve Mobilitesi

irfan Yolcubal

Kocaeli Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii,
Umuttepe Kampiisii, 41380 Kocaeli (E-posta: yolcubal@kocaeli.edu.tr)

Yeralti sularinda arsenik kirliligi sorunu tilkemiz dahil diinyanin birgok bolgesinde rastlanilan global
bir sorundur. Bilinen en kot arsenik kirliligi sorunu milyonlarca insanin etkilendigi Banglades ve
Hindistan’in Bati Bengal bolgesinde goriilmektedir. Arsenik bilesiklerinin yiiksek toksisiteleri ve
kanserojen oluslari nedeniyle insan saghg tizerinde ciddi riskler dogurmaktadir.

Yeralti sularinda arsenik kirliliginin kaynagi cogunlukla jeojeniktir. Arsenikli minerallerinin ayrismasi
ve dissoliisyonu ve su-kayag etkilesimi ve jeotermal siiregler neticesinde sular dogal yollarla arsenikge
zenginlesmektedir. Arsenik ayrica madencilik faaliyetleri, cevher eritilmesi, fosil yakitlarin (kémiir)
yakimi, arsenik igeren tarim ilaglarinin kullanimi, kereste korunmasinda arsenikli kimyasallarn
kullanimi gibi Antropojenik yollarla da ¢evreye karnigmaktadir. Arsenik dogada hem organik hem de
anorganik bilesikler sekilde bulunmaktadir. Anorganik arsenik bilesikleri ise en yaygin olanidir.
Sularda arsenik yaygin olarak durayh iki oksidasyon halinde goriilmektedir. Oksik ortamlarda, +5
degerlikli arsenat bilesikleri (H,AsO, ™, x= 0-3) yaygin arsenik tiirleridir. Rediikte ortamlarda,
Arsenik (V) bilesiklerinin daha mobil ve toksik olan arsenit bilesiklerine (HyAsOy* ™, x= 0-3)
indirgenmesi; arsenigin suya girmesine ve potansiyel olarak daha genis ¢aplh ¢evresel kirlenmelere
neden olmaktadir.

Arsenik Dbilesiklerinin akifer ortamlarmmda mobiliteleri oksidasyon / rediiksiyon, adsorpsiyon /
desorpsiyon, ¢okelme/dissolusyon, biyokimyasal metilasyon ya da bu sireglerin  degisik
kombinasyonlarini igeren bir¢ok mekanizma tarafindan kontrol edilmektedir. Bu siiregler arasinda
adsorpsiyon/desorpsiyon reaksiyonlart ¢ogunlukla arsenigin mobilitesini kontrol etmektedir. Arsenigin
adsorpsiyonu suyun pH’1, redoks potansiyeli, arsenik ile ayni tutunma yiizeyleri i¢in yaris eden diger
tyonlarin varligi ve ortamda Fe, Al ve Mn oksit ve hidroksitlerin, kil mineralleri, karbonat mineralleri
ve organik madde gibi tutunma yiizeylerinin varligi ile denetlenmektedir. Sulu ortamlarda fosfat,
bikarbonat ve silikat gibi iyonlarin yiiksek konsantrasyonlarda bulunusu arsenigin tutunduklar
ylizeyden geri birakilmasini ve arsenigin mobilizasyonunu artirmaktadir.

Anahtar Sozciikler: arsenat, adsorpsiyon, transport, kanserojen, yeralti suyu kirliligi

534



Arsenic Pollution in Ground Waters: Sources, Behavior and Mobility
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Arsenic pollution in ground waters is global concern in many parts of the world including Turkey. A
known worst problem of arsenic pollution exists in Bangladesh and West Bengal (India) where
millions are being exposed to unhealthy amounts of arsenic through drinking water. Arsenic
compounds pose serious risks on human health due to their toxicities and carcinogenicity.

The source of arsenic pollution in ground waters is predominantly geogenic. Weathering and
dissolution of arsenic minerals, water-rock interactions and geothermal processes cause ground waters
to be enriched in arsenic. Arsenic also enters the environment through anthropogenic activities such as
mining activities, smelting of ores, burning of coal and the application of wood preservatives and
pesticides and herbicides.

In the environment, arsenic is found in the form of both inorganic and organic compounds. Inorganic
arsenic compounds are however the most common form. In aqueous environment, arsenic is found
commonly in two stable oxidation states. In aerobic conditions, arsenate oxyanions (H,AsO, ™, x=
0--3) are the dominant arsenic species. In reduced environments, reduction of arsenate to the relatively
more mobile and toxic arsenite oxyanions (HyAsO5’™, x= 0-3) causes arsenic to enter aqueous phase
and contaminate potentially large areas.

Mobility of arsenic in aquifers is determined by several complex and coupled processes including
oxidation-reduction, adsorption-desorption, precipitation-dissolution, and biochemical methylation.
Among these processes, adsorption and desorption reactions mainly control the movement of arsenic
in aquifers. Arsenic adsorption in aquifers is affected by pH, redox potential, the presence of
competing ions in pore water and the presence of solid phases such as Fe, Al, and Mn oxides and
oxyhydroxides, clays, carbonates, and organic matters. The presence of large concentrations of
competing ions such as phosphate, bicarbonate and silicate can also enhance desorption of arsenic
from solid phases and arsenic mobilization in aquifers.

Key Words: arsenate, adsorption, transport, carcinogen, groundwater pollution
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Alikoy, Vakif Ve Koreken (Tavsanh - Kiitahya) Koyleri Arasindaki
Bolgede Bulunan Toprak ve Bitkilerde Agir Metal Kirliligi

Fetullah Arik' ve Tahsin Yaldiz’
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inceleme alam Kiitahya ili Tavsanli Ilgesi’nin dogusunda yaklasik 150 km*’lik alani kapsamaktadir.
Yorede Ust Paleozoyik — Kuvaterner zaman araliginda olusan metamorfik, volkanik ve sedimanter
birimler yilizeylemektedir. Sahanin giineydogusundaki Aktepe ve ¢evresinde gimiis, ¢inko, kursun,
antimuan yataklart ve bunlarla iligkili olarak As, Cd, Tl, Cu, Mn, Ba ve Sr ile temsil edilen polimetalik
cevherlesmeler bulunmaktadir. Sahadaki topraklarda ve bu topraklarin lizerinde yetisen agaclarin
(sogit: salix, mese: Quercus sp., ¢cam: Pinus sp., elma: Malus communis, ceviz: Juglans regia, kavak:
Populus sp., ¢inar: Platanus orientalis, armut. Pyrus communis, 1g8de: Elaeagnus angustifolia) yaprak,
dal ve meyveleri ile otsu bitkilerde (diken: prickle, ¢cayir: meadow) agir metal kirliliginin aragtiriimasi
icin numuneler derlenerek jeokimyasal analizleri yapilmistir.

