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identified, which correspond to Middle-Upper Cenomanian, uppermost Cenomanian-lowermost Turonian and
Middle-Upper Turonian respectively

Hemipelagic limestones are represented by poor planktonic Sforaminifera content, which is associated with
abundant calcispheres. Planktonic foraminifera assemblage suggests Dicarinella concavata 17 and
Dicarinella asymetrica TRZ, which coprrespond to the Coniacian-Lower Santonian and Middle-Upper
Santonian respectively.

Pelagic limestones of the Akdag formation is characterized by a rich planktonic foraminifera assemblage,
which suggests Radotruncana calcarata TRZ, Globotruncana Jalsostuarti PRZ, Gansserina gansseri 1Z and
Abathomphalus mayaroensis TRZ corresponding to lower Upper Campanian, middle Upper Campanian,
upper Upper Campanian-Lower Maastrichtian and Upper Maastrichtian respectively.

The Upper Cretaceous sequence of the middle-northern part of the Bey Daglart autochthon (between Elmali
and Camhidere) includes two stratigraphic gaps. Peritidal conditions prevailed from Middle Cenomanian to
the Late Turonian. Slight drowning of the platform after the Late Turonian caused a hemipelagic environment
that would last until the end of the Santonian. Basinal conditions predominated during the Late Campanian-
Late Maastrichtian interval. Early-Middle Campanian and latest Maastrichtian are the time of subaerial
exposure and erosion.

Slight drowning of the platform afier the Late Turonian may have been related to the regional extension,
which affected the peri-Mediterranean alpine belts. The regional hiatuses in the pelagic succession are also
ascribed to the tectonic events as the Late Cretaceous is the time of important tectonic activities in this
critical area of Tethys. Eustatic sea level changes may have had a secondary effect on the Upper Cretaceous
carbonate succession of the Bey Daglart autochthon.
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Karacasu Capraz Grabeni Bati Anadolu genisleme bélgesi iginde yer alan yaklagik K-G gidisli bir ¢okiinti
alamdir. Bu havzanm bolgede hiikiim siiren giincel tektonik kosullar altinda olusup olusmadigs, ¢okiintiiyl
olusturan tektonik rejimin niteligi halen tartisilmaktadir (Sengér, 1987; Kogyigit, 1999; Yilmaz, 2000). Bu
¢alismada graben iginde yiizeylenen sedimanter istiflerin stratigrafisi ve sedimantolojisi incelenmig;
¢okiintiiniin olusum kosullarina yaklasimda bulunulmustur.

Graben iginde Menderes masifine ait temel kayaglarmi iizerleyen Geg¢ Miyosen (?)-Erken Pliyosen yash
Dandalas grubu altta kinntili ¢okellerden olugan Damdere Formasyonu ve onu iizerleyen golsel Karacadren
Formasyonu’na ayrilmistir. Damdere Formasyonu tipik olarak batiya 3-8° kadar egimli yer yer kaligiler de
iceren gakiltasi, kumtag1 ve gakilli gamurtagt ardalanmasindan olugur. Smirl yiizlekler sunan istif grabenin
dogu kenarinda 4 adet eski vadiyi doldurmus olarak bulunur. Bu ¢okellerden elde edilen paleo-akinti verileri
akintinin genel olarak dogudaki horsta dogru ydneldigini gostermistir. Petrografik incelemeler kirmtili
seviyelerdeki bilesenlerin yar1 es boyutlu/es boyutlu ve ayn1 zamanda koseli/gok koseli olduklar gdstermistir.
Bilesimsel agidan gakilli ve kumlu seviyeler ¢ogunlukla metamorfik kayag pargalarindan (sist, kuvarsit ve
mermer) olusmustur. Ancak alanm ultramafik kaya¢ pargalar da yaygindir. Kil boyu fraksiyonda ise mika,
kuvars, feldispat ve klorit bol miktarda izlenirken yer yer simektite de rastlanmmgtir. Damdere Formasyonu
yukariya dogru tane boyu incelerek baskin olarak fosilli gamurtagt, mamn, kiregtasi ve ender olarak kumtaginm
ardalanmasindan olusan Karacadren Formayonuna geger. Birim iginde ozsekilli jips kristalleri igeren
seviyeler ile marn ve kiregtaslarinda silis ve karbonat yumrular da gozlenir. Birimin kil boyu fraksiyonunda
neoforme dolomitler, jipsler ve simektitler yaygindir. Birimin alt kesiminden elde edilen diyatome toplulugu
¢okelimin acisuda gergeklestigine isaret etmektedir. Dandalas grubu agisal uyumsuzluk ile Kuvaterner yagh
Karacasu Formayonu tarafindan iizerlenir. Tipik olarak ¢amurtasi, kumtasi ve gakiltasi ardalanmasindan
olusan birimin alt kesimlerinde paleo-toprak ve kaligiler de mevcuttur. Calisma alaninda genis yayihm
sergileyen bu ¢okellerden elde edilen paleo-akintilar giincel morfolojiye uygun olarak ¢ogunlukla havza igine
dogru yonelmislerdir. Hem ince kesitlerde, hem de ¢akilli seviyelerde metamorfik kayaglardan ve Dandalas
grubundan tiireyen bilesenler gézlenmigtir. Kil boyu fraksiyonda mika, kuvars, feldispat, kalsit ve klorit
yaygmdir.

Elde edilen veriler birlikte degerlendirildiginde graben iginde yiizeylenen dolgunun iki farkli tektonik
cergevede ¢okeldigi ileri siiriilebilir. Geg Miyosen (?)-Erken Pliyosen Dandalas grubu, olusumunun erken
doneminde yar1 kurak/sicak bir iklimin kontrolinde alanm dogusunda ultramafiklerden, batisinda ise
metamorfiklerden ibaret bir kaynak bolgeden beslenen genellikle kuzeye dogru akan orgilii akarsular
tarafindan ¢okeltilmistir. Dolgunun iist seviyeleri ise benzer iklim kosullarinda tuzlulugu fazla olmayan bir
g6l ortaminda olusmustur. Cékelme ortamn ve paleo-akintilar giincel havza geometrisine uyan Karacasu
Formasyonu bugiinkii havzayr bigimlendiren faylar denetiminde gelismis aliivyal yelpazeler seklinde
¢Okelmistir. Baska deyisle Kuvaterner yash Karacasu Formasyonu havzanm asil dolgusu olarak kabul
edilebilir.
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ABSTRACT

The Karacasu Cross Graben is an approximately N-S trending depression located in the Aegean Extensional
Province. The subjects like whether the basin was formed under the still ongoing tectonic frame or not, and
the nature of this basin forming tectonic regime are still matters of debate (Sengor, 1987; Kogyigit, 1999;
Yilmaz, 2000). In this study stratigraphy and sedimantology of sedimentary deposits cropped out within the
graben were investigated and an approach to the forming conditions of the graben was tried.

The basement rocks of the Menderes massif are overlain by Late Miocene (?)-Early Pliocene aged Dandalas
Group, which in turn is divided into two formations the terrestrial Damdere Formation at the base and the
overlying lacustrine Karacaéren Formation. The Damdere Formation is typically made up of 3-8° west
dipping, conglomerate, sandstone and gravelly mudstone alternation with some caliche nodules. This
succession is outcropped at limited area as infills of 4 paleo-valleys to the east of the graben. The paleo-
current data verifies a paleo-flow directed to the north, i.e. toward the eastern horst. The petrographic
investigations shows that the components of the clastic levels are texturally subequant/equant and also
angular/very angular. Gravelly and sandy levels are almost made up of metamorphic rock fragments (schist,
quartzsite and marble). But at the east of the area ultramafic rock fragments are also widespread. In clay
sized fraction mica, feldspar, quartz and chlorite are abundant, while simectites are locally encountered as
well. The Damdere Formation shows thinning upward and passes gradually to Karacadren Formation that is
mainly made up of alternation of fossiliferous mudstone, marl, limestone and rare sandstone. In the unit
idiomorphic gypsum bearing levels and siliceous and carbonate nodules in marls and limestones were also
observed. In clay sized fraction of the unit, neoformational dolomites, gypsums and simectites are
widespread. A diatom assemblage obtained from the base of the unit points out that the succession was
deposited in a brackish lacustrine environment. Dandalas Group is overlain by Quaternary Karacasu
Formation with an angular unconformity. Typically the unit is formed from alternations of mudstone,
sandstone and conglomerate. At the lower parts paleosoles and caliche nodules are also abundant. The
paleo-current data from these widespread deposits are directed towards the center of the basin which is
conformably with recent morphology. In thin sections and also gravelly levels the components are wholly
derived from metamorphic rocks and Dandalas Group. At the clay sized fraction mica, quartz, feldspar,
calcite and chlorite are common.

Evaluation of all these data shows that, the outcropped deposits within the graben would have been deposited
in two different tectonic frames. Late Miocene(?)-Early Pliocene Dandalas Group was deposited from
northward flowing braided rivers that metamorphic provenance at the west and ultramafic provenance at the
east under the control of subarid/hot climate at the early stage of the deposition. The upper parts of the
succession were formed in a brackish lacustrine environment in a similar climatic setting. The Karacasu
Formation whose paleo-current data and depositional environments are fitting to recent basin geometry was
deposited as the alluvial fans under the control of recent basin bounding faults. In other words Quaternary
aged Karacasu Formation can be accepted as the real infill of the Karacasu Cross Graben.
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Tiirk tiniversitelerindeki jeoloji mithendisligiboliimlerinde gahsanlarin %24’ inii kadinlar olusturmaktadir. Bu
sayl tim Avrupa iilkelerindeki en yiiksek orandir. Amerika Birlesik Devletleri’nde ise tiim yerbilimleri
boliimlerindeki kadin oram %14’tiir. Tiirk arastirma merkezleri (%32) ve resmi kurumlarinda (%30) bulunan
bayan jeologlann sayist diinyadaki 6meklerine gore yiiksektir. Kadinlar 6zellikle arazi agirhkli genel jeoloji
ve mithendislik jeolojisi gibi alanlarda erkeklere gore oldukga diisiik sayida temsil edilmektedir. Mevcut veri
kurumlarda ve iiniversitelerde ¢ahsan kadinlarm daha gok paleontoloji ve mineralojide yogunlastiklarmi
gostermektedir. Universitelerdeki kadmlarin  gogunlugunu yardimcr dogent ve arastirma gérevlileri
olusturmaktadir. Tiirk {iniversitelerindeki lisans diplomasi ile mezun olan kiz Sgrencilerin sayis1 artis
gostererek son 10 yilda yaklagik %36’ya ulasmstir. Geng bayan 6grencilerin doktora programlarma ilgisi
daha az olmasina ragmen ozellikle - yerbilimleri boliimlerinde aragtirma gorevlilerinin %48’ini bayanlar
olusturmakta. Genel olarak kadinlar erkeklere gore akdemik alt kadrolarda daha uzun siire kalmaktadir.
Béliimlerde yardimer dogent olarak bulunan kadmlarin biiyiik bir ¢ogunlugu doktoralanm son 10 yilda
almigtir. Akademik yiikselmenin kadmlar igin giincel artis1 halen yaklasik %9 mertebesinde olmasina ragmen
kadinlarin heniiz aragtirma gérevlisi ve yardimer dogent seviyesinde yogunlagmasi gelecek on sene iginde
artigm {ist kadrolara dogru gergeklesecegini gostermektedir.

ABSTRACT

The data show that the greater proportion of women (24%) is working in geoscience departments of Turkish
universities. This is the highest proportion in all European countries. In U.S the proportion of women in
Geoscience departments has risen up to 14%. There is a similar proportion of women work in non-Academic
institutions, for example reseach centers (32%) and State Geological Survey (30%). While most men are
working in general geology, most women are paleontologists and mineralogists. Female students have been
receiving a greater proportion of the bachelor’s degree in earth science and related engineering departments
in the Turkish universities, reaching up to 36% over the last 10 years. Although young women are not
attracted into doctoral programs, for instance, 48% of research assistants in geology departments are
women. . Most women in the universities are assistant professors (23%) while most men are professors. The
largest proportion of women hired into assistant professor positions has received their PhD’s in the last 10
years. Since women tend to spend more time in the lower ranks of academia, their proportion in geosciences
will continue to grow significantly.
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Marmara Denizi’nde Deprem Arastirmalar: Denizalti Gozlem istasyonu
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[stanbul ve Marmara Bolgesi’ni depreme hazirlamak igin hayati 6neme haiz olan konu giivenilir deprem
hasarlan tahminidir. Yikict 1999 depremlerinden sonra, Kuzey Anadolu Fayi’nin (KAF) Marmara Denizi
icerisinde kalan 150 km uzunlugundaki kismuinda yeni bir deprem beklentisi daha vardir. Beklenen bu
depremin ayrintilari bu denizalti fay sisteminin sismotektonik 6zelliklerinde gizlidir. Bu 6zelliklerin bilinmesi
sadece beklenen Marmara depremini aydinlatmayacak, ayn1 zamanda kitasal transform faylar boyunca havza
olusumlarinin ve stres-transfer mekanizmalannin da anlagilmasim saglayacaktir. Beklenen Marmara depremi
ile ilgili en 6nemli problem, levha hareketlerini KAF’in Kuzey Kolu'nun kargiladigi ve bu fayn belirli bir
sismojenik derinlikte kilitlenmis (takilmig) oldugu konularmdaki yaygm inanca ragmen, Istanbul’da herhangi
bir elastik yamulmanin gériilmiiyor olmasidir. Halbuki bu fay deniz tabaninda belirgin bir jeomorfik
goriiniime ve yogun bir sismisiteye sahiptir.

Marmara Denizi igerisinde levha hareketlerinin hangi kol tarafindan kargilandigi, bu kollarin sismojenik
derinliklerdeki geometrileri, hangisinin kilitlenmis ve hangisinin akmakta (creep) oldugu gibi konularm
bilinmesi bu denizdeki deprem aragtirmalarinin baglica hedefleri arasindadir. Bu sorularn giivenli bir sekilde
cevaplanmasi ancak deniz jeofizigi yontemleriyle miimkiindiir. Bu tebligde Marmara’nin 300 m derinliginde
faylar iizerinde kurulmasi planlanan ve akustik akma (creep) sensérleri, GPS ve OBS cihazlan ile donatilmig
bir Denizaltt Gézlem [stasyonu ile sézii edilen problemlerin nasil ¢6ziilecegi anlatilacaktir.

ABSTRACT

A reliable assesment of earthquake hazard in Istanbul and the Marmara region is of major importance for
preparing these places for any future earthquakes. Following the disastrous 1999 earthquakes, another
damaging earthquake is expected on the 150 km long submarine segment of the North Anatolian Fault (NAF).
Details of the expected Marmara earthquake depend on the seismotectonic properties of the submarine fault
system. Understanding of these properties is also important for fundamental understanding of basin
formation and stress-transfer models along continental transforms. The major problem related to the
expected Marmara earthquake is the lack of elastic strain in the Istanbul area, which is inconsistent with the
widely shared belief that the Northern Branch of the NAF is carrying the plate motion and is locked to typical
seismogenic depths. This fault is associated with dense seismicity and has the most prominant geomorphic
expression.

The main targets of the earthquake studies in the Marmara sea are to know what is the fault geometry at
seismogenic depths, which strand accounts for the current motion and which one is locked or creeping. Only
marine geophsical instruments and technics can offer reliable answers to these questions. This paper is about
a Submarine Earthquake Observatory which possesses such sophisticated geophysical instruments as acustic
creep sensors, GPS and OBS systems. This observatory is planned to be installed across the Northern
Branch at 300 m deep on the Central Marmara High.
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Kuzey Anadolu Fayr bugiinkii karakterine Ge¢ Miyosen veya Pliyosen'de kavustugu genel olarak kabul
edilmektedir. Buna kargin Trakya'da Kuzey Anadolu Fayr boyunca yapilan apatit fizyon iz ve apatit U/He
¢aligmalari faym hi¢ olmazsa bir kesiminin Geg Oligosen ve Orta Miyosen'de de muhtemelen yanal atimh bir
fay olarak aktif oldugunu géstermektedir.

Kuzey Anadolu Fayr Trakya'da Tekirdag ile Gelibolu arasinda 45 km uzunlugunda Ganos fay segmentini
olugturur. Ganos Fayi'na paralel uzanan Ganos Dagi, 10 km genislikte ve 35 km uzunlukta bir yiikselim
yapar. Ganos dagi, kalinhigr 5 km'yi gegen Eosen-Oligosen klastik sedimenter kayalardan yapilmistir. Bu
kayalar egimli kanadi Ganos Fayi'na yaslanmis sekilde duran bir monoklinal olusturur. Monoklinalin ekseni,
Eosen-Oligosen kayalarindaki tabaka dogrultulant ve ufak kivrim eksenleri Ganos Fayi'na paraleldir, bu
durum bu yapilanin faya dik gelisen bir sikismaya bagli olarak gelistigine isaret eder. Kuzey Anadolu
Fayi'min kuzeybati Anadolu'daki yasi genellikle 5 ile 1 milyon sene ararsinda oldugu diisiiniilmektedir; buna
gére bu yapilarm da yaglari Pliyosen-Pleistosen olmalidir. Buna karsin Eosen kayalarinda yapilan apatit
fizyon iz sonuglan Ganos monoklinalinin Orta Miyosen'de olusmaya basladigim géstermistir. Ayrica Ganos
Fay'min kuzey ve giineyindeki Eosen kayalarindaki fizyon iz sonuglan, Geg Oligosen ve Miyosen'de fayin
hareket halinde oldugunu géostermektedir. Fayin giineyinde kalan kesimi 25 my énce, kuzeyinde kalan kesimi
ise 16-12 my once satha yiikselmistir. Bu veriler Ganos Fayi'min yaginm Geg Oligosen'e kadar indigini
gostermektedir.
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ABSTRACT

The North Anatolian Fault is believed to have reached its present configuration by the Late Miocene or
Pliocene. However, apatite fission track and apatite U/He measurements show that in Thrace activity along
the North Anatolian Fault dates back at least to the Late Oligocene and Middle Miocene.

In Thrace the North Anatolian Fault makes the 45 km long Ganos segment onland between Tekirdag and
Gelibolu. The Ganos Fault forms a link between the North Anatolian Fault segments in the Marmara and
Aegean seas. The Ganos Mountain, 10 km wide and 35 km long, trends parallel to the transpressional Ganos
Fault segment. It rises abruptly over 2000 m from the bottom of the transtensional Tekirdag basin in the
Marmara Sea. The termination of the shelf south of the mountain, and the very steep slopes (> 30°) of the
Ganos Mountain overlooking the North Anatolian Fault indicate recent and ongoing uplift north of the Ganos
Fault due 1o the transpressional nature of the fault. The Ganos Mountain is constituted of Eocene-Oligocene
clastic sedimentary rocks, over 5 km thick, which are deformed into a monocline, whose steep limb abuts
against the Ganos Fault. The axis of the monocline, the average strike of the bedding, the axis of the minor
Jolds in the Eocene-Oligocene sediments are all parallel to the trace of Ganos Fault. This structural harmony
suggests that the monocline and the minor structures formed in response to shortening perpendicular to the
Ganos Fault. The age of North Anatolian Fault in northwest Turkey is generally believed to be in the range
of 5 to 1 Ma, which implies that the structures in the Ganos Mountain are Pliocene-Pleistocene in age.
However, fission track-dating showed that the Ganos monocline started to form in the Mid Miocene (16-12
Ma). Furthermore, fission track results from the Eocene sandstones north and south of the Ganos Fault
indicate differential uplift across the Ganos Fault during Late Oligocene and Mid Miocene. Eocene
sandstones south of the Ganos Fault were exhumed by 25 Ma, whereas those north of the Ganos Fault only at
16-12 Ma. The implication is that the movement along the Ganos Fault dates back to Late Oligocene. The
North Anatolian Fault, if indeed of Late Miocene or younger in age, must have exactly followed the trend of
an older fault.
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Kuzey Anadolu Fayi, 1939-1999 yillari arasinda meydana gelen ve dogudan batiya dogru ilerleyen biiyiik
depremlerde kendine has karakteristik davranigi olan bir transformdur. 26 Kasim 1943 yilinda meydana
gelmis olan Tosya depremi (Mw:7.6) bu deprem serisi igerisinde Erzincan depreminden (M:7.9) sonra en
uzun yiizey faylanmasimin gelistigi depremdir. Bu depremde Erbaa-Bayraméren arasinda yaklasik 280 km
uzunlugunda yiizey faylanmasi olusmustur. Yiizey kiriklar tizerinde yapilan atim &lgiimleri ve segmantasyon
analizleri deprem kinlma siiregleri yaninda faylarin gegmis depremlerdeki davramis bigimlerinin de
anlagilmas agisindan dnemli veriler saglar. 1943 depremi yiizey kingmnin atim degerleri iizerine literatiirde
smirh bilgiler mevcuttur. Kingin detay geometrik ozellikleri ve segmantasyonu iizerine ise bilgi yoktur. Bu
calismada, 26 Kasim 1943 deprem kingi boyunca 1:25 000 6lgekli haritalama gergeklestirilmis, kirik boyunca
60 noktada depremde meydana gelen yerdegistirmeler 6lgiilmiis ve geometri-atim iliskilerine dayah segment
modellemesi yapilmistir.

Kuzey Anadolu Fayi’nin orta kesimine rastlayan 1943 kingi 280 km uzunlugunda olup, giineye igbiikey bir
yay seklindedir. Yiizey kirg dokuz geometrik segmentten olusur. Kuyruk béliimleri hari¢ govde
segmentlerinin uzunlugu 9 ila 57 km arasinda degisir. Batisindaki 1944 kingindan sikismal bir sekme (step-
over) ile aynhr. Yaklasik 7 km uzunlugundaki dogudaki u¢ segmenti ise 1942 deprem kingmm iizerler.
Segmentler birbirinden sekme ve biikliimlerle ayrilir. Kargt ve Kamil ile Havza ve Ladik segmentleri agilmah
sekmelerle birbirinden ayrihir. Diger segmentler ise sikismali sekme veya biikliimlerle birbirine baglanmustir.
Kirik boyunca dogrultu degisimleri sikismali sekme veya biiklimler boyunca gergeklesir. Yerdegistirme
miktan kink boyunca diizenli olmayip segmentler arasinda degisiklik gosterir. En yiiksek yerdegistirme
Havza segmenti iizerinde olup 6.0 metre Olgiilmiistiir. Ortalama yerdegistirme miktarn ise 3.6 metre
dolayindadir. Ancak, ortalama yerdegistirme segmentler boyunca farklilik gésterir. llgaz, Kamil, Havza ve
Destek segmentleri ortalama yerdegistirmenin en yiiksek oldugu béliimlerdir.

Onceki arastirmalardan bazilarinda son yiizyildaki deprem serisi igerisinde Kuzey Anadolu Fay: iizerindeki
yerdegistirmenin, Erzincan depremi yiizey kingindan batiya dogru azalmakta oldugu vurgulamr. En son
yapilan ¢ahgmalara gore ise 1943 kingmin diger deprem segmentlerinden daha diisiik yerdegistirme
degerlerine sahip oldugu yorumlanabilmektedir. Bizim arastirmamzda elde edilen bulgular 1943 depremi
yiizey kingi boyunca ortalama atim degerlerinin 6nceki ¢aligmalarda belirtilenden daha yiiksek oldugunu,
KAF’nin bu deprem segmenti iizerinde herhangi bir atim boslugu bulunmadigm goéstermektedir. Bulgular,
ayrica Kuzey Anadolu Fayi’nda son yiizyildaki deprem kiriklart boyunca ortalama atim miktarinin batiya
dogru azaldig tezini desteklemez.

ABSTRACT

The North Anatolian Fault (NAF) is a continental transform fault which is characterized by a sequence of
westward propagating large earthquakes occurred between 1939 and 1999. The November 26, 1943 Tosya
earthquake (Mw: 7.6) produced 280 km long surface rupture which is second longest surface faulting in that
sequence. The offset measurements and segmentation analysis provide data on rupturing processes as long as
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understanding of the fault behavior during the paleo-earthquakes. In the previous works, there is limited data
on offset measurements and no documented data of detailed geometrical properties and segmentation
analysis of the rupture for 1943 event. In this study we performed rupture mapping on a scale of 1/25 000 and
measured offsets at 60 locations, and segmentation based on relationships between geometry and slip
distrubution.

The 1943 surface rupture, located at the central part of the NAF is totally 280 km-long and has a convex
northward shape. It was divided into nine geometric segments. The length of the body segments varies from 9
to 57 km. It is separated from the 1944 rupture in the west by a restraining stepover. The 7 km-long
easternmost segment overlaps the 1942 earthquake rupture. The segments are separated (distinguished) from
each other by stepovers and bends. Kargi-Kamil, and Havza-Ladik segments are separated from each other
by releasing step overs. However the other segments were tied to each other by restraining bends or step
overs. The general strike of the rupture usually changes along the restraining step-overs and bends. The
amount of the average slip is not uniform along the entire rupture, and different at each segments. The
maximum offset is 6.0m and measured on the Havza segment. The average offset is about 3.6 m. llgaz, Kamil,
Havza and Destek segments have the highest average slip along the rupture.

Our data shows that amount of average dextral slip occurred during the 1943 Tosya event is much larger
than the results of previous studies. There is no slip gap along the 1943 earthquake segment of the NAFS.
Additionally, our findings does not support the idea of westward decrease of the average slip by the
earthquake series occurred in the last century as suggested in the previous studies.
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12 Kasim 1999 Diizce depremi (M,=7.1) agik bir sekilde 17 Agustos 1999 Izmit depremi (M,=7.4)
kirlmasinin doguya dogru uzammidir. Deprem Diizce ve Bolu sehirlerinde agir can ve mal kayiplarma neden
olmustur. Bu ¢alismada, 1999 Diizce depremi sirasinda meydana gelen kaymanin uzay-zaman dagiliminmm
elde edilmesi igin depremin uzak-alan P ve SH hiz dalga sekillerine bir sonlu-fay ters ¢oziim ydntemi
uygulanmistir.  Elde edilen kayma modeli kaymanim biiyiik kisminin odagin iki tarafinda yerlesmis iki ayri
fay piiriizii lizerinde meydana geldigine, bir baska ifadeyle ¢ift tarafli kinlma yayilimma isaret etmektedir.
Depremin 1999 Izmit depremi tarafindan tetiklenme olasiligi, bélgede 1943 yilindan sonra meydana gelen
tiim biiyiik depremlerin Coulomb gerilme modellemesi bolgesel gerilme yiiklenmesi de igerilip yapilarak
aragtinlmigtir. Gerilme modellemesi sonuglari 1999 Diizce depremi kinlma diizleminin 1999 izmit depremi
oncesinde bir gerilme gélgesi i¢inde yer aliyor olmasina ragmen, 1999 izmit depreminin 1999 Diizce depremi
kinlmasimi ¢abuklagtiran 6nemli miktarda bir pozitif gerilme degisimine neden oldugunu gostermistir. Elde
edilen kayma ve Coulomb gerilme dagihmlarnin karsilagtirilmast, kayma ile Coulomb gerilmeleri arasmnda
herhangi bir iliski olmadigmi gostermistir. Son olarak 1999 izmit ve 1999 Diizce depremleri artci depremleri
kullanilarak, deprem istatistiginin frekans-biiyiikliik bagmtisindaki b degerinin dagilim, 1999 Diizce depremi
kinlma diizlemi ve komsu fay segmentleri iizerinde gerek yiizeyde, gerekse derinlik boyutunda
haritalanmmstir. Biiyiik b degerleriyle biiyiik fay piiriizii arasinda olasi bir gerilme serbestlenmesini ifade eden
iyi bir uyum bulunmugtur.

ABSTRACT

The November 12, 1999 Diizce earthquake (M,,=7.1) was apparently the eastward extension of the August 17,
Izmit earthquake (M,,=7.4) rupture. The event caused heavy damage and fatalities in the cities of Diizce and
Bolu. In this study, a finite-fault inversion method is applied to the teleseismic P and SH velocity recordings
of the 1999 Diizce earthquake to derive spatitemporal distribution of the co-seismic slip. The resulted co-
seismic slip model indicated that the majority of slip occurred in two distinct patches on either side of the
hypocenter, implying bilateral rupture. The possible triggering of this event by the lzmit earthquake is
investigated using Coulomb stress modeling of all large events in the region since 1943 with the inclusion of
secular loading. The results show that although the Diizce rupture plane was in a stress shadow prior to the
1999 I[zmit earthquake, that event caused a significant positive Coulomb stress change, which probably
precipitated failure. A comparison of the mapped Coulomb stress change with the inferred slip shows no
correlation between the two. Finally, b value of frequency-magnitude relationship of earthquake statistics are
mapped along the rupture plane of the 1999 Diizce earthquake and neighboring fault segments both on earth
surface and in depth domain from the aftershock seismicity of the 1999 Izmit and 1999 Diizce earthquakes. A
good correlation between the high b values and the larger slip patch was obtained, indicating a possible
stress release.
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Orhanh (Tuzla) Fay Zonundaki Jeolojik-Jeomorfolojik Belirtecler ve Odak Mekanizma
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Reaktivasyonu

Comparison of Geologic-Geomorphologic Markers and Focal Mechanism Solution of the Orhanli
(Tuzla) Fault Zone: Reactivation of NE-trending Strike-Slip Faults in Western Anatolia
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[zmir ilinin giineyinde yeralan Orhanli (Tuzla) fay zonu, Cumaovasi ¢ek-ayir havzasinin bati simirm
olusturur. 6 Kasim 1992°de, izmir-Doganbey civarinda yasanan orta biiyiikliikte bir ana sok (Myw=6.0) ile bu
fayin giiney segmenti aktive olmustur. Depreme ait odak mekanizma ¢éziimii KD dogrultulu sag yonlii
dogrultu atimh faylanma veya KB dogrultulu sol yénlii dogrultu atimh faylanma vermistir (Tan ve Taymaz,
2001). Diger yandan, Orhanh fay zonu, 6nceki jeolojik ¢aligmalarda; Esder ve Simsek (1975), Emre ve Barka
(2000) ve Geng ve dig. (2001) tarafindan sirasi ile bindirme fayi, sag yonlii dogrultu atimh fay ve sol yonlii
dogrultu atimh fay olarak tanimlanmstir.,

Bu geligskiyi ¢6zmek ig¢in, Orhanh fay zonunda ayrintih haritalama, kinematik analiz ¢ahsmalari ve
jeomorfolojik gozlemler yapilmistir. Fay ¢iziklerinin saptandii yiizeylerde yapilan kinematik analiz
calismalan, iki farkl hareketi belirten kinematik géstergeler oldugunu ortaya koymustur. Sol yénlii dogrultu
atimh hareket, sag yonlii dogrultu atiml hareket yapilan tarafindan kesilmektedir. Topografik harita, uydu
fotograflan ve arazi gozlemleriyle saptanan jeomorfolojik belirtegler de (dere Stelenmeleri, basing sirtlari,
vb.) Orhanli Fay1 boyunca iki farkli hareket oldugunu destekler niteliktedir. Elde edilen kinematik veriler
Angelier programinda degerlendirildiginde, bolgedeki ilk hareketin yaklagik D-B agilma ve K-G dogrultulu
sikisma ile iligkili oldugu goriiliir. Ikinci hareket ise yaklasik K-G acilma ve D-B dogrultulu sikisma ile
iligkilidir. Her iki harekette de 3, gerilme degeri diiseye yakindir.

Bu verilere gore Orhanli fay zonu, bélgedeki stres dagilimindaki degisime baglh olarak 6nce sol yénlii
dogrultu atimhi fay olarak ¢alismug ve sag yonlii dogrultu atimli fay seklinde yeniden aktif hale ge¢mistir.
Fayin giincel reaktivasyonu ise, Doganbey depremi ile belgelenmistir.

ABSTRACT

The Orhanli (Tuzla) fault zone forms the western margin of the Cumaovast pull-apart basin located to the
south of fzmir City. On 6 November 1992, a moderate magnitude main shock (M,=6.0) activated the southern
segment of this fault around Doganbey, Izmir. Focal mechanism solution indicates either right-lateral slip on
a N=S striking fault or left-lateral slip on an E-W striking fault (Tan and Taymaz, 2001). On the other hand,
according to previous geological studies, the Orhanli (Tuzla) fault zone was interpreted as a thrust fault,
right-lateral strike-slip fault and lefi-lateral strike-slip fault by Esder and Simsek (1975), Emre and Barka
(2000) and, Geng et al. (2001) respectively.

To solve this controversy, detailed geological mapping, kinematic analysis and geomorphologic observations
were carried out along the Orhanli fault zone. Result of kinematic analysis on the striated fault planes suggest
that two sense of movements having opposite kinematic indicators. The former left-lateral strike-slip
movement is overprinted by the latter right-lateral strike-slip markers. The geomorphologic indicators (offset
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of river channels, pressure ridges, etc.), determined from the topographic maps, satellite images and field
observations also support two different movement along the Orhanli fault zone.

Using the Angelier software, the data indicate that the first movement in the region was related to
approximately E-W extension with N-S-directed compression. On the other hand, the following activity is
consistent with approximately N-S extension with E-W-directed compression. Both of these define a nearly
vertical 0, stress.

These data reveal that the Orhanli fault zone was previously a left-lateral strike-slip fault, and then
reactivated as a right-lateral strike-slip fault in response to the changing in the stress field of the region.
Recent reactivation of the fault was evidenced by the Doganbey- earthquake.
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Gediz grabenin batisinda yer alan Izmir yéresinde dogrultu atimh ve normal faylarla temsil edilen karmagik
bir giincel deformasyon etkindir. Bu graben sisteminin bat: ucunda yer alan Gediz grabeni ana siyrilma fayi
ile Manisa, Kemalpasa ve Izmir faylan bolgedeki baslica normal faylar olup D-B genel dogrultuludurlar.
Grabenin Manisa kolu bati ucundaki Ugpmar fay1 digindaki tiim dogrultu atimli faylar sag yonliidiir. Sag
yonlii dogrultu atimhi faylardan Dagkizilca, Tuzla, Seferihisar, Giilbahge, faylart KD-GB veya KKD-GGB
genel uzammhdirlar. Menemen fay zonu ile Giizelhisar faylan ise KB-GD gidislidir. Bélgedeki diri faylar
tarihsel dénem ve son yiizyilda orta ve biiyiik manyitiidlii birgok depreme kaynaklik etmistir. izmir fay:
iizerinde meydana gelen en son yikici depremin 1668’de oldugu ve bu depremin 80.000 niifuslu olan kentte

20 000°’ne yakin can kaybma yol a¢tigi bilinmektedir. Tuzla fayi Mw:6.0 biiyiikliigiindeki 1992 depremine
kaynaklik etmistir. Seferihisar fay1 ise 2003 yihnda Mw:5.7 biiyiikligiindeki depreme yol agrmstir.

