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It is claimed that one portion of the 4™ unit was deposited after the tsunami (Peringek et al., 2007).
When tsunami waves which carry these materials had reached the port they have destructed some vessels and
docks there and have carried them to shore and landward. Tsunami waves reaching the land have lost its force
after it had advanced a bit more and had receded back to sea. Waves which have returned to sea have also carried
living creatures (horse, camel) on land, goods and other terrestrial materials. Tsunami waves carried, bring
together marine and terrigenous materials to sea and buried in marine water. Paleontological study show that
mixed open marine and shallow marine fauna observed in sediments of 4™ unit. Tsunami waves carried open
marine fauna into harbor (Guennaelle et al., 2011).

Gold coin found in the upper level of unit 4 which is belong to 1. lustiniaus (527-565) period (Gokgay,
2007), provide reliable time information for the time of tsunami event. C14 analysis was performed in one of the
wood samples was dated as A.D. 420 - A.D. 570 (Perincek 2010). Radiocarbon dating conducted on bone of
camel skeleton. Calibrated dates obtained from the sample as 566 AD-646 AD (Onar et al., 2008). The 4™ unit
was dated as A.D. 5 - 7 centuries according to the ceramic, coin and similar archeological materials found in the
unit. Records of several strong earthquakes and tsunamis were encountered in 6 century.

Taking records of historical earthquake, tsunami, coins, dendrochronological evidence and C14 dating
into account, it was brought into forefront that the important part of the 4" unit was formed in A.D. 6" Century
(A.D. 557).

Key Words: Yenikapi, geoarchaeology tsunami, ancient shipwreck, amphora, Byzantine.

YESILYURT (TRABZON) HEYELANININ MUHENDISLIK JEOLOJISI
OZELLIKLERININ INCELENMESI

Bilgehan Kul ve Hakan Ersoy
Jeoloji Miihendisligi Béliimii, Karadeniz Teknik Universitesi, 61080, Trabzon, Tiirkiye
bilgehankul@hotmail.com, blavetirra@hotmail.com

Tiirkiye'nin ¢esitli bolgelerinde, dzellikle de Dogu Karadeniz Bolgesinde asir1 yagislar, bitki ortiisti ve
carpik kentlesme nedeniyle kiitle hareketleri siklikla gozlenmektedir. Dogu Karadeniz Bolgesindeki Trabzon ili,
asir1 yagis ve engebeli topografyasi nedeniyle heyelanlardan en c¢ok etkilenen sehirlerinin basinda gelir. Bu
calismada, Trabzon ili Yesilyurt kiyii ve gevresi heyelan potansiyeli agisindan incelenmistir. Zeminin jeoteknik
ozelliklerini belirlemek amaciyla yapilan bu ¢alisma, arazi gozlemleri/dl¢iimleri ve laboratuvar testleri olmak
iizere iki asamadan olusmaktadir. Arazi calismalar sirasinda sismik arastirmalar ile birlikte iki sondaj
yapilmistir. Sondaj loglari zemin kalimhgmnin 4-5 metre arasinda degistigini gostermektedir. Laboratuvar
calismalarinda, zeminin fiziksel ve dayanim parametreleri belirlenmigtir. Tane boyu analizi toprak orneklerinin
%7 cakil, %27-31 kum, %20-34 silt ve %32-42 kil boyutu malzemelerden olustugunu gostermektedir. ince taneli
malzeme orneklerinin 6zgiil agirhiklarimin 2.60-2.61 arasinda oldugu tespit edilmistir. Likit limit %45 ile %59
arasimda ve plastisite indisi %18 ile %28 arasinda bulunmaktadir. Kohezyon 13-31 kPa arasinda ve igsel
siirtiinme agis1 degerleri 3.25-4.68° arasinda kaydedilmistir. Calismada, saha ve laboratuvar ¢aligmalari sonuglari
kullanilarak stabilite analizleri iki boyutlu Slide (X) bilgisayar programi ile yapilmustir.

Anahtar Kelimeler: Heyelan, Trabzon, Stabilite.

INVESTIGATION OF ENGINEERING GEOLOGICAL PROPERTIES OF
YESILYURT (TRABZON) LANDSLIDE

Bilgehan Kul and Hakan Ersoy
Jeoloji Miihendisligi Béliimii, Karadeniz Teknik Universitesi, 61080, Trabzon, Turkey,
bilgehankul@hotmail com, blavetirra@hotmail.com.

Various regions in Turkey, mass movements have been frequently observed due to heavy rainfall,
vegetation and unplanned urbanization particularly in the eastern Black Sea Region. Trabzon in the eastern
Black Sea Region is one of the most affected city in terms of landslides due to heavy rainfall and rough
topography. In this study, Yesilyurt village (Trabzon) was evaluated by considering to the landslide potential.
The studies including determination of geotechnical properties of the soils were conducted in two stages: field
observations/measurements and laboratory tests. With the seismic surveys, during the field surveys, two
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boreholes were drilled. Boreholes loges indicated the soil thickness is between 4 and 5 meter. In the laboratory
studies, physical and strength parameters of the soils were determined. Grain size analysis show that the soil
samples are composed of 7 % gravel, 27-31 % sand, 20-34 % silt and 32-42 % clay size materials. Specific
gravity of the samples in the fine grained materials is determined about 2.60-2.61. Liquid limits are between 45
% and 59 %, and the plasticity index extended from 18 % to 28 %. The values of cohesion and friction angel
were recorded as between 13 and 31 kPa, and 3.25-4.68° respectively. In the study, stability analyses were
performed by using the results of the field and laboratory studies with two dimensional slide (X) computer
program.

Key Words: Landslide, Trabzon, Stability.

TOPOGRAFYA VE ATMOSFERVETKIHLESiMi: BURSA’DA KUVVETLI LODOS
RUZGARLARINA BAGLI FON OLUSUMU VE SONUCLARI

Murat Tl’irkesl, Muhammed Zeynel Oztiirk” ve Hiilya Cesmeci3
Cografya Béliimii, Fiziki Cografya Anabilim Dali, Canakkale Onsekiz Mart Universitesi,
TR-17020, Canakkale, Tiirkiye,

? Cografya Boliimii, Fiziki Cografya Anabilim Dali, Canakkale Onsekiz Mart Universitesi,
TR-17020, Canakkale, Tiirkiye, muhammed.zeynel@gmail.com,

Yasama Dair Vakaf, Istanbul, Tiirkiye.

Gezici orta enlem siklonlarina (cephesel algak basing sistemleri) bagh firtinalar, meteoroloji kokenli
yikict dogal afetlerin en Onemlilerindendir. Tiirkiye’de yerel olarak lodos riizgari ya da firtinast olarak
adlandirilan giineybatili riizgarlar, 1990-2006 déneminde Bursa’da 43 kez firtina siddetinde etkili olmustur. Bu
afetler sirasinda ortaya ¢ikan maddi hasarin yani sira, 46 kisi hayatim kaybetmis, 107 kisi yaralanmig ve 2303
kisi soba gazindan zehirlenmistir. Lodosun, 2 milyonun iizerinde niifusu olan ve 118 km? alan kaplayan Bursa’da
bu kadar etkili olmasinin baslica nedenleri, Bursa Ovasi ve ¢evresinin sahip oldugu jeomorfolojik 6zellikler ile
kentin Uludag’m eteklerinde plansiz olarak kurulmug olmasidir. Bursa kenti, ortalama 100 m yiiksekligindeki
tektonik kokenli bir depresyon alani Bursa Ovast tizerinde kurulmustur. Bursa Ovast hem kuzeyden hem de
giineyden yiiksek daglarla sinirlandirilmistir. Ozellikle ovamin giineyinde bulunan Uludag, lodos riizgarlarinin
Bursa’da bu kadar kuvvetli olmasinda énemli rol oynar. Uludag, 100 m’den baslayip 20 km’lik bir yatay
uzaklikta 2543 m yiikseklige ulasan, iizerinde Pleyistosen buzullagsmasina ait jeomorfolojik izler tasiyan bir
batolit masiftir. Ayrica, Uludag kitlesi, Kuzey Anadolu Fayi’'nin (KAF) giiney kolunun smurladii en 6nemli
morfotektonik yapilardan biridir. Uludag kiitlesinin yiikseliminde, Bursa Fayi, Deligay-Cerrah Fayi ve
Sogukpinar Fayr da 6nemli bir etkiye sahiptir.