Topraklarda ortalama 0.7 ppm Ag, 82.6 ppm Pb, 165.3 ppm Zn ve 8.5 ppm Sb ile birlikte As, Cd, TlI,
Cu, Mn, Ba ve Sr igerikleri sirasiyla 203.3, 1.5, 1.7, 32.6, 1059.5, 718.4 ve 289.6 ppm’dir. Bitkilerde
ise 0.14 ppm Ag, 2.49 ppm Pb, 52.34, ppm Zn ve 1.05 ppm Sb ile birlikte As, Cd, T1, Cu, Mn, Ba ve
Sr swrastyla 4.41, 0.64, 0.19, 6.54, 119.80, 39.46 ve 41.21 ppm olarak belirlenmistir. Topraklarda ve
bitkilerde element konsantrasyonlart mevcut Ag-Pb-Zn-Sb yataklarina olan uzakliklarina bagh olarak
degismektedir. Bitkilerde ise ayrica otsu bitkiler veya agaglar gibi bitki tiiriine ve agaclarda yaprak, dal
ve meyvelere gore degismektedir. Ozellikle yapraklarda ve otsu bitkilerde agir metal
konsantrasyonlart ylkselmektedir. Sonu¢ olarak bu bitki ve topraklardan yararlanan yore halki ve
hayvanlar maden yataklarina uzakliklarina gére yasamsal riske sahiptirler.

Anahtar Sozciikler: polimetalik cevherlesme, jeokimya, giimus yatag, kirlilik, bitki, toprak kirliligi
halk saghgi, Kitahya
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The investigation area is located to the east of Kiitahya-Tavsanli and, covers an area about 150 square
km. The units cropping out in the study area comprise of metamorphic, volcanic and sedimentary
rocks ranging from Upper Paleozoic to Quaternary. There are some polymetallic ore deposits
represented by silver, zinc, lead and antimony deposits and some enrichments related to them such as
As, Cd, Tl, Cu, Mn, Ba and Sr around the Aktepe at the southeast of the study area. In order to the
investigate the heavy metal contamination in soil and plants, some leaves, branches and fruits of trees
(salix, oak: Quercus sp., pine: Pinus sp., apple. Malus communis, valnut: Juglans regia, poplar:
Populus sp., plane: Platanus orientalis, pear: Pyrus communis, oleaster. Elaeagnus angustifolia) and
some herbaceous plants like prickle and meadow samples have been collected and subjected to
geochemical analysis.

Mean element concentrations of soil samples are 0.7 ppm Ag, 82.6 ppm Pb, 165.3 ppm Zn and 8.5
ppm Sb. The concentration of As, Cd, Tl, Cu, Mn, Ba and Sr are 203.3, 1.5, 1.7, 32.6, 1059.5, 718.4
and 289.6 ppm respectively. With respect to plants the average heavy metal concentrations are 0.14
ppm Ag, 2.49 ppm Pb, 52.34, ppm Zn and 1.05 ppm Sb and the average concentration of As, Cd, TI,
Cu, Mn, Ba and Sr are 4.41, 0.64, 0.19, 6.54, 119.80, 39.46 ve 41.21 ppm respectively. Element
distribuitons of soil and plants depend on to the distance from the present Ag-Pb-Zn-Sb deposits.
Element concentrations of plants differ depending on not only plant type like tree and herbaceous
plants but also the types of samples such as leaves, branches or fruits of trees. Especially leaves of
trees and herbaceous plants have relatively higher element concentrations. Therefore people and
animals who live in this area and benefit from these soil and plants have vital risks.

Key Words: polymetallic mineralization, geochemistry, silver deposit, contamination, vegetation, soil
pollution, public health, Kiitahya
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Mersin Korfezi Sahil Kumlarinda Agir Metal Birikim Oranlar

M. Giirhan Yalgmn ve Ozlem Cevik

Nigde Universitesi, Miihendislik ve Mimarlik Fakiiltesi, Jeoloji Mithendisligi Boliimii,
51200 Nigde (E-posta: gurhan46@nigde.edu.tr)

Calisma alanim kapsayan Mersin Korfezi, Dogu Akdeniz Bolgesi'nde yer almaktadir. Ulusal ve
uluslararasi alanda sahil kumlart ile ilgili bilimsel ¢aligmalarin arttigi gézlenmistir. Cevresel anlamda,
Mersin Korfezi sahil kumlarinda agir metal konsantrasyonlarimin degisimlerinin belirlenmesi ihtiyaci
dogmustur. Bu ¢alismada. Mersin korfezi sahil kumlarinda canli saghigini olumsuz yonde etkileyen
agir metal dagiliminin arastirilmasi s6z konusudur. Buna bagh olarak, agir matallarin korfezdeki
degiskenligini, olasi litojenik veya antropojenik kokenlerinin tespiti hedeflenmistir.

Mersin  Korfezi'nin  tamamini kapsayacak sekilde, 60 lokasyondan sistematik olarak numune
alinmistir. Denize paralel 10 cm derinliginde ag¢ilan ¢ukurlardan, plastik eldiven kullanarak, yaklasik
2-5 kg arasinda plaj kumu 6rnekleri alinmistir. GPS ile koordinatlari belirlenen ornekler, haritaya
isaretlenmistir. Formasyon kontrolleri yapilmis ve fotograflari ¢ekilmistir. Numuneler etiivde
kurutulmus, toz haline getirlerek homojenize edilmis ve ICP analizleri yapilmistir. Kum orneklerinde
agir metal igeriklerine (Zn, Ni, Cu, Co, V, Mo, Ag, Sb, Sn, Cd, W, Hg, Pb, As, Si, Al, Fe, Ca, Mg, S,
K, Na, CI, Ti, Mn, Cr) ait yogunlasma degerleri &l¢tilmiistiir. Elde edilen degerlere ¢ok degiskenli
istatistik yontemleri uygulanmis ve yogunlasma degerleri haritaya isaretlenmistir. Anomali dagilimlari
belirlenerek kirlenme alanlari ortaya konmustur. Buna gore, kirlenmenin varligi tesbit edilmistir.
Olduke¢a genis bir alani kapsayan g¢alisma alaninda, antropojenik etki yogun olarak gozlenmistir.
Ozellikle, liman alanlari, yerlesim yerlerine ait evsel atiklar, denize dokiilen sulu dere girisleri,
sehirleraras1 yol kenarlari, sanayi alanlari ve denetimsiz turistik faaliyetlerin bulundugu alanlarin
kirlenmeye sebep oldugu belirlenmistir.