17 ve 21 Ekim giinleri Izmir batisinda yer alan Sigacik korfezinde meydana gelen orta biiyiikliikteki dort
depremin aletsel dismerkez lokasyonlar Giilbahge fayimin giiney béliimiine rastlar. Giilbahge fayr Karaburun
yanmadasim yapisal ve morfolojik olarak dogudan simirlandiran sag yonlii dogultu atrmli bir faydir. Sualti
bolimleriyle birlikte bu faym toplam uzunlugu 70 km’ye ulagir. Fay, kuzey ve giiney olmak iizere iki alt
béliimden olusur. Kuzey béliimiiniin tamamina yakini sualtindadir. Giiney béliimiin ise 20 km uzunlugundaki
kesimi Giilbahge ve Sigacik kérfezleri arasinda karada izlenir Bu kesiminde fay birbirine paralel veya yan
paralel alt faylardan meydana gelen zonal bir yap: sunar. Bu alt faylarin devamhhklan sualtinda olup toplam
uzunluklari hakkinda yorum yapilamamaktadir. Ancak, sol yénde arali asmah geometrik bir diizen igerisinde
siralanirlar. Bunlardan Giilbahge korfezi batisindaki fay K-G dogrultuludur. Bu Kérfez ile Sigacik korfezi
arasinda ise birbirine kabaca paralel uzanan iki fay pargasi bulunur. Bu iki parca arasindaki Yagcilar dag
yiikselimi bir basing sirtina karsilik gelir. Dogudaki fay Yagcilar koyiinde sola sekmeli stkigmali bir biikliimle
ikiye ayrilir. Biiklimiin giineyinde, bu kdy ile Sigacik kérfezi arasinda 6 km uzunlugundaki fay pargasmin
uzammi KKD y®éniindedir. Fay boyunca dogrultu atim morfolojisi ¢ok belirgin olup diizlemi iizerinde sag
yonlii dogrultu atimi yansitan gizik ve oluklar belirgindir. Yagcilar koyii kuzeyinde bu fay K-G genel
dogrultusunu kazanir. Koyiin yakininda 0.5 km genisliginde sikismali giftli biikliim yapar ve kuzey ucunda
dogu blogu bati blok iizerine itilen bir bindirmeye doniisiir.

17 Ekim depremlerini takiben yapilan saha ¢alismalan esnasida 21 Ekim 2005 giinii saat 00.40’ta meydana
Mw:5.9 biiyiikligiindeki deprem sonrasinda, Yagcilar kdyii giineyinde, Orta tepe ile Demircili koyu arasinda
gelismis kilcal catlaklar seklinde yiizey faylanmasi izlenmistir. Yaklagik 3 km uzunlugunda olan bu kiriklar
¢izgisel gidigli olup jeolojik ve morfolojik olarak gok net izlenebilen diri fay zonunda olusmustur. Tamamina
yakim Bornova filisinden olusan ana kaya iizerinde izlenen yiizey kingi K25°D genel uzanimindadir.
Giineyde, Demircili koyu sahilinden baglar ve uzunluklar 15-20 ile 50-60 metreler arasinda degisen ve arali-
agmali geometri igerisinde bosluklar igeren kilcal ¢atlaklar seklindedir. Pargalar halinde izlenen kiriklar yer
yer 5 metre geniglige ulasan zonal bir gidis sunarlar. Her par¢a kendi igerisinde genelde sag yénde arali
agmali alt béliimlere ayrihir. Kiriklar boyunca mikro dlgekte stkisma ve agilma yapilan gozlenmistir.
Agilmalardaki catlak arahgi en fazla 3 cm olarak olgiilmiistiir. Kinklarn yapisal 6zellikleri depremin sag
yonlii dogrultu atimh faylanma sonucu gelistigini gosterir. Kinklarda ortalama 2 cm sag yonde yerdegistirme
Olgiilmiigtiir. Bu yiizey kingi yakinlannda, yamag molozlan igerisinde farkli dogrultularda uzanan bazi
heyelan catlaklart da izlenmistir. Deniz kiyisindaki kumsal ve yelpaze deltast ovalarinda ise sivilasma ve
yanal yayilma siireglerine bagh olarak gelismis baz1 yiizey deformasyonlan gézlenmistir.

1992 Doganbey, 2003 Seferihisar ve 2005 Sigactk depremleri Gediz grabeni batisindaki sag yénlii dogrultu
atimh transfer faylarin bélgesel giincel kinematik ve depremsellik agisindan 6nemli yapilar oldugunu ortaya
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koymustur. 2005 deprem serisi Giilbahge faymin giiney segmentindeki faylar boyunca gelismis, ancak kuzey
segment lizerinde belirgin bir aktivite izlenmemistir. Bu durum Yagcilar sikismal ¢iftli biikliimiiniin
kirilmanin kuzeye dogru ilerlemesinde yapisal bir bariyer rolii iistlendigine igaret eder. Bu nedenle yazarlar,
son depremlerinin Giilbahge faymin kuzey segmenti ve izmir fayi iizerinde yakin gelecekte yikici bir deprem
olasihgim yiikselttigi sdylenebilir.

ABSTRACT

Izmir region is under an active tectonic complex deformation represented by strike slip and dip-slip faults,
west of Gediz Graben. Gediz graben detachment fault, Manisa fault, Kemalpaga fault and Izmir faults where
located western margin of Gediz graben system are major dip-slip faults striking E-W. The most of the strike
slip faults are right lateral. Daglkizilca, Tuzla, Seferihisar and Giilbahge faults are right lateral strike slip
faults and general strikes are NE-SW or NNE-SSW. However, strikes of Menemen fault zone and Giizelhisar
Sfaults are NW-SE. Active faults of the region generated moderate to large earthquakes in historical period
and the last century. The last devastating earthquake on the Izmir fault was occurred in 1668 approximately
20 000 casualties in the 80 000 population of the city. Tuzla fault and Seferihisar faults generated 1992
earthquake (Mw: 6.0) and 2003 earthquake (Mw: 5.7), respectively.

Recently, four moderate earthquakes occurred in the Sigacik Bay in the west of Izmir between 17 and 21
October 2005. Epicenters of the earthquakes are coincided southern portion of the Giilbahge fault. Giilbahge
Sfault is a right lateral strike slip that structurally and morphologically delimits east of the Karaburun
peninsula. Length of the fault reaches 70 km along with its submarine portion. Fault is comprised by two
main segments as the northern and the southern. The whole northern segment is almost submarine. 20 km of
the southern segment can be observed on the land between Giilbahge and Sigacik bays. The fault presents a
zonal structure in this area formed by parallel and sub parallel faults. Continuation of those are submarine,
total lengths are unknown. One of those is located west of the Giilbah¢e Bay and strike is N-S. Between this
bay and Sigacik Bay there are two faults roughly parallel each other. Yagcilar Dagi represents a pressure
ridge structure between those two. Eastern fault is divided into two sub-sections by a restraining bend at the
Yagcilar village. In the south of the bend, the fault has 6 km length and NNE trend between this village and
Sigactk Bay. Strike-slip morphology is very distinctive along this portion of the fault together with slickenlines
on the fault plane. Orientation of the fault becomes N-S in the north of Yagcilar village. Around the village
two sub-sections are tided to each other by a 0.5 km width restraining double bend. The northern sub-section

dominantly has reverse/thrust component at the northern margin where eastern block pushed over western
block.

During the field works following to 17 October earthquakes, after the 21 October 2005 earthquake occurred
on 00.40 (Mw: 5.9), some surface cracks were observed along the 3 km just on geologically and
geomorphologically determined fault zone between Orta Tepe and Dermircili bay. Surface cracks are
observed on the basement (mostly Bornova flish) trending of N25E. In the south, the surface cracks starts at
the coast of Demircili Bay. The surface cracks, which are formed by spaced fissures, have en echelon pattern.
Lengths of the cracks are alternated between 15-20 and 50-60 meters. Zonal distribution of the surface cracks
is 5 meters in somewhere. Surface cracks has right stepping en echelon pattern. Micro scale extensional and
contracional structures are observed along the rupture. Width of the extension is maximum 3 cm. Structural
features of the fractures reveal a right lateral faulting and 2 cm average slip. However, landslide cracks in
different directions in the debris deposits and liquefaction and lateral spreading in the beach and delta plains
are observed.

1992 Doganbey, 2003 Seferihisar and 2005 Sigacik earthquakes indicate that right lateral strike-slip transfer
faults play an important role in the recent kinematics and seismicity of the region. Despite 2005 Sigacik
earthquakes clustered along the southern segment of the Giilbahge fault, there is no seismic activity on the
northern segment. Our data show that northern propagation of the rupture should be obstructed by Yacgilar
double bend as a structural barrier. Therefore, we can speculate that 2005 Sigacik earthquakes heightened
probability of the devastating earthquake hazards on the northern segment of the Giilbahge fault and [zmir
Sault.
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Ege Graben Sisteminin Kuzey Simin: Sindirgi-Sincanh Fay Zonu
Northern Boundary of Aegean Graben System: Sindirgi-Sincanh Fault Zone
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MTA Genel Miidiirliigii, Jeoloji Etiitleri Dairesi, 06520, Ankara
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Bati Anadolu’nun giincel tektonik yapilan Kuzey Anadolu Fay Sistemi (KAFS) ve Ege agilmali tektonik
rejimine bagh olarak gelismistir. Anadolu’nun bati yarisnda KAFS Marmara Denizi ve Kuzey Ege
gukurluklarini izler. K-G uzamali Ege tektonik rejimi ise bir dizi horst-graben sistemi ile karakteristiktir.
Gediz grabeni bu agilmal tektonik rejiminin en biiyiik yapisal unsurlarindan biri olup agilmanin merkezi
konumundaki Menderes masifi gekirdeginin kuzey kenarna yerlesmistir. Gediz grabeni ile KAFS nin yer
aldigr Marmara Denizi arasindaki Kuzeybati Anadolu’da ¢ok sayida diri fay bulunur. Bu faylardan ¢ogunlugu
sag yonlii dogrultu atimh olup giineye bakan genis biikliim sistemleri olustururlar. Bu biikliim sistemleri
boyunca bazi normal faylar ve bunlara bagh olarak Edremit, Bursa, Kiitahya gibi lokal graben yapilan
gelismistir. Ayrica, aym biikliimlerin bazi kesimlerinde sag yénlii dogrultu atimh faylar 6nemli dlgiide ters
fay veya bindirme bilesene sahiptir. Tiim bu yapilar KAFS ile Gediz grabeni arasinda kalan kuzeybati
Anadolu’da blok rotasyonlarmm egemen oldugu karmagik bir deformasyonun varligim gostermektedir. Bu
karmagik deformasyon alan1 Ege graben sistemi ile KAF transform sistemi arasinda bir gegcis zonu niteliginde
olup tarafimizca “Kuzeybati Anadolu Gegis Zonu” adlamasi 6nerilmektedir.

Bu ¢aligmada tanimlanan ve Gediz grabeni kuzeyinde, Soma-Afyon arasinda uzanan Sindirgi-Sincanh Fay
Zonu (SSFZ), Ege ag1lmah tektonik rejimi ile Kuzeybati Anadolu gegis tektonik rejimi arasinda yapisal bir
siir olarak degerlendirilmektedir. Bu fay sisteminin en karakteristik 6zelligi, Gediz grabeni tavan blogunda,
bu grabenin eksenine dik yonde uzanan kabaca KD-GB dogrultulu enine faylarin kuzey uglarmim sonlandig
yapisal bir hat olmasidir. Bu fay sistemi, bati ucunda Gediz graben sisteminin dogrultu atimh bir transfer
yapisi olan Gelenbe fay zonu ile iligkilidir. Dogu ucunda ise Sultandagi faymna bagh olarak sekillenmis
Afyon-Aksehir graben sistemine baglamr. SSFZ, yaklastk 205 km uzunlugunda sag yénlii dogrultu atimh diri
bir fay zonudur. Fay sistemi boyunca 10 km’yi bulan jeolojik atimlar, Kuvaterner morfolojisi ve akarsularda
izlenen Gtelenmeler sag y6nlii dogrultu atimh oldugunu géstermektedir. Literatiirden bilinen Simav fayr bu
fay sisteminin bir alt pargasini olusturur. BKB-DGD genel dogrultusunda uzanan fay sistemi 7 alt fay veya
segmentten meydana gelir. Uzunluklan 19-56 km arasinda degisen bu alt faylar batidan doguya dogru; K86'B
dogrultulu, 37 km uzunluunda Osmanlar, K77°B dogrultulu 56 km uzunlugunda Simav, K66°B dogrultulu
23km uzunlugunda Saphane, K65°B dogrultulu 33 km uzunlugunda Abide, K65°B-KG-K30°D
dogrultularinda batiya igbiikey bir yay seklindeki 24 km uzunlugunda Banaz, K67°B dogrultulu 26 km
uzunlugunda Elvanpasa ve K53°B dogrultulu 19 km uzunlugundaki Cayhisar segmentleri olarak
tammlanmistir. Bu segmentler veya alt faylar agilmah biikliim veya sekmelerle biribirinden ayrihr. Segment
sinint olan sekme veya sigramalar aym zamanda Gediz grabeni sistemi enine faylarmin sistemle birlestigi
yapisal zonlara karsilik gelmektedir. Fay sistemi igerisinde geligmis en biiyiik yapisal ¢okiintii olan Simav
ovast Simav ve Saphane faylan arasindaki saga sigramali biiklimde gelismis agilmali bir havza olarak
bigimlenmistir. Fay zonu boyunca Holosen ve tarihsel dénemdeki deprem aktivitesini gosterir veriler
toplanmigtir. Bulgulanmiz, SSFZ’nun Bati Anadolu’nun giincel tektonigi igerisinde dogrultu atimh
mekanizmaya sahip nemli bir sismojenik zon olarak degerlendirilmesi gerekliligini ortaya koymaktadir.

83



59. Tiirkiye Jeoloji Kufultayt Bildiri Ozleri, 20-24 Mart 2006, Ankara

ABSTRACT

The active tectonic structures in the West Anatolia formed by the concurrent activity of the North Anatolian
Fault System (NAFS) and Aegean extensional tectonic regime. In the Western Anatolia, NAFS follows the Sea
of Marmara and North Aegean depressions. The N-S extensional system of the Aegean tectonic regime is
characterized by the series of horst and graben formations. The Gediz graben, which is one of the most
important extensional structure in the region, formed on the northern margin of the core of the Menderes
massive. There are many active faults in NW Anatolia between Gediz graben and the Sea of Marmara. The
most of them are dextral faults forming concave southward large bends. Along those bend systems, the
normal faults formed and initiated the graben formations (e.g. Edremit, Bursa and Kiitahya grabens).
Additionally, the dextral faults have reverse or thrust component at the some parts of the same bends. All of
these structures indicate a presence of complex deformation process, produced mainly by the block rotations
in the area between Gediz graben and NAFS, NW Anatolia. This complex deformational area could be
considered as a transition zone between NAFS and Aegean graben system and is named as “NW Anatolian
Transition Zone” in this study.

The Sindirgi-Sincanli Fault Zone (SSFZ), described in this study is situated in the North of Gediz graben and
between Soma and Afyon towns. This fault is evaluated to be a structural boundary between Aegean
extensional and NW Anatolia transition tectonic regimes. In the hanging wall of the Gediz graben, the NE
trending cross-faults, which are perpendicular to the strike of the graben axis terminate at the SSFZ. The
western end of this fault system tied to a strike-slip Gelenbe fault which is transfer structure of Gediz graben
system, and to Afyon-Aksehir graben system formed by Sultandag: fault, in the eastern end of the system.
SSFZ is an active, 205 km long dextral fault. Quaternary morphology and dextral offsets in the fluvial
channels indicate to right lateral movement. The maximum displacement along the fault is up to 10 km.

The documented Simav fault is a part of this system. The WNW-ESE trending SSFZ was divided into 7
segments. Their lengths vary from 19 to 56 km. These are N86"W trending 37 km long “Osmanlar”, N77°W
trending 56 km long “Simav fault”, NG66°W trending 23 km long “Saphane”, N65W trending 33km long
“Abide”, N65°W-NS-N30°E trending 24 km long concave westward “Banaz”, N67°W trending 26 km long
“Elvanpasa” and N53°W trending, 19 km long “Cayhisar” segments from west to east respectively were
described. These segments are separated from each other by releasing bends or step overs. These segment
boundaries typically meet cross-faults located in the Gediz graben. The Simav basin is the largest graben
formed in the system. This depression was produced by right-stepping bend between Simav and Saphane
faults.

The data about the fault activity in Holocene and historical period were collected. We suggest that the dextral

SSFZ should be considered as an important seismogenic zone in evaluating of recent tectonic regime of the
Western Anatolia.
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17 ve 21 Ekim 2005 Tarihinde Olusan izmir Depremlerinin Sismik Jeomorfolojisi ve
Bolgedeki Gerilme Alanlan ile Iliskisi, Bati Anadolu

Seismic Geomorphology of the Izmir Earthquakes Occurred during October 17 to 21, 2005 and
Their Relationships with the Stress Field of the Region, Western Anatolia
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Izmir ili ve gevresi izmir-Bahkesir Transfer Zonu olarak bilinen dogrultu-atimh faylarca baskin bir zayiflik
zonu iginde yerahr. Bu zonun son aktivitesi [zmir depremleriyle kanitlanmistir. Bu galismada Izmir
depremlerinin sismo-jeomorfolojik &zellikleriyle haritalanmuis Kuvaterner faylan ve bolgedeki gerilme
dagilimlanyla iligkisi tartigilacaktir.

17 Ekim 2005te Izmir ili ve gevresi magnitiidii 5.9 olan orta biiyiikliikteki bir depremle sarsilmigtir. Dért giin
sonra, Karaburun Yarimadasi giineyindeki Sigacik Korfezi’nde ayni biiyiikliikte diger bir deprem meydana
gelmistir. Uluslarast Deprem Merkezlerine gore, izmir depremleri dogrultu atimh fay mekanizmasiyla
olusmugtur. Depremlerden sonra Sigacik Korfezi boyunca sismik sok sirasinda gelismis tortullasmayla yagit
bigim degistirme yapilar (sismitler) gzlenmistir. Bunlar ilk depremden bir giin sonra ¢alisilmaya baglanms
ve ikinci depremden sonra ayrintih haritalanmgtir.

Tortullagmayla yasit bigim degistirme yapilan Urla Havzasi giineyindeki Demircili Koyii ve Yumlu Ciftligi
cevresinde tesbit edilmistir. Bu yapilar karasal tortullarla girik olan g¢akilh ve kumlu plaj ¢okellerinde
gelismistir. Sismitler KD ve D-B catlaklar ile sivilagmayla olugmus kum volkanlarindan yapihidir. KD
catlaklar onlarca cm ile birkag m uzunlugundadir ve yerel olarak kaynasmis geometri sunan en-eselon bir
sekle sahiptir. Bunlar ana fay segmentleri ile uyumlu olarak K40-70 D dogrultusunda uzamir. D-B dogrultulu
catlaklar ise, Sigacik Korfezi'nin kiyr ¢izgisine paraleldir ve 8 cm’ye ulagan egim atim sunar. Yumlu
ciftliginde, sismik sarsilma nedeniyle NNE dogrultusunda kilcal bir ¢atlak olusmustur. Urla Havzasi’nin
kuzeyine dogru, havzamin bati kenan iizerindeki faymn atlama alaninda (stepover) kiiciik 6lgekli kitle
haraketleri saptanmistir.

Yakin tarihlerde (10 Nisan 2003) Urla Havzasi’nin dogru kenarn iizerinde olusan orta biiyiikliikteki depremin
(Mw 5.7) odak mekanizma ¢6ziimii sag yonlii dogrultu atimh faylanma vermistir. Bu fay boyunca haritalanan
Kuvaterner yagh birimlerin iginde saptanan kiigiik 6lgekli kayma yapilan, fayin eski deprem aktivitesiyle
iligkilidir.

Tortullagmayla yagit bigim degistirme yapilan sismik sarsilmaya atfedilmesine ragmen, KD/KB dogrultu
atimhi faylar ve D-B oblik atimli faylarla sekillenmis olan tektonik gatiyla da zamansal ve alansal anlamda
yakin bir iligkiye sahiptir. Izmir depremlerinin ana ve artg1 soklarimin negatif bir gigek yapisi sunan bu
tektonik catiyla uyumluluk sunmasi bunun en belirgin kamtidir. Bu ¢igek yapist Kuvaterner yash Urla
Havzasim sekillendiren ve yukan dogru-iraksayan dogrultu attimh fay kollariyla baskin bir fay zonuyla
karakteristiktir.
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ABSTRACT

The Izmir city and the surrounding area is located in the strike-slip dominated zone of weakness known as the
Izmir-Balikesir Transfer Zone. The last activity of the zone is evidenced by the Izmir earthquakes. In this
study, we merge seismic geomorphological features of the Izmir earthquakes with the recently produced map
of Quaternary faults and stress field of the region.

On October 17, 2005 the city of Izmir and its vicinity were shaken by a moderate earthquake with a
magnitude of 5.9 (Mw). After four days, another earthquake with the same magnitude and similar location
occurred south of the Karaburun Peninsula, around the Sigacik Bay. The Izmir earthquakes have a strike-slip
fault mechanism as measured by international earthquake centers. Following the earthquakes, syn-
sedimentary deformational structures (seismites) attributable to seismic shock have been observed along the
Sigacik Bay. The seismites were studied a day after the first earthquake and were mapped in detail after the
second earthquake.

The syn-sedimentary deformational structures occur around Demircili village and Yumlu Farm to the south of
the Urla Basin. These structures developed in recent sediments which comprise beach gravels and sands that
interfinger with the river deposits. The seismites are composed of NE- and E-W-trending cracks and sand
volcanoes due to liquefaction. NE-trending cracks are tens of centimetres up to several metres long and
display an en-echelon pattern that locally forms an anastomosing geometry. They trend N40-70°E in
accordance with main fault segments. E-W-trending cracks are oriented parallel to the coastline of the
Sigacik Bay and have a dip-slip displacement up to maksimum 8 cm. At the Yumlu Farm, the shaking creates
a linear fissure that extends NNE in direction. To the north of the Urla Basin, we observed a small-scale
landslide developed in the stepover area of the western margin of the basin.

Recently, an earthquake (Mw 5.7) occurred on the eastern margin of the Urla Basin on April 10, 2003, and it
was also involved NE-trending right lateral strike-slip fault. A small scale set of slump beds is observed at
several stratigraphic levels within the Quaternary succession, and they are related to paleoseismic activity of
this fault.

Although syn-sedimentary deformational structures can be attributed to a simple seismic shaking, they appear
to display a close spatial and temporal relationship with tectonic framework of the region shaped by NE/NW-
trending strike-slip faults and E-W-trending oblique-slip normal faults of Quaternary age. Main and
aftershocks of the Izmir earthquakes clustered on this fault pattern indicating a negative flower structure is a
real evidence of earthquake related tectonic framewok. This flower structure is characterized by an arrray of
upward-diverging strike-slip dominated zone that shaped the Quaternary Urla Basin.
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Anadolu Levhas: Itiliyor mu Yoksa Cekiliyor mu? Yanit Yeni Tammlanan Neotektonik Bir
Yapi Olan Eldivan-Elmadag Tektonik Kamasimin Jeolojisinde mi Sakhi?

Does Anatolian Plate Pushed or Pulled? Does the Answer Lie in the Geology of Newly Recognised
Neotectonic Structure, Elmadag-Eldivan Pinched Crustal Wedge?
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Anadolu levhasinin GD Anadolu’da Arap levhasinin Avrasya’ya ¢arpmasinin iriinii olarak dogudan batiya
itildigi son yillara kadar genel kabul gormiis bir goriistii (Sengér, 1980, Sengér vd. 1985, 2005). Yakin
dénemde ise Anadolu levhasmnin Ege ve Kibris yaylarindaki dalma batmanin etkisi ile GB’dan gekildigi 6ne
stirlilmiistiir (Chorowicz vd. 1999, Adiyaman vd. 2001).

Bu sunumda detaylan verilecek olan Eldivan - Elmadag tektonik kamasinin bu problemin ¢oziimiine katkida
bulunabilecegi diisiiniilmektedir. ElImadag-Eldivan tektonik kamasi Ankara ile Cankin arasinda KKD gidisli
dogu kenar1 bindirmeli, bati kenar ise normal fayli, Kuzey Anadolu fayr ve onun bir kolu olan Kirikkale —
Erbaa fay1 arasindaki KB-GD sikisma sonucu ortaya ¢ikmus bir neotektonik yapidir (Seyitoglu vd. 2000,
2001, 2006). Yapinin kuzey kenanni Kuzey Anadolu fay, giiney kenarini ise sag yanal Akarlar fayr (ileri vd.
2006) olugturmaktadir. Eldivan — Elmadag tektonik kamasinin dogu ve bati kenarlarini olugturan bindirme ve
normal faylarin Cankini havzasi stratigrafisindeki veriler kullamlarak es zamanh gelistikleri diigiiniilmektedir.
Benzer yap1 Himalaya jeolojisinde mevcuttur (Burchfiel vd. 1992, Beaumont vd. 2001, Grujic vd. 2002).
Eldivan-Elmadag tektonik kamasi1 Geg¢ Pliyosenden beri aktiftir ve bolgedeki sismik aktivitenin 6nemli bir
boliimii bu yap ile iligkilendirilebilir. GPS verilerinin (McClusky vd. 2000) analizinden bu tektonik kamanin
2.73 km’lik bir kisalmayi karsiladigi hesaplanmistir.

Eldivan-Elmadag tektonik kamasi KB-GD yénlii bir sikigmamin iiriinii oldugundan Anadolu levhasinin
GB’dan ¢ekilme modeline (Chorowicz vd. 1999) destek veren genislemeli kagma kamalan degerlendirmesi
ile (Adiyaman vd. 2001) uyumlu degildir.

ABSTRACT

The westward escape of Anatolian plate as a result of the collision between Eurasia and Arabian plate
(Sengor, 1980, Sengor et al. 1985, 2005) has been widely accepted view until recently. This view is
challanged by the view that Anatolian plate pulled from SW (Chorowicz et al. 1999, Adiyaman et al. 2001).

Eldivan — Elmadag pinched crustal wedge, that its details will be given in this presentation, would provide a
contribution to the solution of the above problem. Eldivan-Elmadag pinched crustal wedge located between
Ankara and Cankirt having thrusted eastern and normal faulted western margins was created after the Late
Pliocene by the movement of the North Anatolian Fault Zone and its splay the Kirikkale — Erbaa Fault Zone
(Seyitoglu vd. 2000, 2001, 2006). This neotectonic structure is limited by North Anatolian Fault zone from
north and by right lateral Akarlar fault (ileri vd. 2006) from south. Evidence for timing and contemporaneous
development of its normal faulted western and thrusted eastern margins is based on Neogene stratigraphy of
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western Cankirt basin dated by micromammalian fossils. Similar structures can be seen in the Himalayas
(Burchfiel et al. 1992, Beaumont et al. 2001, Grujic et al. 2002). Eldivan — Elmadag pinched crustal wedge is
active since Late Pliocene and responsible for the seismic activity in the region. GPS data (McClusky et al.
2000) analysis indicate that the wedge accommodates 2.73 km shortening.

Eldivan- Elmadag pinched crustal wedge is a result of NW-SE compression, therefore it is incompatible with
the model suggesting pulling of Anatolian plate from southwest (Chorowicz et al. 1999) and the extensional
wedge model of Adiyaman et al. (2001).
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Kuzey Anadolu Fayir Zonu ve Kirikkale-Erbaa Fayr Arasinda Kalan Kama Sekilli Alanda
Saat Yonii Tersi Donme ile Ilgili Deformasyon Yapilar

Anticlockwise Rotation Related Deformational Structures in a Wedge-Shaped Area between the
North Anatolian Fault and its Kirikkale-Erbaa Splay (N Turkey)
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Kuzey Anadolu Fay Zonu 1150 km uzunlugu ile Avrasya levhasi ile Anadolu levhacigimin veya blogunun
smirim olusturur. Bu fay zonu Anadolu levhacig: igerisinde uzanan Kirikkale-Erbaa Fay Zonu, Almus Fay
Zonu ve Tasova-Tekke catal (splay) faylanyla bir balik kilgig1 yapisi sunar. Kuzey Anadolu Fay Zonu ile
Kinkkale-Erbaa Fay Zonu arasinda kalan kama sekilli alanda ve Kirikkale-Erbaa Fayma yakin kesimlerde,
Eosen’den Geg Pliyosen’e kadar olan kaya-stratigrafi birimlerinde baz1 6nemli deformasyon yapilan goriiliir.
Bunlar Eosen kumtagi, kiregtast ve konglomeralanyla, Oligosen-Geg Pliyosen kumtasi, konglomera ve
evaporitik kayaglarindaki dikge egimli katmanlar, ters donmiis katmanlar ve Geng Pliyosen-Eosen arasindaki
bindirmedir. Sikisma kékenli bu yapilar Kirikkale-Erbaa Fay zonuna yakin ve ona parallel olarak kuzeydogu-
giineybati yoneliminde uzanirlar. Kama (Cankiri-Corum tektonik kamasi) seklindeki bélgenin kuzey ve orta
kesimlerinde farkli yonelimler sunan sikisma yapilaninin bu faya yakm alanda faya parallel yénelimleri ve
ileri deformasyon durumlar bunlarin, bu tektonik kama igerisinde saat yonii bir dsnmeyle ilgili olduklarm
agiklar. Kuzey Anadolu Fay Zonu ile Kirkkale-Erbaa Fay Zonu’nun yamulma hizi farkhhg, tektonik
kamanin batiya hareketinin Elmadag bindirme zonunda durdurulmasi ve Kuzey Anadolu Fay Zonu’nun
Havza’dan sonra giineybatiya yonelimi bu dénmenin, Kirikkale-Erbaa Fayi iizerinde meydana getirdigi
kuzeybati-giineydogu sikigma etkisi ise faya yakin yer alan yogun deformasyonlarin nedenidir.

ABSTRACT

The North Anatolian Fault Zone bounds the Anatolian platelet to the Eurasian plate in the north of Turkey
along its 1150 km lenght. The fault zone display a fish-bone structure in the eastern part of its course by the
Kirikkale-Erbaa Fault Zone, the Almus Fault Zone and Tasova-Tekke Fault as splays. In the investigated
wedge-shaped area between the North Anatolian Fault Zone and Kirikkale-Erbaa splay some significant
deformations are observed in a narrow zone close to the Kirikkale-Erbaa splay fault in Eocene to Late
Pliocene rock units. These are steeply inclined and overturned beds of coarse basal conglomerate, limestone,
sandstone and gypsum intercalated siltstones deposited in the Eocene to Late Pliocene period. A small
outcrop of Eocene limestones thrusted on to the Latest Pliocene loose conglomerates seen very close to the
Kirikkale-Erbaa splay fault accompanying with the overturned beds, suggests that these deformations are
compression related. It is concluded that the compressive stress field is created by the anticlockwise rotation
of the wedge-shaped microplate between the North Anatolian Fault Zone and The Kirikkale-Erbaa slay fault
in a narrow zone close to the splay. Additionally the north-south directed Elmadag imbricated thrust zone in
the east of Ankara, blocks the westward escape of this tectonic wedge, and assists to creating a compression
by directing this escape towards the southwest. The strain rate difference between the North Anatolian Fault
Zone and the Kirikkale-Erbaa splay fault, and the the northward convex curvature of the North Anatolian
Fault Zone course in the north of Ankara are the main reason of this anticlockwise rotation.
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Afrika ile Arap plakalan arasindaki smim olusturan sol yénlii dogrultu atimli Olii Deniz Fay Zonu (ODFZ),
giineyde Kizil Deniz’den kuzeyde Dogu Anadolu Fay Zonu (DAFZ)'na kadar uzanan yaklagik 1000 km
uzunlugunda bir tektonik kusag: olusturmaktadir. Giiney kesimlerinde genellikle belirgin bir cizgisellik sunan
fay zonu kuzey kesimlerinde farkh kollara ayrilan kompleks bir yapiya sahiptir. Ulkemizin hemen glineyinde
Ghab Havzasi’min batisim smirlayan ODFZ, yaklasik K-G dogrultusunda Asi Vadisi boyunca iilkemiz
simirlarma girer ve kuzeyde Amik Ovasi’na dogru uzamir. ODFZ nun iilkemiz simrlarinda kalan kesimlerinde
aletsel donemde biiyiik deprem yoktur ancak tarihsel deprem kataloglarinda Amik Ovasi ve gevresine ait
40’1n lizerinde biiyiik deprem yer almaktadir. Bu ¢ahsmada, ODFZ’nun iilkemiz simrlan igerisindeki Holosen
aktivitesine iligkin jeomorfolojik ve paleosismolojik gozlemler sunulmustur.

ODFZ’nun iilkemiz simirlan igerisindeki ge¢ Kuvatemer aktivitesi Amik Ovasi giineyinde Asi Vadisi’nin bati
kenar boyunca faylanmug aliivyal ve koliivyal ¢okeller ve sol yanal Gtelenmis derelerle kendini
gostermektedir. Hacipasa Fay1 olarak adlandirilan bu fay boyunca yapilan detayh topografik haritalamalar 25
dere yataginda 14 ile 650 m arasinda degigen toplam 6telenme meydana geldigini ortaya koymustur. Fay zonu
daha kuzeyde Amik Ovasi’na girmektedir. Giincel sedimantasyon ve yogun tarim aktiviteleri Amik Ovasi’nda
fay zonuna ait yiizey verilerini ortadan kaldirmaktadir. Ancak, fay zonunun uzanmm bu dogrultu iizerinde
bulunan antik yerlesim yerlerinde yapilan yiizey ve yiizey alti gézlemleri ve hendek ¢aligmalan ile
belirlenmeye galigilmistir. Ayrica, fay zonu iizerinde giineyde Suriye simn ile kuzeyde Amik Ovasi arasinda
da paleosismolojik ¢aligmalar yapilmistir.

Yapilan ¢alismalar ODFZ’nun iilkemiz smirlan igerisinde Asi Vadisi bat yamaglan boyunca K-G
dogrultusunda uzanarak Amik Ovasi iginde de en az 10 km devam ettigini ortaya koymaktadir. Mevcut
paleosismolojik sonuglar ODFZ’nun kuzey kesiminde M.0O. 1000-1270 yillar arasinda, M.S. 115, 1053, 1408
ve 1872 yillarinda biiyiik depremler olduguna dair veriler sunmaktadir. Yas igin alman 6meklerin analizleri
devam etmektedir ancak sonuglanan yagslar ile tarihsel kayitlar birbirlerini desteklemektedirler. Mevcut veriler
degerlendirildiginde giiniimiizdeki ana aktivitenin Hacipasa Fay: iizerinde devam ettigi goriilmektedir. Bu
veriler 1s13inda ODFZ'nun bu kesimi iizerinde kayma hizinin yaklasik 6-7 mm/y1l ve biiyiik depremlerin
tekrarlanma araliginin 400-470 yil oldugu sdylenebilir.

ABSTRACT

The left-lateral strike-slip Dead Sea fault zone (DSFZ) extends from the Red Sea in south to the East
Anatolian fault zone in north and forms the tectonic belt between African and Arabian plates. The fault zone
usually presents a simple geometry in south but it splays into different branches in north. The DSFZ bounds
the western side of the Ghab Basin, towards north it enters Turkey and extends along western side of the Asi
Valley up to the Amik Basin. Examination of the instrumental records shows no records of large earthquakes
on the northern part of the DSFZ but according to historical earthquake catalogues there are more than 40
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large historical earthquakes around Amik Basin. This study presents geomorphological and
paleoseismological field observations about Holocene activity of DSFZ in southern Turkey.