Uludag kiitlesinin varligi, cogunlukla cephesel algak basing sistemlerinin sicak sektorlerindeki
glineybatili havanin (lodosun) kiitleyi asarak Bursa Ovasi’na dogru inerken hizlanmasina ve adyabatik olarak
1sinmasina neden olur. Genel olarak Alpler’in kuzeye bakan riizgar alti yamaclarinda alcalirken adyabatik olarak
1sinan bu algalict sicak ve kuru riizgarlara, Giliney ve Orta Avrupa’da fon adi verilir. Konu Uludag agisindan ele
alinarak bir 6rmekle agiklanabilir. Ornegin, 5 Subat 2003 tarihinde sicaklik degisim orani lodos 6ncesinde 0.23
°C/100 m iken, lodos maksimuma ulastiginda 0.91 °C/100 m’ye ¢ikmigtir. Riizgar hiz1 ise, lodosun ilk etkilerinin
goriildiigii saatlerde 37 km/saat iken, lodosun maksimuma ulagtig1 saatte 65 km/saate ulagmigtir. Bu davranisin
sonucunda, Bursa ovasina dogru algalma sirasinda adyabatik olarak 1sinan hava kiitlesi, hem foniin olusmasina
hem de ‘soba zehirlenmelerine’ neden olur. Gergekte ‘soba zehirlenmesi’, Uludag’dan Bursa Ovasi’na algalan
havanm, sobalarda ozellikle linyit yakilmasindan kaynaklanan karbonmonoksit (CO) gibi toksik gazlarin
bacadan cikisint engelleyerek sizmast sonucunda olusur. Ayrica, bazen ayni zamanda, lodosun olusumunu
denetleyen bir orta enlem ve/ya da Akdeniz algak basincinin sicak cephesinin etkisiyle, yorede kuvvetli yagmur
ve/ya da saganak yagislar olusur. Siddetli yagislar sirasinda topragin doygunluga ulasmasi sonucunda, heyelan
ve taskinlar/seller de gozlenebilir. Ornegin, 1990-2006 donemi i¢in yapilan arsiv taramasma gore, Bursa
yoresinde lodos olaylart sirasinda ve sonrasinda 9 sel/taskin ve 2 heyelan gerceklesmistir.

Anahtar Kelimeler: Afet, lodos, fon, jeomorfoloji, dikine hava sicaklig1 ve riizgar degisimi, Uludag, Bursa
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TOPOGRAPHY AND ATMOSPHERE INTERACTION: OCCURENCE
OF THE FOEHN ASSOCIATED WITH THE STRONG LODOS
WINDS IN BURSA AND ITS CONSEQUENCES

Murat Tiirkes', Muhammed Zeynel Oztiirk® and Hiilya Cesmeci’
! Department of Geography, Physical Geography Division, Canakkale Onsekiz
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Storms associated with the moving mid-latitude cyclones (i.e. frontal low pressure systems) are one of
the meteorological originated destructive natural disasters. Southwesterly winds called the lodos winds or storms
in Turkey were effective 43 times with the storm severity during the period of 1990-2006 in Bursa. During these
disasters, 46 people died, 107 people injured and 2303 people poisoned by stove gas as well as property damage
occurred. The main reasons of the lodos winds to be highly effective in Bursa, where over two million people
live and settlement area cover 118 km?, are geomorphological properties of Bursa Plain, and establishment of the
city at the foothill of the Mt. Uludag. The city of Bursa has been established over the Bursa Plain where is the
tectonics originated depression area having an average 100 m altitude. Bursa Plain is surrounded with high
mountains from both north and south. Especially the Mt. Uludag located in the south of plain play important role
on the lodos winds being so strong in Bursa. The Mt. Uludag is a batholitic massive that start from about 100 m
elevation in south of the Bursa plain reach up to 2543 m elevation within a horizontal distance of 20 km and,
contains geomorphologic tracés belonging to the Pleistocene glaciations. The Uludag massive is one of the most
important morphotechtonic structures that are bordered by southern branch of the North Anatolia Fault (NAF).
The Bursa fault, Delicay-Cerrah fault and Sogukpinar fault have important role on the uplift of the Uludag
massive.

The presence of the Mt. Uludag massive causes adiabatically warming and to speed up of the south-
westerly air (i.e. lodos) of frontal low pressure systems in warm sectors which pass over the Mt. Uludag and
moving towards Bursa plain. These warm and dry down-slope winds, which warm adiabatically during
descending on the northward lee (downwind) side of the Alps, are generally named as foehn (or fohn) wind in
the South and central Europe. This subject can be explained with an example by considering the presence of Mt.
Uludag. For instance, on 5 February, 2003, vertical temperature lapse-rate was 0.23°C/100 m before the lodos,
while it was 0.91°C/100 m for the maximum speed of lodos. The wind speeds was of 37 km/hours at the
beginning of the lodos, whereas it reaches up to 65 km/hours. As a result of this behavior, adiabatically warmed
air masses occurred during its down-winding to the Bursa plain cause both occurrence of the fohn winds and
‘stove poisonings.” In fact, ‘stove poisoning’ is occurred as the result of blocking uplift of toxic stove gasses
such as carbon monoxide (CO) out of chimneys by those descending air masses towards the Bursa plain.
Besides, at the same time, sometimes heavy rainfall and/or showers would occur due to the influence of warm
front of mid-latitude and/or a Mediterranean originated low pressure system that controls occurrence of the lodos
winds. The landslides and floods may also be observed as a result of saturation of the soil during heavy rain fall.
For instance, nine floods/flashfloods and two landslides occurred during and after the lodos events in the Bursa
district according to archive researches performed for the period 1990-2006

Key Words: Disaster, lodos, foehn (féhn), geomorphology, vertical temperature and wind changes, the Mt.
Uludag, Bursa.

CETIN BARAJI DOLAYININ HEYELAN ETUDU, ALANDA BULUNAN
HEYELANLARIN YASLANDIRILMASINDA KULLANILAN KRITERLER

Dogan Perin¢ek
Onsekiz Mart Universitesi, Canakkale, Tiirkiye, perincek@yahoo.com.

Bu calisma, Siirt yakininda Ulu Cay iizerinde yapimi planlanan Cetin Barajmim gol alani gevresindeki
heyelanlar1 haritalamak i¢in yapilmustir. Cetin Barajt aksi, gol alani allokton birimler tizerindedir. Calisma
alaninda genellikle Metamorfik kayalar ylizeylenir. Metamorfik birimlerin ekaylar1 arasinda Alt-Orta yagh
Maden Karmasig bulunur. Bu birim ¢amurtasi, volkanik, seyl-kumtasi ardalanmasindan olusur ve heyelanlarin
sebeplerinden biridir. Baraj dolayindaki diger bir allokton birim ofiyolit toplulugudur. Serpanit diizeyleri
heyelanlarin nedenidir.Cetin Baraji’nin insa edilecegi vadinin iki yaninda yamag egiminin ¢ok yiiksek olmast
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heyelanlarin en 6nemli nedenidir. Yamag egiminin yiiksek olmasinin nedeni Orta Miyosen’den beri bolgeyi
etkileyen tektonizmadir. Buna bagli olarak bélge devamli yiikselmektedir. Bolgenin devamh yiikseldigini
gosteren ¢ok sayida verilerden biri askida bulunan taragalardir.Bunlar heyelanlarin goreceli yaslarini anlamada ip
uclari verirler.

Haritalanan heyelanlar goreceli yaglari dikkate alinarak 7 simfa ayrilmustir. En yasli olan heyelan igin 1
en geng olani i¢in 7 rakamlari kullanilmustir. 1, 2, 3, 4 ve 5 numarali heyelanlar aktif olmayan fosil heyelanlardir.
Bu heyelanlarin bir ¢ogu bolgenin hizli yiikselmesine paralel olarak askidadir, topuk kisimlari nehir tabanindan
¢ok yiiksekte kalmustir. 6 ve 7 numarali heyelanlar ise aktif heyelanlardir.

Haritaya ¢izilen heyelanlarin ¢nemli bir bélimiiniin rotasyonal veya diizlemsel kayma yiizeyi
bulunmaktadir Ayrica kaya akmast ve gamur akmast olarak siniflanarak haritalanan heyelanlar vardir.

Aktif heyelan alanlarmn oldugu yerlerde alinacak onlemler: Heyelanlarin vadi tabanindaki topuk kismina
kuvarsit ve kiretasindan olusacak bloklar konularak topuk kisminmin duraklilig saglanmalidir. Ayrica bu alanda
vapilacak drenaj sistemiyle yiizey suyunun zemine sizma oram azaltilmalidir.

Heyelanlara goreceli yaslar verilirken dikkate aliman kriterler;

1. Heyelanin bugiinkii nehir tabanindan yiiksekligi, 2. Heyelan malzemsinin asinma ve vadi tabanina aktariima
miktari, 3. Heyelan malzemesi iizerinde gozlenen bitki 6rtiisti miktari ve sikligs, 4. Heyelan alanindaki agaglarin
konumu, heyelandan etkilenip etkilenmedigi, 5. Heyelan malzemesi iizerinde yerlesim olup olmadig, varsa bu
yerlesimin arkeolojik yasinin dikkate alinarak heyelanin yas1 hakkinda yorumsal bilgi sunulmasi, 6. Heyelanmin
oldugu alanda heyelan sonrasi olusan diizliigiin konumu, 7. Heyelan sonrasi olusan yamag¢ molozu ve aliivyon
taragasi ¢okelleri ile aliivyon malzemesinin iliskisi, bu ¢okellerin miktari, 8. Heyelan tacim olusturan kirilma
diizlemindeki agmnma miktari, 9. Heyelan topugundaki malzemenin konumu, asinma miktar1. Akarsu yatagint
otelediyse bunun miktari ve Gtelemenin korunma miktari, 10. Heyelan topuk malzemesi altinda yer alan kayma
diizleminin akarsu yatagindan yiiksekligi, 11. Heyelan malzemesinin yikanma miktar, 12. Heyelanlar ig ige ise
birbiriyle iliskisi.