Anahtar Sézciikler: agir metal, sahil kumlari, Mersin Korfezi
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Mersin Gulf is located in the east Mediterranean. There has been an increase in scientific studies on
heavy metals in coastal soils in both Turkey and other countries. Heavy metal concentrations in coastal
soils of Mersin Gulf were needed to be investigated for environmental concerns. Therefore, we aimed
to investigate heavy metal concentrations in coastal soils of Mersin Gulf, which had a negative impact
on living organisms, variations in heavy metal concentrations in the gulf and lithogenic and
anthropogenic origins of the heavy metals.

Specimens were systematically collected from 60 locations well representing the whole Mersin Gulf.
Using plastic gloves, we obtained soil specimens of 25 kg into plastic bags from the pits 10cm in
depth parallel to the sea. The coordinates of the locations were determined with GPS and marked on a
map. Formations of the specimens were checked and photographed. The specimens were dried in the
sterilizer and homogenized and ICP analyses of the homogenized specimens were made.
Concentrations of the heavy metals Zn, Ni, Cu, Co, V, Mo, Ag, Sb, Sn, Cd, W, Hg, Pb, As, Si, Al, Fe,
Ca, Mg, S, K, Na, CI, Ti, Mn and Cr were measured. Multivariate statistical analyses of the obtained
concentrations were made and the values of the heavy metal concentrations were marked on the map.
Distributions of anomalies were determined and thus polluted areas were revealed. There were marked
anthropogenic effects in the study area. Especially the port, domestic wasie from residential areas,
mouths of the rivers, highways, industrial areas and uncontrolled tourism were found to cause
pollution.

Key Words: heavy metals, coastal soils, Mersin Gulf
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Niliifer, Simav, Gonen ve Biga Caylar1 Yiizey Sedimentlerinde
Jeolojik ve Antropojenik Agir Metal Kirliligi

Erol Sar1 ve Nuray Balkis

Istanbul Universitesi, Deniz Bilimleri ve Isletmeciligi Enstitiisii,
34116 Vefa, Istanbul (E-posta: erolsari@istanbul. edu.tr)

Marmara denizi’nin giineyinde yer alan Kocasu Nehri (Niliifer ve Simav ¢aylan) ile Génen ve Biga
caylari; hizlh niifus artisi, endistriyel atiklar, tarim alanlarinda kullamilan bir takim kimyasallar ve
evsel atiklardan gelen kirlilikten etkilenmektedir. Metal kirliliginin boyutlari ve kaynaklarinin tespiti
i¢in bu akarsularin ana kollari ile bu kollart besleyen yan kollardan (derelerden) toplam 32 adet yiizey
sediment 6rnegi alinmistir. Bu 6rneklerde toplam karbonat, toplam organik karbon ve toplam metal
(Al, Cr, Cu, Fe, Mn, Ni, Pb ve Zn) analizleri yapilarak veriler, grafiksel ve tablolar halinde
sunulmustur. Akarsu yiizey sedimentlerindeki yiiksek metal degerlerinin kokenleri (jeolojik veya
antropojenik) selektif ektraksiyon analizleri ile tespit edilmistir.

Elde edilen bulgulara gore Niltifer, Simav, Génen ve Biga ¢aylarinin yilizey sedimentlerinde toplam
karbonat yiizdesi sirastyla %1.5-18; % 1.6-19 %1.2-6.4 ve %1.4-3.7 arasinda degisirken, organik
karbon ylizdesi de sirastyla % 2-6.4; % 0.8-5.2 %1.2-5.9 ve %1.1-4.3 aralifinda tespit edilmistir.
Galhisma alaninda 6l¢timii yapilan metallerden Al ve Fe miktarlari; seyl ortalamas: ve zenginlesme
faktorleri (EF) g6z 6ntine alindiginda; normal jeolojik degerlere paralellik gosterir. Cr, Cu, Mn, Ni, Pb
ve Zn miktarlarinda ise lokal kirlenmeler (EF>5) tespit edilmistir. Zenginlesme faktori (EF>5) analiz
sonuglarma gore; Niliifer caymda Cr, Cu, Ni, Pb ve Zn; Simav Cayinda Pb; Génen ¢ayinda Cr ve Pb,
Biga Cayinda ise Cr zenginlesmesi goriilmektedir. Yiksek zenginlesme faktorii (EF>5) gosteren
metallerin birikim mekanizmalan selektif ektraksiyon analizleri ile incelendiginde Krom %13-97,
Kursun %36-70, Cinko %55-90, Bakir %32 ve Nikel %83 oraninda litojenik olmayan fazlarda
bulunmaktadir. Metallerin litojenik olmayan fazlarda bulunmasi antropojenik kokenli metal
zenginlesmeleri olarak agiklanir. Antropojenik kékenli bu kirleticiler Bursa ve Balikesir bélgesinde
yer alan irili ufakl sanayi tesisleri ve evsel atiklarin yeterince aritilmadan akarsulara verilmesi, ayrica
tarim  alanlarinda  kullanilan  kimyasallardan  kaynaklanmaktadir. Biga ve Gonen ¢aylan
sedimentlerdeki antropojenik krom zenginlesmesi ise, bu ilgelerde faaliyet gosteren deri isleme
tesislert ile iligkilidir. Dogal kokenli metal zenginlesmeleri akarsularin drenaj alanlarinda yer alan Pb-
Zn, Cu-Pb-Zn, Ni ve Mn vyataklarinin asmim driinleri ile mineral ve kaya¢ kinntilarindan
kaynaklanmaktadir.

Anahtar Sozciikler: Kocasu Nehri, Biga Cayi, Gonen Cay1, sediment kalitesi, selektif ekstraksiyon,
zenginlesme faktord, kirlilik, agir metal
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Sediments of the Niliifer, Simav, Géonen and Biga Streams
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Kocasu River (Niliifer and simav stream), Gonen and Biga streams in the southern part of the
Marmara Sea have been adversely affected by ever increasing population, industrial activities, densely
used chemical drugs and fertilizer heavily used in agriculture as well as domestic wastes. 32 freshly
deposited sediment samples were collected from the Nilufer, Simav, Génen, Biga streams and their
tributaries in order to investigate the sources and distribution of heavy metals in the surface sediments
of these streams. A total 32 surface sediment samples were analyzed for total organic carbon.
carbonate and metals (Al, Cr, Cu, Fe, Mn, Ni, Pb and Zn). The data are presented in graphic and
statistical tables. The main source of the high metal concentrations in the streams sediments are
determined by the selective extraction analysis.