The late Quaternary activity of the DSFZ in southern Turkey is characterized by faulted alluvial and colluvial
deposits and sinistrally offset streams along western side of Asi Valley in south of Amik Basin. This branch of
the DSFZ is called Hacipasa fault. Detailed topographic mapping along this fault showed that total offset on
deflected stream beds changes from 14 m to 650 m. The fault zone enters into the Amik Basin towards north.
Rapid sedimentation and dense agricultural activity erase the fault trace in Amik Basin. However, trace of the
fault zone is identified with surface and subsurface observations on ancient structures and trenches along the
fault direction. Paleoseismological studies were also made on the fault zone between Syrian border in south
and Amik Basin in north.

Field studies show that DSFZ extends in N-S direction along western side of the Asi Valley and continues at
least 10 km in the Amik Basin. Obtained palaeoseismological results on the northern part of the DSFZ
revealed that large earthquakes occurred between 1000 and 1270 B.C., A. D. 115, 1053, 1408 and 1872 on
this part of the DSFZ. Analyses of samples for dating are in processes, but preliminary palaeoseismological
results and historical records are consistent. Field observations and analytical data show that main activity
continuous on the Hacipaga fault. On the basis of these results, it can be said that the slip rate is about 6-7
mm yr”', and recurrence interval of large earthquakes on the northern part of the DSFZ is 400-470 years.
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Bu ¢aligmada Eldivan-Elmadag tektonik kamasinin giiney smmirmin jeolojik &zelliklerinin belirlenmesi
amaglanmistir. Kuzeybati i¢ Anadolu’da, Kuzey Anadolu Fayi ile Kirikkale - Erbaa Fay1 arasindaki etkilesim
ile ortaya ¢ikan KB-GD yénlii sikisma, Ankara ile Cankin arasinda KKD-GGB gidisli Eldivan-Elmadag
tektonik kamasim yaratmistir (Seyitoglu vd. 2000, 2006). Neotektonik 6zellikte olan bu kamanin dogu kenan
bindirme faylar ile bati kenan ise normal faylarla simrlandirlmis olup, Cankin havzasinin bati kenarinda yer
alan Miyosen-Pliyosen yash karasal ¢okelleri deforme etmistir. Tektonik kamanin hem bindirmeli hem de
normal fayl kenarlarinda gelisen kinntih birimin yasi Geg Pliyosen—Kuvaterner’dir ve formasyon igi
uyumsuzluklar igermesi tektonizma ile es yash oldugunu gostermektedir. Bu verilere gére Eldivan-Elmadag
tektonik kamas1 Geg Pliyosen’den sonra aktif olmalidir (Seyitoglu vd. 2000, 2006).

Eldivan-Elmadag tektonik kamasinin giiney smim bu yapmmn neotektonik karakterinin test edilmesi igin
anahtar bolgedir (Seyitoglu vd. 2006). Neo-tetis kenet zonunun geometrisi ElImadag’in giineyinde (Eldivan-
Elmadag tektonik kamasi ile Kirtkkale-Erbaa Fay Zonunun uzantilarmm bulugma noktasma uyan bélgede)
carpict sekilde bir degisim gosterir. Elmadag giineyinde Balaban Neojen havzasinin bati kenar, Eldivan-
Elmadag tektonik kamasma ait bindirmelerle simrlanirken aymi siir yaklagik D-B dogrultulu sag yanal
Akarlar fayr giineyinde normal fayhdir.

Akarlar fayr yanal sikismal (transpresyonel) 6zelliktedir. Bu faym konumu yaklagik K70B / 80GB’dir. Fay
diizlemi iizerinde fay ¢izikleri belirgindir. Bu faymn kuzey blogundaki mzli yiikselim, derenin yatagim daha
derin kazimasina ve dik yamaglar yaratmasma neden olmustur. Akarlar koyii batisinda dere yataginda sag
yanal (yaklasik 15m) bir yer degistirme gozlenmistir. Bu veriler Akarlar faymin aktif oldugunu
gostermektedir. Akarlar fay1 giineyinde temel kayaglar ile Neojen sedimanlan arasinda bindirmeli bir iliski
goriilmez.

Bu veriler, KB I¢ Anadolu’da Ankara ile Cankin arasindaki Eldivan-Elmadag tektonik kamasinin, Kuzey
Anadolu Fay Zonu ve Kinkkale-Erbaa Fay Zonu tarafindan yaratilmis neotektonik bir yap1 oldugunu gosterir.

ABSTRACT

The objective of this study was to determine the geological properties of the southern part of Eldivan -
Elmadag Pinched Crustal Wedge. NW-SE trending compression by interaction between North Anatolian
Fault Zone and Kirikkale - Erbaa Fault Zone at NW Central Anatolia, created NNE-SSW trending Eldivan -
Elmadag Pinched Crustal Wedge between Ankara and Cankiri (Seyitoglu et al. 2000, 2006). This neotectonic
wedge was limited by the thrust faults at the eastern and by normal faults at the western side. It deformed
Miocene-Pliocene continental sediments in the western part of the Cankir1 Basin. Late Pliocene—Quaternary
clastic unit is controlled by the tectonic wedge and have intraformational unconformity indicating its syn-
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tectonic character. This data demonstrate that Eldivan - Elmadag Pinched Crustal Wedge is active after Late
Pliocene (Seyitoglu et al. 2000, 2006).

The Southern sector of Eldivan-Elmadag Pinched Crustal Wedge is a key area to test neotectonic character of
this structure (Seyitoglu et al. 2006). The geometry of Neo-Tethyan suture zone show a dramatic change at
the south of Elmadag that corresponds to the meeting point between Eldivan-Elmadag Pinched Crustal
Wedge and the trend of Kirikkale - Erbaa Fault Zone. At the south of the Elmadag, while the western margin
of Balaban Neogene basin limited by thrusted margin of Eldivan-Elmadag Pinched Crustal Wedge, the same
margin shows normal fault character at the south of Akarlar fault which is nearly E-W trending right lateral
strike-slip.

Akarlar fault has a transpressional strike-slip structure. The position of this fault is N70W / 80SW. There are
clear fault lines on the fault surfaces. The rapid uplift at the northern block of this fault (Akarlar fault) caused
down-cutting of the creeks and creating steep slopes. In addition, the right lateral displacement on the line of
creeks (nearly 15m) are observed. These are important evidences that indicate its activeness. There is no
thrusting relationship between Neogene sediments and pre-Neogene basement rocks at the southern of
Akarlar fault.

These data indicate that Eldivan-Elmadag Pinched Crustal Wedge is a neotectonic structure created by North
Anatolian Fault Zone and Kirikkale-Erbaa Fault Zone between Ankara and Cankiri at the NW Central
Anatolia.
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Bu inceleme GB Anadolu'da Burdur fay zonunun paleosismolojik ézelliklerinin ortaya konmasim amaglar.
Burdur fay zonu, Fethiye Korfezi ile Burdur Golii arasinda yaklagik 300 km uzammli ve sol oblik atim
bilesenine sahip ¢ok sayida normal faylardan olusur. Bu zon aym zamanda, GB Anadolu'nun en éneml; aktif
faylanm igermektedir. KD-GB yéniinde kesikli (an achelon=arali asmali) bir uzamim gosteren Burdur fay
zonu, KB gidigli faylar tarafindan kesilerek farkhi uzunlukta segmentlere ayrihr. Burdur Géliiniin giiney
boliimiinde yer alan Yassigiime ve Burdur segmentleri 25-30 km’ye ulagan uzunluklar ile yérenin en aktif
kirk hatlarin1 meydana getirir.

Tarihsel deprem kayitlart ve yiizey kirik verileri, 7.1 biiyiikliigiindeki 1914 depreminin Burdur segmenti
iizerinde, 6.2 biiyiikliigiindeki 1971 depreminin ise Yassigiime segmenti iizerinde olustugunu gésterir. 1914
ve 1971 depremleri ile ilgili olarak meydana gelen diisey yer degistirmelerin, deformasyonlarin ve kolluviyal
oluguklarin detayli bigimde incelenmesi amaciyla Yassigime ve Burdur segmentleri lizerinde hendek
caligmalan yapilmigtir,

Yassigiime segmenti, yorede tek bir fay gizgisinden yapihi olup, topografyada geng¢ tortullar iginde
olusturdugu esikler ve yersel gézlenen fay aynas iizerindeki sol oblik bilesenli kayma cizikleri ile agik olarak
ayirdedilir.

Yassigiime segmenti iizerinde ag1lan hendekte farkli fasiyeste gelismis aliiviyal ve kolliiviyal olusuklarm yam
sira 1971 depremi sirasinda 70 cm lik bir diigey yer degistirmenin meydana geldigi saptanmigtir.

Burdur fay zonunun en 6nemli bilesenini olugturan Burdur segmenti, gerekte birbirine paralel geligmis KD
uzamiml ve basamak sekilli 4 farkh oblik fay sisteminden yapilidir. Aym zamanda Burdur sehir merkezinden
gegen bu faylar, yerlesim alam i¢inde basamakh bir topografik yapmin gelismesine neden olmuglardir.
Burdur segmenti iizerinde peklesmemis geng tortullar iginde agilan hendeklerde golsel gamurtaglan ile plaj
ortamina ait iyi boylanmis capraz katmanh kumlarn yamsira kolliiviyal olusuklar ayirdedilmigtir. 1914
depremi ile yasit olabilecek fay diizlemi ve bununla iligkili yank dolgu fasiyesine ait kolliiviyal tortullar ile
bunlara eslik eden gamur dayklari bu yoredeki yarmalar ve hendeklerde yer alan en &nemli olusuklardr.
Diger taraftan yarmalarda yer alan faylar genellikle 90 ile 250 cm lik diisey atimlara sahip olup, ¢ogu yerde
kolliiviyal olusuklari kesmis olarak gézlenir. Buna gre hendek ve yarmalarda gozlenen en geng faylar aym
zamanda en fazla diigey atima sahip faylardir. Geng tortullarda faylanmaya bagh gelisen egimlenmeler ve
buna eslik eden yersel uyumsuzluklar olagan yapilardir.

Burdur segmenti iizerinde 3.04.2002 ve 5.04.2002 tarihlerinde meydana gelen 3.9 ve 4.0 biiyiikliigiindeki
depremler, bu segment iizerindeki sismik aktivitenin giiniimiizde de devam ettigini gostermesi bakimindan
onemlidir. Diger taraftan bu son depremlere ait fay ¢oziimleri, Burdur segmentinin sol oblik atimli bir normal
fay oldugunu dogrulamaktadir.
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ABSTRACT

The purpose of this investigation is to explain palaeosismologic characteristics of Burdur Sfault zone that is
located in SW of Tiirkiye between Fethiye Bay and Lake Burdur. This zone is a 300-km-long structure
composed of several normal faults, shwoing én echelon pattern. The fault zone forms one of the most active
JSault systems in SW Anotolia. Burdur fault zone runs in NE-SW direction, and is segmented into several NW-
dipping faults of variable length. Yassigiime and Burdur segments, 25-30 km long, are considered the most
active of these segments. It has been reported that two major earthquakes of magnitude of 7.1 and 6.2 in
1914 and 1971 took place on these segments.

From this end, trench studies have been conducted on Yassigiime ve Burdur segments to investigate
deformation caused by the vertical displacements following the 1914 and 1971 events.Yassigiime segment is
characterized by a single fault trace in the field. Local exposures of fault planes with preserved slip-lines
(indicating lefi-letaral component) and step-like morpohology developed in areas where young sedimets are
exposed are characteristics features that make the fault segment easy to identify. A vertical displacement of
about 70 cm has been measured in the trench and it has been attributed to the 1971 earthquake.

On the other hand, Burdur segment, one of the most important branches of Burdur fault zone, consists of four
NE-trending, parallel oblique-slip fault segments. They pass through the city center and controls a
characteristic step-like topography. A trench is opened on loose to crudely compacted and lithified mud and
well-sorted sand. The fault plane, colluvial sediments and mud dikes are readily identified. Such structures
are interpreted to occur during 1914 earthquake. Several fault segments are identified and they acommodated
a vertical displacement of 90-250 cm. Such faults cut and displace the colluvial sediments and they display
higher cut-off angles with the layering in colluvials. The youngest faults are those that accommodated the
larger vertical displacements. Fault-controlled tilting and local unconformites are common features. Two
recent earthquakes with magnitudes of 7.1 and 6.2 of occurred during 3.04.2002 and 5.04.2002, respectively
and suggest the activity of these segments. The fault plane solutions of the two events are consistent with a
left-lateral normal fault character for the Burdur fault zone.
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Biiyiik Menderes Grabeni Bati Anadolu’daki en énemli tektonik yapilardan biri olup, 150 km.lik uzunluk ve
10-20 km genislige sahip olan aktif normal faylarla sinirh D-B dogrultulu bir ¢ékiintiidiir. Grabeni simirlayan
faylar boyunca MO. 31, M.O. 26, 11, 60, 262, 297-305, 494, 1653, 1895, 1899 tarihlerinde olusan tarihsel
depremler bolgenin sismik yonden aktif oldugunu gosterir. Biiyiik Menderes grabeni ile Alagehir grabeninin
birlesme noktasina kargihk gelen Denizli havzasimin kuzeyi de Bati Anadoluda sismik yonden aktif énemli
bolgelerin baginda gelmektedir.

Bu bélgelerdeki depremlerin tekrarlanma araliklarinm uzun olmasi ve tarihsel deprem kataloglarindaki
bilgilerin giivenilirliklerinin az olmasi bolgede paleosismolojik ¢aligmalarimin yapilmasii gerekli hale
getirmistir. Yapilan g¢alismalarla tarihsel ve tarih-6ncesi doneme ait depremlerin detayli bir sekilde
incelenmesi, bir bélgedeki depremlerin tekrarlanma arahiklari, diri faylarm ortaya ¢ikarilmasi, diri faylar ile
ilgili segmentlerin ayirt edilmesi gibi bilgilere ulasmak hedeflenmistir.

Caligma boyunca oncelikle yiizey king yapmus biiyiik depremler baz alimmus bu dogrultuda Denizli —
Kocadere ‘de 2, Aydin — Pinardere’de 1, Aydin — Umurlu- Musluca’da 1 hendek agilmistir. Calisma
sonucunda hendeklerden alman numunelerin Tiirkiyedeki bir laboratuvarda ilk defa OSL yéntemiyle
yaslandirilmasi ve elde edilen bilgilerin korelasyonunun gergeklestirilmesi beklenmektedir.

Anahtar kelimeler: Biiyiik Menderes, Denizli havzasi, Paleosismoloji, Hendek, OSL

ABSTRACT

Biiyiik Menderes graben is one of the most important tectonic structure in western Anatolia. The graben is
about 10-20 km wide and 150 km long and bounded by E-W trending active normal faults. Historical
earthquakes occurred in BC 31, BC 26, 11, 60, 262, 297-305, 494, 1653, 1895 and 1899 along the faults
indicate that this region is seismicity active. The Biiyiik Menderes and Alasehir Grabens meet each other at
the north of Denizli Basin that is also one of the important regions having high seismicity in western Anatolia.

The paleoseismological studies are necessary due to the long occurrence period of earthquakes and the less
reliable catalog data of historical earthquakes in the region. The aim of our study is to investigate the
historical and prehistorical earthquakes in detail, to find out the occurrence periods of the earthquakes, to
determine the active faults and distinguish its segments.
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In this study, the major earthquakes created surface faulting are taken as a starting point and some trenches,
such as two in Denizli-Kocadere, one in Aydin-Umurlu-Musluca, one in Aydin-Pinardere were excavated. At
the end of this research, we are expecting that earthquakes will be dated by OSL method for the first time in a
Turkish laboratory and informations obtained from the trenches are correlated accordingly.

Keywords: Biiyiik Menderes, Denizli basin, Paleoseismology, Trench, OSL
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Siirdiiriilebilir ve Emniyetli Akifer Verimleri

Sustainable and Safe Aquifer Yields
Hasan YAZICIGIL

Orta Dogu Teknik Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, ANKARA
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Giiniimiizde ekonomik, sosyal ve gevresel maliyetleri en aza indirerek kullanima uygun mevcut suyu bulmak
gittikge zorlagmaktadir. Bugiin diinya iizerinde ulagilmasi kolay olan su kaynaklarinin gogu gelistirilmis olup,
gelecekteki su yonetimi, mevcut su kaynaklarmin verimli bir sekilde degerlendirilmesine baglh olacaktir.
Emniyetli verim kavramm yillardir hidrojeologlar tarafindan akiferlerden istenmeyen sonuglar yaratmadan
yilhik gekilebilecek su miktarinin belirlenmesi amaciyla kullamlmistir. Son zamanlarda emniyetli verimin
gercekte emniyetli olmadigi anlagilmig ve siirdiiriilebilir verim kavram ortaya atilmigtir. Burada akifer
yOnetiminin en 6nemli parametreleri olan emniyetli ve siirdiiriilebilir verimin ne oldugu anlatilacak ve
emniyetli verimin neden siirdiiriilebilir olmadig: tartigilacaktir.

Yiizeysuyu kaynaklarmin y6netiminde uzun zamandan beri kullanilan verim, belirlenen bir zaman aralig
iginde bir rezervuardan ahnabilecek su miktarii ifade eder. Kullamilan zaman arahigi rezervuann
biiyiikliigiine gore giinliik’den birgok yila kadar degisebilir. Ayrica, beslenim degerlerine bagh oldugu igin
olasihk hesaplan igerir.

Emniyetli verim kavrami ilk defa 1915 yilinda Lee tarafindan “Reservde tehlikeli bir azalmaya neden
olmadan diizenli ve siirekli ¢ekilebilecek su miktari.” olarak tanimlanmistir. Daha sonra 1920 yilinda Meinzer
“Bir akiferden insani kullamm amaciyla g¢ekilebilecek su miktarinin ekonomik olmayacak degerleri
agmamas1” seklinde tammlamigtir. Emniyetli verim kavrami 1946 yilinda Conkling tarafindan “Cekilebilecek
su miktarmin su kalitesini bozmamasi”, 1953 yilinda Banks tarafindan “Cekilecek su miktarimn mevcut su
haklarim ihlal etmemesi” ve 1959 yilinda Todd tarafindan “Bir akiferden istenmeyen bir sonug¢ yaratmadan
cekilebilecek yrllik su miktar” olarak tammlanmgtir. Béylelikle, geleneksel olarak, emniyetli verim her sene
cekilen yeraltisuyu miktaryla yilhik beslenim miktan arasinda uzun siireli bir denge kurulmas: ve bunun
siirekliliginin saglanabilmesi olarak tamimlanabilir. Ancak, iilkemizde de yaygin olarak kullanilan emniyetli
verim kavramu ile ilgili baz1 sorunlarin oldugu bilinmektedir. Bunlar; kavramin belirsizligi ve farkli kisiler
tarafindan farkli yorumlanmasi, diger kaynaklan (6megin yiizeysulan ve yeraltisularina bagiml
ekosistemleri) ve onlarla olan iligkileri gézardi etmesi, bazen su haklan ile kanistinlmasi, ve havza
sartlarindaki olas1 degisikliklerin (bitki 6rtiisii, arazi kullanim, sehirlesme, gekim kuyularinin yerleri, yeni su
kaynaklannin saglanmasi veya iklimsel degisimler) yeni bir verim hesabi gerektirmesi seklinde siralanabilir.

Siirdiiriilebilir gelisim 1980’lerin baginda kaynak kullanimimm kisitlayarak, bu kaynaklarin uzun vadede
devamimi saglama fikriyle ortaya gikmistir. Cevre ve gelisim iizerine kurulan diinya komisyonu (Brundtland
Komisyonu, 1987) siirdiiriilebilir gelisimi “bugiiniin ihtiyaglanm gelecek nesillerin ihtiyaglari kargilayacak
firsati ellerinden almadan kargilayan geligim” seklinde tammlammgtir. Dolayisiyla, siirdiiriilebilir verimi
‘gelecek nesilleri ve hidrolojik sistemin tiim bilesenlerini (sadece yeraltisulanm degil yiizey sulanm da)
diigiinerek bir akiferden uzun vadede gekilebilecek su miktan’ olarak tammlayabiliriz. Béylelikle,
siirdiiriilebilir verim yeraltisular ile yiizey sulan sistemlerinin entegre bir sekilde yonetilmesi gerektigini
ortaya koyarak havza yonetimi prensibini benimser, dinamik bir verim kavrami olup zamanla revize
edilebilme olanagmi saglar, ve hidrolojik sistemlerin dogal girdileri (yagistan beslenim) ve akifer
parametrelerinin dagilimi rastlansal ve stokastik siiregler oldugu igin, kavram dogal olarak olasilik terimleri
ile ifade edilmelidir.

101



59. Tiirkiye Jeoloji Kurultay: Bildiri Ozleri, 20-24 Mart 2006, Ankara

Bir akiferden pompajla ¢ekilen suyun 3 kaynagi vardir: (1) Yeraltisuyu sistemine daha fazla suyun girmesi
(arttinlan beslenim), (2) Yeraltisuyu sisteminden daha az suyun gikmasi (azaltilan bosalim), ve (3) Sistemde
depolanan suyun g¢ekilmesi veya bu tigiiniin bilegimidir. Siirdiiriilebilir bir yeraltisuyu gelisimi i¢in rezervden
yapilan ¢ekim hzi sifir olmali ve pompaj arttinlan beslenim ve/veya azaltilan bosalima denk olmalidir
(Bredehoeft ve Dig., 1982).

Ulkemizde son 20-30 sene iginde akiferlerimizden yapilan asint pompaj nedeniyle yeraltisuyu seviyelerinde
dnemli miktarda diisiis ve buna bagh olarak rezervlerde azalma gézlenmektedir. Bu akiferlerden biri olan
Kii¢iik Menderes Havzasi akifer sistemi i¢in emniyetli ve siirdiiriilebilir verim degerlerini belirlemek iizere
ayrintih karakterizasyon ve model ¢aligmalan yapilmistir (Yazicigil ve Dig., 2000). Sonuglar halihazirda
akiferden yapilan gekimlerin siirdiiriilebilir verim degerinden 70 hm*/y1l, klasik anlamda tamimlanan emniyetli
verim degerinden 30 hm*/yil daha fazla oldugunu ortaya koymustur. Akiferden yapilan ¢ekimlerin artarak
devam etmesi ise pompaj maliyetlerinin artmasina; meveut kuyularin daha derin kuyularla degistirilmesine;
ve nehirlere gidecek yeraltisuyu miktarmdaki azalmayla bu nehirlerin kirlenmeye agik bir hale gelmelerine
neden olacaktir. Bu durumun 6nlenmesi igin havza bazinda entegre su yénetimi kavranmnin gelistirilmesi ve
yaygmlastirilmasi, kisisel sulama yerine sulama kooperatiflerinin tesvik edilmesi, akifere beslenimi arttiracak
yontemlerin gelistirilmesi, gekimlerin kontrol altina alinmasi (kuyulara saat takilmasi), yilik su kullanim
raporlarimin hazirlanmasi, kontrolsiiz ve izinsiz agilan kuyularn yeni yasal diizenlemeler ile énlenmesi, su
tiiketiminin azaltilmasi, etkin sulama ydntemlerinin gelistirilmesi, etkin goézlem ve veri toplama aginmn
olusturulmasi, ve halkin egitilmesi ve karar mekanizmasina katilimlarinin saglanmas: gerekmektedir.

ABSTRACT

Today it is getting difficult to find abundant supplies of water which are readily available for development at
low economic, social and environmental costs. Around the world, most of the easily developable water
supplies have been developed, and future water management will depend on obtaining more out of existing
supplies in a safe way. Safe yield concept has been used for several decades by hydrogeologists to determine
the annual amount of water that can be extracted from an aquifer without creating undesirable consequences.
Lately, it is understood that the safe yield is actually not safe and sustainable yield concept is put forth. The
safe and sustainable yields, being the most important parameters of aquifer management, will be explained
herein, and why safe yield can not be considered as sustainable will be discussed.

Yield concept is used for a long time in the surface water management and it declares the amount of water
that can be extracted from a reservoir in a specified time interval. This time interval can change from days to
several years depending on the size of the reservoir. Besides, it must be considered in probabilistic terms as it
depends on the recharge values.

The concept of safe yield was firstly defined by Lee in 1915 as “the quantity of water that can be pumped
regularly and permanently without dangerous depletion of the storage reserve”. Afterwards, in 1920, Meinzer
defined safe yield as “the rate at which water can be withdrawn from an aquifer for human use without
depleting the supply to such an extent that withdrawal at this rate is no longer economically feasible”. In
1946 Conkling expanded the concept as he defined the safe yield as the amount of water withdrawn should
not cause any degradation in water quality, in 1953 Banks included the contravention of existing water rights
to the definition, in 1959 Todd broadly defined the safe yield of a groundwater basin as “the amount of water
which can be withdrawn from it annually without producing an undesired result”. In this manner,
traditionally, safe yield has been defined as the attainment and maintenance of a long-term balance between
the amount of groundwater withdrawn annually and the annual amount of recharge. However, there are some
problems related to the concept of safe yield which is also used commonly in our country. These problems are
the uncertainity of the concept, different interpretation of the concept by different people, the negligence of
the other resources (i.e. surface waters and the groundwater dependent ecosystems) and the dependence
between them. Moreover, it is often confused with the water rights and the possible changes in the basin
conditions (vegetation or land use, urbanisation, location of pumping wells or incorporation of new water
supplies or any climatic changes) require calculation of a new yield value.
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The sustainable yield, emerged in the early 1980s, centered on the idea of limiting resource use to levels that
could be sustained over the long term. The World Commission on Environment and Development (Brundtland
Commission, 1987) defined sustainable development as “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs.” Therefore, sustainable yield
can be defined as “the amount of water which can be withdrawn from an aquifer in the long term by
considering the future generations and all of the components of a hydrologic system (not only the
groundwaters but surface waters also)”. Thus, sustainable yield concept assimilates the management of the
groundwater and surface water resources in an integrated manner by introducing the principle of basinwide
management. Besides, it allows revision over time because it is a dynamic yield concept. Furthermore, it
should be stated with probabilistic terms as natural inflows of the hydrologic system (i.e., recharge from
rainfall) and the distribution of the aquifer paramaters are random and stochastic in nature.

Groundwater pumped from an aquifer comes from 3 sources: (1) increased or induced recharge, (2)
decreased discharge or capture, and (3) removal of water from groundwater storage or some combinations of
these three. For a sustainable groundwater development, the rate of removal of water from storage should be
zero and the pumpage must be balanced by the induced recharge and/or decreased discharge (Bredehoeft et
al., 1982).

The excessive amount of pumping from the aquifers caused a considerable amount of decrease in the
groundwater levels and accordinly in groundwater reserves in the last 20- 30 years in our country. Detailed
characterization and modeling studies were carried out for the Kiigiik Menderes River Basin aquifer system,
being one of the depleted aquifers in Turkey, to determine the safe and the sustainable yields (Yazicigil et al.,
2000). The results showed that the present withdrawal rates from the aquifer exceed the sustainable yield
value by 70 hm*/year and the traditionally defined safe yield value by about 30 hm’/year. The continuation of
the present annual pumping rates would cause an increase in groundwater pumping costs, replacement of
current wells in the excessively dewatered areas with more deeper wells and cessation of baseflow to the
streams, making them more vulnerable to contamination. To prevent this situation the integrated water
resources management concept should be developed and applied. This would require the encouragement and
promotion of irrigation cooperatives instead of private irrigation, development of facilities that will increase
recharge to the aquifer, regulation of pumping (water metering on all wells), preparation of annual water use
reports, prevention of drilling of uncontrolled and non-permitted wells with new legal arrangements,
development of water conservation measures and efficient irrigation schemes, development of efficient
monitoring and data acquisition networks, and public education and involvement.
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Ankara) on the Distribution of the Environmental Isotopes
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Hidrojeolojik sistemlerin hidrodinamik yapilarimin anlagilmasi amaciyla kullanilan izotop hidrolojisine iliskin
degerlendirmeler, temelde gevresel izotoplarin sistemdeki bulunusu ve dagihmma dayanir. Cevresel
izotoplarin incelenen sistemdeki bulunusu ve dagilimi, beslenme-depolama-dolagim-bosalim iliskilerini
denetleyen hidrojeolojik yap: tarafindan belirlenir. Oncelikli amaci hidrojeolojik yapinin ortaya konmasi olan
hidrojeoloji  ¢ahgmalarinda, ¢evresel izotoplara iligkin bilgiler hidrojeolojik kuramsal modelin
olusturulmasinda 6nemli katkilar saglarlar. Sunulan galiyma, yari-kurak bir bélgede bulunan basingh bir
akifer sisteminde beslenme kosullarinin anlagilmasina yonelik olarak yapilan kuramsal model gelistirme
cahgmalarinda gevresel izotoplarin dagihmmmin  hidrojeolojik yap1 agisindan  degerlendirilmesini
kapsamaktadir.

Caligma alani, Ankara’ya yaklagik 110 km uzaklikta bulunan Beypazan trona (dogal soda) alan ve gevresini
kapsamaktadir. Yaklagik olarak 9 km” yayilim alamna sahip olan ve yiizeyden en az 124 m; en fazla 480 m
derinlikte ve yaklagik 100 m kalinhgmndaki bir zonda yataklanan tronanim iizerinde iki basngli akifer
bulunmaktadir. Cakiloba (iist akifer) ve Karadoruk (alt akifer) olarak adlandinlan akifer birimlerde ¢ortlii
kiregtagi, tiif-tiifit litolojisi hakimdir.

Trona igeren ve akiferlerin altinda yer alan Hirka formasyonu gegirimsiz olup, tavaminda yaklasik 100 m
kalinliga sahip olan kiltaglari ve yer yer seyller, alt akifer i¢in gegirimsiz tabami olusturmaktadir. Trona
sahasiin kuzeyinde iistteki gegirimli birimlerin aginmas ile yiizeylenen Hirka formasyonunda kiltas1 ve seyl
litolojisi hakim durumdadir. Akiferlerin iizerinde yer alan ve kiltag, tiifit, killi kiregtaglarmdan olusan Zaviye
formasyonu trona alanmin dogusunda ve giineyinde gecirimli birimlerin 6rtii tabakasi konumunda olup,
sistemin basingli olmasim saglamaktadir.

Beypazari-Cayirhan Miyosen havzasinda bulunan galigma alaninda akiferler ve iligkili birimler oldukg¢a kirikh
ve kivnimhdir. Ozellikle faylar hidrojeolojik agidan 6nem tagimaktadir. Cahgma alamindaki énemli faylar
Zaviye, Elmabeli ve Kanliceviz fayidir. Bu faylarn etkiledigi hidrojeolojik sistemi Elmabeli bélgesi (1),
Ansekisi bolgesi (2), ve Zaviye fayr giineyi (3) olmak iizere belirli bir hidrojeolojik biitiinliige sahip iig
bélgeye ayirmak miimkiindiir. Faylar ve kivrimlann etkisiyle farkli fiziksel ve hidrodinamik o6zellikler
kazanms olan hidrojeolojik yapi, ¢evresel izotop dagilimimi belirlemektedir.

Caligma alaninda bulunan kuyu ve kaynaklardan 2000-2001 déneminde 3 Kez &mekleme yapilarak
hidrokimyasal ve izotop analizleri yapilmis ve degerlendirilmistir.  Cevresel izotoplardan trityum
igeriklerinin alansal dagilimi, sistemin kuzey-giiney dogrultusundaki ana akis yolu boyunca yeraltisuyu akim
hizinin ¢ok yavag oldugunu gostermektedir. Bununla birlikte, yeraltisuyu gekimine bagh olarak degisen akis
sistemi, yaklagik dogu-bati dogrultusunda, trityum igerigi daha yiiksek yeraltisuyunun katkisim
hizlandirmaktadir. Benzer sekilde degerlendirilen oksijen-18 ve doteryum igerikleri, beslenme alanlaninin
konumu ile ilgili 6nemli bilgiler saglamstir. Jeolojik-hidrojeolojik yapimin denetledigi beslenme-bosalim
iliskileri agisindan degerlendirildiginde, Beypazan akifer sisteminde giincel olmayan katkilarin géstergeleri
belirlenmistir.
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Sunulan bildiride, trityum, O-18 ve D igerigi ¢alisma alanindaki hidrojeolojik alt sistemdeki alansal dagihim,
beslenme kotu, beslenme bolgesine uzaklik, akifer derinligi, yeraltisuyu dolasim yolu gibi faktorlere bagh
olarak ve diger alt sistemdekinden gosterdigi farkhiliklarla birlikte hidrojeolojik yapimin tanimlanmas:
dogrultusunda tartisilmistir.

Anahtar Kelimeler: Cakiloba-Karadoruk, akifer sistemi, gevresel izotop, hidrojeolojik yapi

ABSTRACT

The interpretations on isotope hydrology used for understanding of dynamics of the hydrogeological systems
mainly depend on the occurrence and distribution of environmental isotopes in the systems. Occurance and
distribution of environmental isotopes in the studied system is determined by the hydrogeological structure
which controls the recharge-storage-flow-discharge relation. The information on environmental isotopes
helps establishing of the conceptual model in the hydrogeological studies which is mainly aimed to define the
hydrogeological structure. This study contains the evaluations of distribution of environmental isotopes in a
confined aquifer system in a semi-arid region for the study on establishing a conceptual model Sfocused on
determining the recharge conditions.

The study area covers Beypazart Trona Field and its vicinity which is 110 km to the west of Ankara. There
are two confined aquifers above the trona mine which is extending 9 km’, 100 m thick and located in a zone of
minimum 124 m maximum 480 m deep from surface. Cherty limestone and tuff-tuffit lithology is dominant in
the Cakiloba (upper aquifer) and Karadoruk (lower aquifer) aquifers.

Trona bearing Hirka formation located under the aquifers is unpermeable, and a 100 m thick claystone and
shale zone in the upper part forms the unpermeable bottom layer for the lower aquifer. In the north of trona
field claystones and shale are dominant in the Hirka formation where cropped out by erosion of the overlying
Jormations. Zaviye formation which is formed of clay stone, tuffit and clayey limestone is the unpermeable
overlying formation for the aquifers, and it makes the system confined in the eastern part and north of the
trona field.

The studied aquifers and the related formations located in the Beypazari-Cayirhan Miocene Basin, are
extremely folded and faulted. Particularly, the faults in the study area are very important from the point of
hydrogeology. The important faults are Zaviye, Elmabeli and Kanliceviz faults. The study area is devided
into three sub hydrogeological sector considering these faults as Elmabeli sector (1), Arisekisi sector (2) and
South of Zaviye fault sector (3). The hydrogeological structure which gained different physical and
hydrogeological features after faulting and folding, determines the distribution of the environmental isotopes

Hydrochemical and isotope analysis and interpretations were realized on the water samples collected from
the wells and springs in the years of 2000 and 2001. The areal distribution of tritium isotope indicates that,
groundwater flow velocity is very low in direction of north-south which is the main flow direction. On the
other hand, changes in the groundwater flow system caused by pumping wells accelerates the groundwater
inflow in the direction of east-west which has higher tritium content. In similar, oxygene-18 (**0) and
deuterium ("H) contents provided important knowledge about location of recharge areas. Evaluation from the
point of recharge-discharge mechanism which is controlled by geological-hydrogeological structure, it was
concluded that there is a nonpresent (paleo) recharge contribution to Beypazar aquifer system.

In this presentation, tritium, oxygene-18 and deuterium contents which depend on the factors such as areal
distribution, recharge elevation, distance from recharge area, depth of aquifer, groundwater flow path and
also different hydrogeological features of each subsystem are discussed to identify the hydrogeological
framework.