Anahtar Kelimeler: Cetin Baraji, Heyelan, Heyelan siniflamas.

LANDSLIDE STUDY OF THE CETIN DAM AND SURROUNDING AREA.
CRITERIA USED TO DATE AND CLASSIFIED LANDSLIDE IN THE AREA.

Dogan Perincek

Onsekiz Mart Universitesi, Canakkale, T urkey, perincek@yahoo.com.

Purpose of this study is to locate the landslides that can threaten the areas around the Cetin dam
reservoir which is planned to be constructed on Ulugay near Siirt. The Cetin dam crest, reservoir and upstream-
downstream areas are all located on allochthonous units. In the study area metamorphic rocks in general crop
out. The Maden Complex (Lower-Middle Eocene) is situated between the slices of the metamorphic rocks. This
unit is comprised of mudstone, volcanics rocks and shale-sandstone intercalation and is one of the causes of the
landslides. Another allochthonous unit around the dam site is an assemblage of serpantinized ophiolitic rocks.
This unit is intensively tectonized and the serpentine levels are causes of landslides. The dam site for the Cetin
Dam is going to be constructed in Ulugay valley where steeply inclined slopes are observed. Very steep
inclination of the valley slopes are among the significant causes of the landslides. The reason why the slope
inclination is steeper along Ulu River is the tectonism which affected the region since the Middle Miocene. As a
result, the region is uplifted continuously. Elevated terraces can be counted as evidence of uplifting. Which is
one of the most important data that shows that the region is uplifting continuously.

Based on their relative ages, the landslides mapped were classified into 7 groups. The landslides with
the numbers «1,2,3,4 and 5» are the inactive, fossil landslides. Most of these landslides are hanging in line with
fast uplift of the region; the toes of the landslides are located at higher elevations compared to the river floor.
The landslides with numbers «6» and «7» are active landslides.

Recommendations: Stability of toes must be provided by placing blocks of quartzites and limestone of
Bitlis Metamorphics to the toes of the active landslides. Besides, the amount of water infiltratin g to the
subsurface must be reduced by applying a drainage system in these areas.

The following criteria were taken into consideration to understand relative age of the landslides: 1.
Elevation of the landslides from the present day river floor, 2. Rate of erosion of the landslide material and rate
of transportation of this material to the valley floor, 3. The vegetation observed on the surface of the landslide
material and its density, 4. Position of the trees on the landslide area, the stage they are affected, 5. Whether any
settlement exists on the landslide area or not, if exists, age of the settlement to interpret the age of the landslide,
6. Position and elevation of the flat area formed after the landslide, 7. Relation of the scree and alluvial terrace
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deposits formed after the landslide with the alluvial material. Amount of these materials, 8. Rate of erosion on
the main scarp which forms the landslide crown, 9. Position of the material at the toe of the landslide, and rate of
erosion. If the river bed is diverted, rate of diversion and the amount of preservation of the diversion, 10.
Elevation of the surface of separation beneath the landslide toe material from the valley, 11. Amount of washing
of landslide material, 12. Relation of the landslides if they are nested.

Key Words: Cetin Dam, Landslide, Landslide classification.

TRABZON’DA RUZGAR AFETI VE ETKILERI

Mine Candar
[l Afet ve Acil Durum Miidiirliigii, Trabzon, Tiirkive, mtekbascandar@gmail.com.

Trabzon ilgelerinde 2010 yili Aralik ay: itibariyle siddetli esen riizgarlara bagh olarak farkli ilge ve
koylerde bulunan konut ¢atilarinda ve konut dis cephelerinde tamamen yada kismi suretle hasarlar meydana
gelmistir. Trabzona baglh Arakl ilgesi Erikli koyiinde 13 konut, Bahgecik koylinde 1 konut, Caykara ilgesi
Arpadzii koyiinde 11 konut, Karagam, Turnali, Baltacili, Cayiroba, Yaylaonii, Tagoren Koylerinde de konutlar
riizgar afetinden dolay1 catilarinin ugmasi suretiyle hasar gérmislerdir. Sac cati kaplama uygulamalar1 Trabzon
koy konutlarinda yaygin olarak kullanilmaktadir. Siirekli ikamet edilmesinin yamsira, mevsimlik olarakta
kullanilan bu konutlarda; uygulama kolayhig, yiiksek kalite ve diisiik maliyet gibi pozitif etkenlerden dolay1 sag
¢ati kaplamalari tercih edilmektedir. Yapilan arazi ¢ahgmalarinda hasar goren konutlarin ¢ogunun ¢atilarimin sac
kaplama oldugu belirlenmistir. Dis cephelerde ise yan duvarlar hasar gormiis olup ylizey kaplamalarmn yerinden
¢ikt1g1 belirlenmistir.

Anahtar Kelimeler: Trabzon, konut, riizgar, ¢ati ugmasi

THE EFFECTS AND WIND DISASTER IN TRABZON

Mine Candar
[l Afet ve Acil Durum Miidiirligii, Trabzon, Tiirkiye, mtekbascandar@gmail.com.

Trabzon districts as of December 2010 due to fierce winds the roofs of houses in different towns and
villages and residential damage occurred in the outer walls thus completely or partially. Arakli district of
Trabzon, Erikli in the village of 13 houses, | house in the village of Bahgecik, 11 houses in the village of
Arpabzii- Caykara town, , Karagam, Turnali, Baltacili, Cayiroba, Yaylaonii, Tagoren villages disaster due to
wind damage to roofs of houses have seen fly through. Sheet roofing applications is widely used in village
houses of Trabzon. Permanent residence alongside of being used as seasonal residences in this; ease of
implementation, high quality and low cost due to factors such as the positive sheet roof coatings are preferred.
Sheet covering most of the rooftops of houses in the area were damaged by the work. Exteriors of the side walls
were damaged and out over the surface coatings.

Key Words: Trabzon, house, wind, roof fly.

TRABZON’UN HEYALAN AFETI VE RiSK FAKTORLERI

Mine Candar ve Emine Sevketbeyoglu
I1 Afet Ve Acil Durum Miidiirliigii, Trabzon, Tiirkiye, mtekbascandar@gmail.com.

Trabzon sahip oldugu iklim ozellikleri, jeolojik yapisi ve tarim arazilerinin varlig1 nedeni ile heyelan
afeti olma riski yitksek bir bolgedir. Bu dzellikler bolgede siklhikla heyelan, sel ve taskin gibi dogal afetlerin
olusumunu tetikler. Heyelan afeti Trabzon ilinde cana, mala ve ¢evreye maddi manevi bityilk zararlar verebilen
dogal afet olayi niteligindedir. Hemen hemen her giin bolgede heyelan afeti meydana gelebilmektedir. Bu dogal
afet bolge i¢in sosyal, ekonomik ve psikolojik agidan olumsuz etkiler yaratmaktadir.
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Heyelan afeti olma riski, bolgede ozellikle asir1 yagis sirasinda veya hemen yagis akabinde meydana
gelebilmektedir. Iklim karakteristigi olan asiri yagslar kiitle dengelerini bozarak heyelana neden olmaktadir.
Heyelan afeti sonucunda can-mal kaybi, konut yikilmasi, konutlarda farkli 6lgiilerde hasarlar, elektrik trafolar: -
igme suyu- kanalizasyon sebekesi hasarlari, gevre hasarlari (yol, koprii vs..) olabilmektedir. Heyelan afeti ulasim,
iletisim gibi giinliik yagam sistemlerini etkileyebilmektedir.

Afet sonrasinda afetin biiyiikliigii ve meydana geldigi lokasyonla ilgili olarak farkli miktar ve cesitte
malzemeler olugsmaktadir. Heyelanli malzemenin temizlenmesi, hasarli alanlarin onarimi gibi islemler ekonomik
agidan bolge ekonomisini zarara ugratmaktadir.

Anahtar Kelimeler: Trabzon, Heyelan, Afet, Risk.

LANDSLIDE DISASTER AND RISK FACTORS OF TRABZON

Mine Candar and Emine Sevketbeyoglu
11 Afet Ve Acil Durum Miidiirliigii, Trabzon, T iirkiye, mtekbascandar@gmail com.

Trabzon have climate features, geological structure and the presence of agricultural land a high risk of
landslide disaster area. These features are triggers ofthe natural disasters in the region such as floods and flood.
Landslide disaster in the province of Trabzon as a natural disaster event could cause life, goods and great harm
to the environment. Landslide disaster may occur in the region almost every day. Tis natural disaster create the
negative impact the social, economic and psychological aspects.