The total carbonate contents in the Niltufer, Simav, Génen and Biga streams sediments have been
measured .in range between 1.5-18%; 1.6-19% 1.2-6.4% and 1.4-3.7% respectively. The total
organic carbon concentration in surface sediments varied from 2 to 6.4 % for Niliifer; 0.8 to 5.2% for
Simav; 1.2 to 5.9% for Gonen and 1.1 to 4.3 for Biga streams. Al and Fe contents in the analyzed
sediment samples were alike to the natural geological values according to their average shale levels
and enrichment factor values. The local metal enrichment was determined on Cr, Cu, Mn, Ni, Pb and
Zn. The enrichment factor (EF>5) results indicate that Niliifer stream is enriched in Cr, Cu, Ni, Pb and
Zn; Simav stream in Pb; Gonen Stream in Cr whereas Biga stream in Pb The selective extraction
analysis of the samples for metals is determined in samples with EF values greater than 5. Cr (13-97),
Pb (36-70%) Zn (55-90%) Cu (%32) and N1 (83%) are observed exist in non-lithogenic phases. This,
i.e non-lithogenic phases, may be explained as pollutants of anthropogenic origin. Pollution of such
character have come up due to non-treated chemicals having originated from industrial plants
agricultural chemicals as well as domestic wastes having been released into the streams without proper
treatment in the Bursa and Balikesir region. Anthropogenic Cr enrichment in the Biga and Gonen
streams however 1s closely linked with leather processing activities sustained in the districts. The main
sources of natural metal enrichments are derived from the mining zones of Pb-Zn, Cu-Pb-Zn, Ni and
Mn and the erosion of rocks in the study area.

Key Words: Kocasu River, Biga Stream, Goénen Stream, sediment quality, selective extraction,
enrichment factors, pollution, heavy metals
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Kumlarimda Agir Metal Zenginlesmesi

M. Giirhan Yal¢in ve Bilgen Coskun
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Calisma alanini kapsayan Iskenderun Korfezi, Dogu Akdeniz Bolgesi’nde ve Giiney Anadolu da yer
almaktadir. Tirkiye'nin Akdeniz kiyisinda bulunan en buyiik {glincii limanidir. Son yillarda, sahil
kumlart ile ilgili bilimsel ¢alismalarin arttigi gézlenmistir. Bununla ilgili, agir metallere ait litojenik ve
antropojenik kaynaklar belirlenerek koken yorumlarn yapilmaktadir. Bu nedenle, Dogu Akdeniz’i
temsil eden Iskenderun Korfezi’nin tamamini kapsayacak sekilde 60 lokasyondan sistematik olarak
denize paralel 10 cm derinliginde agilan g¢ukurlardan, plastik eldiven kullanarak plastik torbalara
yaklasik 2—5 kg’lik kum sedimani 6rnekleri alinmistir. Ornek toplama alanlarinda koordinatlar Garmin
marka GPS-12CX cihaz ile belirlenmigtir. GPS ile koordinatlar belirlenen 6rnekler, 1/100.000 6l¢ekli
topografik haritaya isaretlenmistir. Formasyon kontrolleri yapilmis ve fotograflari ¢ekilmistir.
Laboratuvar caligmalari, inceleme alanindan topladigimiz ornekler iizerinde yapilacak g¢alismalari
kapsamustir.

Sediman orneklerinin dane boyu dagihmi ve kizdirma kayiplart ol¢tilmiistiir. Alinan numuneler
oncelikle, kagit lzerine serilerek 3 giin oda sicakhiginda kurumaya birakilmistir. Sonraki islem oda
sicaklifinda kurutulan sediman ornekleri hassas terazide 100 gr olarak 6lgiiliip 2 poset halinde
hazirlanmistir. Bir poset dane boyu dagilimi i¢in; diger poset de kimyasai analize hazirlamak icin
Olglilmiistiir. Kimyasal analize hazirlanan sediman 6rnekleri etiive konulup 110 °C’de 24 saat boyunca
kurutulup kizdirma kaybi hassas terazide 6l¢tilmistiir. Daha sonra agat havanda homojenize edilmistir.
Bu numunelerde XRF analizi yapilarak agir metal i¢eriklerine (Zn, Ni, Cu, Co, V, Mo, Ag, Sb, Sn, Cd,
W, Hg, Pb, As, Si, Al, Fe, Ca, Mg, S, K, Na, Cl, Ti, Mn, Cr) ait yogunlasma degerleri 6l¢ciilmiistiir. Bu
degerlere bagh olarak anomali haritalart ¢ikarilmistir. Bu anomali haritalarina goére, antropojenik ve
litojenik kirlenmenin varligi tesbit edilmistir. Olduk¢a genis bir alani kapsayan calisma alaninda,
bazik/ultrabazik kayaglarin yiizeylendigi alanlarda, litolojik etki yogun olarak gozlenmistir. Ozellikle,
liman, denize dokiilen sulu dere girisleri, sehirlerarasi yol kenarlari, yerlesim yerleri ve sanayi alanlari
antopojenik etkinin yogunlugunu artirmistir.

Anahtar Sozciikler: agir metal, sahil kumlari, Iskenderun Korfezi
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Iskenderun Gulf Rich in Organic Substances
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Iskenderun Gulf is located in the east Mediterranean and south Anatolia. It is the third biggest port in
the Mediterranean coast of Turkey. There has been an increase in scientific studies on coastal soils.
The studies have focused on lithogenic and antropogenic sources of heavy metals and evaluation of
the origins of heavy metals. Therefore, we investigated heavy metals in Iskenderun Port. which is
representative of the east Mediterranean. Using plastic gloves, we collected soil sediments of 2-5 kg
into plastic bags from the pits 10cm in depth from 60 different locations parallel to the sea. The
coordinates of the locations were determined with Garmin GPS-12CX device. The locations were
marked on a topographic map at the scale of 1/100.000. Formations of the sediments were checked,
photographed and examined in the laboratory.

Grain size distributions and losses of ignition were measured. The specimens collected were laid on
paper and left for drying at room temperatures for three days. Dried sediments were weighed with a
sensitive scale and two bags of sediments, each weighing 100gr, were prepared. One bag of the
sediment was used for grain size distribution and the other for chemical analyses. The sediments
specimens to be used for chemical analyses were put in the sterilizer and dried at 110 °C for 24 hours
and losses of ignition were measured with a sensitive scale. They were then homogenized on an agate
mortar. XRF analyses were made and concentrations of the heavy metals Zn, Ni, Cu, Co, V, Mo, Ag,
Sb, Sn. Cd, W, Hg, Pb, As, Si, Al, Fe, Ca, Mg, S, K, Na, CI, Ti, Mn and Cr in the homogenized
specimens were measured. Based on the results of measurements, maps for anomalies were obtained.
These maps were used to determine the presence of lithogenic and anthropogenic pollution. There was
marked lithogenic pollution in the study area where basic and ultrabasic rocks surfaced. The port,
mouths of the rivers, the highways and the industrial areas increased anthropogenic effects.