Keywords: Cakiloba-Karadoruk, aquifer system, environmental isotope, hydrogeological framework
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Gokpinar Karst Kaynaklarimin (Giiriin-Sivas) Hidrojeoloji incelemesi
Hydrogeological Investigation of the Gékpinar Karst Springs (Giiriin-Sivas)
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Gokpmar Kaynaklar, Giiriin’tin 8 km giineyinde Gokpinar kdyiinde yeralir. Jura-Kretase yash Yiiceyurt
formasyonu kiregtagindan bosalan kaynaklar, karstik kaynak tipinde olup iki ana bosalim noktasina sahiptir.
iki kaynagin toplam debisi 4.5-7.8 m’/s arasinda degisir. Bu ¢alismanin amac, Gokpinar kaynaklarinin
hidrojeolojik 6zelliklerinin, kaynaklarin bogalim rejiminin ve sularm kimyasal 6zelliklerinin ve kalitesinin
belirlenmesidir.

Inceleme alaninda yaslari Ust Devonyen-Kuvaterner arahginda degisen, biiyiik gogunlugu kiregtaglarindan
olusan allokton ve otokton litolojik birimler yeralir. Allokton birimler Munzur Kiregtagi (Triyas) ve Pmarbas
Ofiyolitleri (Jura-Kretase); otokton birimler Giimiisali Formasyonu (Ust Devonyen), Yiiceyurt Formasyonu
(Jura-Kretase), Demiroluk Formasyonu (Eosen), Gévdelidag Formasyonu (Ust Eosen-Alt Miyosen), Giiriin
Formasyonu (Miyosen) ve Aliivyon’dan (Kuvatemner) olusmustur.

Gokpmar kaynaklarim bosaldigr Yiiceyurt Formasyonu kiregtagi inceleme alaninda ana akiferi olusturur ve
karstik ozelliklere sahiptir. Formasyonda karenler, dolinler, diidenler, ¢dkiintii alanlar, yeralt: kanallan ve
bosluklarindan olusan gelismis bir karst sistemi vardir.

Kaynak bosalimlarinin analizinden elde edilen verilere gore, karst akiferinin depolama kapasitesi biiyiik,
drenaji (bosalimi) yavastir. Gokpmar kaynaklarmin toplam depolama kapasitesi 239x10° m’, bosalim
katsayis1 2.83x107 giin™" olarak hesaplanmigtir.

inceleme alanindaki sular genellikle Ca™, Mg™* ve HCO;™"' iyonlarnin hakim oldugu kalsiyum bikarbonatl
tipte sulardir. Bazi su kimyasi parametrelerinin Gokpmar Kaynaklarindaki degerleri T=10.8-11.1 °C,
pH=7.65-7.95, EC=270-310 uS/cm, TCK=170-200 mg/L, Ca™= 40.0-54.0 mg/L, Mg"=4.5-10.0 mg/L,
HCO; '=144.0-158.0 mg/L arasinda degismektedir. Sularm kalitesi igmesuyu standartlarina uygundur. Sulama
suyu agisindan orta derecede tuzlu, diisiik sodyumlu sulardir ve. ABD Tuzluluk Laboratuvari sulama suyu
diyagraminda C,S, sinifinda yeralirlar.

Anahtar kelimeler: Giiriin, hidrojeoloji, yeraltisuyu, karst kaynagi, karst akiferi

ABSTRACT

Gokpinar karst springs are located 8 km to the south of the Giiriin district centre, Sivas, Turkey. The springs
issue from Jurassic-Cretaceous Yiiceyurt formation (limestone) and have two main discharge points. The total
discharge of the springs ranges between 4.5-7.8 m’/s. This study aims at determination of hydrogeology,
discharge regime and water chemistry of the Gokpwnar karst springs.

The study area is formed of allocthonous and autocthonous lithological units whose ages range from Upper

Devonian to Quaternary. They are mostly formed of limestones. Allocthonous units consist of Munzur
limestone (Triassic) and Pwmarbagi ophiolites (Jurassic-Cretaceous). Autocthonous units are Giimiisali
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formation (Upper Devonian), Yiiceyurt formation (Jurassic-Cretaceous), Demiroluk formation (Eocene),
Govdelidag formation (Upper Eocene-Lower Miocene), Giiriin Jormation (Miocene) and Alluvium
(Quaternary).

Yiiceyurt limestone, from which Gokpinar karst springs issue, constitutes the main aquifer in the study area
and is karstified. The unit has a well developed karst system comprising karens, dolines, ponors, undergound
channels and caves.

The recession (discharge) analysis of the Gokpinar springs revealed that the karst aquifer (Yiiceyurt
limestone) has large storage capacity, and drainage occurs very slow. The total storage capacity of the
springs is 239x10° m®, and discharge (recession) coefficient is 2.83x107 day™.

The major cations in the study area waters are Ca** and Mg*?, and anion is HCO;s". The waters are calcium
bicarbonate type. Some of the water chemistry parameters of the Gokpinar springs range as follows: T=10.8-
11.1 °C, pH=7.65-7.95, EC=270-310 pS/cm, TDS=170-200 mg/L, Ca**=40.0-54.0 mg/L, Mg*?=4.5-10.0
mg/L, HCO;'=144.0-158.0 mg/L. The waters are suitable from the point of drinking water standards. They
have medium salinty hazard and low sodium (alkali) hazard in terms of irrigation water, and plot in C,S,
class in USA Salinty Laboratory irrigation water classification diagram.

Keywords: Giiriin, hydrogeology, groundwater, karst spring, karst aquifer
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Samsun — Carsamba Kumkdy Regiilatorii Kazi Cukuruna Gelecek Su Miktarimin
Hesaplanmasi

Calculation of Groundwater Flow into the Kumkdy Regulator Excavation Site

Mete TURKER

DSI VII.Bolge Miidiirliigii Jeoteknik Hizmetler ve YAS Sube Miid. SAMSUN

0z

Kumkéy Regiilatérii ve HES, Samsun-Carsamba-Kumkoy Koyii simrlan icerisinde, Carsamba lge
merkezinin 12,5 km giineyinde, Suat Ugurlu Barajinin 2,6 km mansabinda ve Yesilirmak’in sol sahilinde insa
edilmektedir.

Yesilirmak ‘a ortalama 50 m mesafede aliivyon saha iizerinde yer alan Regiilatoriin temel gukuruna, kazi
sirasinda ve daha sonra ingaat aninda gelebilecek yeraltisuyunun miktarimin ve bu suyun ingaat alanindan
uzaklastinlmasi i¢in gerekli pompaj debisinin hesaplanmasi ¢aligmalan yapildi.

Aliivyonun hidrolik 6zelliklerini belirlemek amaciyla pompaj deneyi yapildi. Bu amagla 4 adet sondaj
kuyusunda pompaj yapilirken 9 adet gézlem kuyusunda seviye dlgiimleri yapildi. Bu deneyler ve yeraltisuyu
akig yoniine gore yapilan degerlendirme sonucu kazi gukuruna 3 yonden su gelecegi belirlendi. Hesaplamalar
yapilirken bu yonlerdeki hidrolik parametreler dikkate alinmistir.

Stallman (1962) yontemi kullanilarak Hidrolik iletkenlik (K); 1.Bélgede (Yesilirmak’tan dogrudan etkilenen
bolge) 409 m/giin, 11.Bolgede 240 m/giin ve 111.Bolgede ise 161 m/giin olarak hesaplanmstir.

Sondaj kuyulanmn diigiim-verim iligkileri kuyu girisimi 6zellikleri kullamlarak kazi ¢ukurundan pompajla
¢ekilecek su miktari hesaplanmigtir. Proje netlesmedigi i¢in hesaplamalar 10 m ve 15 m lik iki ayn kazi
derinligine gore yapilmistir. 10 m kazi derinliginde 11,39 m*/s ve 15 m kazi derinligimde ise 18,42 m’/s
debilerle pompaj yapildiginda kazi ¢ukuruna su gelisi engellenmis olacaktir.

Anahtar Kelimeler: Samsun, Kumkdy Regiilatorii, kazi gukuru, yeraltisuyu akimi, pompaj testi

ABSTRACT

The Kumkoy Regulator and Hydroelectric Power Plant are being constructed on the left side of the
Yesilirmak River, about 2.6 km downstream of the Suat Ugurlu Dam site. The site is located within the
boundaries of the Kumkdy village, about 12,5 km to the south of the Carsamba town.

Because the foundation of the regulator is to be constructed within the alluvium of the Yegilirmak river, for an
efficient construction, it is essential to calculate the groundwater inflow to the excavation site which is only
50 meters to the river on the average. The groundwater that flows into the excavation site is then to be
pumped out to keep the site dry and safe. Therefore, it is also important to calculate the pumping rate.

Pumping tests were carried out to obtain some hydraulic parameters of the aquifer that are needed to achieve
the objectives outlined above. The pumping tests were performed by pumping at 4 wells while the water levels
were observed and recorded at 9 other wells. Based upon the test results and considering the hydrogeological
framework of the site, it was concluded that the groundwater may flow into the excavation site through three
major pathways.
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The hydraulic conductivity of the aquifer (K) was found to be 409 m/day at Section I (an area directly
connected to the river); 240 m/day at Section Il and 161 m/day at Section IIl. The data obtained from
pumping tests were analyzed according to the method described by Stallman (1962).

The amount of water to be pumped out from the excavation site was also calculated using the discharge-
drawdown relations from pumping tests. The calculations were made for two cases of excavation depths. In
the first case where the excavation depth is assumed to be 10 meters, the pumping rate was found to be 11,39
m’/s and for the second case where the excavation depth is assumed to be 15 meters, a pumping rate of 18,42
m’/s was found to be sufficient to dry up the site during construction.

Keywords: Samsun, Kumkdy Regulator, excavation site, groundwater flow, pumping test
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Kibris’ta Su Madenciligine Son Verme

Lasting the Mining of Groundwater in Cyprus
ilyas YILMAZER', Hiiseyin GOKCEKUS', Salih GUCEL', Ozgiir YILMAZER?, Muzaffer SENOL?

! Yakin Dogu Universitesi, Kibrs
? Yilmazer Egit. Ltd., A. Ovegler , 8. cad., 89. sok. 9/8, 06460, Ankara
yem98@ttnet.net.tr, www.uyaneyulusum.net

0z

Kibris adasi Akdeniz’de Sicilya ve Girit adasindan sonra gelen en biiyiik adadir. Temiz su adalara 6zgii
yasamsal bir sorundur. Besparmak ve Trodos daglart ile bu daglar arasinda yer alan Mesaorya ovasi adanin
temel cografi 6zellikleridir. Trodos’un ana bileseni gegirimsiz bazik-ultrabazikler, metalik maden yataklar ile
bagkalagim kayalanidir. Bu nedenle, yeraltisuyu olanagi olmayan Giiney Kibns, barajlarla biriktirdigi
formasyon kirlenmesine agik sulari kullanmaya ¢alismaktadir. Tersiyer yash tortul istifin olusturdugu
Mesorya ovasi da sinirh yeraltisuyu beslenmesi igermektedir. Bu baglamda yeraltisuyunu besleyen tek birim
Besparmak siradagimin Kretase yerlesim yash karmasigi ve 6zellikle de kiregtagt bilesenidir (Kkk). Son 30
senede, suveren birimlerden, beslenmenin iizerinde su gekilerek tamamma yakini tuzlandinlmistir. Beslenme
kusagr genisligi 1 — 10 km arasinda degisirken uzanimi 100 km dolaylarindadir. Yillik ortalama yagis siradag
iizerinde 600 mm dolaylarinda iken Mesaorya ovasinda 300 mm dolaylarindadir. Buharlasma 300 mm ’ye
yaklagirken dagda 100 mm/y *m altindadir. Yiizey akis1 siradagda sifira yakindir. Yeraltisuyu beslenmesi
ovada 100 mm ’nin altmdayken siradagda 400 mm/y "in iizerindedir. Bu anlamda Begparmak daginin
yaklagtk 200 milyon m®/y suyu deniz alti siziti ve kaynaklariyla Akdeniz’e bosalmaktadir. ilk asamada
Kuzey Kibris’in gereksinimi olan suyun tamamu denize bogalan yeraltisuyundan kargilanacaktir. Bu projenin
énkosulu; mevcut kaynaklarin, ozellikle de  tarihi kaynaklarm hissedilir oranda etkilenmesinin
engellenmesidir.
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Projenin temel 6zelligi; denize bosalmalarin yogun oldugu ve yiizey kaynaklarinin olmadig1 kesimlerde deniz
kotundan daga (giineye) dogru ilerleyen yatay (egim<%2.5) kuyular olusturularak istenilen oranda su temin
etmektir. Ilk asamada elde edilen 50 milyon m’ suyun 20 milyon m’ i Kuzey Kibns’m kullanimma
sunulurken 30 milyon m’ ’ii de Giiney Kibns’a satilabilecektir. Geri déniisiim zorunlu olup elde edilen su
tarrm amagh kullamlacaktir. Yeralti damlama sulama yéntemi sira dikim ve ekimler i¢in kaginilmaz olup bu
projenin bir pargasidir. Yaklagik 30 milyon m® bir arti su saglanmis olacagindan Mesaorya yeraltisuyu tablast
her y1l artan oranda yiikseltilebilecektir.

Anahtar kelimeler: Kaynak; Yatay kuyu; Miras; Cevre; Hidrolik gecirimlilik.

ABSTRACT

The island Cyprus is the third greatest one after the islands Sicily and Crete. Domestic water supply is a vital
problem peculiar to islands. Fivefinger Mountain range, Trodos mountain and the Mesaoria plain between
those mountains are major geographical and geomorphologic Sfeatures. Major components of the Trodos
Mountain are basic - ultrabasic rocks, metallic mines, and metamorphic rocks. T hey are all impervious.
Hence the Southern Cyprus uses water from dams which is subjected to formation pollution. The Mesaoria
plain consists mainly of Tertiary aged sedimentary rocks of basically clayey rocks which are basically
impervious. In this connection, only the Cretaceous aged mélange, particularly the calcareous rocks, of the
Fivefinger mountain range get heavy precipitation and great infiltration. While the last 30 years, the aquifers
are all polluted with sea water intrusion due to the excess withdrawn. The width and length of the recharge
area are respectively | - 10 and about 100 km. Annual precipitation over the mountain range is around 600
and 300 mm/y over the Mesaoria plain whereas evapotranspiration is less than 100 and about 300 mm/y
respectively. Runoff over mountain chain is almost zero. Hence, groundwater recharge over Mountain is
above 400 mm/y and that over the Mesaoria plain is less than 100 mm/y. Hence, about 200 million m’ of
groundwater springs out into the Mediterranean Sea. At the first stage of the proposed project, the demanded
quantity of water will be provided from the Fivefinger Mountain's ground water which flows into the sea. The
important provision is that the existing springs, particularly the historical ones would not be affected.
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Yield, m"/s | Yield, m"/d | Yield, m"y | m%d/capita| Persons | Unitcost, $/1 | Income, $/y

0,8 69120 | 25228800 0,3 230 400 0,05 1261 440 000
4 345600 | 126 144 000 03 1152 000 0,05 6 307 200 000
Safe yield (m’/s) 2 4

Benefit from (a) social improvements, (b) protection of the historical and natural heritages, and (c)
enhancement of tourism, farming, and fostering peace building and co-operation in Cyprus is not
included.
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The basic issue of the project is to find a place where heavy discharges into the sea are clustered and there
will not be springs around which might be affected. The backbone of the project is to construct qanat
commencing from mean sea level into the mountain range (southwards) with an inclination less than 2.5%. At
the first stage, 20 million m’ of the 50 million m’® will be provided to the Northern Cyprus. The rest, 30 million
m’, can be sold to the Southern Cyprus. About great portion of the domestically used water, excluding the
chemically polluted component will be recycled to be used for irrigation. The dripping irrigation system, as a
component of the proposed project, has vital significance to save water. Hence every year, about 30 million
m’ of water will be kept in the Mesaoria groundwater resources which in turn result in a considerable raise of
water table.

Keywords: Spring; Qanat; Heritage, Environment; Hydraulic conductivity.
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Kayseri Kenti icme Suyu Havzasnm_n Mevcut Durumunun Su Kullanim Agisindan
Irdelenmesi

Appraisal of the Current State and Reliability of the Hydrologic Basin Supplying Domestic Water
for Kayseri City

Mustafa DEGIRMENCI, Ahmet ALTIN, Eyiip ATMACA

Cumbhuriyet Universitesi Miihendislik Fakiiltesi Cevre Miihendisligi Boliimii, Sivas
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Kayseri, Tiirkiye'de igme sularmin tamaminm yeraltisuyundan (kaynak ve kuyu olarak) kargilandig1 6rnek
kentlerden birisidir. Kayseri kenti 600.000’in iizerindeki niifusu ile ev ve isyerlerinde musluklarindan memba
suyu kalitesinde (sertlik 9-12° Fr arasinda) su akan, Tiirkiye'de, belki de diinyadaki tek ornek bir sehir
durumundadir. Bu durum, kentin yakin ¢evresinde ¢ok genis bir yayilima sahip olan volkanik kékenli Erciyes
Dag ile ilgilidir. Kentin igme ve kullanma suyu Erciyes dagimin ovaya yakin eteginden tek noktadan ¢ikan,
150 — 350 L/sn debili bir kaynak suyu ile (Bestepeler Kaynagi) yine Erciyes'ten (aym bolgeden) beslenen ve
kentin iizerinde kurulmus oldugu ovada agilmug elli (50) dolayinda sondaj kuyularindan alinan sulardan
saglanmaktadir. 2004 yili verilerine gore sebekeye yilda toplam 45.357.292 metrekiip su verilmis, bu amagla
kullanilan enerji ise yilda toplam 22,594,056.-kWh olmustur. Buna gére birim maliyet 0.498 kWh/m’
olmugtur. Bununla birlikte, mevcut kaynak ve kuyularin tamam giiniimiizde kent yerlesim alam igerisinde
kalmig durumdadir. Ayrica kentin 1997 yilna kadar olan kati atiklan, kent merkezine yakin iki ayr1 bolgede
10 -15 yil siirelerle depolanmis durumdadir. Giiniimiizde kentin kati atiklar kent yerlesiminin 15 km kadar
diginda diizenli depolama seklinde toplanirken, altyap1 kanalizasyon sistemi de tamamlanmus olup, toplanan
atiksular sehrin 10 km kadar batisinda kurulmus “Ileri Aritma” sistemine sahip bir tesiste aritildiktan sonra
Kizilirmaga verilmektedir

Kentin igme ve kullanma suyunun alindig1 akifer sistemi, genel anlamda “Catlakh Kaya Akiferi” tiiriinde dir.
Bélgedeki gozlenen kayag tiirleri bazalt, andezit ve bunlarn tiif ve aglomeralan seklindedir. S6z konusu
kayag tiirlerinden herhangi birinin ¢ok genis alanlarda devamhhgmi gorebilmek zordur. Kent igme ve
kullanma sularmin alindig1 bolgedeki akifer sisteminin beslenimi cogunlukla Erciyes daginin yiiksek kotlan
oldugu igin su alinan akiferler genelde “basmgli akifer” sistemi seklindedir, Basingh akifer kirk ve gatlakli
bazalt, andezit ve bunlarin tiif ve aglomeralarindan olusurken 6rtii niteligindeki kayaglar genelde masif veya
az kink ve gatlakh bazaltlardan olusmaktadir. Akifer sisteminin beslenim alanimin cok genis ve ozelliklede
¢ogunlukla kar erimeleri seklinde beslenim 6zelligine sahip olmasi nedeniyle akifer verimleri yiiksektir.

Bu ¢alismada, 1970’1i yillarda debisi 350 L/sn iken 2004 yilinda 150 L/sn ye kadar diigen ve kent yerlesim
birimi igerisinde yeralan, bélgenin en énemli igme suyu kaynag olan Bestepeler kaynaginda yapilan “kaynak
gelistirme” gahgmalan nemli bir yer tutmaktadir. Bestepeler kaynag, bolgedeki basigh akiferin iist ortii
tabakasi durumundaki bazaltlarda gelismis bir kirik-gatlak sisteminden bosalmaktadir. Bilindigi {izere,
Catlakli Kaya Akiferleri’nden ¢ikan kaynaklarin goriiniir debilerinin arttirilmasina yonelik yapilan “Kaynak
Geligtirme” ¢ahsmalarinda, oncelikle bilimsel incelemeler yardimiyla “Kaynak Bosalim Mekanizmasi” nin
tam anlamiyla ortaya konulmasi gerekir. Aksi durumda kontrolsiiz ve bilingsiz olarak yapilacak patlatma ve
benzeri uygulamalar, mevcut olan suyun da kaybolmasina neden olabilir.. Bu amaca yonelik olarak bolgede
Jeofizik olgiimler yapilmis, izotop tekniklerinden yararlamilms ve kaynagm yakin ¢avresinde dort adet
aragtirma sondaj kuyusu agilmigtir. Tiim bu hidrojeolojik ¢ahsmalarn sonucunda Bestepeler kaynagmin
beslenim alani, beslenim-bosalim mekanizmasi ve bdlgedeki diger sularla olan kokensel iliskisi saglikli bir
sekilde ortaya konulmus ve yapilan kaynak gelistirme galismalarindan ¢ok olumlu sonuglar alimmugtir. Anilan
calismalar sonucunda; Bestepeler Kaynag bélgesinde, yiizeyden itibaren 50-55° inci metrelerde baslayan ve
kirikhi-catlakli andezitik ciiruftan olusan bir basingl akifer sisteminin mevcut oldugu ortaya konulmus,
Bestepeler kaynagimin ise, kaynak ¢ikis noktasinda diigey yonde gelismis bir kirik-gatlak sisteminin, 50-55
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metre kadar derinde yeralan s6z konusu basingh akifer sistemini kesmesi sonucu yiizeye ¢ikmig olan bir
kaynak oldugu belirlenmistir. Bu bilgiler dogrultusunda yapilan kaynak gelistirme ¢alismalan sonucunda,
kaynagin debisi 250 L/sn ye diizeyine ¢ikarilmig, kaynagm yakin ¢evresinde agilmig dort adet aragtirma
sondaj kuyularmin iigii igletme kuyusu haline getirilerek kaynak bélgesinden (vaklasik 150 m capinda bir
alandan) toplam 500 L/sn kadar su almabilmistir. Kaynagin yakin gevresindeki ii¢ kuyunun her birinden 85-
90 L/sn su gekilirken, kuyulardaki diigiim 15-20 cm kadar olmaktadir. Amilan kuyulann iigiinden aym anda
toplam 260-270 L/sn su ¢ekilerek yapilan gozlem ve 6lgiimlerde, kaynak kaptajinin su seviyesindeki diigiim
degeri sadece 3 cm kadar olmustur.

ABSTRACT

Kayseri City, with a population over 600 000, is one of the few cities in Turkey where the domestic water
demand is met entirely by groundwater resources through either springs or boreholes. Probably it is the only
city in Turkey, if not in the world where the quality of tap water is as high as commercial mineral waters, with
a hardness ranging between 9-12° F, owing to the volcanic rocks originated from the Erciyes Volcano,
covering large areas around the city. The water for domestic use including drinking and household use is
supplied from a spring discharging at rate between 150-350 l/s from a single orifice at the foothill of the
Erciyes Mountain, and from about 50 boreholes drilled at the plain on which the Kayseri city is settled. The
plain aquifer is also recharged mainly from the volcanic heights that forms the Erciyes Mountain. Based on
the data for the year 2004, a total of 45, 357, 292.- cubic meter of water was supplied to the municipal
network consuming an electric energy of 22,594,056.-kWh, providing a unit cost of 0.498 kWh/m’. However,
today, the area where all of the springs and boreholes supplying water are located is urbanized and therefore
under the threat of contamination. Additionally, the municipal solid waste had been disposed at two sites very
close to the city centre for 10-15 years until 1997. Presently, the solid wastes are disposed at a regular
landfill site, about 15 km out of the urban area, and the waste water is collected and treated at a high
technology plant installed about 10 km to the west of the urban area, before it is discharged into the
Kizilirmak river.

Generally speaking, the water supply system is fed by a “fractured rock aquifer” that is constituted mainly by
basalt, andesite, basaltic and andesitic tuff and aglomerate. The exploited aquifers are mainly of confined
character and are recharged through the highlands of the Erciyes mountain, receiving precipitation during
most of the year. The fractured basalt, andesite, basaltic and andesitic tuff and aglomerate are confined from
the top by massive or rarely fractured basaltic rock masses. The extensive outcrop of the aquifer provide high
rate of recharge which makes the aquifer highly productive.

In this study, the authors explain the development of the major spring that is currently under the threat of
pollution since it is surrounded by the settlements and whose discharge rate has been decreased from 350 l/s
in the 1970’s down to 150 I/s in 2004; and assess the current state of the boreholes supplying water for
domestic use in Kayseri city, from the standpoint of both quantity and quality. This is primarily achieved by
hydrogeological appraisal of the Begstepeler spring for development studies. This spring discharges through
the fracture system of the basalt that constitutes the confining rock mass over the aquifer. Apparently, a
detailed hydrogeological investigation to understand the hydrodynamics of the spring is essential before any
practice to develop it to increase its discharge rate. Otherwise, it is not surprising to lose the water due to
practices such as blasting or excavating at the spring site. In order to prevent any damage the discharge
mechanism of the spring was studied utilizing the means like geological surveys and isotope hydrological
techniques as well as four boreholes drilled at the site to monitor the groundwater potential at different
depths. Based on the data obtained from these studies, the recharge-storage-flow and discharge relations
were established on a hydrogeological conceptual model and the development studies were implemented
accordingly. It was concluded that the spring discharges along a major fracture that connects the confined
aquifer to the surface through a 50-55 m thick basaltic overburden. Consequent to the development studies,
the discharge rate of the spring was increased to 250 L/s. Furthermore, three of the explaratory boreholes
drilled at the site are utilized for a total production of water of about 500 L/s. The drawdown at these wells
does not exceed 20 cm at a pumping rate of about 85-90 L/s. A combined pumping from all three wells caused
a decline of not more than 3 cm in the water level at the springhead.
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Harran Ovasinda (Sanhurfa) Sulama Sonras: Olusan Taban Suyu ve Tuzluluk Sorunlarinin
Jeolojik ve Hidrojeolojik Yapu ile Iliskisi

Salinity and Drainage Problems after Irrigation in Harran Plain (Sanhurfa) and their Relation to
Geological-Hydrogeological Structure
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Atatiirk Baraji sulan, Sanhurfa Tiinelleri ile ilk defa Nisan/1995 tarihinde Harran Ovasina akitilmis ve o
tarihten giiniimiize kadar yapilan tarimsal sulama sonrasi yaklagik 20000 — 25000 ha arazide jeolojik ve
hidrojeolojik kosullar nedeniyle ciddi boyutta taban suyu ve tuzluluk sorunlar yasanmaktadir. Bir
grabenlesme sonucu olusan ovanin temelinde bulunan kiregtaglan iizerinde, orta kisimlarda jips olusumlari
iceren " ince taneli kil agirlikh malzeme, ova kenarlarinda iri taneli kum-gakil malzeme ¢okelmigtir. Ayrica,
bu kil seviyeleri iginde yer yer merceksi asih (tiinek) akiferler olusmustur.

Ovada ekonomik olarak faydalanilan kiregtagi akiferi, yillik 250 hm® @ isletme rezervine sahiptir. Pliyosen
yash tiinek akiferler genellikle nitelik ve nicelik yéniinden ekonomik degildirler.

Yiizey suyu sulamalan sonucu olusan siiziilmeler ile tiinek akiferler doygun duruma gelmis, taban suyu ile
yeraltisuyu hidrolik iligki kurmugtur. Ovanin 6zellikle orta kistmlarinda 25000-30000 ha alanda jipshi
(CaS04.2H,0) kotii kaliteli (EC>6000 us/cm) yeralt: sulan sulamalar sonucu olusan siiziilmeler ile bitki kok
bolgesine hatta bazi yerlerde yiizeye kadar yiikselmis ve ovadaki fazla buharlagma (2 m) nedeniyle tarim
arazilerinde ciddi goraklagmaya neden olmaktadir. Pompaj deneyi ile taban suyunu diisiirme olanaklan
aragtinilmig ancak killi birimin diisiik gegirgenlik degeri (K< 10®) nedeniyle miimkiin olmamustir.

Ozellikle tuzluluk ve taban suyu sorununun olustugu sahalarda 5-8 m derinlikte ve 100-150 m mesafelerle
dar ¢aph sondaj kuyulan agilarak litolojik &zelliklerin ve hidrolik iletkenligin dagilim belirlenmeli ve bu
verilere gore tarla ici drenaj projeleri gereklestirilmelidir. Ayrica, pompajla sulama amaciyla kullamlan
tahliye kanallani amaglan dogrultusunda gahstirilmah, drenaj projesinin etkinliginin  kontrolii igin uygun
lokasyonlarda seviye ve kalite gézlem ag1 kurulmahdir.

Anahtar kelimeler: Harran ovasi, tuzluluk, drenaj, hidrojeolojik yap:

ABSTRACT

Irrigation in Harran Plain from Ataturk Dam has started in 1995 (in April) and, in time salinity and
drainage problems occured in the field extends 20000-25000 hectars, which were caused by geological-
hydrogeological structure. In a graben shaped plain, limestone underlie the clastics deposits that has filled
the basin. These deposits are composed of mainly fine material with gypsum in the central part while grain
size gets coarser toward the edge of the basin. Coarser material within the clayey deposits forms perched
aquifers in the basin.

The limestones aquifer that is utilized for economical production has 250 hm’ groundwater potential.
Pliocene aged perched aquifers are not of hydrogeological interest due to thier poor quality and low yield.
The low quality waters infiltrated from irrigation has risen the water table of the perched aquifer which is
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resulted in a direct hydrological connetction between waters of different quality. Particularly in the central
part of the plain, covering an area of 20000-25000 hectars, the level of groundwater which is rich with
respect to calcium-sulphate and other salts (EC>6000 us/cm) has risen up to the root zone and in some
places even to the ground surface. Consequently, evaporation caused salinization in the soil. Pumping tests
were carried out at some wells in order to decline groundwater level and prevent the soil salinization

problem, but results were not promising because the low hydraulic conductivity (K<I 0° m/s) of clayey
formations.

In order to solve salinity and drainage problems, it was recommended to drill small diameter wells which
should be 5-8 m deep and 100-150 m apart. Furthermore a Detailed Field Drainage Project should be
prepared considering the lithological properties and the hydraulic conductivity. Besides, existing drainage
canals (used as pumping canal by field owners) must be used for drainage and a groundwater level and
quality observation network must be constructed to control effectiveness of the project.

Keywords: Harran plain, salinity, drainage, hydrogeological structure
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Tecer Daginin (Sivas) Karst Hidrojeolojisi Incelemesi
Karst Hydrogeological Investigation of the Tecer Mountain (Sivas)
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Tecer Dagi, Sivas’in yaklagtk 40 km giineydogusunda yeralmakta olup, Mestristiyen-Tanesiyen yash
kiregtagindan (Tecer Kiregtasi) olusmaktadir. Bu galiymada, Tecer Kiregtaginm hidrojeolojik ézelliklerinin, su
kimyasinin ve Kkalitesinin belirlenmesi  amaglanmigtir. Calisma kapsaminda alanm hidrojeoloji haritasi
hazirlanmug, su noktalarinda dlgiimler, su 6reklemesi ve analizleri yapilmistir. Ayrica arazi 6lgiimleri, hava
fotograflar ve uydu goriintiileri yardimiyla kink izleri ve karstik yapilar incelenmistir.

Inceleme alaminin temelini Ust Jura-Alt Kretase yash Cataldag Kiregtast olusturmaktadir. Bu birimin iizerinde
strastyla Ust Kretase yagh Divrigi Ofiyolitli Karisigi, Mestristiyen-Tanesiyen yash Tecer Kiregtast, Liitesiyen
yash Bozbel Formasyonu, Oligosen yash Selimiye Formasyonu, Miyosen yash Karacaéren ve Deliktas
Formasyonlar, Pliyosen yash Orenlice Formasyonu ve Traverten, Pliyo-Kuvaterner yash Sogukpinar
Formasyonu bulunmaktadir. En geng birim ise Kuvaterner yash aliivyondur.

Tecer Kiregtasi, oldukga kirikh, gatlakli ve karstik yapihdir. Birimde karstik yap1 olarak ¢ogunlukla karenler,
dolinler, diidenler ve yeralti kanallan gézlenmistir. Ayrica yer yer magara olusumlan bulunmaktadir. Karstik
Tecer Kiregtaginda yeraltisuyu dolasim, kiregtaginin ¢oziinmesiyle genisletilmis eklemler, ¢atlaklar ve karstik
kanallar boyunca meydana gelir ve yersel dolagim seklindedir. inceleme alaninda Tecer Kiregtasindan bosalan
kaynaklarin debileri 0.5-565 L/s arasinda degismektedir. Tecer Kiregtagindan bosalan en biiyiik debili karstik
kaynak olan Besgozeler Kaynagmin debisi 150-565 L/s arasinda degismektedir.

Tecer Kiregtagindan bosalan kaynak sularimn elektriksel iletkenlik (EC) degerleri 215-585 pS/cm arasinda,
sertlikleri 10-20 Fransiz sertlik derecesi (FS) arasinda degismektedir. Kaynak sulan, Ca™, Mg ve HCO;"
iyonlarinin hakim oldugu kalsiyum bikarbonath tipte sulardir. Kaynaklar sulama suyu agisindan, ABD
Tuzluluk Laboratuvari Diyagraminda orta tuzlu-diisiik sodyumlu sular (C,-S;) sinifinda yer almaktadir. Tecer
Deresi sularinin EC degerleri 630-885 uS/cm arasinda, sertlikleri 30-45 FS arasinda degismektedir.

Karstik yapilara ve eklem sistemlerine iligkin arazi goézlemleri, hava fotograflant ve uydu goriintiileri
incelemelerine gore; Tecer Kiregtaginda yiizey drenaji ve 6zellikle siireksizliklerin kontroliinde karstlagma
gelismigtir. Kink izleri, eklemlerin yogunlagtigi zonlar ve faylar ile karstlagmamn yogunlagtigi zonlar
arasinda oldukga belirgin uyumlulugun bulundugu gézlenmektedir.

Anahtar kelimeler: Tecer Dagy, hidrojeoloji, yeraltisuyu, karst kaynagy, karst akiferi

ABSTRACT

Tecer Mountain is located about 40 km to the southeast of Sivas city centre, and is formed of Maastrichtian-
Thanetian aged limestone (Tecer Limestone). This study aims to determine the  hydrogeological, water
chemistry and quality characteristics of the Tecer Limestone. Within the scope of the study, hydrogeological
map was prepared, field measurements, water sampling and analyses were carried out. Fractures, joint
systems and karstic features were studied via field measurements, air photographs and satellite images.
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The basement rocks of the study area  consist of Upper Jurassic-Early Cretaceous Cataldag Limestone.
Above this unit are Upper Cretaceous Divrigi Ophiolitic Melange, Maastrichtian-Thanetion Tecer Limestone,
Lutetian Bozbel Formation, Oligocene Selimiye Formation, Miocene Karacaéren and Deliktag Formations,
Pliocene Orenlice Formation and Travertene, Plio-Quaternary Sogukpinar Formation. The youngest unit is
alluvium of Quaternary age.