The risk of landslide disaster in the region especially the excessive rainfall may occur during or
immediately subsequent rainfall. Extreme rainfall as a climate characteristic disturbing the balance of mass
caused te landslide. As a result of landslide disaster may occur loss of life and goods, demolition of housing,
damage to housing units of different sizes, electrical transformers, drinking water, damage to sewage systems,
environmental damage (roads, bridges, etc..). Landslide disaster may affect transportation, communication of the
daily life.

After disaster related to disaster magnitude and occuring location consist of the quantity and variety of
different materials. Clearing the landslide material and repairing of damaged areas interpreting economic
damage the regions economy.

Key Words: Trabzon, Landslide, Disaster, Risk.
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SON PAYLASIM VETARIHSEL KOKLERI

Hikmet Ulugbay

198011 yillardan buyana, Diinya’nin 6nde gelen gelismis tilkeleri arasinda dogrudan silah kullanilmayan,
diplomatlar, sirket yoneticileri, istihbarat orgiitler araciligy ile yiiriitiilen, ancak zorunluluk dogdugunda etnik
aymrmmciliga ve taseronlar aracilify ile silaha bagvurulan, kiyasiya bir petrol, dogalgaz, maden ve mineralleri
paylasim kavgasi yagsanmaktadir. Petrol tiretiminin tavan yapma siirecine girmesi ve kisa siire sonra benzeri bir
durumun 2020 1i yillarda dogal gazda da yasanacagi beklentileri bu siirtiismelere ivme katmis bulunmaktadir.

Sanayi devriminin gelismesi ve yayginlasmasi, {iilkelerin kendi topraklarindaki maden ve mineral
kaynaklarim siiratle tiiketmesine neden olurken, ayni zamanda bu kaynaklarin diinya cografyasinda dengeli
dagilmadigy gercegini de gozler oniine sermis, bu da somiirge edinme yarisini baglatmisti. Ancak somiirge
variginda geride kalanlar ve elde ettiklerinden mutlu olmayanlar vardi. Iste bu durum, ilk paylasim kavgasinin
Birinci Diinya Savas1 6ncesinde, sirasinda ve sonrasinda yasanmasina neden olmustu. ikinci Diinya Savas, ilk
paylasimda ellerindekini kaybedenlerin yeniden paylasim isteklerinden kaynaklanmisti. 1980 li yillarda baglayan
miicadele, asir tiiketim yiiztinden gittikce kitlagmaya baglayan kaynaklar ile doganin esasen kit olarak verdigi
stratejik maden ve minerallerin paylasimi igin yapilmaktadir. Ulkemiz, bu miicadelenin en amansiz sekilde
stirdtigii cografya iginde yer almaktadir. Bu sunumda &zellikle petrol ve dogal gaz kaynaklar {izerinde siiregelen
miicadele ve bu miicadelenin tarihi kokenleri lizerinde durulacaktir. Konugmanin tam metnine Sempozyum
sonrasinda www.hikmetulugbay.com adresinden erisilebilecektir.

LAST PARTITION AND ITS HISTORICAL ORIGINS

Hikmet Ulugbay

Since early 1980°s, the leading global powers have been ruthlessly struggling with each other for the
control of the petroleum, natural gas, strategic minerals resources of the world. These resource conflicts are
generally being contested in a non-violent manner by diplomats, corporate executives and intelligence agencies.
When the situation necessitates; ethnic, religous and tribal animosities are exploited, and if these do not yield
results, arms are employed as a last resort. These conflicts over resources have gained momentum since the
world has entered the “Peak Oil Production” era and will eventually face a similar trend in Natural Gas
production after the 2020’s.

Since the begining and expansion of the Industrial Revolution, industrialized countries increased their
use of ores and minerals and rapidly depleted their reserves, and rushed to spoil the resources of the
underdeveloped world. During this venture they observed that ores and minerals were not equitably dispersed on
the world. This reality gave boost to the colonization of underdeveloped countries and lands during the second
half of the 19th and early 20th centuries including the First World War period. The Second World War was
initiated by the countries which were not satified with the previous distribution of the natural resource rich lands.
Since 1980’s a new and undeclared struggle for natural resources has been underway especially to control the oil
and natural gas rich regions. Turkey happens to be located in the middle of this ruthless struggle scene. This
presentation will briefly focus on the last battle for oil and natural gas rich lands and its historical roots. You may
reach the text of this presentation from the web site www.hikmetulugbay.com a few days after the Symposium
ends.

KUCUKKUYU FORMASYONU’NUN (EDREMIT KORFEZi GUNEY)
ANA KAYA OZELLIKLERI

Caglar Aytepe' ve Ayse Bozcu®
'TransAtlantic Petroleum Corp. Ankara, Tiirkive, caglar.aytepe@viking-intl.com,
*Jeoloji Miihedisligi Boliimii, Canakkale Onsekiz Mart Universitesi, Canakkale, Tiirkiye.

Bu ¢aligmada Edremit Korfezi’nin giineyinde yiizeyleme veren Alt-Orta Miyosen yash Kiigiikkuyu
Formasyonu’nun yayilimi, stratigrafisi ve ana kaya olabilme o&zellikleri belirlenmistir. Calisma alaninda
Kii¢iikkuyu Formasyonu seyl, karbonatl silttagi, tiif, volkanoklastik kumtasi ve cakiltaslarindan olusmaktadir.
Formasyonun ana litolojisini olusturan seyller organik maddece zengin olup, ince tabakali ve laminalidirlar.
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Genel olarak yesilimsi gri, kahverengimsi gri olarak gdzlenmesine kargin organik maddece zengin diizeylerinde
koyu gri-siyah olarak izlenmektedir.

Kiigiikkuyu Formasyonu’nun Edremit Korfezi glineyindeki ylizeylemelerinden derlenen seyl
orneklerinden organik jeokimyasal ve petrografik analizler yapilmustir. Bunlardan 10 6rnekte piroliz ve vitrinit
yansima, 5 ornekte gaz kromatografi, 5 drnekte ise duraylt C izotop analizleri yapilmistir. Rock Eval Piroliz
Analizi sonucu Toplam Organik Karbon (TOC) degerleri % 0,57-3,1 arasinda ve ortalama % 1,65 olup,
formasyon iyi bir ana kayayr temsil eder. HI degerleri 712 mg HC/g TOC degerlerine kadar ¢ikmaktadir.
Kerojen tipi olarak II. Tip kerojen hakimdir. Bu da formasyonun daha g¢ok petrol, az oranda da gaz
tiiretebilecegini gosterir. Tma (°C) degerleri 423-442 °C arasinda degiskenlik sunmakta olup, genel ortalama
katajenez baslangicini isaret etmektedir. Vitrinit yansima (R, %) degeri 6lciilebilen sadece bir 6rnek olgunlasma
baslangicini gosterir. Gaz kromatogramlarindan elde edilen Pristane/ Phytane (Pr/ Ph) oranlarina gore 5 6rnekten
3°1i oksik ortami (Pr/Ph oranmi >1), 2’si de anoksik ortarm (Pr/Ph orani 1<) gosterir. Karbon tercih indeksi (CPI)
degerleri (0.95-3.96) organic maddenin erken olgun ve yer yer olgunlagsmamis oldugunu gosterir.

Anahtar Kelimeler: Edremit Korfezi, Kiiglikkuyu, Bitiimli seyl, Ana kaya.

SOURCE ROCK PROPERTIES OF THE KUCUKKUYU FORMATION
(SOUTH OF EDREMIT GULF)

Caglar Aytepe' and Ayse Bozcu®
"TransAtlantic Petroleum Corp. Ankara, Turkey, caglar.aytepe@pviking-intl.com,
? Department of Geological Engineering, Canakkale Onsekiz Mart University, Turkey,

The purpose of this study is to examine the stratigraphical and organic geochemical features of the
Lower-Middle Miocene aged Kiigiikkuyu Formation outcropping in the southern part of Edremit Gulf.
Kiiciikkuyu Formation is consist of shales, carbonated siltstone, tuff, volcano-clastic sandstone and
conglomerate. Shales are the main lithology of the formation and organic-rich, thin bedded and laminated. The
shales are greenish-brownish grey, dark-grey and black in organic-rich levels.

Shale samples collected from the Kii¢iikkuyu Formation were analysed with organic geochemical and
petrographic methods . Rock-Eval pyrolysis and vitrinite reflection analysis of 10 samples, gas chromatography
analyses of 5 samples, C isotope analysis of 5 samples were completed. According to Rock-Eval pyrolysis, TOC
values are ranging from 0,57-3,1 wt %, with an average of 1.65 wt %. These results indicate that the Kii¢likkuyu
Formation is a good source rock. HI values extend to 712 mg HC/g TOC. Kerogen type is predominantly type Il
and indicates that the shales are oil and lesser gas-prone. T.(°C) values change between 423 to 442, and the
average value indicates mature organic matter suggesting early catagenesis. Measurable vitrinite reflection (R,
%) value shows early stages of maturation in one sample. According to Pr/Ph ratios obtained from gas
chromatography 3 of 5 samples show oxic environment (Pr/Ph >1), and 2 indicate anoxic environment (Pr/Ph
>1). Carbon Preference Index (CPI) values (0,95 to 3,96) show early mature or immature of the organic matter.