Key Words: heavy metals, coastal soil, Iskenderun Gulf
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Deli¢ay-Tarsus Cay1 (Mersin) Arasindaki Tarim Topraklarinda Agir Metal
Dagilimlarmin CBS Yardimiyla Belirlenmesi
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Delicay ve Tarsus Cayi arasinda kalan ¢alisma alani Mersin ilinin dogusunda yer almakta olup, bu
bélgede yogun tarimsal ve endiistriyel faaliyetler yapilmaktadir. Calisma alanindaki topraklarda agir
metal kirliligini belirlemek amaciyla, bolgedeki yiizey topraklarindan (0-20 ¢cm derinlikten) toplam
208 adet 6rnek almmustir. Toprak oérnekleri 5 asamali bir ardisikli siirdiirme (UASE) yontemiyle
cozeltiye alinmis ve elde edilen ¢ozeltilerde 10 elementin (As, Cd, Co, Cr, Cu, Mn, Ni, Pb, V ve Zn)
konsantrasyonlar1 1CP-MS ile belirlenmistir. Elde edilen sonuglara gore elementlerin minimum ve
maksimum konsantrasyonlar1 swasiyla (ppm cinsinden); As: 2.78-18,80; Cd: 0.45-14.28: Co:
3,54-47,18; Cr: 0,65-107,76; Cu: 0,00-60,86; Mn: 102,57-823,28; Ni: 24,13-291,24; Pb:
3,73-336,47, V: 13,25-469.84 ve Zn: 5,70-814.20’dir. Elde edilen analiz sonuclannt CBS’ye
aktarilarak bu elementlere ait dagihm haritalan olusturuldugunda; Cr, Cu, Mn. Pb ve Zn
elementlerinin Kazanh civarinda yiiksek degerlerde oldugu gorilmiistiir. Pb elementi ise Mersin-
Tarsus karayolu boyunca yiiksek degerlerde gozlenmekte olup, kirlilik kaynagimin yogun tasit trafigi
oldugu dusintilmektedir. Ayrica Cr, Pb ve Zn elementleri birer 6rnekte, Ni elementi ise 109 &rnekte
Avrupa Birligi’nin toprak igin belirledigi agir metal sinir degerlerini asmaktadir. Toplam 24 érnegin
As derisimi ise, 10 ppm sinir degerinden daha yiiksektir.

Anahtar Sozciikler: agir metal kirliligi, UASE yontemi, 1CP-MS, Kazanli, Delicay, Tarsus Cayi,
CBS
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° Hacettepe Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii.
Beytepe, TR-06532 Ankara, Turkey

The study area is located between Deligay and Tarsus rivers and situated in the eastern part of the city
of Mersin where at present both agricultural and industrial activities are very intense. To determine the
extent of the heavy metal pollution in soils of the area, a total of 208 topsoil samples (from a depth of
0-20 c¢m) were collected. Soil samples were subjected to a 5-step sequential extraction procedure
(UASE) and concentrations of 10 elements (As, Cd, Co, Cr, Cu, Mn, N1, Pb, V and Zn) in soil extracts
were determined using ICP-MS. According to results obtained, minimum and maximum
concentrations of elements range between (in ppm): 2.78-18.80 for As, 0.45-14.28 for Cd,
3.54-47.18 for Co, 0.65-107.76 for Cr, 0.00-60.86 for Cu, 102.57--823.28 for Mn, 24.13-291.24 for
Ni, 3.73-336.47 for Pb, 13.25-469.84 for V and 5.70-814.20 for Zn. Spatial distribution maps
produced using a GIS clearly show that Cr, Cu, Mn, Pb and Zn elements occur in high concentrations
around Kazanli. Whereas, Pb only occurs in high concentrations along the Mersin-Tarsus highway
which suggest that pollution source 1s probably the intense vehicle traftic. Furthermore; Cr, Pb and Zn
clements in three samples and Ni element in 109 samples exceeded the hmit values defined by
European Union for heavy metals in soils. As concentrations in 24 soil samples also far exceeded the
limit value of 10 ppm determined for this element.

Key Words: heavy metal pollution, UASE procedure, ICP-MS, Kazanl, Delicay, Tarsus River, GIS
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Sulardaki Yabanci Maddelerin Insana Ulasim Yollar ve Yapilabilecek Bilimsel
Arastirmalar (Cevre Ile Ilgili Arastirmalara Disiplinler Arasi Bir Yaklasim)

Yiiksel Atakan

Radiation Protection Consulting Office. Mannheimer Str. 15, 64646 Heppenheim, Almanya
(E- posta: ybatakan(@gmail.com)

Yeralti, irmak ve gol sularindaki kimyasal ve radyoaktif maddeler insana ¢ok cesitli yollarla ulasiyor.
Yeralti malzemesindeki (akifer) dogal maddelerin yani sira, yeraltina sizan gesitli yapay maddeler de
zamanla yeralti suyuna gegiyor. Ayrica irmak boyunca su, yatagindaki her ¢esit maddeyi de az ya da
¢ok birlikte tasiyor. Ote yandan atik sularin irmaklara salinmasi ve yeraltina sizmasi sonucu,
saghgimizr etkileyici ¢ok gesitli yabanct madde, yeralti suyu ve yiizeysel sular yoluyla insan viicuduna
bir miktar ulagtyor. Ayrica sulama suyundaki yabaci maddeler dolayli olarak, toprak. bitki, hayvan
'tasimim zinciriyle' iletilerek insan viicuduna giriyor (Bkz. Sekil).