Tecer Limestone is densly fractured, jointed and karstified. Karstic features observed in the unit consist of
karens, dolines, ponors and underground channels. In addition some caves exist. Groundwater circulation
within the karstified Tecer Limestone occures along the solution widened fractures, joints and karst channels,
and has local (condit) flow character. The flow rate of the springs in the study area discharging from Tecer
Limestone ranges between 0.5-565 L/sec. The discharge of the Besgozeler Spring, the largest karst spring in
Tecer Limestone, ranges between 150-565 L/s.

The electrical conductivity (EC) and hardness values of the spring waters that issue from Tecer Limestone
range between 25-585 uS/cm, and 10-20 °F (French Hardness), respectively. The spring waters are of
calcium bicarbonate type which have major ions of Ca™’, Mg™ and HCO;". In regard of irrigation water
quality, the spring waters plot in medium saline-low sodium water (C»-S;) class in U.S. Salinity Laboratory
Diagram. EC and hardness values of the Tecer River waters range between 630-885 uS/cm, and 30-45 °F,
respectively.

The field observations on the karstic features and joint systems, and studies on air photographs and satellite
images have revealed that karstification has developed in Tecer Limestone under the control of the surface
drainage, joints and faults. A rather strong correlation is present between the fracture traces, joint
concentrated zones, faults and intensively karstified zones.

Keywords: Tecer Mountain, hydrogeology, groundwater, karst spring, karst aquifer
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Seyhan Havzasinda iklim Degisimlerinin Yiizeysel Su Kaynaklarina Olan Etkilerinin
Arastirilmasi

Assessment of Climate Change Impacts on Surface-Water Resources in Seyhan River Basin
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Son yillarda yapilan galigmalar, iklim degisimlerinin yagis, buharlasma-terleme ve yiizeysel akis gibi
hidrolojik déngiiniin bilesenleri iizerinde Snemli etkilere sebep olacagim gostermektedir. Iklim degisimine
bagl olarak, sel, toprak kaymasi, kurakhk ve sele maruz kalan bélgelerde tarimsal verimin azalmasi, kiyi
ekosistemlerinin olumsuz etkilenmesi, enerji darligi, su kaynaklarimin azalmasi ve kalite bozulmasi, bulasici
hastaliklara yakalanma riski ve 6liim oranlarinda artis meydana gelecegi tahmin edilmektedir.

Tirkiye’de iklim degisimlerinin etkileri, son yillarda yagislarda gozlenen azalma egilimi ve kuraklik olaylar
olarak ortaya ¢ikmaktadir. Bu degisimin etkileri 6zellikle kis mevsimlerinde daha belirgin bir hal almaktadr.
Seyhan Havzasi, yiizey suyu kaynaklarinca zengin ve yan kurak iklim kusagindan karasal iklime gegis
bolgesi iginde bulunmasi nedeniyle iklim degisimlerine karst duyarh bir hidrolojik yapiya sahiptir. Havza
igerisinde nehir ag1 oldukea iyi gelismistir ve havzanin iist kotlari igerisinde birgok diiden, magara, kaynak
gibi karstik su yapilan yer almaktadir. Bu nedenle, sistemin karakteristik yapisi gdz éniinde bulundurularak,
olusturulan bir hidrolojik model yardimiyla yiizey suyu kaynaklarinin iklim degisimine olan duyarhlig1 ortaya
konulmustur.

MIKE-SHE havza modeli ile olusturulan matematiksel model, yiizeysel akis ve depolama, buharlagma-
terleme, doygun olmayan bélgede akis ve yeraltisuyu beslenimi ve akarsu akimm benzestirmektedir.
Havzann biyiikliigii ve hidrolojik siirecleri yansitan meteoroloji ve havza degiskenlerinin konumsal ve
zamansal degisimlerini temsil edecek veri ve gozlemlerin yeterli olmayis1 ayrintih bir model kalibrasyonu
yapabilmeyi engellemis, model havza 6lgeginde su biitgesi dagilimi ile kalibre edilmistir.

iklim degisiminin etkisi, yagisin azalmasi, sicaklik ve potansiyel buharlagma-terlemenin artmasmna bagh
olarak kurgulanan iki ayn senaryo ¢ergevesinde incelenmigtir. Yagisin azalmasinin, yeraltisuyu beslenmesi ve
akarsu akimlarinda oldukga yiiksek oranlarda bir azalmaya neden oldugu gériilmiistiir. Sicaklik artiginin ise
gercek buharlagma-terleme ve bitki su ihtiyacimn artmasinda, doygun olmayan bolge ve yiizeysel depolamada
azalmaya neden oldugu gériilmiistiir. Sonug olarak, Seyhan Havzasmm iklim degisimlerine kars: yliksek
duyarlihga sahip oldugu ve yagis ve sicaklik degisiminin havzanin hem yiizey su potansiyelini hem de
yeraltisuyu beslenimini 6nemli 6lgiide etkiledigi belirlenmistir.

Anahtar Kelimeler: Seyhan havzasi, iklim degisimi, Yiizeysuyu kaynaklari, MIKE-SHE.

ABSTRACT

Recent studies have revealed that climate change has significant effects on the components of hydrological
cycle such as the preciptation, evapotranspiration and surface waters. Depending on the climate change,
increases in ratios of floods, land slides, decrease of the agricultural productivity of the land subjected to
drought and flood, negative effects on coast ecosystem, energy shortage, decrease of water resources and
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decrease of water quality, risk of catching communicable infections and death rate are estimated to be
realized.

In Turkey, the effects of climate change are emerging as the recent observed decreasing precipitation trend
and droughts. The impacts of this change are becoming more evident especially in winter seasons.

Seyhan River Basin is highly vulnerable to the climate changes, since it has a high potential of surface water
resources and situated in a transition area between semi-arid and continental climate zones. The drainage
network of the basin is well developed, and there are many karstic features such as doline, cave, spring in
higher elevations. The susceptibility of the water resources to the climate changes is assesed by a
hydrological model established by considering the basin characteristics.

The MIKE-SHE hydrological model is used to simulate the overland flow and storage, evapotranspiration,
unsaturated flow and storage, groundwater recharge, and river flow. The great size of the basin, and the lack
of adequate data and observation, characterizing the spatial and temporal variation of the meteorological
and basin variables, does not allow carry out a detailed calibration, instead the model is calibrated by basin
wide water budget target.

The assessment of impacts of climate change is based on numerical climate analysis and the results of the
impact models developed with the inputs of non-climate scenarios. The description of coming socioeconomic
situation, use of land and environmental changes with the help of these non-climate scenarios is important for
being able to characterize the sensitivity of system for climate change and the adaptation capacities.

The effects of the climate changes are simulated by two scenarios, based on the decrease in precipitation
amount, and increase in temperature and potential evapotranspiration. The decrease in precipitation results
significant decrease in groundwater recharge and river flow, whereas the temperature increase results
increase in actual evapotranspiration, and crop water requirement, and decrease in the unsaturated and
overland storage. The assessment of these results indicates the high vulnerability of the Seyhan Basin to the
climate changes, and the changes in precipitation and temperature will affect the surface water resource
potential and groundwater recharge significantly.

Keywords: Seyhan basin, climate change, surface water resources, MIKE-SHE
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Kuzey Kibns; Tersiyer yagh tortul istifin (Tt) olusturdugu Mesarya ovas1 ve Akdeniz kiyisi ile bu arada
yiikselen Kretase yerlesim yash karmasigin (Kk) kiregtaglanm (Kkk) igerir. Ovanmn kotu -4 m ile 330 m
arasinda degigsmektedir. Besparmak dagmimn yiiksekligi ise 400 — 1020 m arasinda degismektedir. Tt ’nin
hidrolik gegirimliligi (K, m/s) 10”’nin altindayken, Kkk ’nin ki 10° m/s ’nin iizerindedir. Katmanlar ana
siireksizlik tiirli olup tamam kuzeye egimlidir. Tt ile Kkk arasindaki dokunak giineyde ters fayh olup
kuzeydeki agisal uyumsuzluk dokunagidir. Kaya birim igerisindeki yeraltisuyunun devinimini genellikle
siireksizlikler belirler. Yeraltisuyunu besleyen tek birim Besparmak daglarinmn kiregtaglaridir. Tt ’nin
olusturdugu alanlarda beslenme, g6z ardi edilebilecek diizeydedir.

Bagpinar kaynagi; Kkk ile Kk’min sipilitleri (Kks) arasindaki tektonik dokunak boyunca Venedikliler
doéneminde yapilms yatay kuyu olup yaklagik 150 1/s debide temiz su sunmugtur. Yaklagik 2000 yil énce
gelistirilen bu kaynak; (1) evsel amagh ve (2) 500 m akis asagisinda yapilmis olan degirmeni gahistirmak
lizere gerekli suyu saglamistir.

Basgpinar kaynagi
SK1 agilarak kurutulur.
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Yaklasik 1,5 km verevine tepe yukarisinda (beslenme alaninda) agilan su kuyusu, 2000 yilhk kaynaklari
kurutmustur. Bu da yetmemistir ki, kaynaklarla eski kuyu arasma ikinci bir kuyu daha agilarak 2005’in
sonunda tamamlanmistir. Kaynaklarm kotu 340 m iken, bu iki kuyunun kotu da 440 metredir. Dolayisiyla
kaynaklari kurutan uzak kuyuyla 500 m daha yakmn aym kotlu bir noktaya ikinci kuyunun agilmasi bosa
zaman, emek ve para harcamasidir. Oysa, ulusal servet niteligi tagtyan s6z konusu binlerce yillik kaynaklar

121




59. Tiirkiye Jeoloji Kurultayr Bildiri Ozleri, 20-24 Mart 2006, Ankara

korunmahdir. Begparmak daginin kuzeyinde denize bosalan su, uygun debilerde sifir kotundan, alinarak dogal
denge korunabilir. Bu baglamda hazirlanan projenin 6n tasarimi tamamlanmugtir.

Anahtar kelimeler: Kaynak; Yatay kuyu; Miras; Cevre; Hidrolik gegirimlilik.

ABSTRACT

The Northern Cyprus comprises Mesaoria plain and coastal area of Tertiary aged sedimentary sequence (Tt)
and Besparmak (Fivefinger) Mountain range consisting of calcareous rocks (Kml) of Cretaceous aged
mélange. Topographic elevation of the Mesaoria plain varies from -4 up to 330 m. The altitude of the
Besparmak Mountain range is in between 400 and 1020 m. Hydraulic conductivity (K, m/s) of Tt is smaller
than 107 whereas that of the Kml is greater than 10°. Bedding planes are the major type of discontinuities
and they all dip northwards. The contact between Tt and Km is thrust fault at south and angular unconformity
at north. The movement of the groundwater, in general is governed by the discontinuities. Hence, the majority
of the groundwater in Northern Cyprus moves northwards. The calcareous rocks of the unit Km is the sole
source of groundwater recharge. The recharge over the Tt is almost negligible.

The ganat Bagpinar, constructed by Venetians through the fault zone between Kml and spilite (Kms) of the
Km, was springing out at an approximate rate of 150 l/s. It was constructed about 2000 years ago to, (1) get
water for domestic use and (2) operate a mill at 500 m downstream.
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A water-well, constructed in 2004 about 1.5 km obliquely uphill side of the spring, intercepted water of the
spring and made it dry. Besides that a new water-well is being drilled between the former well and the spring
into the same unit which is Kml. Both wells have the same altitude as 440 whereas that of the spring point is
340 m. Hence the second well between them is to spent more time, effort, and expenditure. However, it is
mandatory to keep such invaluable springs as a natural and national resource. It is concluded and
recommended that groundwater flowing into the Mediterranean Sea as submarine springs can be intercepted
at an optimized rate at the mean sea level to save such historical and natural heritages. In this connection, the
preliminary design of the ganat systems is completed.

Keywords: Spring; Qanat, Heritage; Environment; Hydraulic conductivity.
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POSTER

Yeraltisuyu Seviyelerinde Depremler Nedeniyle Olusan Anomaliler
Anomalies in Groundwater Level Caused by Earthquakes

Hasan KIRMIZITAS

DSI 5. Bolge Miidiirliigi
hasankirmizitas@yahoo.com
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Ulkemizde DSI tarafindan, 1960°h yillardan bu yana hidrojeolojik etiitler kapsaminda sondaj kuyularinda
yeraltisuyu seviyeleri limnifgraf aletleri ile diizenli olarak &lgiilerek hidrograflar iiretilmektedir. Bu
hidrograflarin bazilaninda meteorolojik-hidrolojik etkilerden bagimsiz gibi goériinen ¢ok ilging anomaliler
yakalanmig ve yapilan incelemelerde bu anomalilerin depremler nedeniyle meydana geldigi gézlenmistir.
Depremler nedeniyle meydana gelen anormal seviye degisimleri; ani yiikselme, ani diisme veya aym noktada
salimimlar seklinde olmaktadir

Bu poster sunumunda, iilkemizde meydana gelen bazi depremlerin, deprem merkezlerine farkli uzakhklardaki
bazi DSI gbzlem kuyularinda meydana getirdigi anormal seviye degisimlerinden 6mekler sunulmustur.
Verilen 6meklerde, deprem merkezlerinde en biiyiik seviye degisimi 1.48 m olup, bu degisim, aym noktada
sahmm seklinde kaydedilmistir. Incelenen seviye hidrograflannda, deprem merkezinden yayilan deprem
dalgalarinin anhk zaman dilimi iginde binlerce km yol kat ederek, ¢ok uzaktaki yeraltisuyu seviyesini
etkileyebildigi goriilmiistiir.

Yeraltisuyu seviye degisimleri basingh, yan basingh ya da serbest akifer kosullaninda gozlenmistir. Akifer
litolojisi ise aliivyon gibi taneli ortamlarin yam sira kiregtag: gibi saglam kayaglardan da olugsmaktadir.

Dogal afetlerin en yikicisi olan depremlerin 6nceden belirlenmesi ile ilgili uzun yillardan bu yana ¢aligmalar
yapildig1 bilinmektedir. Yeraltisuyu seviyelerinde olugan sira dig1 yiikselim ve diigiimler bilim adamlarinin
dikkatini ¢ekmis ve bu olayin depremlerle iligkisi birgok iilkede incelenmeye deger bulunmugtur. Ancak,
bugiine kadar depremlerin 6nceden belirlenmesinde bir sonuca vanildig bilinmemektedir. Esasen Ulkemizde
onemli bir yeri olan deprem ve yeraltisuyu iligkisinin bilimsel ve akademik diizeyde ortaya konmasinda
biiyiik fayda vardir.

Anahtar kelimeler: Yeraltisuyu, hidrograf, deprem

ABSTRACT

DSI has set up a groundwater level observation network in major groundwater basins where the water level
is measured by automatic limnigraphs since the 1960’s. This allows the production of groundwater level
hydrographs at each observation borehole. Some of these hydrographs were found to indicate some
anomalies in the groundwater level change which could not be accounted for by the response of the aquifer to
actual meteorological-hydrological inputs. These anomalies were attributed mainly to the earthquakes
occurred at and around the areas of the observation boreholes. The character of the anomalies observed was
either a rise, a decline or fluctuation in the groundwater level as a consequence of an earthquake.
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The hydrographs interpreted within this study exhibit an anomaly as a fluctuation in the groundwater level as
high as 1.48 m. The location of the observation well relative to the earthquake epicentre suggests that the
seismic waves may travel thousands of kilometres in very short period of time.

Based on the interpreted hydrographs, the occurrence of abnormal changes due to earthquakes Iis
independent of the type of the aquifer, because anomalies were identified in boreholes penetrating either
confined, semiconfined or unconfined aquifers. Similarly, identification of such anomalies in aquifers made of
unconsolidated material like alluvium and rock masses like limestone suggests that this phenomenon is not
dependent on the type of lithology either.

Because earthquakes are among the most destructive natural hazards, the use of abnormal groundwater level
changes as a precursor to earthquakes have long attracted the attention of scientists and several studies can
be found on this topic in the literature. However, no clear relationship has been yet established to make use
of this sort of anomalies as a precursor to earthquakes. But, it seems to be worthwhile to continue the
research in order to understand the phenomenon.

Keywords: Groundwater, hydrograph, earthquake
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Maden Yataklar: ve Jeokimya Oturumu
Ore Deposits and Geochemistry Session

Yiiriitiicii: Fikter SUNER
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Hoyiik ( Afsin-K.Maras ) Pb-Zn Yataginin Jeolojisi
Geology of Hoyiik (Afsin-K.Maras) Pb — Zn Deposit

Yunus AY ', Ozcan DUMANLILAR 2, Ali AYDIN '
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? Demir Export-Ankara
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Dogu Toros Orojenik Kusagi’nin merkezi kesiminde bulunan ¢alisma alaminda Jura-Alt Kretase yash Goksun
Ofiyoliti, Ust Kretase yash Esence Granitoyidi ile Orta Eosen yagh Maden Karmasig bulunmaktadir.
Carpigma sonrasi olusmus subvolkanik kayaglar Maden Karmagig ile intriizif iligkilidir.

Aragtirma konusu Pb-Zn cevherlesmesi, Maden karmagigma ait volkanosedimanter istif ile diinit porfirleri
igerisinde geligmistir. Cevherlesme, Héyiik Kdyii giineyinde tatadere civarinda damar tipi Pb-Zn seklinde
gozlenirken, batida volkanik kayaglar igerisinde bulunan bresik kuvars damarlarina bagh bakir
mineralizasyonu seklinde goziikmektedir.

Hoyiik civarindaki Pb-Zn cevherlesmesi Pb-Zn-Cu-Ag igermektedir. Bu degerler sirasiyla Pb % 9, Zn % 5.5,
Cu % 1.5, Au 260 ppb, Ag 54 ppm’e ulagsmaktadir. Cevherlesmenin en dis zonlarinda propilitik alterasyon yer
aliken, kalinlhiklari Im-5m arasinda degisen Pb-Zn damarlarimin yan kayaglarinda ise damar kalinhklarna
bagh olarak kuvars-serizit-kil-pirit (fillik) alterasyon gelismistir. Propilitik alterasyon ile fillik alterasyon
arasinda 100m’ye ulagan kalinhiklarda yogun silisli, stokvork ve digli kuvars damarcikh zonlar belirlenmistir.
Hoyiik koyii’niin batisinda ise propilik alterasyon igerisinde kalinliklar1 0,5m ile 5m arasinda degisen bregik
kalkopirit-hematitli ve kuvarsl zonlar bulunmaktadir.

Elde edilen bu 6n bulgulardan hareketle ¢alisma alaninda gozlenen cevherlesmenin garpisma sonrasi (post
collosion ) gelisen volkanizma ile direk iligkili oldugu ve ayni kusak igerisindeki diger cevherlesmelerinde
benzer gekilde gelistigi ongoriilmektedir.

Anahtar Kelimeler: Pb-Zn Yatag, Propilitik alterasyon, Hoyiik ( Afsin-K.Maras )

ABSTRACT

The Jurassic to Lower Cretaceous Géksun Ophiolite, the Upper Cretaceous Eocene Granitoid and the Middle
Eocene Maden Complex take place in the study area which is located in the central part of the Eastern
Taurus Orogenic Belt. Post-collision subvolcanic rocks intrude the Maden Complex.

Pb — Zn mineralization occurs in the volcano-sedimentary sequence of the Maden Complex and dunite
porphyry. As for mineralization around Tatadere to the south of Hoyiik village, is observed as vein-type Pb —
Zn. To the west, however, is observed as copper mineralization related to breccia quartz veins in the volcanic
rocks.

Pb — Zn mineralization around Hoyiik village contain Pb-Zn-Cu-Ag. The values reach up to, in order, Pb %
9, Zn % 5.5, Cu % 1.5, Au % 260 ppb, Ag % 54 ppm. The outermost alteration zone of the mineralization is
characterized br pyrophyllitic alteration, whereas, quartz-sericite-argillic-pyrite (phyllic) alteration develops,
based on thickness of veins, around the country rock of Pb —Zn veins ranging from I to 5 m in thickness.
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The zone of strongly silicified, stockwork and drusy quartz veins, with thickness reaching up to 100 m, is
determined between pyropyllitic alteration and phyllic alteration. To the west of Hoyiik village, however,
breccia chalchopyrite-hematite-quartz zones with thickness ranging from 0,5 to 5 m, take place in pyropyllitic
alteration.

According to the result obtained, it is suggested that mineralization in the study area is related to post-
collision volcanism and other mineralization in the belt, also, formed in the same condition.

Keywords: Pb-Zn Deposits, Pyropyliltic alteration, Héyiik (Afsin-K.Marag)
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Midi (Karamustafa/Giimiisha.ne) Zn-Pb (Au, Ag) Yataginda Termodinamik ve
Durayli Izotop (S, O, C) Cahismalan

Thermodynamic and Stable Isotope (S, C, O) Studies of the Midi (Karamustafa/Giimiishane)
Zn-Pb (Au, Au) Ore Deposit

Abdurrahman LERMI !, Necati TUYSUZ 2
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Cevher olusum siireglerinde etkili olan birgok fiziksel ve kimyasal faktér vardir ve i¢ i¢e gelisen bu siirecleri
birbirinden ayirmak oldukga giigtiir. Cevher olusum siireglerinin anlagilmasinda S, O, C izotop sistemleri
oldukga faydal bilgiler verirler. Bu nedenle bu ¢ahismada durayh iztoplar kullamlarak Midi Maden yatagim
olusturan bilesenlerin kokeni, tasginma mekanizmasi ve gevher ¢okelimini etkileyen faktorler belirlenmeye
caligilmistir.

Midi Madeni (Karamustafa/Giimiishane-KD Tiirkiye) iki cevher mostrasindan olusmaktadir. Bunlardan KB-
GD dogrultulu ve KD’ya egimli Késtiirelik Cevherlesmesi Kirtillik bresine, D-B dogrultulu ve K’ye egimli
Maden Dere Cevherlesmesi ise Zimonkdy Formasyonu’nun taban kesimine yerlesmistir. Bu cevherlesmeler
tamamen fay kontrolliidiirler. Cevher Maden Dere’de mercekler ve Kostiirelik’te diizensiz baca sekilli olup,
yan kayaca ornatim ve bosluk dolgusu halinde yerlesmistir. Ana cevher mineralleri; sfalerit, pirit, galenit
olup, az miktarda kalkopirit, arsenopirit, pirotin, tedrahedrit, borit ve eser miktarda altin ve telliir’den
olugmaktadir.

Mineral ¢6kelimi genis bir sicaklik arahginda (250-388 °C) meydana gelmistir. Sivi kapammlardan elde
edilen ortalama olusum sicakhigi (306.6+25); kiikiirt izotop termometresi (301+22 °C), arsenopirit
termometresi (331 °C) sonuglariyla oldukga uyumludur. Cevherin olustugu sartlarda ortamin termodinamik
parametreleri 325 °C / 275 °C’de hesaplanmis olup, bu sicakhiklara karsilik gelen kiikiirt fugasitesi -12.7/-
7.37, oksijen fugasitesi -30.4/-26.64 ve pH 3.38/5.35 olarak saptanmigtir. Bu sartlarda kursunun yiiksek
sicakhkta kloriir ve diisiik sicaklikta siilfiir kompleksleri, ¢inkonun ise genel olarak kloriir kompleksleri
halinde tagindig1 belirlenmis ve pH degisiminin minerallerin ¢okelmesinde sicaklik degisiminden daha etkili
oldugu tespit edilmistir.

Pirit, galenit ve sfalerit minerallerinin 834S degerlerinin (+2.0-+6.7 %o0) 0 %o degerine yakin dar bir
araliktaki  degisimi, bu minerallerin olusumunu saglayan kiikiirtin magmatik kokenli oldugunu
gostermektedir.

Kalsit ve ankerit’lerin dengede oldugu sivilarin karbon (+1.9- -3.5 %o ) ve oksijen (+2.9- +10.7 %o ) izotop
bilesimlerinden oksijen, magmatik sivilarla benzerlik gostermekte, karbon ise magmatik kaynaktan farkh bir
kaynag isaret etmektedir. Gergeklestirilen izotop karigim modelleri hidrotermal karbonatlarin ¢ékeliminde ve
izotop farklilagmasinda asil rol oynayan olayin sivi-kayag (10-400/1 oraninda) etkilesimi oldugunu
gostermistir.

Anahtar Kelimeler: Midi Zn-Pb yatagi, Jeotermometre, Durayl1 izotop jeokimyasi, Izotop modellemesi.
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ABSTRACT

In the ore forming processes, there are a number of physical and chemical factors, which are difficult to be
treated separately; because many are interrelated. S, O and C isotope systems could provide some useful
information and help to understand of ore forming processes. Thus, stable isotopes were employed in this
study to find out the genesis of the ore-forming constituents, transportation and the factors controlling ore
deposition of the Midi ore deposit.

The Midi ore deposit is composed of two distinct ore bodies namely the Kostiirelik and the Maden Dere. The
Kdstiirelik ore body trending NW-SE and dipping NE is hosted by Kirtillik Breccias and the Maden Dere ore
body trending E-W and dipping N is located at the bottom part of the Zimonkdy formation. Both are confined
to fault zones. Maden Dere ore body occurs as lenses, whereas the Kostiirelik as an irregularly outlined
conical form. The ore bodies have been formed by both replacement of the host rocks and infillings of
fractures. Main ore minerals are sphalerite, pyrite, galena; lesser chalcopyrite, pyrrhotite, tetrahedrite,
bornite, and trace gold and tellurides.

Mineral precipitation occurred in a temperature interval between 250 and 388°C. The mean homogenization
temperature obtained from fluid inclusions (306.6+25 °C) is consistent with those obtained from S isotope
thermometry (301+22 °C), arsenopyrite thermometry (331 °C). Thermodynamic parameters calculated at 325
°C and 275 °C respectively revealed a fS; of -30.4/-26.64, fO;of -12.7/-7.3 and pH of 3.38/5.35 for the ore
forming fluids. In this system Pb is transported as chloride complexes at high temperatures, but as sulfure
complexes at low temperatures, whereas Zn is transported mainly as chloride complexes. Variation in pH
values played much more important role in precipitation of both galena and sphalerite than those in
temperature. 'S values (+2 - +6.7 %q) of pyrite, galena and sphalerite indicate a magmatic source for the
sulfure.

Carbon and oxygen isotopic composition of the fluid in equilibrium with calcite and ankerite point out that
oxygen is magmatic in origin, but carbon is derived from another source. Studies on C and O isotope
modelling indicated that water-rock interaction (10-400 w/Ir) played a main role in the deposition of
carbonate minerals and isotope fractionation.

Keywords: Midi Zn-Pb deposit, Geothermometry, Stable isotope geochemistry, Isotope modelling.
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Hasbey (Bitlis Masifi-Van) Pb-Zn Cevherlesmesinin Mineral Parajenezi ve
Deformasyon Dokular

Mineral Paragenesis and Deformation Textures of Pb-Zn Mineralsaiton in Hasbey
(Bitlis Massif-Van)

Ali Riza COLAKOGLU

Yiiziincii Yil Universitesi, M.M.F., Jeoloji Miih. Béliimii-VAN
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Hasbey Pb-Zn cevherlesmesi Van Gélii’niin giineyinde, Gevas ilgesinin yaklasik 20 kilometre batisinda
Hasbey koyii cevresinde yer alir. Cevherlesme bindirme tektoniginin, eklem takimlan ve faylann yogun
oldugu Bitlis-Zagros Kenet Kusagi’mn kuzey ucunda konumlanmistir. Bu ¢alismada cevherlesmenin mineral
parajenezi ile gang ve cevher mineralleri iizerinde gelismis makroskobik ve mikroskobik deformasyon
dokulan incelenmistir.

Bitlis Masifi, agisal uyumsuzlukla birbirinden aynlan Alt Birlik (¢ekirdek kayaglari) ve Ust Birlik’ten (ortii
kayaglar1) olugmaktadir. Ust Birlik, Devoniyen-Kretase zaman arahginda ¢okelmis kuvars-sist, kuvarsit,
klorit-sist, kloritoyid-mika-sist ile genellikle karbonath kayaglarla temsil edilen yesil-sist fasiyesinde
metamorfizma gegirmis birimlerden meydana gelmistir (Boray, 1975; Sengiin 1984; Caglayan ve Sengiin,
2003). Cevherlesme Ust Birlik iginde bulunmaktadir. inceleme alaninda kuvars-sist, kuvarsit, klorit-gist,
kloritoyid-mika-gist dolomit ile meta-karbonatlar gézlenmistir. Cevherlesme gogunlukla dolomitler icindeki
kirk ve catlaklar ile fay zonlarinda gézlenmektedir. Bu kayaglar bir biitiin olarak Eosen yash kirmtil kayaglar
tizerine itilmigtir.

Hasbey Pb-Zn cevherlesmesinin en yaygin cevher mineralleri galenit ve sfalerit’tir. Pirit, markazit, burnonit,
bulanjerit, jamesonit, aikinit, tetraedrit-frayberjit, arjantit, pirarjit, kalkopirit, kalkosin, dijenit ve arsenopirit
mineralleri ise az miktarda bulunur. Ayrica, seruzit, simitsonit, anglezit, kovellin, malakit, gotit, lepidokrozit,
bindhemit, kalkofanit ve hidrozinkit oksidasyon kosullarinda ikincil mineral olusumlandir. Cevherlesmenin
gdzlenen gang minerallerini de kuvars, dolomit, kalsit ve ayrica yesil ve beyaz renkli floritler olusturmaktadir.

Pirit, sfalerit, galenit, jamesonit ve beyaz florit’lerde kirilgan ve siiniimlii deformasyon dokulan gézlenmistir.
Cevher ve gang mineralleri iizerinde kinlgan deformasyon en belirgin sekliyle kataklastik dokularla, siiniimlii
deformasyon ise kuvvetli yonlenmeli-dalgali sekil oryantasyonlar ile karakteristiktir. Cevher minerallerinin
birbirleriyle olan iliskileri ve bu mineraller iizerinde gézlenen deformasyon dokulan, cevherlesme siireci
boyunca ve sonrasinda gelisen deformasyon evreleri hakkinda énemli ipuglan vermektedir.

Anahtar Kelimeler: Pb-Zn Cevherlesmesi, Deformasyon Dokulan, Hasbey, Bitlis Masifi-Van

ABSTRACT

Hasbey Pb-Zn mineralization is situated at around of the Hasbey Village about 20 km west of the Gevag
county, south of the Van Lake. This area is located at northern tip of the Bitlis Zagros Sutur Zone, at a place
which is intensively thrusted, faulted and jointed systems. In this study, mineral paragenesis and
macroscobic-microscobic deformation textures were investigated in ore minerals.
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Bitlis Massif is composed of two different units seperated by an angular unconformity: Lower Units (core
rocks) and Upper Units (cover rocks). Upper Units were deposited during Devonian-Cretaceous time interval
and metamorphosed at green-schist facies. The units consist of quartz-schist, quartzite, chlorite-schist,
chloritoid-mica-schist and generally are represented with carbonate rocks (Boray, 1975; Sengiin 1984;
Caglayan ve Sengiin 2003). Mineralisation is settled on the Upper Units. Quartz-schist, quartzite, chlorite-
schist, chloritoid-mica-schist, dolomite and meta-carbonates are mainly rock types of the study area.
Mineralisation is generally observed in the fissures and cracks of dolomite and some of the fault zone. All
these metamorphic rocks are thrusted over the sedimentary rocks of Eocene in age.

Galenite and sphalerite are main ore minerals of the Hasbey mineralisation. Pyrite, marcasite, bournonite,
boulangerite, gamesonite, aikinite, tetrahedrite-fraybergite, argentite, pyrargyrite, chalcopyrite, chalcocite,
digenite, and arsenopyrite are determined as minor amounts. Cerrusite, simitsonite, anglesite, covellite,
malachite, goethite, lepidocrocite, bindheimite, chalcophanite and hydrozincite are formed by oxidation and
secondary processes. The dominant gaunge minerals are observed as quartz, dolomite, calcite and green-
white coloured flourite.

Brittle and ductile deformations are observed in some of the gaunge and ore minerals such as pyrite,
sphalerite, galenite, gamesonite and white coloured flourite. While brittle deformation is characterists by
cataclastic texture, ductile deformation include strong prefered grain shape orientations in the ore and
gaunge minerals. The important clues revealed during the ore mineralisation and after deformation phases
because of inter-relations of ore minerals and deformation textures that have been observed on the minerals.

Keywords: Pb-Zn Mineralisation, Mineral Paragenesis, Deformation Textures, HasbeyBitlis Massif-Van
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Cehennem Dere (Gonen — Balikesir) Pb-Zn Yatagimin Olusumunda Etkin Olan
Cozeltilerin Niteligi

The Characteristics of the Solutions Effective in the Formation of Cehennem Dere
(Gonen — Balikesir) Pb-Zn Deposit

Cem KASAPCI, Hiiseyin OZTURK, Nurullah HANILCI
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Kuzeybati Anadolu bélgesinde Balya, Handeresi, Arapugan Dere, Cehennem Dere, Kalkim, Dursunbey,
Altimoluk gibi 6nemli pek gok Pb-Zn cevherlesmesi bulunur. Bu yataklarin biiyiik gogunlugu bélgede yaygin
olan Tersiyer magmatizmasiyla iligkili olarak geligmigtir. Balya, Handeresi, Arapugan Dere, Kalkim ve
Dursunbey Pb-Zn yataklarinin magmatizmayla iliskisi sahada gézlenmekte olup Cehennem Dere ve Altinoluk
Pb - Zn yataklanmin magmatizmayla direk bir iligkisi gozlenmemektedir. Bu ¢aliymada, sivi kapanim
cahismalart yapilarak Cehennem Dere Pb-Zn yatagimin olusum kosullani ve magmatizmayla iligkisinin
belirlenmesi amaglanmstir.

Cevherlesmenin bulundugu bélgede Karakaya Kompleksi'ne ait Triyas yash (Okay v.d. 1990) metapelit,
mermer, arkoz, seyl ve kirectaslar, Jura yasli (Bingdl v.d. 1973) Bilecik kiregtaslari, Tersiyer magmatizmanin
iiriinii andezitik tiif, aglomera ve trakiandezitler yiizeylenmektedir. Cehennem Dere Pb—Zn yatagi Karakaya
kompleksine ait Triyas yash kumtagi ve kuvars-biyotit sistler igerisinde damar dolgusu tipinde, K60-65B
dogrultulu fay hattinda gelismistir. Ana damann kalinligr 40-100 cm arasinda degismekte ve yer yer agsi
yapilar gostermektedir. Yatagm primer mineralleri arsenopirit, kalkopirit, pirit, sfalerit, galenit, tethraedrit,
pirotin, bizmutin ve hematit, ikincil mineralleri ise malakit, azurit, markasit, limonittir. Gang kuvars ve
kalsitten olugmaktadir.

Sivi kapamm cahismalan kalsit kristallerindeki birincil kapanimlardan gergeklestirilmigtir. Kapanimlarin
tamamu iki fazh (stvi+gaz) kapanimlar olup, homojenlesme gaz fazinda gergeklesmistir. Sivi kapanim verileri,
Cehennem Dere Pb-Zn yatagmm CaCly’nin baskin oldugu H,O0+MgCl,+CaCl, ve H,0+NaCl +CaCl,
sistemine sahip, 0.8-0.9 gr/cm® yogunlugunda ve %7,6-10,2 NaCl esdegeri tuzluluga sahip magmatik
hidrotermal ¢ozeltilerce 260-290 °C arasinda degisen sicakliklarda olugtugunu gOstermektedir.