Key Words: Edremit Gulf, Kiigiikkuyu, Bituminous shale, Source rock.

TRAKYA HAVZASI’NDAKI DELTAYIK COKELLERIN
PETROL ANA KAYASI OLANAKLARININ INCELENMESI

Samil Sen
Jeoloji Miihendisligi Boliimii, Istanbul Universitesi, 34320, Istanbul, Tiirkiye, samilsen@istanbul.edu.tr.

Petrol ve gaz igeren Trakya Havzast Oligosen-Alt Miyosen yash deltayik sedimentler igerir. Bu
calismada, piroliz ve petrografik analizler yardimi ile deltayik sedimentlerin petrol ana kayasi ozellikleri
incelenmektedir. Alt Oligosen yash prodelta seyllerinden olugan Mezardere Formasyonu ¢ok smnirlt kaynak kaya
potansiyeline sahiptir. Bu c¢alijmada Mezardere Formasyonundan alinan 27 yiizey 6rneginin TOK (toplam
organik karbon) miktarmimn 5 6rnek disinda % 0.5’ten az oldugu belirlenmistir.

Orta Oligosen-Alt Miyosen yagh deltayik sedimentlerden olusan Osmancik ve Danigment
Formasyonlari organik maddece zengin seyl ve komiir igermektedir. Bu seyl ve komiirlerden alman 51
ayrigmamis yiizey drneginin analizi bunlarin ¢ok iyi ana kaya 6zelliklerine sahip olduklarmi gosterir. Orneklerin
TOK miktart % 0.02 ile %45.53 arasinda degismektedir. T-max (kerojen dontigiimiiniin maksimum oldugu
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piroliz sicaklig1) degerleri 351 and 449 °C arasindir ve olgun olmayan- orta olgundur. flave olarak, organik
petrografik caligmalara gére organik madde muhtevast amorf (0-5%), bitkisel (3-15%), odunsu (75-95%) ve
komiirsii (0-15%) olarak belirlenmisgtir.

Anahtar Kelimeler: Kaynak kaya, Toplam organic karbon, Petrol aramaciligi, Trakya Havzasi.

PETROLEUM SOURCE ROCK ASSESSMENT
OF THE DELTAIC SEDIMENTS IN THE THRACE BASIN

Samil Sen
Jeoloji Miihendisligi Boliimii, Istanbul Universitesi, 34320, Istanbul, Tiirkiye, samilsen@jistanbul.edu.tr.

Oil and gas-bearing Thrace Basin (NW Turkey) contains the Oligocene-Lower Miocene deltaic
sediments. This study focuses on petroleum source rock assessment of the deltaic sediments based on Rock—Eval
- TOC data and organic petrographic analysis. Lower Oligocene prodelta shale of the Mezardere Formation has
very restricted source rock potential. TOC (total organic carbon) content of 27 surface samples of the Mezardere
Formation determined in this study was lower than 0.5%, except only 5 samples.

Middle Oligocene-Lower Miocene deltaic sediments of the Osmancik and Danisment Formations
comprise organic matter rich shale and coal. 51 fresh surface samples taken from the shale and coals have very
good source rock potential due to its TOC content ranging from 0.02 to 45.53%. T-max (pyrolysis temperature at
the maximum rate of kerogen conversion) values have been measured between 351 and 449 °C. Thus, the
sediments are ranging from immature (only biogenic gas) to middle mature. In addition, organic petrographic
investigations in this study suggest that organic matter content of the coals and shales made up amorphous (0-
5%), herbaceous (3-15%), woody (75-95%) and coaly (0-15%).

Key Words: Source rock, Total Organic Carbon, Petroleum Exploration; Thrace Basin.

GACHSARAN PETROL YATAKLARINDAKI (GB iRANz MUHTEMEL KAYNAK
KAYALARIN HIDROKARBON POTANSIYELININ DEGERLENDIRILMESI VE
JEOKIMYASAL DENESTIRMELERI

Farid Tezhehl, Manouchehr Daryabandehz, BahramAlizadeh®

ve Abdolfayaz Azizi*
" NIOC Arama Miidiirliigii, Jeokimya Béliimii, Tahran, Iran, ftezheh@niocexp.ir
2 NIOC Arama Midiirliigii, Jeokimya Boliimii, Tahran, Iran
% Shahid Chamran Universitesi, Jeoloji Fakiiltesi, Ahvaz, Iran

Bu calismada Gachsaran petrol havzasinin Kazhdumi, Pabdeh formasyonlart jeokimyasal olarak
degerlendirmeye alinmistir. RockEval-6 piroliz sonuglarma gore Kazhdumi ve Pabdeh formasyonlari, Gurpi
formasyonuna oranla daha yiiksek toplam organic karbon (TOC) ve Tmax degerlerine sahip olup, dolayisiyla
daha fazla hidrokarbon iiretme potansiyeline sahiptirler. HI — Tmax diyagramlari Kazhdumi ve Pabdeh
formasyonlar: i¢in Tip II ve Gurpi iginse karigik olarak Tip II/III Kerojenlere isaret eder. Kaynak kaya
orneklerine ait TOC — (S1+S2) diyagramlarindan yola ¢ikarak Kazhdumi ve Pabdeh igin iyi-miikkemmel, Gurpi
i¢in ise orta seviye hidrokarbon olusturma potansiyeline sahip olduklari sonucuna varilmistir. Ilaveten Smith
diyagramlari incelenen drneklerin S1/TOC oranlarimin 0,1°den bilyiik olduklarim ve derin gémiilmeleri sebebi ile
hidrokarbon {iiretecek olgunluga eristiklerini gosterir. Sonug¢ olarak havzada incelenen &rneklerden, Gurpi
formasyonunun diisiik hidrokarbon potansiyeline sahipken, Kazhdumi ve Pabdeh formasyonlarimin yiiksek
potansiyele sahip oldugu sonucu ¢ikartilmistir.

Anahtar Kelimeler: Gachsaran petrol havzasi, rock-eval piroliz, kerojen, kaynak kaya.
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THE EVALUATION OF HYDROCARBON POTENTIAL AND
GEOCHEMICAL CORRELATION OF POSSIBLE SOURCE ROCKS
IN GACHSARAN OILFIELD, SW IRAN

Farid Tezheh', Manouchehr Daryabandeh”, BahramAlizadeh®

and Abdolfayaz Azizi*
! Geochemistry Department, NIOC Exploration Directorate, Tehran, Iran, fiezheh@niocexp.ir
2 Geochemistry Department, NIOC Exploration Directorate, Tehran, Iran
**Geology Faculty, Shahid Chamran University, Ahvaz, Iran.

In this study Kazhdumi, Pabdeh and Gurpi formations of Gachsaran Oilfield have been investigated
geochemically. Results from RockEval-6 pyrolysis indicate that Kazhdumi and Pabdeh formations have high
TOC and Tmax values in compare to Gurpi formation, and hence they have higher hydrocarbon generation
potential in this Oilfield. Plot of HI vs. Tmax diagram show dominant Type II kerogen for Kazhdumi and
Pabdeh formations and mixed type II/IIl for Gurpi Formation. Total Organic Carbon (TOC) versus (S1+S2)
diagram reveal that the studied probable source rock samples have good to excellent hydrocarbon generation
potential for Kazhdomi and Pabdeh formations and fair hydrocarbon generation potential for Gurpi formation.
Smith diagram also shows that in studied samples, S1/TOC ratio is more than 0.1 and samples are so deeply
buried that have become matured enough to generate hydrocarbon. Finally it could be concluded that in this
Oilfield, Gurpi formation has got low potential to hydrocarbon generation while samples from Kazhdomi and
Pabdeh formations have high potential for hydrocarbon generation.

Key Words: Gachsaran oilfield, rock-eval pyrolysis, kerogen, source rock

TRAKYA HAVZASI’NIN LINYIT POTANSIYELI VE BUNU
KONTROL EDEN JEOLOJiK FAKTORLER

Dogan Perim;ekl, Nurdan Atasl, Esra Erensoy‘, Seyma Karatutl,

Ayhan Késebalaban?, ismail Ergiider? ve Yasar Unal®
ICanakkale Onsekiz Mart Universitesi, 1 7020 Canakkale, Tiirkiye, perincek@yahoo.com,
Tiirkiye Komiir Isletmeleri Kurumu (TKI), Yenimahalle, 06330 Ankara, Tiirkiye.