ATIK SULARDAKI e .
MADDELER |
ALT INSAN
i TVENERT A
”“L'i Mudddeledin o
1 SU 1 Franster
2 Lii'rxil il AatsardaieT

E YUZEYSEL SULAR
i GO, IRMAK SULARI

by |
[ YERALTI SUYL 'r R

{

YERALTINDAKI —]

VADDELER
L iDOGAL. YAPAYY |

ILGILI BILIM ve MUH. DALLARI : Jeoloji. Hidrojeolofi, Cevre ve Su Miih,,

Tarum, Suw Kimvyase Radvoktivite, Bivoloji, Tip, Veterinerlik, Mikrobivoloji

Sekil: Sulardaki kimyasal, mikrobivolojik ve radyvoaktif maddelerin insana
wlastm yollarr ve ilgili bilim dallart (Arakan Y. 2003)

Sulardaki maddelerin dogrudan ya da toprak, bitki ve hayvanlara, onlardan da et, siit, yumurta gibi
besinlerle insana ne olgtide aktarildiginin ortaya ¢ikarilmasi saghgimiz icin gerekli. Bu konulardaki
bilimsel ¢alismalar jeoloji. hidrojeoloji, ¢evre ve su mithendislikleriyle, tarim, kimya, radyoaktivite,
biyoloji, tip, veterinerlik ve mikrobiyoloji gibi bilim dallarimi kapsiyor. Yapilabilecek bilimsel
aragtirmalar  ornegin: Sulardaki yabanci maddeler hangi yeralti katmanlarindan ve ne olciide
kaynaklaniyor? Bu sularin ve maddelerin ¢evredeki halka ne Slgiide ulastiginin sistematik 6l¢iim ve
arastirmalarla ortaya konulmasi, su, toprak, bitki ve hayvan zinciriyle insana etkilerinin arastirilmas.

Bu sunum, bu konuya Tirkiye genelinde agirlik verilmesi geregini vurguluyor. Ayrica suda, birkag
etkin yabancr madde birlikte bulundugunda, sinir degerlerle ilgili izlenebilecek bir yol da dneriliyor.

Anahtar Sozciikler: sulardaki kimyasal, radyoaktif maddeler, insana etkileri. simir degerler
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Transport of Trace Elements to Man and Possible Research Projects to be Done
(A Multi-Disciplined Approach to Environmental Exposure Research Projects)

Yiiksel Atakan

Radiation Protection Consulting Office, Mannheimer Str. 15, 64646 Heppenheim, Germany
(E-mail: ybatakan(@gmail.com)

Chemical and radioactive materials in groundwater, rivers and lakes are transported to man through
various pathways, either directly or through soil. plant or animal products via the food chain. In
addition, technologically enhanced radioactive materials may increase environmental exposure.
Depending upon concentration and toxicity, such materials may be hazardous to man. In order to
determine the mechanism and quantity of material transferred to man from the environment via the
food chain, it is necessary to investigate each part of the chain (see Figure below). Such research may
involve geology, hydrology. environmental engineering, chemistry, biochemistry, radiochemistry,
biology, microbiology, toxicology, radiation protection, medicine, veterinary and agricultural sciences
and other scientific disciplines.
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Fig: Transfer routes of chemical, microbiological and radioactive marerials in
waters 1o the man and related sciences (Atakan Y. 2009)

This presentation deals with the fundamentals of environmental exposure and emphasizes the
importance of multi-disciplined teamwork necessary for such projects in Turkey.

Key Words: chemical and radioactive materials in water, trace elements transfer to man, permissible
limits
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Kanserojen Etkiye Sahip Petrol Aromatik Hidrokarbonlarin Gemlik Korfezi
Yiizey Cokel Kalitesi Uzerine Etkileri, Marmara Denizi, Tiirkiye

Selma Unlii' ve Bedri Alpar®

! [stanbul Universitesi, Deniz Bilimleri ve Isletmeciligi Enstitiisii, Deniz Biyolojisi BD,
34116 Vefa, Istanbul (E-posta: su@istanbul.edu.tr)
? Istanbul Universitesi, Deniz Bilimleri ve Isletmeciligi Enstitiisii, Deniz Jeolojisi ve Jeofizigi ABD,
34116 Vefa, Istanbul

Bazi petrol aromatik hidrokarbon (PAH) bilesenlerinin kanserojen etkileri ¢ok daha fazladir.
Bunlardan 5 halkali bir bilesen olan Benzo[a]pyrene (B[a]P, CyoH2) 1933 yilinda bir kémiir katran
bileseni olarak bulunmustur. Mutagenik ve yiiksek oranda kanser yapici ozellikleri, kotii huylu deri
timorlerine neden olacagi laboratuar ortamindaki deneylerle de ortaya konan B[a]P en c¢ok komiir
katraninda, 6zellikle dizel yakiti kullanan araba egzozlarinda ve organik maddelerin yanmasi sonucu
ortaya ¢ikan dumanda yiiksek seviyelerde alici ortamlara yayilmaktadir.

Son yillarda denizel ortamlarda biriken kanserojen etkiye sahip antropogenik kirleticilerin biyolojik
etkileri lzerinde 6nemli ¢alismalar yiiriitiilmektedir. Denizel ¢okellerdeki hidrokarbonlarin dogal
biyojeokimyasal davranislarini anlamak ve bu sayede risk alundaki sahalarin gevre sorunlariyla ilgili
yOnetimini dogru bigimde yapabilmek i¢in kirletici konsantrasyonlarinin takip edilmesi ¢nem
tagimaktadir. Bu ¢alismada 6zellikle kirletilmis nehir, atmosfer, tasimacilik ve gelisen endiistri
faaliyetlerine baglh olarak yiiksek atropogenik girdilere maruz olan Gemlik Kérfezi icin benzer bir
uygulama yapilmistir.

Korfezin yilizey ¢okellerinde Benzo[a]anthracene, benzofluoranthenler, B[a]P ve Indeno[ghi]perylene
gibi yiiksek kanserojen etkiye sahip PAH bilesiklerinin (CPAH) toplam konsantrasyonlart kuru
agirhkta 1794 ng/g kadar yiiksek olabilmekte olup, tiim korfezi temsil edecek ortalama deger 87 ng/g
hesaplanmigtir. Belirtilen PAH bilesenleri, TEF™ degeri kullanilarak her istasyon i¢in bir toksik
konsantrasyon deZerine doniistiiriilmiistir. Biitin PAH bilesikleri i¢in toplam toksik B[a]P eslenigi
(TEQ™) hesaplanmis ve en yiiksek toplam TEQ™* degerlerinin Gemlik i¢ limaminda dagilim
gosterdigi saptanmustir.

Elde edilen sonuglar uluslar arasi kabul edilen degerler ile karsilastirilmistir. Buna gore ortalama
konsantrasyonlar korfezin dogusu ve giineydogusundaki bazi sahil kesimleri disinda giincel sediment
kalite rehberinde verilen etkin diisiik ve ortanca araliklari temsil eden ER-L ve ER-M olgiit
degerlerinin altinda kalmaktadir. NOAA nin ER-M olgiit degerleri ile karsilastirilacak olursa da, PAH
degerlerinin bazi istasyonlarda dip canlilar: iizerine etki edebilecek diizeyde oldugu ve onlar iizerinde
sekil bozukluklarina sebebiyet verebildigi belirlenmistir.