Anahtar kelimeler: S1vi Kapanim, Cehennem Dere Pb-Zn Yatag.

ABSTRACT

A lot of important Pb-Zn deposits occur at Northernwestern Anatolia such as Balya, Handeresi, Arapucan
Dere, Cehennemdere, Kallam, Dursunbey, and Alunoluk. The majority of these deposits were formed
associated with Tertiary magmatism. There are some field evidences for the formation of the Balya,
Handeresi, Arapugan Dere, Kalkim and Dursunbey Deposit associated with granodioritic intrusion. There is
not such indication related to the magmatism for the Cehennemdere deposit, and therefore the fluid inclusion
studies were caried out in this deposit for the understnding of the formation conditions.

The Cehennemdere deposit occurs in the Karakaya complex which consists of limestone blocks of the Jurassic

(Bingol et.al, 1973), and Triassic (Okay et.al, 1990) metapelite, marble, arkose, shale and limestone. The
andisitic tuff, aglomera, traciandesite products of the Tertiary magmatism are also crop out in the region.
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The Cehenem dere Pb- Zn deposit is a vein type formation, developed within the N60-65W directed fault zone.
The ore vein occurs between 0.4 to Im in thickness as massive and stockwork in structure. Arsenopyrite,
chalcopyrite, pyrite, sphalerite, galena, tetrahedrite, pyrrotite, bismuthinite and hematite occur as primary
whereas malachite, azurite, marcasite and limonite are secondary minerals in the paragenesis. Quartz and
calcite are gangue minerals.

Fluid inclusion studies have been carried out on the primary inclusions in calcite minerals. All inclusions
were two phases inclusion and homogenization occurred in a liquid phase. Fluid inclusion studies indicate
that the Cehennem Dere Pb-Zn deposit formed between 260 to 290 °C temperatures as a hydrothermal vein
type deposit under influence of the magmatic hydrothermal ore fluids, which is CaCl2 dominated
H,0+MgCl,+CaCl, and H,O-NaCl-CaCl, system, has 7.6-10.2 % NaCl equivalent salitnity and 0.8-0.9
gr/em’ density.

Keywords: Fluid inclusion, Cehennem Dere Pb-Zn Deposit
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Rift-iligkili Kuvars-Adularya Tipindeki Altin-Giimiis Cevherlesmesinin (Izmir, Tiirkiye)
Jeokimyasi ve Durayh Izotoplan

Geochemistry and Stable Isotopes of the Quartz-Adularia-Type Gold-Silver Mineralization,
Bergama-Izmir, Turkey
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Ovacik epitermal altin-giimiis yatag1 izmir’in 100 km kuzeyinde Bati Anadolu genlesme bdlgesinde bulunan
ENE-uzanimh Bergama grabenine bitisiktir. Ovacik’ta ekonomik tendrlii altin ve giimiis yatagi (7.6 g/t
tendrlii 4.19 Mt) epitermal kuvars damarlan iginde belirir ve kabuk sekilli bantlagma, levhams kalsiti ornatan
kuvars psedomorflan, ve ¢ok fazh hidrotermal bresleri kapsayan diisiik sicaklik dokular sergiler. Baskin
alterasyon mineralleri smektit, karigik tabakah illit/smekit, kuvars, adularya, kalsit, pirit ve 200 m derinlige
kadar ulasan kaolinittir. Toplam siilfid miktan diigiiktiir (% 2 den az) ve iz oranda kalkopirit, arsenopirit,
akantit, arjentit, tetrahedrit, pirargirit, stibnit, galen, kalkozin, kovellin ve sfalerit varliginda asil pirit egemen
siilfid mineralidir. Arsenopirit ve pirit belirli bantlar iginde yigilarak bregik pargalar igindeki koyu renkli
bantlasmay1 daha belirgin hale getirir. Sivi kapamm ¢aligmalari, sivica zengin kapamimlar igeren asil evre
kuvarsin T, ortalamasimn 200°C ve Tm sinin de -0.4 ile -1.2°C arasinda (tuzluluk<% agirlik NaCl ekivalen)
degistigini gostermistir.

Aynsmis volkanik kayalardaki jeokimyasal degisimler K, Rb, Cs da iki kat zenginlesme ve Sr, Ca, Mg, Na da
% 25 den %93 e ulasan fakirlesme ve kuvars-adularya damarlarinda da daha ¢ok (%96 dan %99 a kadar)
fakirlesme ile karakterize edilir. La, Ce, Pr, Hf, Zr, Sm, Eu, Gd, Tb ve Ho keza yan kayagta % 50 ye kadar
fakirlesme ve hatta damar yapisinda daha yiiksektir (La ve Nd i¢in % 90 a kadar). Yan kayag icindeki Au,
Ag, As, Hg ve Sc zenginlegmeleri sirasiyla bunlanin bozugmamis yan kayaglanindaki miktarinin 60, 150, 88, 8
ve 3 katlari kadardir. Her iki bozusmus volkanik kayalar ve kuvars-adularya damarlarmin REE degisimleri
alterasyon ve mineralizasyon sirasinda REE nin 6nemli dlgiide hareketlenip aynmlastigini gosterir. Epitermal
kuvars damarlarindaki altmin Ag, Pb, Zn, Cd, Cu ve Sb ile olan korelasyon katsayis1 oldukga belirgin olup
tiimii 0.51 den daha yiiksektir. Giimiis ve Sb yatagin daha iist boliimlerinde oldukga zenginlesmistir. Altin-As
ve Ag-As arsinda belirgin korelasyon bulunmamasi bunlarin farkhi mineralizasyon olaylanyla iligkili
oldugunu ve boylece Au, Ag ve Sb un farkhi minerallesme fazi ile getirildigine isaret eder.

Altin-Ag igeren damarlar igindeki kuvars ve pirit minerallerinin %o +9.5 den +15.7 ye degisen 8'*0 degerleri
%o -89 dan -125 e kadar degisen 8D degerleri sunar. Bu da Ovacik’taki cevher olusturan hidrotermal sivilarin
8" 00 degerlerinin (%o -2.9 dan 3.5 e kadar; ortamla %o -0.6) giiniimiizdeki meteorik ve hidrotermal
meteorik sularmkine kiyasla (sulama sondajlarindan %o -5.4 ve sicak su kaynaklarindan %o -6. 8) 80 agisindan
oldukga zenginlesmis oldugunu belirtir. §'%0, 8'8 0,0 ve 8D degerleri (kuvars damarlar), sistemdeki cevherh
gozeltilerin magmatlk ve meteorik sularin bir kanigimi olabilecegini gostenr Ovacik yatagindaki 8'°0
degerleri su/kaya girisimi veya olasi magmatik kokenli sivilarin etkisiyle 5'80-zengini bilesimlere dogru
oldukca kaymustir (%o -5.4 ten %o -0.6 ya kadar). & 4Spm, sonug:lan %o0-2.1 den 3.3 e kadar (X =1.2) ve 8*Sis
%o -3.0 den 3.0 a kadar deg1$1m gosterirler (X =0.4). Bu 8 Splm ve 8**Syps degerleri S iin magmatik kokenli
degerlen ile uyumludur. & Splm in dar araliktaki deglslmlen ve 8°*S;ps iin sivilar igin hesaplanan degerleri
8**Syps ayrimlagmasinin hidrotermal sistemin evrimi sirasinda goreceli olarak durayh kaldigim gosterir.
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Anahtar Kelimeler: Altin-Giimiis Cevherlesmeleri, Kuvars-Adularya Tipi, Durayh izotop, Izmir

ABSTRACT

The Ovacik epithermal gold-silver deposit is located in the west Anatolian extensional province, adjacent to
the ENE-trending Bergama graben, 100 kms north of the city of Izmir, western Turkey. Gold and silver of
economic grades at the Ovacik deposit (4.19mt @ 7.6g/t) occur in epithermal quartz veins and display typical
low-temperature epithermal textures, including crustiform banding, quartz pseudomorphs after bladed
calcite, and multiphase hydrothermal breccias. Alteration minerals are dominated by smectite, mixed layer
illite/smectite, quartz, adularia, calcite and pyrite with kaolinite overprint to a depth of 200 m. The total
sulfide content is low (less than 2%) and is dominated by pyrite with traces of chalcopyrite, arsenopyrite,
acanthite, argentite, tetrahedrite/ freibergite, pyrargyrite, stibnite, galena, chalcocite, bornite, covellite and
sphalerite occurring mainly within the breccia clasts. The arsenopyrite and pyrite tend to be concentrated
within certain bands, accentuating the banding in the breccia clasts with a dark coloration. Fluid inclusion
studies reveal that main-stage quartz with liquid-rich inclusions with an average T, of 200°C and Tm of ice
from -0.4 to -1.2°C (salinity<2 wt. percent NaCl equiv) are dominant.

Geochemical variations in altered wall rocks are generally characterized by two-fold enrichments in K, Rb,
Cs and 25 to 93 percent depletions in Sr, Ca, Mg, Na and more so (96 to 99 percent) in the quartz-adularia
vein zone. La, Ce, Pr, Hf, Zr, Sm, Eu, Gd, Tb and Ho also exhibit up to 50 percent depletions in the wall rock
and even more so (up to 90 percent for La and Nd) in the vein structure. The wall rock enrichments in Au, Ag,
As, Hg and Sc are by factors of 60, 150, 88, 8 and 3, respectively. The ranges of REE in both the altered
volcanic rocks and quartz-adularia veins are wide and reflect significant mobilization and fractionation of
REE during alteration and mineralization. Positive correlation coefficients of Au with Ag, Pb, Zn, Cd, Cu and
Sb in epithermal quartz veins are strong, all of which are greater than 0.51. Silver and Sb are remarkably
enriched at higher levels of the deposit. No correlation occurs between Au-As and Ag-As, indicating that they
may be related to different mineralizing events and thereby possible introduction of Au, Ag and Sb in different
phases of mineralization.

Quartz and pyrite minerals in gold-silver-bearing veins have 5'°O values ranging from +9.5 to +15.7%o and
oD values ran§ing Sfrom -89 to -125%o. Quartz results indicated that ore-forming hydrothermal fluids at
Ovacik had 6"°Oy,p values ranging from -2.9 to 3.5%0 (average: -0.6%q), '*O enriched compared with
present-day meteoric_and hydrothermal meteoric water (-5.4%o from water wells and -6.8%o from hot
springs). &' 80-qw,,,z, 8" Oya0 and 6D values (from quartz) suggest that mineralizing solutions were a mixture
of magmatic and meteoric waters. 8'°0 values in the Ovacik deposit have been remarkably shifted (from-
5.4%0 to -0.6%q) to more '’O-rich compositions by water/rock interactions or probably by fluids from a
magmatic source. The ¢ 34Spy,,»,e data range from -2.1 to 3.3%0 (X =1.2) and 534SH23 range from -3.0 to 3.0%o
(X =0.4). These 534Spy,,-,e and 6*'Sys values are consistent with a magmatic source for S. Narrow ranges of
634Spy,i,e and calculated 8*Sy,s values for fluid may suggest that 8°*Sy,s fractionation stayed relatively stable
during evolution of the hydrothermal system.

Keywords: Gold-Silver Mineralization, Quartz-Adularia Type, Stable Isotope, Izmir,
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inanmis (Oltu — Erzurum) Sahasmin Cu — Au Cevherlesmesine Ait Ik Bulgular

Preliminary Findings on Inanmus (Oltu -Erzurum) Cu - Au Mineralization
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Inanmis Cu — Au cevherlesmesi, Erzurum ili, Oltu ilgesi’nin 30 km batisinda yer almaktadir MTA genel
Miidiirliigii tarafindan 1990l yillarda yapilan jeokimyasal tahkik galigmasi sonucunda inanmis kéyiinden
alman numunede 1.5 gr/ton altin alinmasi sonucunda 2004 yilindaki polimetal maden aramalan projesi
kapsaminda ele alinarak detay etiidlerine baglanmstir.

Pontit ve Anatolid tektonik kugaklari arasinda Dogu Anadolu yigisim karmasig1 olarak adlandirilan bélgede
bulunan ¢alisma sahasi éncel ¢alismalarda Jeolojik olarak birliklere ayrilarak incelenmistir. Inanmis Kyiiniin
de iginde bulundugu alterasyon sahasinda birimler Oltu Ekayli Zonu igerisinde yer almaktadir. Birbirleri ile
tektonik iligkili olan bu birimler Kretase yasglh bazik ve andezitik karekterli ayirtlanmams volkanik kayaglar,
Kretase yash kiregtaglan ve Tortum Cayi volkaniti, Eosen yash kinntililar ve Kuvaterner yash aliivyonlardir.

Calisma sahasinda jeokimyasal analizler ve mineroloji — petrografi tanimlamalan igin kayag, Cu, Mo, Au, Ag,
Pb, Zn, Sb ve As element analizleri igin ise 50 m araliklarla dere ve sitt profilleri ile jeokimyasal toprak
omeklemeleri yapilmistir. inceleme alamimin  kuzeyinde Tortum ¢ayr volkanitleri asidik dayklar,
ayirtlanmamis volkanikler ise yer yer altere olmus asidik ve bazik dayklar tarafindan kesilmistir. Sahada
gb6zlenen alterasyon mineral birliktelikleri 1. Epidot — klorit — kil — kuvars — limonit 2. Kuvars-serisit-kalsit, 3.
Kuvars-biyotit seklinde saptanmigtir. Cevher minareleri ise altere zonlar boyunca gelismis olup sagimmli ve
damarciklar halinde pirit, kalkopirit, yogun limonitlesme ve yer yer malakit ve hematit sivamalan seklinde
g6zlenmektedir.

Elde edilen ilk bulgulardan yola ¢ikilarak ¢cahgma sahasinda yer alan Inanmig Cu — Au cevherlesmesi porfiri
tip yataklarla benzerlikler gostermektedir.

Anahtar Kelimeler: Cu — Au cevherlesmesi, Porfir Tip Yatak, inanmig (Oltu — Erzurum)

ABSTRACT

The Inanmis Cu-Au mineralization is located 30 km west of Oltu town in Erzurum province. A sample
collected from the mineralized area near Inanmus village during geochemical follow-up works by MTA in
1990 s. yielded 1.59 Au value. This, the exploration Works began in the area within the fromework of a
polymetallic mineral exploration Project in 2004.

The study area is located within the East Anatolian Accretionary Complex between the Pontide and Anatolide
units (Konak et al.,2001). The study area has been geologicaly divided into several units. The units cropping
out in the altered area in the vicinity of Inanmus village are included in the Oltu En Echelon Zone. These units
are Cretaceous undiffrenttiaded volcanics of basic and andesitic compastions, Cretaceous limestones,
Cretaceous Tortum Cayi volcanics, Eocene clastics and Quaternary alluvial deposits. These units have
tectonic reltionships with each other.
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In the study area, soil samples were collected at 50-m spaching along base-of-slope and ridge profiles and
analyzed for Cu, Mo, Au, Ag, Pb, Zn, Sb and As elements. Also, rock samples were collected for geochemical
analysis and mineralogic-petrographic identifications.

A granitic rock is observed to have been intruled into Tortum Cay: volcanics to the North of study area. The
undifferentiated volcanics are locally cut by altered dacitic and basic dykes. Epidote-chlorite-clay-quartz-
limonite alteration is observed in undifferentiated volcanics. Altered zones comprise pyrite and chalcopyrite
as disseminations and veinlets, intense limonitization and locally malahite and hematite as stinings.

The emplacement of mineralization and geochemical element distribution suggests that the Inanmis Cu-Au
mineralization shows similarities to porphyry deposits.

Keywords: Cu —Au mineralization, Porphyry Type Deposits, Inanmig (Oltu — Erzurum)
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Ayyildiz (Oltu - Erzurum) Civarindaki Epitermal Cevherlesmenin Jeolojik Ozellikleri

Geological Features of Epithermal Mineralization in the Vicinity of Ayyldiz (Oltu-Erzurum)
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Inceleme sahast Erzurum ili, Oltu ilgesinin giiney batisinda Ayyildiz ( Pitkir ) koyiinde yer almaktadir.
Erzurum — Oltu ve ¢evresinde MTA Genel Miidiirliigii tarafindan énceki yillarda yapilan rekonasans, 2004
yilinda yapilan jeokimyasal ¢aligmalar sonucunda, Ayyildiz kdyii civarinda Cu, Pb, Zn ve As anomalileri
belirlenmistir. Anomali sahasinda en yagh birim kuzey-giiney uzanimh Turoniyen yash Oriik yayla melanji
olup, diger birimler iizerine bindirmeli olarak gelmistir. Bélgedeki diger birimler ise Oligo-Miyosen yash
volkanik birimler, Narman volkaniti ve Alabalik tiifii, sedimanter birimler ise Oltu formasyonu ve Toprakkale
formasyonundan olugmaktadir.

Inceleme alanmin giineybati ve kuzeydogusunda dasitik altere kayaglar ile bazik dayklarm yeraldigi Oriik
yayla melanji, Narman volkanitine ait Nar bazaltlari tarafindan kesilmektedir. Kuvars — klorit — kil — limonit
alterasyonun gozlendigi Oriik yayla melanjinda altere zonlarda yogun realgar ve orpiment (As), ince silis
damarlan ile limonit ve hematit sivamalann gozlenmektedir. Calisma sahasimin kuzeydogusuna dogru
mineralizasyona malakit ve azuritin de katildig1 goriilmektedir. Bu alanda dere ve sirtlara 50 m arahklarla
profiller atilarak jeokimyasal toprak 6rekleri alinmig ve Cu, Mo, Au, Ag, Pb, Zn, Sb ve As elementleri igin
analizler yapilarak sonuglan istatistiksel olarak degerlendirilmis ve jeokimyasal dagilim haritalan
olusturulmustur. Ayrica sahadan degisik amagh kayag 6mekleri de derlenmis ve bunlarn jeokimyasal element
icerikleri ile mineroloji — petrografi 6zellikleri incelenmistir. Cu, Pb, Zn, As elementlerinin ulastigi en yiiksek
deger sirasiyla 16000 ppm, 540 ppm, , 435 ppm, ve 200.000 ppm dir.

Bu saptamalar isiginda alterasyon sahasinda 3 adet arama amagh sondaj yapilmigtir. Yapilan sondaj
karotlarinda silis — kalsit , pirit, realgar ve orpigment damarciklan tesbit edilmistir. Diigiik sicaklik gostergesi
olarak kabul edilen bu alterasyon sahasi epitermal sistemlere benzerlik sunmaktadir.

Ozellikle jeokimyasal analizlerde arsenigin yiiksek olmasi ve soliisyonlarin sistemin en iist seviyesine
birakti1 silis tabakasinin (silika sinter ) ¢aligma alanminda bulunmasi nedeniyle sistemin agimmadigina isaret
etmektedir. Kuzeydoguda Cu’un yiiksek olmasi ise farkh evrelerde gelen hidrotermal akigkanlar ile agiklamak
miimkiindiir.

Anahtar Kelimeler: Epitermal Cevherlesme, Cu-Pb-Zn-As, Alterasyon, Oltu —Erzurum

ABSTRACT

The mineralization is located near Ayyildiz (Piktir) village Oltu town in Erzurum province. Cu, Pb, Zn and As
anomalies were determined over on area of about 16 km? near Ayyildiz village as a result of a stream
sediment geochemical survey covering Erzurum-Oltu and its surroundings, which was corried cut by MTA in
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2004. The Oriikyayla melange of Turonion age in north-south direction as the oldest unit in the anomaly area
is thruusted over other units. The other units in the region include Oligo-Miocene volcanics, Narman
volcanics, and Alabalik tuff and Oltu formation as sedimantary units.

The Oriikyayla melange covering on an extensive area in the region is cut by Nar basalts belonging to the
Narman volcanics. The Oriikyayla melange comprises quartz-chlorite-clay-limonite alteration along which
such arsenic minerals as realgar and orpiment, 0.1 to 4.0 mm thick quartz veins and limonite and hematite
stainings ocur. Malahite and azurite accompony mineral paragenesis going northeastword in the study area.
Soil samples were collected at 50- m spacings along ridge and base-of-slope profiles and analyzed for Cu,
Mo, Au, Ag, Pb, Zn, Sb and As elements. Analytical results were statistically evaluated and geohemical
distrribution maps were procuded. Also, various rock samples were collected for geohemical analysis and
mineralogic-petrographic determinations. The maximum values for Cu,Pb, Zn and As are 16000 ppm, 540
ppm, 435 ppm and 200.000ppm, respectively.

In the ligth of these data, 3 holes were driled for exploratory purposes. Drill holes encountered veinlets of
silica-calcite, pyrite, realgar, and orpiment. All these alteration features indicative of low-tempature
mineralization show similarities to those found in epithermal systems.

The fact that arsenic values are high in collected samples and silica precipitate (silica sinter) exists in the
study area, reflecting precipitation at the paleo surface by rising hydrothermal solutions implies that the
system has not been eroded yet. The high Cu values from the northeastern part of the area can be explained
by distinct phases of hydrothermal solutions.

Keywords: Epithermal Mineralization, Cu-Pb-Zn-As, Alteration, Oltu —Erzurum
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Karacaali (Kirikkale) Magmatik Kompleksi Fe, Cu+Mo Cevherlesmeleri: Magma Karisim
ve Metal Zenginlesmelerine Orta Anadolu’dan Bir Ornek

Karacaali (Kirikkale) Magmatic Complex Fe, Cu + Mo Mineralizations: An Example of
Magma Mixing and Metal Enrichments from Central Anatolia
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Fe ve Cu+Mo cevherlesmeleri igeren Karacaali (Kinkkale) Magmatik Kompleksi, baslica porfirik granit,
porfirik monzonit, monzonit, monzodiyorit, gabro/diyorit, kuvarsporfir, riyolit, riyodasit ve bazaltlardan
olugmaktadir. Bolgenin yaklagik olarak bati-giineybatisinda riyolit ve bazaltlar arasinda karisim (mingling)
zonu yer almaktadir. Aplit ve bazik dayklar granitik kayaglan, kuvarsporfir dayklan ise bazaltlan
kesmektedir. Kompleks 6nemli magma kanigim dokular sunmaktadir. Bolgede felsik ve bazik magmalarin
karigimina isaret eden makro ve mikro veriler baghca sunlardir: a) Granitik kayaglar igerisinde mafik
magmatik anklavlarin (MME) gozlenmesi. b) MME kapsayan granitik kayaglarin feldispatlarmin biyotit ve
ignemsi apatit kapamimlan igermesi. c) Granit-gabro kansim zonundaki kayaglarda farkh tip amfibol
minerallerinin varhg. d) Kangim zonlarinda poikilitik dokulu kuvarslanin yaygin olarak gézlenmesi. e)
Bazaltlarda ve karigim zonlarinda hiicremsi plajiyoklazlarin varhg. f) Kuvarsporfir ve riyolitler igerisinde
bazik bilesimli mostra ve mikro &lgekteki kapammlar. Jeokimyasal agidan bakildiginda ise, granitik
kayaglarin Ni ve Cr,0; igeriklerinin, SiO, nin artan degerlerine karsihk artig géstermesi, bazik volkanik ve
karigim zonu kayaglarmin degisken SiO2 degerleri sunmasi (%47,38-%63,21) 6nemli magma karisim
verileridir.

Karacaali Magmatik Kompleksinde iki tip cevherlesme gézlenir. Bunlar, bazaltik ve andezitik kayaglara bagh
Fe ve granitik kayaglara bagh Cu+Mo cevherlesmeleridir. Fe cevherlesmesinin ana minerali manyetittir,
ayrica hematit de yaygin olarak gozlenir. Cevherlesme genellikle aktinolit, karbonat damarlarma bagli olarak,
bazaltik kayaglarin gaz bosluklarinda, granitik ve bazik kayaglarm kirik ve catlaklarinda dolgu seklinde ve
bazaltik kayaglarin matriksini olusturur sekilde gdzlenir. Cu+Mo cevherlesmesi ise genellikle K-G dogrultulu
diisey kuvars damarlarina baghdir ve ana mineralleri kalkopirit, molibdenit ve pirittir. Bazi 6meklerde
sfalerit, galenit ve pirotin yaygindir.

Bolgedeki kayaglarin Cu, Mo, Zn, Pb ve Fe,O; igerikleri karsilastirildiginda, magma karigim siireglerinin
blgedeki metal zenginlesmelerinde énemli rol oynadigr diisiiniilmektedir. Granitik kayaglarnn Fe,O5 igerigi
ortalama % 3 iken, granit-gabro karigim zonlarinda bu oran ortalama % 7,5 civanndadir. Gabro/diyoritlerin
ise ortalama Fe,O; icerigi % 9,2’ye ulagmaktadir. Bolgedeki birimlerin Cu, Mo, Pb, Zn icerikleri
karsilagtinildiginda, bu metallerin karigim zonlarinda zenginlestigi gozlenmektedir. Bu zonlarda Cu igerigi
yaklagik 7 kat, Zn igerigi ise 1,5 kat artmaktadir.

Son yillarda magmatik maden yataklarmm olusumunda magma karigim siireglerinin  onemi degisik
aragtiricilar tarafindan ifade edilmektedir (Keith vd., 1998, Hattori ve Keith, 2001, Maughan vd., 2002).
Arazi verileri, petrografik ve jeokimyasal veriler 1s1ginda, Karacaali Magmatik Kompleksindeki Fe ve
Cu+Mo zenginlesmelerinin ana kaynagmm granitik ve bazaltik magmalar oldugu, metallerin
zenginlesmelerinde ise soz konusu magmalar arasindaki karisim  siireglerinin  énemli rol oynadigi
diigiiniilmektedir.

Anahtar Kelimeler : Fe, Cu+Mo Cevherlesmeleri, Magma Karigimi, Karacaali (Kirikkale)
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ABSTRACT

The Karacaali (Kirikkale) Magmatic Complex consists mainly of porphyry granite, porphyry monzonite,
monzonite, monzo-diorite, gabbro/diorite, quartz-porphyry, rhyolite, rhyodacite and basalts. The mingling
zone which is between rhyolitic and basaltic units is located in nearly west-southwest of the study area.
Aplites and basic dykes cut the granitic rocks while the basalts are intruded by quartz-porphyry dykes . The
complex has important mixing textures. Some important macro and micro-mingling and -mixing textures
detected within the Karacaali Magmatik Complex are as follows: a) Mafic micro-granular enclaves (MME)
in granitic rocks. b) Biotite and acicular apatite inclusions in the feldspars of the granitic rocks with MME. c)
Observation of two different types of amphiboles in mixing zones. d) Quartz with poikilitic textures in the
mixing zone. e) Cellular plagioclase phenocrysts in basalts and mixing zone. f) Basaltic inclusions in quartz-
porphyry and rhyolite. On the other hand, increasing Ni and Cr;O; contents of the granitic rocks with
increasing SiO2 values and highly variable SiO2 content (% 47,38-% 63,21) of basic volcanic and mixing
zone rocks are important mixing evidences.

Two types of mineralizations are observed in the Karacaali Magmatic Complex. These are Fe and Cu+Mo
mineralizations. Fe mineralization is basically hosted by basalts and andesites. The main ore minerals are
magnetite and hematite. Iron enrichments are observed as magnetite+actinolitetcarbonate veins, vesicle
fillings and as matrix in the basaltic rocks. Magnetite veins in granitic rocks and basalts are rarely seen. The
Cu+Mo mineralization is related to N-S oriented vertical quartz veins in granitic rocks. The main minerals of
the Cu+Mo mineralization are chalcopyrite, molybdenite and pyrite. Sphalerite, galena and pyrrhotite are
also observed in some samples.

The comparison of Cu, Mo, Zn, Pb and Fe;O; contents of rocks of Karacaali Magmatic Complex reveals that
magma mixing processes played an important role in the metal enrichments within the complex. Fe,Os
content of granitic rocks is average 3%, whereas in granit-gabbro mixing zone Fe,O; content is 7.5% and 9.2
% in gabbro/diorites. In mixing zones, Cu, Mo Pb and Zn values are generally higher than the other parts of
the complex. Cu enriched 7 times and Zn 1.5 times in mixing zones when compared to the other rocks of the
complex.

In recent years, the importance of mixing processes in the formation of magmatic ore deposits has been
discussed by some authors (Keith et al., 1998, Hattori & Keith, 2001, Maughan et al., 2002 and others).
Similar conclusions are reached in our study area. The geological, petrographical and geochemical
investigations reveal that in the Karacaali Magmatic Complex, the main sources of the metals are granitic
and basaltic magmas, and magma mixing processes did play an important role in the enrichments of these
metals within the mixing zones and quartz-rich veins.

Keywords : Fe, Cu + Mo Mineralization, Magma Mixing, Karacaali (Kirikkale)
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Attepe (Feke-Adana) Demir Yataklarindaki Siderit Mineralizasyonun
C, O, S ve Sr Izotop Calismalar: ve Jenetik Bulgular

C, O, S and Sr Isotope Studies of Siderite Mineralizations and Their Significance on the
Genesis of the Attepe Iron Deposits (Feke-Adana)
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Attepe yoresinde, otokton-paraotokton (?) konumlu Geyikdag: Birligi’ni temsil eden Prekambriyen, Alt-
Orta Kambriyen, Ust Kambriyen-Alt Ordovisiyen ve Mesozoyik yash, diisiik dereceli yesilsist fasiyesinde
metamorfizmaya ugramig birimler igerisinde ¢ok sayida demir yatak ve zuhuru bulunmaktadir. Bolgede,
olusum mekanizmalarina gore ii¢ ayr cevher tipi belirlenmigtir. Bunlar; (i) Prekambriyen yash Attepe
formasyonunun bitlimlii metapelitik kayaglan igerisinde yeralan sedimanter Fe-siilfidler ile metakumtagslan
igerisinde gozlenen Fe-oksitler (SISO) (ii) Ozellikle Alt-Orta Kambriyen yash Caltepe Formasyonuna ait
metakarbonatlar igerisinde bulunan siderit ve ankeritler ile barit igeren hematitlerle temsil edilen
hidrotermal-hidrotermal metasomatik damar tipi Fe-karbonat ve oksitler (HICO) (iii) Attepe demir
yataginda oldugu gibi, esas olarak Alt-Orta Kambriyen yagh metakarbonatlar ile heniiz ayrismams birincil
nitelikteki Fe-karbonat ceher kiitleleri igerisinde yeralan karstik bogluklarda depolanmis olan ve 6zellikle
de onemli demir yataklarinin oksidasyon (siiziilme) zonunda gézlenen, karst dolgusu seklindeki ikincil Fe-
oksi-hidroksitler (K10).

Aragtirma kapsaminda gergeklestirilen oksijen, karbon, kiikiirt ve stronsiyum izotop g¢alismalan, cevher
yapict bilesenlerin kaynak ve olusum mekanizmalarimi agiklayabilmek amaciyla damar tipi cevherleri
temsil eden birincil siderit-ankerit ve baritler ile bunlarin yankayacini olusturan Caltepe Formasyonuna ait
rekristalize kiregtaglar tizerinde yogunlastinlmistir. Sideritlerin ve Caltepe formasyonuna ait kiregtaslarim
temsil eden kalsitlerin §'°C igerikleri sirasiyla -10.1 den -8,1’e ve -0.8’den -2.3’e kadar degisirken; aym
karbonat minerallerinin §'30 degerleri 17.5°den 18.3’e ve16.8 den 23.0’a kadar degismektedir. §°C ve §'*0
izotop degerlerinin degisimi, sideritler ile kirectaglan arasinda direkt veya lineer herhangibir iligkinin
olmadigina isaret etmektedir. Dolayisiyla yoredeki demir yataklarnin en 6nemli birincil cevher mineralini
olugturan sideritlerin epijenetik karakterli oldugu anlasilmaktadir. Bununla birlikte, s6zkonusu
kiregtaglarina ait karbon ve oksijen izotop oranlarinin hidrotermal cevher olusumu ya da bolgesel
metamorfizma siiregleri sirasinda ortaya ¢ikan termal alterasyonlara bagli olarak kismen degismis olmasi
muhtemeldir.

Baritler 32,4 ile 38,3 %, arasinda degisen §*'S; 12,2 ile 14,1 %, arasinda degisen §'%0 izotop oranlarina
sahiptirler. Baritlerin stronsiyum izotop oranlan (0,717169-0,718601) ile barit ve piritlerin kiikiirt izotop
oranlan cevher yapici ¢ozeltilerin ne magmatik bir kaynakla, ne de Prekambriyen yash bitiimli seyler
igerisinde yeralan sedimanter kokenli pirit olusumlan ile dogrudan dogruya bir iliskisinin olmadigim
gostermektedir.

Bu ¢alismada elde edilen saha ve izotop verilerine gore, siderit ve ankeritlerden olusan cevher kiitleleri
demirce zengin hidrotermal ¢ozeltiler ile Caltepe kirectaglar arasinda ortaya ¢ikan kimyasal reaksiyonlarla;
baritler ise siilfatca zengin meteorik sularla derin dolagimli hidrotermal ¢ozelti kangimlan tarafindan
olusturulmus olmahdirlar.

Anahtar Kelimeler: Attepe, demir yataklar, barit, siderit, karbonat yankayaglar, C, O, S ve Sr izotoplan
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ABSTRACT

The Attepe district consists of the Precambrian, Lower-Middle Cambrian, Upper Cambrian-Lower
Ordovician and Mesosoic formations of the otocthonous-paraotcthonous(?) Geyikdagr Unit, contains several
iron deposits and occurrences. Three types of iron-mineralisations can be distinguished in the area. (i)
Sedimentary Fe-sulphide in Precambrian bituminous metapelitic rocks, and oxides in Precambrian
metasandstones of the Attepe formation (SISO), (ii) Vein-type Fe-carbonate and oxides composed of mainly
siderite- ankerite and hematite including barite widespreadly commonly in the Lower-Middle metacarbonates
of the Caltepe Formation (HICO), (iii) Like as in the Attepe deposit, secondary karstic Fe-oxi-hydroxides
redeposited essentially in the Lower-Middle Cambrian metacarbonates and the unweathered primary Fe-
carbonates, and located at the upper parts of the the most important mineable iron ores (KIO).

The oxygen-, carbon-, sulfur- and strontium- isotopes studies in this study have been focused on the siderites-
ankerites and barites in the vein type ores, and on the calcites in the recrystallized Caltepe limestones to
investigate the sources and formation mechanism of primary ore-forming constituents. The 6"°C values of
siderites and, calcites in limestones the Caltepe Formation range from -10,1 to -8,1 %, and from —0,8 to -2,3
%o, meanwhile the same carbonate minerals show 6'°0 values between 17,5-18,3 and 16,8-23,0, respectively.
The 6"°C and 60 isotopic variations do not indicate any direct or linear relations between the siderites and
the limestones. However, it is possible that the carbon and oxygen isotopic compositions of the carbonate
minerals could be changed in some extend, due to the limestones were subjected to hydrothermal processes or
thermal alterations during metamorphism.

The isotopic values of barites display 32,4-38,3%o for 8°*S and 12,2-14,1%o for the 6'°0. Strontium isotope
rates (0,717169-0,718601) of the barites and the sulfur isotopecompositions of the barite and pyrites suggest,
that there are no direct linkages of ore-forming compounds neither a magmatic source nor the sedimentary
pyrite occurrences in the Precambrian bituminous shales of the Attepe formation.

According to the field observations, the Sr and the stable isotope data, the siderites and the ankerites should

be formed by interaction between iron-rich hydrothermal fluids and the Caltepe limestones, barites were also
formed by mixing of sulphate-rich meteoric waters and, deeply circulated hydrothermal solutions.