Trakya Havzasi’nin linyit potansiyeli havza genelinde yer alti verileri kullanilarak TKI Kurumu igin
caligtlmistir. Bu amagla TPAO, MTA ve TKI kuruluslarinca saglanan ¢ok sayida kuyu verisi kullanilmagtir.
Havzanin tiimi i¢in Oligosen-Miyosen-Pliyosen yasl birimlerin kalinhk ve yapi haritalari yapilmugtir. Amag
Danismen Formasyonu (Oligosen-Erken-Miyosen) i¢inde yer alan linyit katkilarimn ekonomik
degerlendirmesini yapmaktir. Bu nedenle Altan tiste Osmancik Formasyonu (Oligosen) stl yapi haritast,
Danismen Formasyonu kalinlik haritasi, ayni formasyonun st siirmi olusturan diskordans diizleminin yap1
haritas1 ve Ergene-Kircasalih (Ge¢ Miyosen-Pliyosen) formasyonlarinin toplam kalinlik haritasi hazirlanmugtir.
Ayrica ¢aligmanin ana hedefi olan ve genellikle Danigmen Formasyonu’nun orta kesiminde yer alan linyit
katkilarmin toplam kalinlik haritast yapilmustir. Havzada Danismen Formasyonu linyit katkilarmim yanal
degisimlerini ortaya ¢ikarmak igin korelasyonlar hazirlanmustir.

Danismen Formasyonu igindeki linyit katkilarina ulasmak igin ilk bilinmesi gereken en iisteki Ergene-
Kircasalih formasyonlarmin kalinhigidir. Bu birimlerin ve Danismen Formasyonunun kalinlik dagilimim kontrol
eden faktor Orta Miyosen sirasinda etkin olan Trakya Fay Sistemi’dir (Peringek, 1991). Trakya Fay Sistemi’nin
fay zonlar1 iizerinde ve dolayinda olusan yiikselimler lizerinde Danismen Formasyonu aginmugtir. Orta Miyosen
déneminde meydana gelen soz konusu aginmanin miktar1 degiskendir. Bazi alanlarda Danismen Formasyonu
tiimilyle agindinlmistir. Bu alanlarda Ergene Formasyonu dogrudan Osmancik Formasyonu lizerine oturur.
Danismen Formasyonu’nun tamamen veya kismen agindig1 alanlarda, linyit katkilar da yok olmustur.

Trakya Fay Sistemi’nin etkisiyle olusan yiikselim alanlari agmmaya ragmen yiiksekliklerini korumuslar. S6z
konusu paleoyiikselim alanlarinda Ergene Formasyonu ince ¢okelmistir.

Bu proje sonunda linyit katkilarim toplam kalmhgmn fazla oldugu yerler belirlenmistir. Ayrica
Danismen Formasyonu igindeki linyit diizeyleri iizerinde ince Ortii olan kesimler saptanmistir. S6z konusu
tespitler yapildiktan sonra TKI Kurumu’na yeni ruhsat alanlar1 almas: 6nerilmistir.

Calismanin tam olarak amacina ulagmasi igin projenin ikinci agamasinda Danismen Formasyonu’nun fasiyes
haritalarmni hazirlanmasi gerekmektedir.

Anahtar Kelimeler: Trakya Havzasi, Linyit, Trakya Fay Sistemi.
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LIGNITE POTENTIAL OF THE THRACE BASIN AND CONTROLLING
GEOLOGICAL FACTORS

Dogan Peringek’, Nurdan Atas , Esra Erensoy Seyma Karatut',
Ayhan Késebalaban®, ismail Ergiider” and Yasar Unal®
Ccmakkale Onsekiz Mart Umverszly 17020 Canakkale, Turkey, perincek@yahoo.com,
?General Directorate of Turkish Coal (TKI), Yenimahalle, 06330 Ankara, Turkey.

This project has been conducted for the General Directorate of Turkish Coal Company. Aim of this
study to understand lignite potential of the basin. Subsurface data ( including numerous wells and several seismic
lines) provided by TPAO, MTA and TKI.

Structure and thickness maps of Oligocene-Miocene-Pliocene units prepared for the basin. Purpose of
this work to understand economical values of lignite seam layers interbedding in the Danismen Formation
(Oligocene-Early Miocene). For that purpose, from bottom to top following maps prepared: Structural map of
the top Osmancik (Oligocene) Formation, thickness map of the Danismen Formation, structural map of
unconformity surface ( top of the Danismen Formation), total thickness map of Ergene-Kircasalih formations
(Late Miocene-Pliocene). Finally total thickness map of the lignite layers prepared which is main purpose of the
work. Lignite seam layers are usually located in middle of the Danismen Formation. Also several stratigraphic
correlations conducted to understand lateral continuation of lignite layers. _

First obstacle to reach lignite is thickness of the Ergene-Kircasalih formations which are overlying
lignite bearing Danismen Formation. Main structural event which is controlling thickness variation of the
Danigmen Formation is Thrace Fault System (Peringek, 1991); it was active during Middle Miocene. Danismen
Formation extensively or partially eroded along the fault zone and on the en-echelon folds of fault system.
Amount of erosion is variable and in some areas Danismen Formation completely eroded. As a result Ergene
Formation rest directly on Osmancik Formation. Lignite layers are also erode at these localities.

Elevated areas related Thrace Fault System partially eroded, however these areas were still paleohigh during
accumulation of Ergene Formation. Onlapping sequence of Ergene Formation is thinner on these paleohigh.

At the end of this project higher thickness areas have been delineated. Addition to that, thin overburden areas on
lignite are located. Considering these result, new permit areas selected for TKI.

In order to refine this work, facies map of Danismen Formation suggested being prepared.

Key Words: Thrace Basin, Lignite, Thrace Fault System.

ESKISEHIR-ALPU SAHASININ STRATIGRAFIK OZELLIKLERI VE
KOMUR POTANSIYELI

Ilker Sengiiler Yllmaz Bulut', Korhan Usta', Mahlr Sezgln Ediz Kirman',

Mustafa Tosun' E]der Yapicr', Sami Polat ve Alper Cosar’
" MTA Genel Mudurlugu Enerji Dairesi Baskanligi 06800 Ankara, Tiirkiye
° MTA Orta Anadolu I. Bolge Miidiirliigii 58070 Sivas, Tiirkiye

Inceleme alan1 Alpu’nun kuzeybatisinda Kizilcadren ve Cavlum koyleri arasinda yer alir. Neojen yash
cokeller ile kapli olan bolgede stratigrafik istif, MTA Genel Miidiirliigii’ne ait ruhsatlarda yapilan arastirma ve
rezerv sondajlari ile belirlenmistir.

Sahada temel kayaglari Paleozoyik yasli metamorfitler ve Mesozoyik yasli ofiyolitler olusturur. Temel
kayaclart tizerine uyumsuz olarak Mlyosen yash ¢okeller gelir. Mlyosen yash ¢okellerin tabaninda g¢akiltas:,
kumtasi ve kiltasindan olusan ml serisi yer alir. Uzerine gelen m2 serisi tabandan tavana dogru yer yer ¢akilly,
yesil renkli kiltasi, komiir, gri renkli kumtasi, koyu gri yesil renkli silttag: kiltagi, komiir ve yesil renkli kiltast,
kumtagi, ince taneli gakiltasi ardisimindan olusan bir istif sunar. Daha iistte ise yer yer gozlenen kirectas: ve
¢akiltagindan olusan m3 serisi ile gevsek ¢akiltass, kiltas: diizeylerinden olusan Pliyosen yash ¢okeller yer alir.

Alpu sahasinda kémiirlesme 250-450 m arasinda degisen derinliklerde, SW-NE dogrultulu iki damar
halindedir. Ust damar 0.55-30.30 m arasinda degisen kalinliklarda, alt damar ise 5.85-31.60 m arasinda degisen
kalinliklardadir. Ust damarin ortalama 1s1l degeri 2000 keal/kg, alt damarm ortalama 1s1l degeri 2400 kcal/kg dir.
iki damar arasindaki gri yesil kiltag1 diizeyleri i¢inde 20-30 m arasinda degisen kalinliklarda bitiimlii marn yer
alir. Alt damar {izerinde yer alan ve 2-5 m arasinda degisen kalinliklar sunan gri renkli, ince orta taneli kumtagi
ayirtman 6zelliktedir.
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Havzada rezerv belirleme ¢alismalant devam etmekte olup yapilan 6n degerlendirmeler MTA Genel
Midiirliigii’ne ait ruhsat alanlarinda 250-300 milyon ton kémiir varligmi gostermektedir.

Anahtar Kelimeler: Alpu (Eskisehir), stratigrafi, komtir.

STRATIGRAPHY AND COAL POTENTIAL OF ESKISEHIR-ALPU FIELD

Ilker Sengiiler’, Yilmaz Bulutl, Korhan Ustal, Mahir Sezginl, Ediz Klrmanl,

Mustafa Tosun', Ejder Yapici', Sami Polat’ and Alper Cosar’
'MTA Genel Miidiirliigii Enerji Dairesi Bagkanligi 06800 Ankara, Tiirkive
’MTA Orta Anadolu I. Bélge Miidiirliigii 58070 Sivas, Tiirkiye

The study area is located between Kizilcadren and Cavlum villages in NW of Alpu. The stratigraphic
succession in the region, covered by Neogene deposits, are determined by exploration and reserve drillings
conducted on the licensed fields of General Directorate of Mineral Research and Exploration (MTA).