Anahtar Sozciikler: PAH, Gemlik Korfezi, sediment, Benzo[a]pyrene, kirlilik, kanserojen etki,
kirletilmis ¢6kel, sediment kalite rehberleri, TEQ®"
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Impacts of Carcinogenic Polycyclic Aromatic Hydrocarbons on
the Sediment Quality of Gulf of Gemlik, Marmara Sea, Turkey

Selma Unlii' & Bedri Alpar?

" Istanbul University, Institute of Marine Sciences and Management, Department of Marine Biology,
Vefa, TR-34116 Istanbul, Tiirkiye (E-mail: su@istanbul.edu.tr)
* [stanbul University, Institute of Marine Sciences and Management,
Department of Marine Geology and Geophysics, Vefa, TR—34116 [stanbul, Tiirkiye

Some of the polycyclic aromatic hydrocarbons (PAHs) are of great concern due to their documented
carcinogenicity. Benzo[a]pyrene (B[a]P), a five-ring PAH (CyH,»), determined in 1933 to be the
component of coal tar. It is mutagenic and highly carcinogenic. Its toxicity was demonstrated when
malignant skin tumors were produced in laboratory animals by repeatedly painting them with coal tar.
The levels of B[a]P are significantly higher in coal tar, automobile exhaust fumes, especially from
diesel engines, and in all smoke resulting from the combustion of organic material.

In recent years, there has been great concern about the marine environment, especially relating to the
presence of anthropogenic contaminants and their possible biological effects. Screening of the
contaminant concentrations is an important record to understand the natural biogcochemical processes
of hydrocarbons in sediment. Such information is crucial to ecological risk assessment and
management of marine areas with contaminant input. A similar study has been applied for the
sediment of the Gulf of Gemlik which shows most particularly subject to high anthropogenic pressure
due to riverine inputs, atmosphere, coastal shipping and industrial activities.

Total concentrations of potentially carcinogenic PAHs (CPAH), including Benzo[a]anthracene
(B[a]A), benzofluoranthenes, B[a]P and Indeno[ghi]perylene (IP), in the surficial sediments of the
Gulf of Gemlik could be as high as 1794 ng/g dry weight with the average of 87 ng/g dry weight. In
the present study, we have converted the CPAH concentrations mentioned above into one toxic
concentration for each site using the corresponding the toxic equivalency factors (TEF™) which were
used to quantify the carcinogenicity of other PAHSs relative to B[a]P. Depending on the total toxic
B[a]P equivalency (TEQ™) calculated for all PAHs, the highest values are found in front of the inner
harbor of the town Gemlik.

Results of the concentrations of PAH compounds of bottom sediments were compared to international
accepted values. Data showed that, except some nearshore areas along eastern and southeastern coasts,
the average concentration of compounds was usually less than the effects range-low (ER-L) and
effects range-median” (ER-M) values in the Interim Sediment Quality Guidelines (ISQGs), which are
scientific tools that synthesize information regarding the relationships between the sediment
concentrations of chemicals and any adverse biological effects resulting from exposure to these
chemicals. Comparisons to NOAA’s ER-M values indicate that the concentrations of PAHs at several
locations in the Gulf of Gemlik pose considerable hazard to benthic organisms, and may have
anomalous effects on them.

Key Words: PAH, gulf of Gemlik, sediment, Benzo[a]pyrene, pollution, carcinogenic effect,
contaminated sediment, sediment quality guidelines, TEQ®"™
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Yiizey Manyetik Siiseptibilite Ol¢iimleri ile Kirlilik Analizi

All Aydin, Mchmet Yilmaz ve Yusuf Balkan

Pamukkale Universitesi, Jeofizik Miihendisligi Boliimii, 20020 Kmikli, Denizli
(E-posta: aavdin@pau.edu.tr)

Bu calismada daha onceki ¢alismalarda manyetik siiseptibilite ve agir metal igerikleri arasinda
belirlenen iliskiler kullanilarak, Denizli ili Bagbasi beldesinde yer alan yollarimin kenarlan ve
gevresinde yer alan ylizey topragi igindeki kirlilik dagilimini gésterdik (Sekil 1). Eksoz gaz kirliliginin
cevreyl tehdit eden en 6nemli kirlilik kaynagi oldugunu ve ikinci olarak ta fabrika ve ev bacalarindan
¢tkan dumanlarin oldugunu gosterdik. Bu amagla, manyetik siiseptibilite verisini kullanarak kirlilik
dagilimimi haritaladik ve ¢evreyi tehdit eden kaynaklari gosterdik. Bu yoéntemin kimyasal analiz
yontemlerine goére oldukga ucuz ve az zaman alict oldugunu ve de agir metal dagilimini etkin bir
sekilde ortaya koydugunu gosterdik.

Yerlesim alamindaki agir metal dagilimimi 112 saha manyetik siiseptibilite 6l¢iisii kullanarak
gostermeye c¢alistik. Bu olciimler sayesinde eksoz gazlan ve bacalardan ¢ikan baca dumanlarinin
gevreye biraktigr agir metal dagilimlarinin yigihim yaptuigr bolgeler belirlendi. Yerlesim alanlarindaki
agir metal kirlilik dagilimlarinin ortaya konulmasinda yalniz manyetik siiseptibilitenin kullanilmasinim
yeterli olacagimi gosterdik.
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Sekil 1. Calisma alaninda sahada dlgiilen manyetik siiseptibilite 6lgiim noktalari, manyetik stiseptibilite, Cu ve
Pb kontur haritalan

Anahtar Sozciikler: eksoz gazlari, agir metaller, manyetik siiseptibilite, kirlilik
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Pollution Analysis with Field Magnetic Susceptibility Measurements

Al Aydin, Mehmet Yilmaz & Yusuf Balkan

Pamukkale Universitesi, Jeofizik Miihendisligi Boliimii, Kinikli, TR-20020 Denizli, Turkey
(E-mail.: aaydin@pau.edu.tr)

In this stndy, we used the relation between the magnetic susceptibility and the contents of heavy
metals before studies and showed the distributions of the pollutions in the soil surface of around and
sides of traffic roads in Bagbasi District, Denizli (Figure 1). We saw the most important pollution
sources that exhaust gases pollution is one of the most important environmental threats and second one
is fumes from factory and houses. For this purpose, we did mapping of the pollutant distributions
using the data of magnetic susceptibility and showed their sources to assess environmental threats. We
showed that this method is cheaper and less time-consuming against chemical methods and also
showing the dimensions of distribution of the heavy metal pollution.