Keywords: Attepe, iron deposits, barite, siderite, carbonate host rocks, C, O, S and Sr isotopes
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Kotana Demir Yataginda (Giresun-KD Tiirkiye) Bulunan Pirotin Cevheriyle Iliskili Olarak
Bulunan Sfalerit Kapamimlan:
Bunlar Ger¢ek Eksoliisyon Kiitleleri mi Yoksa Ornatim Uriinleri mi?

Sphalerite Encapsulations Associated with Pyrrhotite Ore Occurring in Kotana Iron Deposit
(Giresun-NE Turkey):Are They True Exsolved Bodies or Products of Replacement?

Emin CiFTCI

Nigde Universitesi Jeoloji Miihendisligi Béliimii, Ana Kampiis, 51200 Nigde, Tiirkiye
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Kotana sahasi Giresun ili (KD Tiirkiye)'nin yaklagik 30 km giineyinde yer almaktadir. Cevherlesme kalk-
silikat Fe-skarn tiirii bir cevherlesme olarak kabul edilmektedir ve Paleosen yagh asidik kayaglarla sokuluma
ugrayan Jura-alt Kretase yagh mafik volkanitlerle kiregtaglarimin kontag: boyunca olusmustur. Kiregtaglar ve

mafik kayaglarin her ikisi de esas olarak granodiyorit bilesimindeki intriisif kayaglar tarafindan
metamorfizmaya ugratilmigtir.

Ana cevher mineralleri pirotin ve magnetitle beraber minér pirit (I) ile sfaleritle birliktelik sunan eser
kalkopiritten olugmaktadir. Sfalerit varhg ozellikle kalkopiritle ve ikincil siklikta da pirotinle birliktelik
sunar. Ikincil mineraller pirit (II), markazit, martit, hematit, gotit, lepidokrosit ve Fe-oksit-hidroksit ara
bozugma iiriinlerinden olusmaktadir. Gang mineralleri esas olarak kalsit ve kuvarstan olusmaktadir. Birincil
siilfitlerin oksidasyonu, kus-gézii, martit, sferoyidal, koloform, damarcik gibi ¢esitli ikincil cevher dokularimin
olusumunu sonuglamigtir. Onerilen olusum mekanizmalan nedeniyle, 6zgiin kristal sekillerine sahip sfalerit
minerali bu ¢ahsma i¢in 6zel bir 6nem tagimaktadir. Sfaleritin gézlenen kristal sekilleri arasinda insan,
hayvan, bitki, ve yildiz benzeri sekiller ve bir ¢ok diizensiz sekiller veya bunlarm kombinasyonlan
bulunmaktadir. Bunlarm olusumu igin ii¢ alternative mekanizma dikkate alinmstir: (I) bunlar kristal
biiyiimesi sirasinda birbiriyle birlesen pirotin kristalleri arasinda interstiyal olarak olusmustur; (II) bunlarm
pirotinin sfaleriti ornatmasimin kahntilandir ve (IIT) 6nceki deneysel verilerle geliserek bunlar gergek kusma
yapilaridir.

Soliit mineralin solvent mineral disinda genel olarak bulunmayisi, s6z konusu iki mineral arasinda ornatinm
gosteren dokusal iligkinin gozlenmeyisi, 6nerilen son mekanizmay: destekleyen yiiksek sicaklikta bu iki
mineral arasinda kati ¢6zelti serisinin var olabilecegini dnermesine ragmen, deneysel ¢alismalar (EPMA nokta
analizleri), original dokunun yok edilmeden kati-kati ormatimmin miimkiin olabildigini &neren ikinci
mekanizmay desteklemistir.

Anahtar Kelimeler: Kotana, skarn, eksoliisyon, pirotin, sfalerit, Dogu Pontitler

ABSTRACT

The Kotana prospect is located about 30 km south of Giresun (NE Turkey). The ore mineralization is
considered to be a calc-silicate Fe-skarn and occurs along the contact zone of limestones and mafic volcanic
rocks of Jurassic-lower Cretaceous age intruded by acidic intrusive rocks of Paleocene age. The limestones
and mafic rocks are both metamorphosed by the intrusive rocks, which are mainly granodiorite in
composition.

Principal primary ore minerals include pyrrhotite and magnetite along with minor pyrite (1) and chalcopyrite
accompanied by trace sphalerite. The sphalerite presence is strictly associated with chalcopyrite and to a
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lesser extent with pyrrhotite. Secondary ore minerals include pyrite (Il), marcasite, martite, hematite,
goethite, lepidocrocite, and intermediate Fe-oxides-hydroxides. Gangue minerals are mainly calcite and
quartz. Oxidation of the primary sulfides resulted in formation of diverse secondary ore textures containing
bird’s eye, martitic, spheroidal, colloform, rim, and veinlets. Unique crystal shapes of sphalerite are of
particular interest to this investigation due mainly to their proposed formation mechanisms. Observed
mineral outlines of sphalerite include human-, animal-, plant-, and star-like figures and a variety of irregular
shapes or combinations of those figures. Three alternative mechanisms for their formation were considered:
(1) they can be considered as pseudoexsolved bodies developed interstitially between coalescing pyrrhotite
crystals during crystal growth, (11) they are relics of pyrrhotite replacement over chalcopyrite, and (I1l) they
are true exsolved bodies contradicting with the previous experimental results.

Although general absence of solute mineral outside the solvent mineral and of ore textures indicating no
replacements occurred between the two mineral suggest feasibility of a solid solution between them at high
temperatures which favor the last mechanism, experimental studies (Electron Probe Microanalysis —EPMA-
point analyses) favor the second mechanism suggesting possibility of solid-solid replacement without
destroying the original texture.

Keywords: Kotana, skarn, exsolution, pyrrhotite, sphalerite, Eastern Pontides
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Karakaya Kompleks Zonu icinde Gizlenen Samh ve Ayazmant (Balikesir)
Fe Skarn Yataklarimn Jeolojisi, Parajenezi ve Olusumu, Bati Anadolu

The Geology, Paragenesis and Formation of Samli and Ayazmant (Balikesir) Fe Skarn Deposits
Observed in Karakaya Complex Zone, Western Anatolia
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Karakaya Kompleks Zonu, Bati Anadolu’da, I¢-Pontid Kenet kusag: ile izmir-Ankara Kenet kusag arasinda
yer ahir. Bu zon igerisinde Balikesir ilinin 18 kilometre kuzeyindeki Ilica granodiyoriti ile iligkili Samh Fe
skam yatagr ile Kozak granodiyoriti ile iligkili Ayazmant (Ayvahk-Balikesir) Fe skarn yataklar
bulunmaktadir. Bu yataklarda jeolojik ve mineralojik galismalar mevcuttur (Barutoglu, 1960; Leo ve Geng,
1972; Oyman ve dig., 2003; Colakoglu ve dig., 2004; Oyman ve dig., 2005). Olusum kosullanmin
belirlenmesi ve ilgili model olusturma galigmalan ise devam etmektedir. Calismalardan elde edilen sonuglar
degerlendirildiginde birbirine benzer sistemler iginde farkli modeller ileri siiriilebilmektedir.

Samlt ve Ayazmant yataklarmmn skamn ve cevher mineral parajenezleri birbirine benzerlik gostermektedir. Bu
yataklar es yash ve benzer mineralojik bilesime sahip bir intriizyonla iliskili olarak Karakaya Kompleks
Zonu iginde yer almaktadirlar. intriizyonlardan elde edilen yas tayinleri bu iki pliitonun (20-25 my) es yash
olduklarim gostermektedir (Delaloye ve Bingsl, 2000; Leo ve Geng, 1972). Ayrica pliitonlara ait kayaglarin
mineralojik-petrografik ve jeokimyasal  6zellikleri her iki pliitonu olusturan kayaglarm da mafik
mikrograniiler enklav iceren, Kalk-alkali, I tipi ve metaliimino bilesim sergiledigini gostermektedir (Akal ve
Helvaci, 1999; Boztug ve dig., 2003).

Her iki cevherlesme de mineralojik bilesimi genelde granodiyoritik olan bir pliitonun daha mafik porfirik
dokulu fazlanyla iliskilidir. Cevherlesmenin geometrisi, mineral parajenezleri, jeokimyasal 6zellikleri,
alterasyon ve yankayag iliskileri model olugturma galismalarinda en énemli verilerdir. Bu yataklar demir oksit
minerallerince zengin, diisiik bakirli ve iz miktarda altn igeriklidirler. Eldeki veriler muhtemelen her iki
cevherlesmenin de ayni tektonik model i¢inde ve benzer jeolojik siireglerle olustuguna isaret etmektedir.
Ancak unutulmamalidir ki ¢evre kayaglarin bilesimi, oksidasyon durumu, akiskan sivinin etkinligi, olusacak
yatagin biiyiikliigiinde, alterasyon birliklerinin tipi ve siddetinde farkhliklar yaratmaktadir. Bu yataklarin Fe
skarn yatagina mi yoksa son yillarda Demir-Oksit-Bakir-Altin yataklan sinifina m dahil olacag: konusu elde
edilen veriler ile bolgenin jeodinamik evrimi gézéniine ahmarak tartistimalidir.

Anahtar Kelimeler: Fe Skam Yataklari, Samli-Ayazmant (Balikesir), Karakaya Kompleksi, Bati Anadolu

ABSTRACT

The Karakaya Complex Zone is situated between Intra-Pontide Suture and lzmir-Ankara Suture in Western
Anatolia. Samli Fe skarn deposits related to llica granodiorite and Ayazmant (Ayvalik-Balikesir) Fe skarn
deposits related to Kozak granodiorite are exist in this zone. These deposits have been studied geologically
and mineralogically by previous investigators (Barutoglu, 1960; Leo ve Geng, 1972; Oyman et al., 2003;
Colakoglu et al., 2004; Oyman et al., 2005). Studies are still ongoing related to determination of ore forming
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conditions and modelling. The evaluation data from various studies may result in similar characteristics
being advocated within different models.

Skarn and ore mineral paragenesis are very similar for Samli and Ayazmant deposits. Both of these deposits
show similar characteristics, related to intrusion such as having the same age and in the same mineralogic
composition in Karakaya Complex Zone. Age determination from the intrusions shows more or less the same
age (20-25 ma) era (Delaloye and Bingél, 2000; Leo and Geng, 1972). Mineralogic-petrographic and
geochemical features show the same characteristics such as mafic microgranular enclav, Calk-alkali, I type
and metaliimino composition (Akal and Helvaci, 1999; Boztug and et al., 2003).

Both deposits are related to mafic porphry dykes of generally granodioritic composition of the plutone.
Geometry of ore, mineral paragenesis, geochemical features, alteration and host rocks type are very
important data for modelling. These deposits having iron oxide rich, minor copper bearing minerals and gold.
The data indicate that both deposits are related to same tectonic model and similar geologic cycle. One thing
to remember is that the host rock composition, oxidation state and fluids domination are responsible for
deposits size and alteration assemblage type. The issue of these deposits being included in the Fe skarn
classification or being included in the newer Iron —Oxide-Copper-Gold classification, will be discussed in
terms of the collected data and in terms of the geodynamic evolution of the region.

Keywords: Fe Skarn Deposits, Samli - Ayazmant (Balikesir), Karakaya Complex Zone, Western Anatolia
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Nadara Koyii Demir Cevherlesmesi
Nadara Village Iron Deposite
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Calisma alami Usak {li'nin Skm KD’ da yer alan Nadara Koyii ve civarinda 12 km? lik bir alam
kapsamaktadir. Sahanin temelinde Esme Formasyonu’na ait kuvars mika sistler, mika kuvars sistler, granat
mika sistler, granat sistler ve kalk sistler bulunur. Sistler iizerinde Musa Dagi Mermerleri yer almaktadir.
Musa Dagi Mermerlerinin 6nceki ¢alismalar ve saha gozlemlerine dayanarak sistler iizerine uyumlu olarak
geldigi soylenebilir. Bolgede Miyosen volkanizmanm iiriinii olan tiifler ve volkanik kayaglar geligmistir.
Ahmetler Formasyonu’na ait Merdivenlikuyu Uyesi’nin yamag molozlan ve Balgikdere Uyesi’sinin
kumtas1 kiltast ve marn ardalanmast ise bélgenin Pliyosen yaslt birimleridir.

Nadara Demir Yatag giiniimiizde agik isletme seklinde isletilmektedir. Sahada isletme alanmin uzunlugu
yaklagik 500 m., eni 25 m. ve derinligi ise 6m. civarindadir. Ancak alanda bu giine kadar sondaj yada jeofizik
yontemlerden hig biri yapilmadigi i¢in damarin derinligi hakkinda bir fikir beyan etmek miimkiin degildir.
Hematit mostralan acik isletmenin Kuzey Dogusu’nda da yiizlek vermektedir. Bu durum damarnn uzanimimin
bu bolgeye kadar devam ettigini diisiindiirmektedir. Nadara Kéyii demir cevherlesmeleri ¢ogunlukla
hematitlerden olusmus; hematitlere yer yer limonitlerin ve kil bantlarmin eslik ettigi bir cevherlesmedir.

Cevherlesme Karaboldere Volkanizmasi’na bagh olarak gelismistir. Cevherlesme kismen silislesmis ve altere
olmus volkanik kayaglar (traki andezit, andezit ) igersinde irili ufakh kafalar seklindedir. Ayrica bu volkanik
kayag iersinde cakil ve bloklar seklinde de goriiliir. Cevher kafalari igeren volkanik kayaglar metamorfiklerle
kontak olusturular. Buna gore cevherlesme bu volkanik kayag ¢ikigina bagh olarak muhtemelen
metamorfiklerden ¢oziinen demiri hidrotermal eriyikler seklinde ve hidrotermal faza bagh olarak altere olmus
volkanik kayacin bosuklarma yerlesmesi seklinde oldugunu diisiindiirmektedir.

Anahtar kelimeler: Nadara Koyii, Usak, Demir Cevherlesmesi, Volkanizma

ABSTRACT

The study area located at Skm the NE of Usak City and covers on area of 12 km’. The basement metamorphic
sequence is composed of quartz- mica schist, mica-quartz schist; garnet-mica schist and calc-mica schist
which are belong to Esme Formation. Musadag marbles are found on top of the schist. According to the
recent studies and the observations in the region it can be said that the Musadagi marble is conformably
overlies the schist. Volcanic rocks and tuffs formed as a result of Miocene volcanism. Merdivenlikuyu member
which is alternating member of Ahmetler Formation and sand stone, clay stone and marl sequence belonging
to Balcikdere Formation are Pliocene in age.

Nadara hematite ore is being exploited at present. The length of the ore body is 500m, the width is 20m, and
the depth reaches up to ~ 6m. The ore is not drilled so far since and no geophysical studies are exist it is not
possible to give an idea about the depth of hematite. The hematite mineralization is seen also at the northeast
of the operating mine. This shows that the mineralization extends up to that region. The Nadara iron
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mineralization is mostly composed of hematite and limonite and clay bands accompanied to this hematite. The
wall rock of the deposit is formed by garnet schist, tuff and sandstones.

The mineralization developed together with the Karaboldere Volcanism and is seen as varying size of small
blocks within the volcanic rocks which are altered and partly silicified. Volcanic rocks consisting mineralized

blocks are formed in contact with the metamorphics.

Keywords: Nadara Willage, Usak Province, Iron Deposits, Volcanism
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Evciler Skarn Olusumunda (Kazdag, Canakkale/Tiirkiye) Hidrotermal Akiskanlar ve
Granitoyid Arasindaki Etkilesim ile Ilgili Oksijen ve Hidrojen Isotop Verileri

Oxygen and Hydrogen Isotope Evidence for Interaction Between Granitoid and Hydrothermal
Fluids at the Evciler Skarn Occurrence (Kazdag,Canakkale/Turkey)
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Skarn yataklan ile ilgili ¢alismalar genellikle arazi iligkileri, mineral bilesimleri ve parajenetik iligkilerin
kapsaml analizi ile baglamaktadir. Bununla birlikte, durayli isotop ¢ahgmalan skarmn olusumunun basing-
sicakhik-akiskan bilesim (P-T-X) kosullarmi smirlandirmada 6nemli bir rol oynamaktadir. Skarn
yataklarindan ahnan silikat minerallerinin durayh izotop bilesimleri, skarn olusum evreleri boyunca akiskan
kaynagimin evrimini yorumlamada ve olusum, denge veya alterasyon sicakhgm saptamada kullamilmaktadir.

Genellikle cevher yataklar iki farkh alterasyon tipi ile karakterize edilmektedir. Granat ve piroksen gibi susuz
minerallerle tammlanan erken prograd evre, goreceli olarak daha yiiksek sicaklikli akiskanlardan
olusmaktadir. Siilfidli cevher mineralleri ile birlikte klorit, epidot ve amfibol gibi sulu minerallerle tanimlanan
geg retrograd evre ise daha diisiik sicaklikli akigkanlardan olugmaktadir. Bu iki alterasyon evresinin yaygin
sekilde, dogrudan cevher metallerinin kékeni ile iligkili olarak, sirastyla magmatik ve meteorik su baskinhgini
yansittign diisiiniilmektedir. Evciler Au-Cu skamn yatagindan (Kazdag, KB Anadolu) alinan susuz ve sulu
minerallerin durayl isotop bilesimleri, galisma alaninda granat-piroksen skarnin (prograd evre) birincil skarn
olusturan metasomatizma siiresince baskin olarak magmatik akigkanlardan olustuguna ve epidot-amfibolce
zengin skarmin (retrograd evre) ise meteorik su ile kangmis magmatik sudan olustuguna isaret etmektedir.
Evciler bolgesinde, granatin 6180 degerleri 4.6%o’den 8.2%o’e (ort. 6.7%o), piroksenin 6180 degerleri 6.2
%o’den 10.3%o’e (ort. 8.2%o), ve amfibolun 5180 degerleri 6.3%0’den 8.2%o’e (ort. 7.4%o) ve epidotun 5180
degerleri -3.3%0 den 5,1%0’e (ort. 0.9%o) degismektedir. Bununla birlikte, geg amfibol ve epidota ait 3D
degerleri, Evciler skarn yatagi igin, hem magmatik (bir 6mek igin) hem de meteorik su karigimi ile
agiklanabilen daha hafif degerlere isaret etmektedir.

Evciler granitoyidinin tim kayag 8180 degerleri pirotin igeren mineralizasyonuna oldukga yakin sokulum
dokanaga dogru 8.5%.’ den 2.5%o’e azalmaktadir ve granitoyide ait quartz 8180 bilesimleri 7.2’den
10.9%0’e degismektedir. Evciler granitoyidinden alinan 5180kuvars ve hesaplanan dmagma degerleri, onceki
¢alismalarda 6nerildigi sekilde I-tipi egilimini desteklemektedir, fakat basit bir magmatik farklilasma igin
oldukga genis bir araliga sahiptir. Bu nedenle, Evciler granitoyidi, bolgeye yerlesimi sonrasinda agik-sistem
hidrotermal alterasyona ugramis ve muhtemelen meteorik su girisi ile ilksel magmatik 8180 bilesimi
degismistir.

Evciler plutonunun bilesimi ve petrolojik evrimi, skam alterasyonu, mineralizasyonu ve metal igerigi (6rn;
bakr, altin, demir) iizerinde ana kontrolii olusturmaktadir. Tiim bu parametrelerin kombinasyonu, lokalden
bélgesel olgege kadar, Evciler plutonu ve cevher yataklar arasindaki iliskinin  yorumlanmasinda
kullanilabilmektedir. Hidrotermal akigkanlarin izotopik evrimi Evciler plutonu tarafindan isitilan bir sistem
iginde meteorik suyun sirkiilasyonu ile izah edilmektedir. Bu sistem yan kayag ve granitoid ile oksijen
izotoplarinin yerdegisimine neden olmakta ve muhtemelen bir miktar magmatik su karigim igermektedir.

Anahtar Kelimeler: Evciler granitoyidi, cevher yatagi, durayh izotoplar, hidrotermal alterasyon.
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ABSTRACT

Studies of skarn deposits generally begin with comprehensive analyses of field relationships, mineral
compositions and paragenetic relations. However, stable istotope studies play an important role to constrain
pressure-temperature-fluid composition (P-T-X) conditions of skarn formation. Stable isotope compositions of
calc-silicate minerals from skarn deposits have been used to interpret the evolution of fluid sources during
sequential stages of skarn formation and to determinate the temperature of formation, equilibration or
alteration.

Generally, skarn ore deposits are characterized by two distinctly different alteration styles. An early prograde
stage with anhydrous minerals, such as garnet and pyroxene, forms from relatively high-temperature liquid. A
later retrograde stage with hydrous minerals, such as epidote, amphibole, and chlorite plus sulfide ore
minerals forms from lower temperature fluids. These two alteration stages commonly have been thought to
reflect a dominance of magmatic and meteoric water, respectively, with relevance to the source of ore metals.
Stable isotope compositions of anhydrous and hydrous minerals from Evciler Au-Cu skarn deposit (Kazdag,
NW Anatolia) indicate that garnet-pyroxene skarn (prograde stage) was produced by predominantly
magmatic fluids during initial skarn forming metasomatism in the study area and amphibole-epidote rich
skarn (retrograde stage) was formed by magmatic water mixed with meteoric water. The 6180 values of
garnet from the Evciler district range from 4.6 to 8.2%o (average 6.7%q), the 3180 values of pyroxene range
Jrom 6.2 to 10.3%o0 (average 8.2%), and the 6180 values of amphibole range from 6.3 to 8.2%. (average
7.4%0) and the 5180 values of epidote range from -3.3 — 5,1%o (average 0.9%q). However, the 5D values of
late amphibole and epidote indicate both magmatic (for one sample) and lighter values for Evciler skarn
deposit that could be explained by mixing with meteoric water.

Whole rock 5180 values of the Evciler granitoid decrease from 8.5 to 2.5%. towards the intrusive contact,
which happens also to be the region closest to the phyrrothite-bearing mineralization at the Evciler district
and quartz 6180 composition of the Evciler granitoid varies from 7.2 to 10.9%o. 6180quartz and calculated
dmagma from the Evciler granitoid support I-type affinity as suggested by previous geochemical studies, but
it is too large to be accounted for by simple magmatic differentiation. Therefore, the Evciler granitoid was
subjected to post-emplacement open-system hydrothermal alteration and exchanged with external Sfluid
(probably meteoric water) which changed the original magmatic 6180 values.

The composition and petrologic evolution of the Evciler pluton are the primary controls on skarn alteration,
mineralization, and metal content (e.g. copper, gold, iron). The combination of all these parameters can be
used on a district to regional scale to interpret relationships between Evciler pluton and associated ore
deposits. We concluded that the isotopic evolution of the hydrothermal fluid can be accounted for by
circulation of meteoric water through a convention system heated by the Evciler granitoid, causing exchange
of oxygen isotopes with the granitoid and country rock, and possibly involving some admixture of magmatic
water.

Keywords: Evciler granitoid, ore deposit, stable isotopes, hydrothermal alteration.
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Maden (Elazig) Cevresinde Drenaj Jeokimyasi
Drainage Geochemistry in the Vicinity of Maden, Elazig

Giillii KIRAT, Cemal BOLUCEK

Fuirat Universitesi Miih. Fak. Jeoloji Boliimii
cembolucek@hotmail.com

0z

inceleme alam, Elazig ilinin yaklasik 75 km giineydogusunda Elazig’m Maden ilgesi smirlan igerisinde yer
almaktadir. Tlge merkezinin yaklasik 1 km giineybatisinda bulunan Maden Anayatak’ta Jura — Alt Kretase
yash Guleman Grubu ve Orta Eosen yash Maden Karmagig1 olmak iizere iki birim yiizeylemektedir. Guleman
Grubu serpantinit ve gabrolarla, Maden Karmasig1 ise diyabaz ve karbonath g¢amurtaslanyla temsil
edilmektedir. Anayatak cevherlesmesi Maden Karmasigi’na ait diyabazlar igerisinde mercekler seklinde
gelismis ve iistten itibaren masif, agst — sagmmmh ve sagimimli cevher en altta ise manyetit kiitlesinden
olusmustur. Maden Anayatak’ta ekonomik olarak yararlanilan bakir tasiyici tek mineral kalkopirittir.
Kalkopirite degisik oranlarda pirit, manyetit, pirotin kromit, hematit, pentlandit, kiibanit, markazit, sfalerit ve
limonit eslik etmektedir. Maden Cayi ve gevresinde kirliligin etkisini belirlemek ve jeokimyasal arama 6n
caligmas1 yapmak amaciyla dere sedimenti ve su érneklemeleri yapilmistir. Dere sedimentlerinde elementlerin
kum o6meklerinin ince fraksiyonunda yogunlastign belirlenmistir. Ayrica element dagihmmm daha ¢ok
erezyona bagh oldugu bulunmustur. Maden Cay: boyunca element dagilim profilleri incelendiginde, Maden
Bakir Isletmesi flatasyon kati atiklarinin dokiildiigii alanda hem su émeklerinde hem de dere sedimentlerinde
bir artis gozlenmektedir. Bu da bélgede kimyasal bir kirlilige neden olmustur.

Anahtar kelimeler: Maden Cay1, dere sedimenti, kirlilik, jeokimyasal arama

ABSTRACT

The study area is situated in the outskirts of Maden township which is 75 km SE of Elazig. Anayatak is placed
1 km SW of Maden town center. Two groups of lithologies make up the rocks of Anayatak. These are Jurassic
— Lower Cretaceous Guleman Group and Middle Eocene aged Maden Complex. The Guleman Ophiolites
represented by serpentinite and gabro and Maden Complex by diabase and carbonate mudstone. Anayatak
ores occur as lensoid bodies in diabases of the Maden Complex and show zoning as (from top to bottom);
massive , stockwork — disseminated, disseminated and magnetite ores. The sole economic Cu minerel of the
Anayatak deposits is chalcopyrite, other ore minerals are; pyrite, magnetite, pyrrhotite, chromite, hematite,
pentlandite, cubanite, marcasite, sphalerite, and limonite. Stream sediment and water sampling was carried
out in order to determine the degree of contamination and to do preliminary geochemical exploration studies.
This study determined that the elements are concentrated in fine fraction of stream sediments. Furthermore, it
is also found that the metal distribution is principally controlled by erosion. Element distribution patterns
along the Maden Cay1 (stream) display sudden metal content increase in both sediments and water’s at the
place where solid wastes of the Maden Copper Works were discharged. This, in turn, caused chemical
pollution in the area.

Keywords: Maden stream, stream sediment, contamination, geochemical prospection
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Mortas (Seydisehir-Konya) Boksit Yataginin Nadir Toprak Elementi (Nte) Potansiyeli
Rare Earth Element (Ree) Potential of the Mortas (Seydisehir-Konya) Bauxite Deposit
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Orta Toroslar’da yiizeyleyen en biiyiik boksit yataklarmdan biri olan Mortas yatagi Seydisehir’in 25 km
giineyinde bulunmaktadir. Yatak ve gevresinde, Bolkardag: Birligi'ne ait Hocalar formasyonu, Bozkir
melanjmna ait ofiyolitik kayaglar ile Geyikdag: birligine ait karbonath kayaglar yiizeylemektedir. Boksitler
Geyikdag1 birligine ait Katrangedigi formasyonunun (Senomaniyen) iist kesimindeki paleo-gukurluk
igerisinde birikmis olup Ust Kretase (Senoniyen — Maestrihtiyen) yash karbonath kayaglardan olugan
Dogankuzu formasyonu tarafindan ortiilmektedir.

Boksitlerin i¢inde bulundugu paleo gukurluk KB-GD uzanimh 950 * 350 m boyutlarinda bir elipsoidi
andirmaktadir. Ortalama derinligi 15 m olan bu gukurun en derin yeri 80 m olup, cevher kiitlesi kiregtaglarnin
egimine uygun olarak K30°B dogrultulu ve 30°GB’ya dalimhdir. Yatak cep tipi yataklar grubuna girmektedir.

Yatakta masif, benekli, demirli, bresik ve killi boksit seklinde 5 tip cevher ayirt edilmis olup, cevherlesme
tiplerinin dagilimi oldukga diizensizdir. Belirlenen en yaygin cevher minerali bshmit olup, diyaspor, gibsit ve
diger aliiminyum mineralleri béhmite eslik etmektedir. Ayrica kaolinit, hematit, gétit, limonit, pirit, markazit,
anatas, rutil, proluzit, psilomelan, kuvars tridimit ve kalsit bulunmaktadir.

Boksitlere kaynak olabilecek kayaglar, karbonatlar ve ofiyolitik kayaglar, diisiik dereceli metamorfik kayaglar
ve terra-rosalardir. Kaynak kayag -> terra —rossa-> boksit déniigiimii sirasinda siirekli olarak Ca ve Mg, Na ve
K kaybr gergeklesmistir. Si’un kaybr ise terra — rosa olusumundan sonra silis asidinin ¢éziinmesi ile artmstir.
Jeokimyasal olarak az hareketli olan Al, Ti, Ga, Zr, Fe, Th, Nb, Sc, V gibi elementler yerinde kalarak azalan
kayag kiitlesine gore zenginlesmislerdir. NTE ise baslangigta zenginlesme gdstermelerine ragmen ilerleyen
ayrigma ile kismen taginarak yerlesmislerdir. Boksitlerde toplam NTE Y ve Sc dahil 1173 ppm ve anakitlede
346-1999 ppm NTE beklenmektedir. Yaygin NTE La, Nd, Ce, Y, Pr ve Sc ile temsil edilmekte ve bu
elementlerin miktan sirasiyla 282.2, 239.8, 237, 137, 62 ve 50 ppm’dir. Toplam HNTE 1052.4 ppm, ANTE
ise 120.4 ppm olup, HNTE ANTE’nin 8.7 katidir. NTE agisindan ana kayaglarla kargilastirildiginda sistlerin
3.3, ofiyolitik kayaglarin 79.3, taban kiregtaglarimin 17, tavan kiregtaslannin 199 ve terra-rosalarn 3.2 kati
zenginlesmistir.

Yatakta bu giine kadar 7.3 milyon ton boksit iiretilmis olup kalan cevher yaklasik 2.7 milyon tondur. Toplam
nadir toprak metal miktart 11727.5 ton, kalan NTE potansiyeli ise 3166.4 tondur. Bu rezervlerin ekonomik
karsihigr ise 1998 yili fiyatlarina gére (Hedrick, 2000) toplam cevher igin 14.65 milyar USD iken kalan NTE
degeri 3.95 milyar USD’ dir.

Kirmmzi ¢amurdan aliman dmeklerin Y ve Sc dahil toplam NTE miktan 1966 ppm’dir. Atik barajindaki NTE
miktan Mortas yatagindan 8611.5, Dogankuzu yatagindan 3951.9 ve diger yataklardan 507.3 ton olmak iizere
toplam 13070 ton’dur. 1998 yih fiyatlanna gére bunun ekonomik degeri 20.78 milyar USD olup Mortas
yatagindan gelen kismin potansiyeli 13.69 milyar USD’ dir.
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Mortas, Dogankuzu, Degirmenlik, Morgukur ve Catmakaya yataklarmin toplam boksit rezervi 32 milyon ton
ve bu rezerv i¢inde toplam NTE potansiyeli ise 37528 ton ve ekonomik degeri 46.8 milyar USD’ dir.
Seydisehir — Akseki bélgesinde olusum mekanizmalan Mortas yatagina benzeyen irili — ufakh 90 civarinda
boksit yatagimmn toplam rezervi 85 milyon ton, bu rezerv iginde NTE potansiyeli 100.000 ton ve bu
potansiyelin ekonomik degeri ise yaklasik 125 milyar USD” dir. Buna 20 milyar USD’lik kirmzi ¢amur da
ilave edildiginde Seydisehir — Akseki bélgesinde yaklagik 145 milyar USD’lik bir NTE vardir. Ulkemizdeki
diger boksit yataklarinda da yaklagik 1000 ppm’lik NTE varlig diisiiniildiigiinde muhtemel rezervinin 400
milyon ton oldugu belirtilen boksit yataklarmin NTE potansiyeli 500.000 ton ve bunun ekonomik degeri 600
milyar USD’ dir. Ulkemizde halen iiretim asamasina ge¢mis herhangi bir NTE yatag yoktur. Bu nedenle
oncelikle 6n iglemden gecen kirmizi ¢amurdan NTE iiretimi igin teknoloji gelistirmeye yonelik Ar-Ge
projeleri gelistirilmeli ve desteklenmelidir.

Anahtar Kelimeler: Boksit, Mortas, NTE, Seydisehir

ABSTRACT

The Mortas bauxite deposit is one of the biggest bauxite deposit exposed in the Central Taurus located 3 km
southeast of Madenli village, where 25 kilometres south of Seydisehir. Hocalar formation belonging to
Bolkardag: Unit, ophiolitic rocks of Bozkir Unit and carbonaceous rocks belonging to Geyikdag unit expose
near and at the ore deposit. Bauxites accumulated a karstic paleo depression in the upper portion of
Senomaniyen aged Katrangedigi formation is covered by carbonaceous rocks of Upper Cretaceous (Senonian
— Maestrichtian) Dogankuzu formation. The area in which the Mortas bauxite ore deposit exposed 950 * 350
meters dimensions in elypsoidally lens shape with NE-SW extension. The sinkhole in which ore deposit has
maximum 80 meters of thickness and the 15 meters in average. The ore body conformably host rocks with
N30oE strike and 30°SW dip. Bauxite deposit can be classified pocket type bauxites with this shape.

Five types of mineralization as massive, dotted (oolitic and pisolitic), clayey — soily, iron bearing and
brecciated were distinguished in the ore deposit and mineralization types are unsystematic. Mortas bauxite
deposit point that the main aluminium mineral is boehmite and the mineralization is boehmitic character.
Beside boehmite, there are few amounts diaspore and gibbsite as Al minerals. The other minerals are
kaolinite, hematite, goethite, limonite, pyrite, marcasite, anatase, rutile, pyrolusite, psilomelane, quariz,
tyridymite and calcite in the bauxite deposit.

The potential source rocks for the Mortas ore and ores at the nearby bauxite are calcareous rocks, terra —
rossa, ophiolitic rocks and low grade metamorphic rocks of Seydisehir Formation. A continuous Ca, Mg, Na
and K depletion was realized during the transition of source rocks to terra rossa as well as the transition of
terra-rossa to bauxite. The loss of Si was increased by dissolution of silicon after the formation of terra —
rossa. During that time, elements such as Al, Fe, Ti, Ga, Zr, Fe, Th, Nb, Sc and V which are regarded as
geochemically less active, were enriched in the system. Although REE concentrated initially, located partly
move with progressive weathering. Total REE with Sc and Y is 1173 ppm and expected main mass has 346-
1999 ppm range. Commonness REE are La, Nd, Ce, Y, Pr, Sc and their concentrations are 282.2, 239.8, 137,
62 and 50 ppm respectively. Total LREE is 1052.4 ppm and total HREE is 120.4 ppm and LREE/HREE ratio
is 8.7. REE content of bauxites in relation to terra-rossas’s, low grade metamorphics, basement limestones,
ceiling limestones and ophiolitic rocks are 3.2, 3.3, 17, 199 and 79.3 times respectively.