The basement rocks in the field are composed of Paleozoic metamorphic rocks and Mesozoic ophiolites.
The basement rocks are overlain by Miocene deposits unconformably. At the bottom of Miocene deposits, ml
series lie, comprising conglomerate, sandstone and claystone. Overlying m2 series exhibits an intercalated
succession, bearing some gravels, green claystone, coal, gray sandstone, dark gray-green siltstone, claystone,
coal and green claystone, sandstone and fine-grained conglomerate from bottom to top. Resting on these units,
there are m3 series, built from limestone and conglomerate observed in some places, and Pliocene deposits
containing loose conglomerate and claystone levels.

The coalification occurred in the depths between 250 m and 450 m, and is represented by two SW-NE
trending coal seams. The upper vein has a varying thickness from 0.55 to 30.30 m, while the lower one has a
varying thickness from 5.85 to 31.60 m. The mean calorific value is 2000 kcal/kg in the upper vein and 2400
kcal/kg in the lower vein. There is a bituminous marl layer, thickness of which varies from 20 to 30 m, within
gray-green claystone horizons between two veins. Gray, fine-medium grained sandstone, which lies over the
lower vein and has thicknesses varying from 2 and 5 m, is characteristic.

Studies on reserve determination in the basin continues, and preliminary assessments in this basin
indicate that licensed fields belonging to the General Directorate of Mineral Research and Exploration (MTA)
have a potential of 250-300 million tonnes of coal.

Key Words: Alpu (Eskisehir), stratigraphy, coal.

BUYUME FAYLARININ KOMUR DAGILIMI, KA“LINLI("}I VE
KALITESI UZERINE ETKISI: ETYEMEZ KOMUR YATAGI
(KANGAL-SIVAS), ORTA-ANADOLU

Fuzuli Yagmurlu', Murat Sentiirk1 ve Ezher Toker’
! Jeoloji Miihendisligi Béliimii, Siileyman Demirel Universitesi, 32260, Isparta, Tiirkiye,
msenturk@ mmf.sdu.edu.tr,
’Pamukkale Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii Denizli, Turkiye.

Orta Anadolu’da 6nemli komiir rezervleri iceren Kangal Neojen havzasi, egemen olarak fluviyal ve
golsel tortullardan olusan karasal bir tortul istif ile doldurulmustur. Kangal’in yaklagik 30 km giineyinde yer alan
Etyemez komiir yatagi, Neojen oncesi temel yiikseltisi ile Kangal-Kalburgaymr komiir sahasindan ayrilir.
Etyemez Neojen havzasim dolduran karasal tortullar, bolgede Mesozoyik yash karbonat kayalardan ve
ofiyolitlerden olusan temel kayalarini uyumsuz olarak istler. Etyemez Neojen istifi alttan iiste dogru, (1) baslica
fluviyal ortamda geligmis kumtasi-gamurtasi birimi ile (2) golsel kirectaslarindan olusur. Yoredeki komiirler,
fluviyal birime ait camurtaslarini {ist boliimiinde iki ayri1 katman halinde yer alir. Bunlardan alt kémiir damar1 3-
12 metre, {ist komiir damari ise 3 ile18 metre arasinda degisen kalinlik degerlerine sahiptir.

Etyemez komiir sahasinda, komiir damarlarinin yeraltindaki yayilimi, yanal yondeki kalinlik ve kalite
degisimleri ile rezerv durumunun ortaya ¢ikarilmasi amactyla, toplam 25 adet karotlu sondaj yapilmustir. Yapilan
sondajlara ait kesitlerin eslestirilmesi sonucunda, yiizeyde saptanamayan gomiilii faylarm, havzayr dolduran
tortullart ve komiir damarlarimi 6nemli 6lglide etkilemis olduklari saptanmistir. Biiyime fay1 niteligindeki bu
faylara bagh olarak, yoredeki komiir damarlari ani yanal kalinhk ve fasiyes degisimleri gostermektedir. Diger
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taraftan havza i¢indeki komiirlerin kalite dagilimi g6z oniine alindiginda, baslica KD- gidisli biiyiime faylarmnin
smurladigr ¢okiintli alani i¢inde yer alan kémiirler, sahanin diger kesimlerine gore daha yiiksek kalorifik degere
sahiptir.

Etyemez havzasi iginde bulunan komiirler biiyiik béliimiiyle koyu kahverengi ile siyahimsi olabilen
yumusak linyitlerden meydana gelmektedir. Yersel olarak diizenli laminalanma 6zelligi gésteren linyitler, yaygin
olarak gastropodlardan (Limnea sp., ve Planorbis sp.) olusan kavki kalintilart icerir. Yéredeki komiirlerin nem
miktart % 47 ile % 55, kiil miktarlar1 ise % 21 ile % 24 arasinda degisir. Oldukga diigiik sayilabilecek kalori
degerine sahip olan Etyemez komiirlerinin 6lgiilebilen ortalama kalori degerleri 1040 ile 1115 kcal/kg arasinda
degisir. Havzadaki ortalama kalori degeri 1057 kcal/kg mertebesinde olup, alt ve iist damarlar igin hesaplanan
toplam komiir rezervi 28 598 940 ton dolayindadir.

Anahtar Kelimeler: Komiir, Neojen, Kalori degeri, Biiylime fay:.

EFFECT OF THE GROWTH FAULTS ON THE QUALITY, THICKNESS AND
RESERVE DISTRIBUTION OF THE COAL SEAMS: ETYEMEZ COAL DEPOSIT,
KANGAL NEOGENE BASIN, CENTRAL ANATOLIA, TURKEY

Fuzuli Yagmurlul, Murat Sentiirk' and Ezher Toker’
'Department of Geology, Siileyman Demirel University, 32260, Isparta, Turkey, msenturk(@ mmf.sdu.edu.tr,
’Department of Geology, Pamukkale University, Denizli, Turkey.

The Kangal Neogene basin located in the south of Sivas (Central Turkey) and filled with continental
sedimentary sequence and contain important coal deposits. Kangal basin is limited by the sedimentary and
ophiolithic pre-Neogene basement rocks. Mainly NE-trending normal fault systems developed in marginal parts
of basin and influenced the thickness and distribution of the coal bearing Neogene sediments. Stratigraphic
results indicate that the coal deposits in the Etyemez area occurred as two different seams within the claystone-
mudstone unit that in the lowermost section of the Neogene sequence. The coal deposits in this region overlies
concordantly with the lacustrine carbonate sediments.

In order to report the spreading and underground structure of the coal deposits in this region 25 drills
have been opened reach with a total length of 2099.5 m. The depth of these drills vary between 43 and 123 m. 21
of these drills cut the coal seams but 4 of them has not cut the coal in this region. According to the drill results in
the western part of Etyemez Village indicate the developing of the NE- trending normal fault systems in the coal
field. These synsedimentary growth faults controlled the thickness of the Neogene overburden sediments and
coal seams in lateral direction.

Due to fault systems, the carbon and calorific value of the investigated lignites increase in area between growth
faults.

The coals in Etyemez region are generally dark brownish and blackish soft lignite in character. Moisture
content of coal is relatively high and varies between 47 % and 55 %. The chemical analysis of the Etyemez coals
indicate the lower calorific value and high ash content, varies between 1040 — 1115 kcal/kg, and 21 % - 24 % in
respectively. The weighted average calorific value for all of the Etyemez coal basin is 1057 kcal/kg. The total
reserves of the coals of 1057 kcal/kg average calorific value were calculated as 28 598 940 tons for the lower
and upper seams within the basin.

Key Words: Coal, Neogene, Calorific value, Growth fault.
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JEOTERMAL ETUTLERDE, YUZEYDE BELIRGIN OLMAYAN (OLASI)
FAYLARIN TOPRAK GAZLARI OLCUMUYLE BELIRLENMESI:
KUTAHYA-PAZARLAR SAHASI ORNEGI

Ismail Cihan, Bahadir Giiler, ibrahim Akkus, Fuat Saroglu,

Cemal Kaya ve Emre Degirmenci
Kayen Kay: Enerji Yatirimlart AS, Koza Sok. No:37/6-8 GOP Cankaya/Ankara 06700,
ismail.cihan@kayi.com.tr, ismail _cihan@yahoo.com.

Tirkiye’'nin jeolojik yapisi geregi, jeotermal sistemlerin ortaya ¢ikartilmasinda faylarin ayr1 bir dnemi
bulunmaktadir. Fay stireksizliklerinin neotektonik doneme ait olanlart jeotermal akiskanlar ic¢in etkin cikis
yollaridir.