Distributions of heavy metal pollution in the residential area were tried to show by using 112 fields
magnetic susceptibility measurements. These measurements were made to find out the distribution of
heavy metallic elements deposited from exhaust gases and fumes chimney in area near the high way
and around. We showed that it is enough only using field magnetic susceptibility measurements could
provide heavy metal pollution distribution in residential areas.
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Figure 1. The position of magnetic susceptibiliy measurements points, the countour maps of magnetic

susceptibily, Cu and Pb
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Al-Muhalabia ve Sinjar Bolgesinde Toprak Kaybi Uzerinde
Su Kalitesinin EtKkisi

Khalid A. Khalid ve Salem A. Khedir

Soil & Water Sciences, Agriculture & Forestry College, Mosul University, Irag
(E-posta: khalid anwar31@yahoo.com)

Onemli kaynaklardan biri olan yeralti suyunun farkli amaclar i¢in kullanma talebi hizla artugi i¢in
suyun kalite ve potansiyel agisindan incelenmesi ¢ok énemlidir. Kullanim alanlarinin ¢esitliliginden
dolay1 suyun tiplerine gore tasnife gerekmektedir. Yeralusuyu kalitesi bitki ortlisii ve insan etkisi ile
iliskili oldugu kadar kayaglarin kimyasal ve fiziksel kompozisyonlari, su hareketleri, ayrica farkh
cevre ve iklim kosullar1 gibi etkenlerin birlikteligine de bagh olarak bélgeden bolgeye farkliliklar
gosterir. Yeralti suyu tortu ve organik malzeme agisindan temizdir, fakat, kimyasal bilesimli farkh
akifer kayaglar i¢inde uzun siire depolandigindan, bu kayaglarin yapisinda yaygin olarak bulunan
¢6ziinmiis maddeler ve metal bilesenleri agisindan kirletilebil. Pek ¢ok arastirmaci, yeraltt suyunda
¢6zinmis tuzlarin bir kisminin negatif yiikli (klor, siilfat, karbonat ve bikarbonat) digerlerinin de
pozitif yukli (sodyum, potasyum, kalsiyum ve magnezyum) oldugunu ortaya koymuslardir.

Arastirma Musul’un yaklagik 40—110 km batisinda Al-Muhalabia ve Sinjar bolgelerindeki ¢esitli
lokasyonlarda yer alan su kuyularinin incelenmesini i¢ermektedir. Bu alanlarda su kaynaklari son
derece yetersiz oldugundan, bolge halki, saghk agisindan risk tasimasina ragmen su ihtiyacini
kuyularinda karsilamaktadir.

Arastirma, bolgedeki kuyu sularinin kalitesinin tanimlanmasini, i¢me, temizlik ve meyve bahgelerinin
sulanmasi agisindan uygunlugunu ortaya komasini, son zamanlarda toprakta ve hasattaki kotu gidise
ve bolgedeki siddetli ¢ollesme tehlikesine dikkate ¢ekmeyi amaglamistir.

Bu bolgelerden segilen otuz kuyuda su kalitesini tanimlamak igin siilfat (SO4'2), kalsiyum (Ca'z),
magnezyum (Mg"), klorir (CI"), fosfor (P'*) oranlarmin tespitinin yam sira, pH ve elektriksel
kondaktiviteyi (EC) degerleri olgtilmustiir.

incelenen kuyu sularinin tiimiinde ¢6ziilmiis madde miktar1 Kamensky igme suyu smiflamasi ve
Diinya Saghk Orgiitii tarafindan belirlenen limit degerleri asmistir. Arastirma sonucunda incelenen
orneklerde magnezyum ve jips fazlaliginin sularin tadini1 bozdugu, igme amach kullanildiginda ishale
yol acacagl, sularin magnezyum igeriginin 125 mg/l den fazla oldugu, ve incelenen Grneklerin
%90’ 1nin Kamensky siniflamasina gore igilmeye uygun olmadig: ortaya konmustur.

Anahtar Sozciikler: su kalitesi, degradation, su kuyulari, Irak
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Effect of the Water Ground Quality on Land Degradation
in Al - Muhalabia And Sinjar Region

Khalid A. Khalid & Salem A. Khedir

Soil & Water Sciences, Agriculture & Forestry College, Mosul University, Iraq
(E-mail: khalid _anwar3l@yahoo.com)

The study of ground water is very important to determine the quality and validity of water for different
uses as one of the important sources, because the need to use ground water for different purposes are
increasing dramatically at the last time, these uses are required appropriate water type due to the
variation of water kinds. The quality of ground water is different from one area to another depending
on the combination of factors, such as chemical and physical composition of rocks, water movement.
in addition to different environmental and weather conditions, as well as vegetation cover type and
human influences. The ground water are pure and free of sediments and organic materials but 1t is
often containing dissolved materials and metal compounds stored for long periods in aquifers of
different rock types and chemical composition, many researchers pointed out that most of dissolved
salts in the ground water exists on form of ionized salts, some of them are negatively charge
(chlorides, sulphates, carbonate, and bicarbonate) and others with a positive charge (chlorides,
potassium, calcium, magnesium).

Research includes study of water wells in various locations in Al-Muhalabia and Sinjar regions, west
of Mosul, at a distance of 40-110 km respectively; these areas suffer from lack of its water sources, so
the population relies on water wells as a major source in their daily life, which have many risks on
public health in those regions.

Research aims to determine the quality of water wells in these regions, and to define their suitability in
daily use, as well as in irrigation, where orchards and the most adjacent lands to the wells that depend
on water wells. Recently, noted a distinct deterioration in soil and crop production, so these regions
are suffering now severe desertification.

Thirty wells has been selected from these regions, laboratory tests were done to determine the quality
of water, included estimation of sulphates (SO47%) and calcium (Ca™), magnesium (Mg’l) and
chlorides (CI™), phosphorus (P “ in addition to measuring The PH and electrical conductivity (EC).

The values of dissolved substances for all studied wells are overstepped the accepted limits for
drinking as Kamensky water classification and specifications of the World Health Organization WHO.
The results of the study pointed out that the high concentration of magnesium and gypsum in the water
gives unpalatable taste and lead to an increase of diarrhea when use this water for drinking, also it is
observed that the studied samples contain magnesium concentration higher than 125 mg / liter, where
as the most studied samples are unsuitable for drinking as well as the ninety per cent of the samples
which studied are unsuitable for domestic use as classified in Kamensky.

Key Words: water quality, degradation, water wells, Iraq
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