Up to today 7.3 million tonnes bauxite production at the deposit and residue bauxite reserve is 2.3 million
tonnes. REE reserve of Mortas bauxites is 11727.5 ton residue NTE reserve is 3166.4 ton. Economical values
of these reserves are 14.65 and 3.95 billion USD with respect to year 1998 selling price (Hedrick, 2000).

Production wastes of aluminium are accumulated in the red mud barrage. Red Mud has 1966 ppm REE

having Y and Sc. Total REE reserve of red-mud 8611.5 ton belonging to Mortas plus 3951.9 ton belonging to
Dogankuzu deposit and 507.3 ton belonging to other deposits 13070 ton. There is 20.78 billion USD REE
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potential in the waste barrage in respect to 1998 selling price and the proportion of Mortas deposit in this
wastes about 13.69 billion USD.

Total mineable reserve is Mortas, Dogankuzu, Morgukur, Degirmenlik and Catmakaya deposits 32 million
ton, REE potential is 37528 ton and economic value of this potential about 46.8 billion USD. There are over
90 bauxite deposits both large and small which forming mechanism similar to Mortas deposit in the
Seydisehir-Akseki region with 85 million tonnes of bauxites. These deposits have 100.000 ton of REE and
their economic values are about 125 billion USD. If adding 20 billion USD REE in the red mud this value
rising up to 145 billion USD. If other bauxite deposits in our country have similar REE potential about 1000
ppm, for approximately 400 million ton of bauxites have 500.000 ton REE and this reserve has 600 billion
USD economic values. There is not any REE deposit in our country production stage. We considering REE
production from bauxite deposits are easier than complex ores. So before all else aiming development
technology REE production from red-mud investigation-development projects building and promoting.

Keywords: Bauxite, Mortas, REE, Seydisehir
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Bolkardag Bolgesi (Ayranci-Karaman) Boksit Yataklar:
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Preliminary Evidence for Their Geology and Formation
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Orta Toroslar’in Bolkardag: bolgesinde (Karaman-Konya) ¢ok sayida boksit yataklarn bulunmaktadir.
Bunlarin en onemlileri Ayranci (Karaman) bolgesindeki Karatastepe, Bolkardede Tepe, Camizalan,
Kavakozii, Goztasi Tepe ve Devebagirtan boksit yataklaridir. Boksit yataklari, Bolkardag: Birligi ve Namrun
Tektonik Dilimi’ne ait kayaglar iginde ve 6zellikle her iki tektonik dilimin Jura-Kretase tabanindaki
diskordans diizeylerinde g6zlenmektedir. Bolgedeki boksit yataklari, yanal ve diisey y6nde ana kayadan
boksite ge¢is asamalarinin sahada agik¢a izlenmesi ve bu nedenle Al’nin kaynagina ait 6nemli veriler sunmasi
agisindan oldukga ilgi ¢ekicidir.

Bolkardag Birligi, inceleme alam ve yakin gevresinde Ust Permiyen-Ust Kretase (Alan ve dig.2004) arasinda
¢okelmis ve yesil sist fasiyesinde metamorfizma gegirmis kayaglar ile temsil edilmektedir. Boksit
cevherlesmelerinin  bulundugu boélgede Alt-Orta Triyas ve Jura-Kretase yas araliinda birimler
gozlenmektedir. Alt-Orta Triyas alacali gistler, kalk sistler, alg-gastropod lamellibrans kavkih
metakarbonatlar, Orta-Ust Triyas, yer yer onkoidal kavki pargalar igeren dolomitler, Ust Triyas, klorit-serizit-
kalk sistler, kuvarsit ve bazik metavolkanik arakatkih sistlerden olusmaktadir. Jura-Kretase; Triyas tizerindeki
boksitli seviye iizerine diskordansla gelmekte, altta dolomitik rekristalize kiregtasi, tiste dogru Cladocoropsis
fosil igerikli dolomitler ve kismen mermerlesmis rekristalize kiregtaslarindan olugmaktadir.

Namrun Tektonik Dilimi (NTD), inceleme alam ve gevresinde Karbonifer-Ust Kretase (Alan ve dig., 2004)
arasinda ¢okelmis, ve yesil sist fasiyesinde metamorfizma gecirmis kayaglardan olusur. Boksit
cevherlesmesinin bulundugu alanlarda ise Permiyen-Ust Kretase yas araliginda birimler goriiliir. Ust
Permiyen; bashca Mizzia’h rekristalize kiregtaglarindan, Alt-Orta Triyas; klorit-serizit sist, kalk sist, ve
metakarbonatlardan, Orta-Ust Triyas; dolomitik rekristalize kiregtagt, dolomit ve kalk sistlerden, Ust Triyas;
klorit-serizit-kalk sistler, bazik metavolkanik arakatkili sistlerden olugmaktadir. Jura-Kretase yash birimler
ince-orta tabakali dolomitik rekristalize kiregtaslari, dolomitler ve az rekrsitalize kiregtaglarindan, Ust Kretase
ise, metakumtasi, metaseyl, metakarbonat istiflerinden olugsmaktadir. NTD, Bolkardag: Birligi iizerinde
tektonik dokanakla yer almaktadir.

Boksit olusumlari, Jura 6ncesi tektonizma ve asmma derinligine bagh olarak farkli stratigrafik diizeylerde
gelismistir. Alt Triyas yash klorit sistler ve Ust Triyas yash klorit-serizit sist, klorit-kalk sistler iizerinde
genellikle “kalinti tip” Al-Fe lateritler ve demirli boksit yataklari, Triyas ve Permiyen yaslh karbonatlardaki
karstlasmaya bagli olarak “karstik tip” boksit yataklan gelismistir. Bolgede ekonomik olarak isletilebilir
boksit yataklan (Karatastepe, Bolkardede Tepe, Kavakozii, Goztast Tepe, Devebagirtan) bashca diyasporit,
kaolinit, anatas, hematit ve az miktarda bohmit minerali igeren karstik tip boksitler olup, ortalama % 3,5 SiO,,
%55 ALO;, % 26 Fe,0; ve % 3,5 TiO, igerigine sahiptir.

157



59. Tiirkiye Jeoloji Kurultay: Bildiri Ozleri, 20-24 Mart 2006, Ankara

Saha verileri, boksit gelisiminin Bolkardag: Birligi'ne ait Ust Triyas yash klorit-serizit-kalk sist ve bazik
meta-volkanitler ile NTD’ye ait 6zellikle Alt Triyas yash klorit sistlerin ilksel kokeni olan kayaglarla bir
iligkisinin varligimi gostermektedir.

Boksitlesme, Orta Jura oncesi karasal alanda, her iki tektonik dilimdeki Al- silikatlerce (feldispat, mika,
klorit) zengin Triyas yash seyl, silttas1 ve bazik volkanik bilesimli kayaglarm lateritlesmesi sonucu; ana kaya
tizerinde “kalinti tip” Al-laterit ve demirli boksitler seklinde, kisa mesafelerde karbonatlardaki karstik alanlara
taginan Al’ce zengin lateritik toprak ise muhtemelen kaolinit, gibsit, bohmit, hematit, anatas bilesimindeki
“karstik tip” zengin boksit yataklan seklinde gelismis olmalidir. Kretase sonrasi ilk naplasma hareketlerine
bagh olarak gelisen bolgesel metamorfizma siirecinde ise bohmitik bilesimli boksitler diyasporitik boksitlere
doniigmiigtiir.

Anahtar Kelimeler: Boksit, Bolkardag: Birligi, Namrun Tektonik Dilimi, Orta Toroslar

ABSTRACT

The Bolkardag region (Karaman-Konya) of Central Taurides is host to a number of bauxite deposits. The
significant ones among those are the Karatastepe, Bolkardede Tepe, Camizalan, Kavakozii, Goztasi Tepe
and Devebagirtan deposits in the Ayranct (Karaman) region. The bauxite deposits are observed both within
and especially in the discordant levels of Jurassic-Cretaceous of the Bolkardagi Unit and the Namrun
Tectonic Segment. The bauxite deposits in the region are very interesting because, in the field, the vertical
and horizontal transitions through the host rock to the ore can clearly be observed, so that they suggest
important data about the source of the alumina.

The Bolkardag Unit, in the region, is represented by the Upper Permian-Upper Cretaceous (Alan et.al, 2004)
aged rocks that have undergone green schist metamorphism. In the region of the bauxite deposits, Lower-
Middle Triassic and Jura-Cretateous aged rocks are however observed instead. The Lower-Middle Triassic
consists of multicolored schists, calc-schists, algae- gastrapoda-lamel brancia shelled metacarbonates,
Middle-Upper Triassic is represented by dolomites with oncoidal shell fragments and Upper Triassic
comprise chlorite-sericte-calc schists, schists with quartzite and metavolcanic interlayers. Jura- Cretaceous
units overlie discordantly the bauxite bearing level over the Triassic,and consist of dolomitic recrystalline
limestones in the bottom, Cladocoropsis bearing dolomites and partially marble recrystalline limestones in
the upper levels.

The Namrun Tectonic Segment (NTS), in the region, comprises Carboniferous-Upper Cretaceous (Alan ve
dig., 2004) aged rocks that have undergone green schist metamorphism. Around the ore region, the Permian-
Upper Cretaceous aged rocks crop out. The Upper Permian is mainly represented by Mizzia bearing
recrystaline limestones, Lower-Middle Triassic by chlorite-sericite schist, calc-shist and metacarbonates,
Middle-Upper Triassic by dolomitic recrystalline limestones, dolomites and calc-schists, and Upper Triassic
by chlorite-sericite-calc schists and schist intervened with metavolcanics, respectively.

The Jura-Cretaceous aged units consist of thin-moderate layered dolomitic recrystallised limestones,
dolomites and partially recrystallised limestones. The Upper Cretaceous includes metasandstone, metashale,
metacarbonate successions. The contact between the NTS and Bolkardag: Unit is tectonic.

The bauxite formation developed within different stratigraphic levels due to the tectonics and the erosion
depth during pre Jurassic period. Above the Lower Triassic chlorite schists and Upper Triassic chlorite-
serizite schists and chlorite-calc schists the “residual type” (remnant type) Al-Fe laterites and Fe-rich
bauxite deposits were developed while the “karstic type” bauxite deposits formed due to the karstification
process in the Triassic and Permian aged carbonates. The economically mineable bauxite deposits
(Karatagtepe, Bolkardede hill, Kavakizii, Goztasi, Devebagirtan deposits) are karstic types comprising
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mainly diasporite, kaolinite, anatas, hematite and minor boehmite minerals with 3,5 % SiO,, 55% Al,O;, 26%
Fe,0;5 and 3,5 % TiO; content in average.

The field evidence indicates a direct interaction between the bauxite formation and initial lithologies both of
the Upper Triassic chlorite-sericite-calc schists, basic meta-volcanites belonging to Bolkardag Unit, and
Lower Triassic chlorite schists belonging to NTS. The “residual type” bauxites might have been formed
above the host rock as Al-laterite and Fe-rich bauxites, due to the lateritization of the Al-silica rich Triassic
shales, siltstone and basic volcanic rocks belonging to both tectonic segments before the Middle Jurassic
period in the terrestrial region. On the other hand, the kaolinite, gibbsite, boehmite, hematite and anatas
bearing “karstic type” bauxite deposits presumably developed due to the short distance transportation of the
Al-rich lateritic soils into the karstic cavities within the carbonates. During the regional metamorphism
related to the initial nappe movements after the Cretaceous, the bauxites with boehmite composition changed
into the diasporitic bauxites.

Keywords: Bauxite, Bolkardag: Unit, Namrun Tectonic Segment, Central Taurides
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Kiiciikkoras (Karaman) Boksit Yataklarimin Stratigrafik Konumu
Stratigrafic Position of the Kiigiikkorays (Karaman) Bauxite Deposits
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Bu galismanin amaci yérede bulunan boksit yataklarinin stratigrafik konumunu ortaya ¢ikarmaktir. Inceleme
alaminda, tabanda karbonath kayaglardan olusan Ust Permiyen yash Dedekéy formasyonu yer ahr. Bu
formasyon altta dolomit, iistte kristalize kiregtas: ile temsil edilir. Bunun iizerinde uyumlu olarak Alt Triyas
yash Saraycik formasyonuna ait fillit, sist, metakumtagi ve mermer ardalanmasi izlenir. Diyabaz bilesiminde
izlenen Orta Triyas yash Kasir diyabazi, Saraycik formasyonuna ait birimleri kesmektedir. Uste dogru
uyumsuzlukla Jura — Kretase yash karbonath kayaglardan yapih Berendi formasyonu gézlenmektedir. Tiim bu
birimler, yéreye Geg Kretase zaman araliginda yerlesen Karamanoglu Ofiyoliti tarafindan, tektonik olarak
ortiilmiistiir. Cahgma alammin en geng litolojilerini, alttaki birimleri uyumsuzlukla 6rten Miyosen yash Mazi
ve Divlek formasyonlar olusturur. Birbirleri ile uyumlu izlenen bu formasyonlardan Mazi formasyonu
konglomera ve kumtaslan, Divlek formasyonu ise killi kiregtaslarindan yapihdir. Calisma alaninda izlenen
boksit yataklan Ust Permiyen yasl Dedekéy formasyonuna ait dolomitlerle kiregtaglarinin arasinda veya
kiregtaglarinin iginde g6zlenmektedir.

Anahtar kelimeler: Boksit, stratigrafi, Kiigiikkoras, Bolkardaglar, Ayranci

ABSTRACT

Primary subjective of this investigation is to determine the stratigrafic position of the studied bauxite deposit.
Upper Permian Dedekdy Formation composed mainly of carbonate rocks occur at the base of the study area.
This formation is represented by dolomite at the base and recrystalized limestone toward, the top. The
Dedekdy formation is overlain by the Saraycik Formation of lower Triassic age consisting of comformably
phillite, schist, metasandstone, and marble sequence. Diabasic Kasir intrusion of middle Triassic age cros cut
the lithologic units of the Saraycik Formation. Jurassic — Cretaceous Berendi Formation sits on these
lithological units unconformably that is composed of carbonate rocks. All these rocks of the study area are
covered by the Karamanoglu ophiolite which is tectonically introduced during late Cretaceous epoch. The
youngest rocks of the study area are belonging to Mazi and Devrek Formations of Miocene age. These two
Jormations overlie all the earlier formations unconformably. But they are stratigraphically conformable with
each other. The Mazi Formation is composed of conglomerates and stones, while the Divlek Formation
contains clayey limestones. The bauxite formationsof the study area occur between the dolomitic rocks and
limestones or within the limestones of the Dedekidy Formation of upper Permian age.

Keywords: Bauxite, stratigraphy, Kiiciikkoras, Bolkardaglar, Ayrancu.
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Kiiciikkoras (Ayranci-Karaman) Boksit Yataklariin Cevher Parajenezi
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Bu calismanin amaci, Kiigiikkoras (Ayranci-Karaman) Boksit yataklarma ait cevher parajenezenin
belirlenmesidir. inceleme alanindan derlenen numunelerden parlak kesitler yapilarak mikroskobik
incelemeleri yapilmistir. Inceleme alaminda, alttan iiste dogru sirastyla Ust Permiyen yash Dedekoy
Formasyonu, iizerine uyumsuz Alt Triyas yash Saraycik Formasyonu gelir. Orta Triyas yash Kasir Diyabazi
Saraycik Formasyonunu kesmektedir. Bunlarnn istiine uyumsuz olarak Jura-Kretase yash Berendi
Formasyonu, bunlarinda iizerine tektonik olarak Karamanoglu Ofiyoliti gelir. Tiim bu birimlerin iistiine
uyumsuz olarak Miyosen yasl Mazi ve Divlek Formasyonu gelir. Boksit Dedekoy Formasyonu igerisindedir.
Inceleme alaninda daha ¢ok siyah renkli boksit ve koyu-agik kahverenkli boksit olarak gézlenmistir. Ancak
yer yer oolitik boksit ve killi boksit olarak da gézlenmistir. Mikroskobik incelemelerde parajenez diyaspor +
hematit + muskovit + rutil + manyetit olarak bulunmustur Bunlara kuvars, géthit, klorit, gibsit, illit, epidot,
psilomelan gibi mineraller eslik etmektedir.

Anahtar kelimeler: Boksit, Parajenez, Kiigiikkorag, Bolkardaglari, Ayranci

ABSTRACT

Objective of this study is to determine the ore mineral paragenesis of Kiigiikkoras (Ayranci-Karaman) bauxite
deposits. Polished sections were prepared from selected samples representing the ore deposit and ore
microscopy study was carried out on these samples. In the study area, progressing upward, Upper Permian
Dedekdoy Formation is unconformably overlain by lower Triassic Saraycitk Formation, which is cut through by
middle Triassic Kasir Diabase. Jurassic-Cretaceous Berendi Formation unconformably sits on the entire rock
section, which is itself tectonically overlain by Karamanoglu Ophiolite. All these lithologic units are covered
by Mazi and Diviek Formations of Miosene age. Bauxite deposits of the area are hosted within the Dedekdy
Formation. Mineralizations are represented mainly by dark colored and dark-light brown bauxites. It also
locally occurs as oolitic and clayey bauxites. Ore microscopy study indicated that the ore mineral
paragenesis is consisted of diaspore + hematite + magnetite with rutile and muscovite gangue. These
frequently accompanied by quartz, goethite, chlorite, gibbsite, illite, epidote and psilomelane.

Keywords: Bauxite, paragenesis, Kiigiikkoras, Bolkardaglari, Ayranci.
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Origin and Geochemical Properties of Huntite Mineralization, Asagitirtar (Yalvag-Isparta)
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Sedimanter kokenli huntit yataklari, Goller bolgesindeki Asagitirtar kdyiinde (Yalvag-Isparta) yer alir. Huntit
cevherlesmesi, Miyosen-Pliyosen yash Kizilcik formasyonuna ait killi kiregtasi, dolomitik kiregtasi, mam ve
ince katmanh kiregtaslarmdan olusan Tepesidelik iiyesi i¢erisinde bulunur. Bu cevherlesmeler, Kemersirti ve
Ko6ytepe olmak iizere iki farkh alanda yer alir. Huntitce zengin katmanlar parlak beyaz renkli, tebesirimsi,
kriptokristalin ve goézeneklidir. Ayrica, huntit bu katmanlar igerisinde 1 mm ile 30 cm arasinda degisen
boyutlarda nodiiller halinde de gézlenir. Huntit olusumlan stratigrafik seride ii¢ farkli zonda yer alir ve bu
diizeyler killi kiregtagi, dolomitik kiregtasi, marn ya da kiregtas ile ara katkilidir. Huntitce zengin bu ii¢ zonun
icerisinde yer aldig1 birimlerin toplam kalinh@ yaklasik olarak 20 m’dir. Buna karsilik, huntit katmanlarnin
kalinhgr Kemersirtt yataginda toplam 235 cm’dir. Koytepe huntit ve manyezitli huntit katmanlan
Kemersirtina benzer bir istif igerisinde bulunur ve tiim huntit katmanlarninin kahinligr yaklagik 3 m’dir. Ayrica,
Koéytepe’de yaklagik olarak 80 ¢m kalinhiga sahip bir manyezit katmani da bulunur. Huntit 6rneklerinin
mineralojisi X-ray difraksiyon ve taramali elektron mikroskop teknikleri ile belirlenmistir. Ornekler,
genellikle ya tamamiyla huntit ya da yer yer manyezit, dolomit ve kalsit igerirler. Huntitli 6rnekler, major,
mindr, iz ve nadir toprak element igerikleri bakimindan ICP-MS ile analiz edilmigtir. Kemersirti ve Kdytepe
huntitlerinin major oksit igerikleri; MgO %32.70’den %37.95’e, SiO, %]1.38’den %10.60’e ve CaO
%7.83den %14.31’e degisir. Digerleri mindr ya da iz miktarlarda bulunur. Ba ve Sr yataklarda egemen minor
elementlerdir. Ba ve Sr igerikleri sirastyla, 65 ppm’den 290 ppm’e ve 325 ppm’den 764 ppm’e degisir. U, Zr,
V ve Ce miktarlar1 huntit yataklarinda 1 ppm’in tzerindedir. U igerikleri 0.6 ppm’den 3.9 ppm’e, Zr 1.1
ppm’den 16.7 ppm’e, V 7 ppm’den 34 ppm’e ve Ce 1.0 ppm’den 5 ppm’e degisir. Huntit ve manyezit
ornekleri Geochron laboratuarda (ABD) §"0 ve 8"C izotop jeokimyasi i¢in analiz edilmistir. Kemersirti
sahasindaki huntit 6rneklerinin 8'*0 ve 5"°C igerikleri sirasiyla %030.4-32.4 ve %07.8-8.8 arasinda degisir.
Koytepe sahasindaki huntit ve manyezit 6mekleri de sirasiyla 8'°0 igin %035.5-29.8 ve 8"C i¢in %08.3-1.7
degerlerine  sahiptir. Izotop sonuglarma gére Asagitirtar huntit cevherlesmesindeki CO,’in kaynagmm
sedimanter havzaya atmosfer ve karbonath kayaglardan geldigi disiiniiliir. Huntit nodiillerinin varhgr,
gastropod, ostracoda ve Chura sp., fosillerinin bollugundan dolayi, Tepesidelik formasyonunun igerisinde
bulunan huntit ve manyezitli huntit katmanlarinin s1g derinlikli, diisiik sicakhkh (yaklagik 25°C), pH 8.5-9.5
ve oksijence zengin olan eski Egirdir-Hoyran g6lii ortaminda ¢okeldigi diisiiniilmektedir. Huntit
katmanlarmdaki Mg™', Ca’™" ve Si"" gibi iyonlar ultrabazik kayaglar ve karbonatli gevre kayaglardan
tiiremistir.

Anahtar kelimeler: Huntit, sedimanter, jeokimyasal 6zellikler, koken, gol ortam.

ABSTRACT

Asagitirtar sediment-hosted huntite deposits are located in the Lake districts, Yalvag-Isparta. The huntite
deposits are hosted by clayey limestone, dolomitic limestone, marl, and thin-bedded limestone in the
Tepesidelik member of the Miocene-Pliocene Kizilcik formation. The deposits occur at two different localities
in the region: the Kemersirti and Koytepe areas. The huntite-rich beds are bright white colored, chalky,
crypto-crystaline, and porous. In addition, the huntite is observed as nodules with a size ranging between |
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mm up to 30 cm in the beds. Huntite occurrences are interbedded with clayey limestone, dolomitic limestone,
marl, or limestone and form at three huntite-rich horizons is approximately 20 m, however the thickness of the
huntite layers is 235 cm in the Kemersirti deposit. The Kéytepe huntite and huntite with magnesite beds are
similar to that of Kemersirti and the thickness of all huntite layers is about 3 m. Besides, at Kiytepe, a
magnesite layer, which is approximately 80 cm thick, is interpreted to have a sedimentary in origin. The
mineralogy of the huntite samples was determined by X-ray diffraction and scanning electron microscopy
techniques. They contain generally huntite and locally magnesite, dolomite and calcite. The huntite samples
were chemically analyzed for their major, minor, trace and rare earth element contents by ICP-MS. The
contents of major oxides in the Kemersirti and Kéytepe huntites are as follows: MgO varies from 32.70% to
37.95%, SiO, from 1.38% to 10.60% and, CaO from 7.83% to 14.31%. The other oxides are present as minor
or trace amounts. Ba and Sr are dominant minor elements in the deposit. Ba and Sr contents vary from 65
ppm to 290 pp and from 325 ppm to 764 ppm, respectivelly. U, Zr, V, and Ce are above | ppm in the huntite
deposits. U content varies from 0.6 ppm to 3.9 ppm, Zr from 1.1 ppm to 16.7 ppm; V from 7 ppm to 34 ppm
and Ce from 1.0 ppm to 5 ppm. Huntite and magnesite samples were analyzed for 8"C and 6"°0 isotope
geochemistry in Geochron Laboratory (USA). The 8'°0 and 6"°C contents of huntite samples in the Kemersirti
area vary between 30.4 to 32.4%o and 7.8 to 8.8 %o, respectively. Huntite and magnesite samples in the
Koytepe area have 35.5 to 29.8%o for 6'°0 and 8.3 to 1.7%o0 for 6"C values, respectively. According to
isotope results, it is thought that the CO, source in the Asagitirtar huntite mineralization results to
sedimentary basin from atmosphere and carbonate rocks. Due to the presence of nodular huntite and the
abundance of gastropoda, ostracoda and Chura sp., the huntite and huntite beds with magnesite in the
Tepesidelik formation are thought to have precipitated at shallow depth and lower temperature
(approximately 25°C) in ancient Egirdir-Hoyran lake environment that have rich in oxygen at 8.5-9.5 pH. The
ions such as Mg"", Ca"", and Si*" in the huntite beds were derived from the surrounding rocks such as
ultrabasic rocks such as ultrabasic rocks, dolomite, dolomitic limestone, and limestone.

Keywords: Huntite, sedimentary, geochemical properties, origin, lake environment.

163



59. Tiirkiye Jeoloji Kurultay: Bildiri Ozleri, 20-24 Mart 2006, Ankara

Diyajenetik Dolomit-Kalsit Ayirdina Dayah Jeolojik Harita Alim ve Bir Ornek:
Alisandagi (Ceyhan-Adana)

Geological Mapping Based on Diagenetic Dolomite-Calcite Determinations: A Case Study,
Alisandagi (Ceyhan-Adana)

Cengiz YETIS ', Bayram Ali MERT ’, Mesut ANIL *

rc U Jeoloji Miihendisligi Boliimii, Adana.
2¢.U., Maden Miihendisligi Boliimii, Adana.
cyetis@cu.edu.tr, alimert@cu.edu.tr, manil@cu.edu.tr

0z

Bu ¢alisma Adana [li, Ceyhan Ilgesi, Cok¢apmnar Kdyii, Alisandagi Tepe ve cevresinde yiizeyleyen dolomit,
kalsitli dolomit, dolomitli kiregtasi ve kiregtagt alanlarnin belirlenip detay jeolojik haritalanmasi amaciyla
yapilmistir. Ilgi tepenin batisinda bir kire¢ ocagi; dogusunda ise bir dolomit isletmesi bulunmaktadir. Bu
calisma iki isletme arasindaki anlagmazhklar sebebiyle ortaya gikan tartismalar objektif, bilimsel bulgulara
dayandirilarak sonuglandirmak amaciyla yapilan detay galismalan kapsamaktadir.

Saha / laboratuarda kayag olarak kiregtasi-dolomit ayirdi temelde kalsit ve dolomit mineral ayirdi ile bunlarn
kayag igerisinde yiizde dagilimlarmin belirlenmesine dayandinlir. Bir dolomit birimi iizerine bir kiregtas
birimi diskordans / fay ile iist iiste veya yan yana gelmis veya birincil dolomitlesme ile diizenli bir ¢okelme
istifi s6z konusu oldugunda mineral ayirdi, dolayisi ile kaya ayirdi ve jeolojik harita yapimi kolaydir. Ancak
dolomit olusu diyajenetik olup belirgin bir istiflenme sunmuyor ise, saha galigmasi ile jeolojik harita
yapiminda giigliikler bulunmaktadir. Misis karmasigi igerisindeki oldukea kiigiik olistolitlerden bir tanesini
olusturan Alisandad: tepe ve dolayr diyajenetik oluglu dolomitleri kapsamasi ile bu tiir gahgmalara iyi bir
Srektir. Saha / laboratuarda kaya olarak kiregtasi, dolomit, kalsitli dolomit - / dolomitli kiregtasimi ayirtta
kolay anlasilir, gok kolay kullanim olanag: ve yaygim kullanimh bulunan Compton (1962) nin ¢izgi diyagram
seklindeki simflamasi kullamlagelmistir (gizelge 1). Bu ¢izgi diyagramin bir ucuna kalsit (CaCO;3), diger
ucuna da dolomit (CaCO;.MgCO;) minerali konulmug, kalsitten dolomite ve dolomitten kalsite dogru ¢izgi
tizerinde ve altinda % 100, 90, 50, 10, 0 noktalar isaretlenmistir. Buna goére mineral kalsitten mineral
dolomite dogru bilesiminde:

% 90-100 CaCO;, % 00-10 CaCO3;.MgCO; bulunan kayag kiregtast,

% 50-90 CaCOs3, % 10-50 CaCO;.MgCO; bulunan kayag dolomitli kiregtasi,

% 10-50 CaCOs3, % 50-90 CaCO;.MgCO; bulunan kayag kalsitli dolomit,

%0-10 CaCO3,% 90-100 CaCO;.MgCO; bulunan kayag¢ dolomit olarak tanimlanmustir.

Bu calisma ile Compton’in (1962) ¢izgi diyagramina iki 6nemli veri ilave edilmistir. Bunlardan birisi ince
kesit ve ¢ipslere uygulanan boyama yontemi sonuglar, bir digeri de kalsit-dolomit kimyasal analiz
sonuglandir. Laboratuarda kalsit, dolomit, ayirdinda Dickson (1965) yontemi ile Alizarin Red-S ve Potasyum
Ferro Siyaniir kullamlarak ince kesit ve ¢ipslerde yapilan boyama testleri yeterli bulunmaktadir. Burada kalsit
kirmiziya boyanirken, dolomit boyanmamaktadir. Caliymada ferroan kalsit ve ferroan dolomit ayirdimina
ihtiyag bulunmamaktadir. Boyama yontemi uygulama sonucunda saf kiregtagindan, dolomitli kirectagi ve
kalsitli dolomite dogru ¢ok koyu kirmizidan agik kirnmziya dogru boyanma olurken dolomit
boyanmamaktadir (Cizelge 1). Ayrica ince kesit ve ¢ips tizerinde kalsit ve dolomit yiizdelerini belirlemek ¢ok
kolaydir. Kalsit’in bilesiminin CaCOs; Dolomit’in bilesiminin CaCO3; MgCO; olmasi nedeniyle CaCO; hem
kalsitte hem de dolomitte bulunmaktadir. Benzer sekilde CO; hem Kalsit’te hem de Dolomit’te
bulunmaktadir. Buna karsin MgO sadece dolomitte bulmaktadir. Compton (1962) ¢izgi diyagramma % 10,
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50, 90, 100 Dolomit minerali sinir degerlerine karsiik % 2.18, 10.57, 19.56, 21.75 MgO sinir degerlerini
yerlestirerek dolomit, kalsitli dolomit, dolomitli kiregtasi ve kiregtagimi kolaylikla ayirt edilebilir.

Bu ¢aligma ile tamamiyle diyajenetik oluslu Alisandag tepe dolayr karbonatlarindan dolomit, kalsitli dolomit,
dolomitli kiregtasi ve kiregtasimin once sahada ayirdi bilahare laboratuar g¢alismalan ile biitiinlenmesi
hedeflenmistir. Bu ayirtta en temel uygulama seyreltik asit kullanarak kalsit-dolomit mineral ayirdina
dayanmaktadir. Bunun igin % 2.5, % 5, % 10 luk HCI asit ¢ozeltileri hazirlanmig ve soguk asitte 6rneklerin
CO, c¢ikararak kopiirme siireleri, ve kopiirmeye baslama zaman araliklan izlenerek arazide temel ayirt
gerceklestirilmistir. Ayrica arazide ayngmali dolomitik yiizleklerin topografik asagi kesimlerinde dolomit
kumu olusturup olusturmadiklan ve tamamiyle kristalen olusu ile dolomitik kesimlerin yiizeyinin Akdeniz
kirmizi topraklan ile kirmiziya boyandigi da izlenmistir. Dolomitlerde tiim kenar ve koseler dolomit
kristallerinin ayrilmasi nedeni ile ¢okga yuvarlaklasmistir. Kirectaglarinda ise kenar ve koseler cokca
keskindir, atmosfer ile ara yiizeyinde karen olusumu ve karstik erimeler olagandir. Dolomitin taze kirk
yiizeyinde fena koku gikarmast ile ayirt her zaman sonuca gotiirmeyebilir. Sahada kalsitli dolomit / dolomitli
kirectagini ayirtta 6Snemli giigliikler bulunup ikisi tek birim olarak ele almabilir.

Laboratuarda kalsit-dolomit ayirdinda Alizarin Red-S ile boyama testleri yapilarak kirnmziya boyanmas ile
kalsit, boyanmamasi ile de dolomit birbirinden ayirt edilebilir. Bu yéntem ile ayrica ferroan kalsit ile ferroan
dolomiti de ayirt etmek olanaklhidir.

Bolgede yiizeyleyen kaya tiirleri ayrmtili saha ¢ahigmalari yam sira derlenen 21 adet kayag Ormeginin
incekesit, Alizarin Red-S ile boyanmis ince kesit ve gipslerinin ayrintili mineralojik ve sedimanter petrografik
incelemeleri, fotograflanmalar ve jeokimyasal analizleri ile biitinlenmistir. Bu g¢alisma ile onceki
¢alismalarda koordinatlari belli olan nokta numuneleri ile bu galiymaya ait nokta &meklerin kimyasal
analizleri sonucunda elde edilen % MgO degerleri de gozetilerek % MgO degerleri baz almarak % MgO es
dagihm haritas1 yapilmig, Dolomit, Kalsitli Dolomit, Dolomitli Kiregtagi ve Kiregtagi yayilim alanlar actk ve
net bir sekilde ortaya konabilmistir. Sahada yapilan jeoloji haritasimin baska bir yonden saglamas yapilmistir.

Anahtar Kelimeler: Diyajenetik Dolomit-Kalsit Ayirdi, Jeolojik Harita Almm, Alisandagi (Ceyhan-Adana)

ABSTRACT

The aim of this study was to delineate dolomite, calcitic dolomite, dolomitic limestone and limestone autcrops
and by detailed geological mapping around the Alisandag hill, Cok¢apinar village (Ceyhan-Adana). There is
a lime quarry west of the hill, and dolomite mine in the east. This study comprises an objective and detailed
scientific work related to these two commercial menagements in order to solve their disagreements on the
exact location of the boundary.

Dolomite-limestone determinations are mainly based on calcite-dolomite mineral determinations and
percantage of these minerals on the outcrops or a hand sample in the labratory. If a dolomite unit is covered
with a limestone unit by unconformity / fault, or primary dolomite deposition occurs in this kind of field,
mineral and rock determinations and geological mapping are very easy. On the other hand, digenetic
dolomites show no systematic sequences, so geological mapping and field work are very difficult. Alisandag
hill and the surrounding area form one of the smaller olistoliths of the Misis complex and this hill comprise
diagenetic dolomites.

Compton’s (1962) line diagram on classification of limestone and dolomite by composition are very
serviceable. This diagram is based on ratio between mineral calcite and mineral dolomite. Two main data are
added to Compton’s (1962) line diagram with this study. These are: carbonate staining, and calcite-dolomite
chemical analysis results of percentage MgO.
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Dickson’s (1965) modified staining technique for carbonate indicates that calcite is always stained red, but
dolomite no colour. If we apply the staining results to Compton’s classification; limestone always yields red,
dolomitic limestone is pale red, calcitic dolomite is very pale red, and dolomite no colour. Also it is possible
to determine calcite / dolomite mineral percentage by staining.

If we add the percentage MgO to the Compton’s (1962) classification, the carbonate rocks can easly be
classified 0-2.18 % MgO limestone, 2.18-10.57 % MgO dolomitic limestone, 10.57-19.56 % MgO Calcitic
dolomite and 19.56-21.75 % MgO dolomite.

Keywords: Geological Mapping Based On Diagenetic Dolomite-Calcite Determinations: A Case Study,
Alisandag (Ceyhan-Adana-Turkiye)
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