Asmmanin fazla gelistigi ve/veya alivyon dolgularin oldugu jeotermal alanlarin bir kisminda fay vb.
stireksizlikleri ylizey jeolojisinde belirlemek olduk¢a zordur. Bu gibi alanlarda toprak gazi lgiimleri, jeofizik
¢aligmalar ve arastirma sondajlar ile faylar belirlenmektedir. Diger yontemlere nazaran daha ucuz ve pratik bir
yontem olan toprak gazi dlgtimleri bu tip aramalarda sik¢a kullanilmaktadir.

Bu amagla Kiitahya, Simav-Pazarlar Jeotermal Sahasi’nda toprak gazi dlgtimleri [ Radon (Rn) ve
Karbondioksit (CO,) ] yapilmis ve elde edilen anomalilerin yapisal sitireksizliklere karsilik geldigi yorumu
yapilmistir. Yorumlanan bu siireksizlikler hava fotograflarindan ve jeofizik arastirmalardan belirlenen
stireksizliklerle jeokimyasal verilerle denestirilmistir.

Toprak gazi dl¢timleriyle belirlenen, KD-GB uzanimli olan ana ¢izgiselliklerin i¢ biikey olanlarinin
normal fay veya acgilma ¢atlagi, dogrusal olanlarinin ise dogrultu atimh fay olabilecekleri yorumlanmistir. Ana
cizgisellikleri yiiksek ac1 ile kesen KB-GD gidisli kisa gizgiselliklerin ise ikincil ¢atlaklara karsilik geldigi kabul
edilmigtir. Bu ikincil ¢atlaklar tizerinde yiiksek degerli gaz anomali kapanimlarinin olmasi dikkat ¢ekicidir. Bu
caligmada, toprak gazi Olctimlerinden ortaya c¢ikan siireksizliklerin jeoloji ve jeofizik etiitler ile hava
fotografindan elde edilen siireksizliklerle genellikle uyustugu goriilmiistiir.

Anahtar Kelimeler: toprak gazlari, radon, karbondioksit, fay.

DETERMINING PROBABLE FAULTS BY SOIL GAS MEASUREMENTS IN
GEOTHERMAL EXPLORATIONS: AN EXAMPLE FROM THE KUTAHYA-
PAZARLAR FIELD

Ismail Cihan, Bahadir Giiler, ibrahim Akkus, Fuat Saroglu,

Cemal Kaya and Emre Degirmenci
Kayen Kayi Enerji Yatirnmlar: AS, Koza Sok. No:37/6-8 GOP Cankaya/Ankara 06700,
ismail.cihan@kayi.com.tr, ismail _cihan@yahoo.com.

There is an extra importance of the faults for revealing the geothermal systems according to Turkey’s
geological structure. Faults belonging to the neotectonic period are effective exit channels for geothermal fluids.

In some parts of the geothermal areas where erosion is widespread and alluvium accumulation exists it
is quite hard to determine disconformities such as faults and on the surface geology. Faults can be determined by
soil gas measurements, geophysical studies and drilling researches. The soil gas measurements are much cheaper
and more practical than other methods have been often used in these researches.

Measurements of soil gases [Radon (Rn) and Carbon dioxide (CO,)] in Kiitahya, Simav-Pazarlar were
realized and depending on the revealed anomalies structural discontinuities were interpreted. They were
compared to aerial photos, geophysical studies and geochemical data.

Of the NE-SW trending main lineaments, the concave ones were interpreted to be normal faults and
extensional fractures, while the linear ones were commented as strike-slip faults. NW-SE trending short
lineaments cutting the main lines by high angle are thought as secondary fractures. These secondary fractures
have gas anomalies. Discontinuities determined in this study by measurement of soil gases are in conformity
with the lineaments revealed by geological, geophysical studies and aerial photos.

Key Words: soil gases, radon, carbon dioxide, fault.

97



64. Tirkiye Jeoloji Kurultay! 25-29 Nisan 2011

ISLETME ASAMASINDA JEOTERMAL SAHALARDAKi KABUKLASMA
TURLERI, KABUKLASMANIN ENGELLENMESI VE KONTROLU: KIZILDERE
JEOTERMAL SAHASI ORNEGI

Fiisun S. Tut Hakhdir!, Taylan Akin?, Cagn Parlaktuna’®,

Dilek Tiirk” ve Tevfik Savas’
'Zorlu Enerji Grubu, 34310, Aveilar-Istanbul, Tiirkive, fusun.tut@zorlu.com,
? Zorlu Enerji Grubu, Saraykoy-Denizli, Tiirkiye.

Jeotermal sahalarda kuyularda {iretim asamasinda gozlenen ve kontrol altinda bulundurulmas: gereken
kabuklagma, sahalarin karakterine, akigkan fazdaki minerallerin doygunluklarina gore degisebilecek, kisa siirede
kuyularda iiretimi diigiirebilecek ¢ékelmelerdir.

Gerek diinyadaki jeotermal sahalardaki gerekse Tiirkiye’deki jeotermal sahalardaki iiretim kuyularinda
siklikla gozlenen kabuklagma tiirii kalsiyum karbonat kabuklagmasi olup, bu tip bir ¢okelmeye Al, Mg, Fe’li
mineraller eslik edebilmektedir. Kuyu i¢inde termodinamik degisimler nedeniyle olusan bu ¢okelmeler ya
olustuktan sonra mekanik temizlik ve asitleme operasyonu ile temizlenebilmektedir, ya da giiniimiizde iiretim
yapan pek¢ok isletmenin kullandig: tizere inhibitér uygulamalar ile kuyuda ¢okelmeyi maksimum diizeyde
engelleme yoluyla ¢éztimlenebilmektedir. Kizildere Jeotermal Santralinde de 2009 yil1 basindan itibaren tiretim
kuyularmda olusabilecek kabuklagmalart 6nlemek amaciyla inhibitér uygulamasina gecilmistir.

Jeotermal isletmelerdeki kabuklagsma inhibitorii uygulamalarinda fosfonat ve gesitli tuzlardan olusan
tiriinler ile polimer iirtinler 6n plana ¢ikmaktadir. Reenjeksiyon ve 6zellikle iiretim kuyularinda inhibitor
dozajlamalarinin optimum olarak ayarlanmasi, farkli ¢okelmelerin meydana gelmesini engellemek agisindan
kuyularda ve yiizey ekipmanlari i¢in oldukga dnemlidir. Kizildere Jeotermal Sahasi tiretim kuyularinda yapilan
inhibitor testleri sirasinda da gozlenmistir ki, kullanilan inhibitorler optimum dozajin altina diisiildiigiinde
gozlenen kalsiyum karbonat ¢okelmeleri bu dozajimn iizerine ¢ikildiginda yerini UV metodu ile yapilan analizlerle
tesbit edilebilen, fosfanatl, farkli beyaz ¢okeltilere birakilabilmektedir.

Anahtar Kelimeler: Jeotermal, kuyu, kabuklasma, inhibitor.

SCALING TYPES AND PREVENTION AND CONTROL OF SCALING IN THE
OPERATION STAGE IN GEOTHERMAL FIELDS: KIZILDERE GEOTHERMAL
FIELD CASE STUDY

Fiisun S. Tut Haklldll‘l, Taylan Akmz, Cagn Parlaktunaz,

Dilek Tiirk” and Tevfik Savas’
'Zorlu Energy Group, 34310, Aveilar-Istanbul, T tirkiye, fusun.tut@zorlu.com,
? Zorlu Energy Group, Saraykdy-Denizli, Turkey

Scaling is one of the phenomenon during production from geothermal wellbores which should be
continuously controlled and monitored in order to maintain stabilized production in geothermal fields. Its
occurrence depends on both the characteristics of the field and saturation of minerals in brine phase and it causes
to decrease of fluid production in wellbore in a short time.

Calcium carbonate scaling is the most abundant type of scale along with Al, Mg and Fe minerals both in
Turkey and the other geothermal fields around the world. Acidification or mechanical reaming are the cleaning
processes of the scale which deposited due to the thermodynamic changes in the wellbore. Instead of cleaning
processes, inhibitors are actively used in geothermal fields to prevent scaling nowadays. Inhibitor application has
started to prevent scaling in production wells in Kizildere Geothermal Power Plant since 2009.

Common inhibitor types are phosphonates with different salts and polymer products in geothermal
fields. Adjustment of the optimum inhibitor injection rates are the crucial item to prevent various scaling in re-
injection and production wells. The inhibitor tests carried out in Kizildere Geothermal Field indicate that calcium
carbonate starts to deposit if the inhibitor injection dosages become lower than the optimum injection rate.
Meanwhile, if injection dosages of inhibitor are higher than the optimum dosages, phosphonate deposits start to
precipitate as white scale which may be analysed by UV method.

Key Words: Geothermal, well, scaling, inhibitor.
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(’)MER-GECEK (AFYONKARAHISAR) JEOTERMAL SAHASININ GUNEY
DOGUSUNDA ACILAN JEOTERMAL KUYUSUNDAN ELDE EDILEN SUYUN
OZELLIKLERI VE ELEKTRIK URETIMINDE KULLANILABILIRLIGI

Yusuf Ulutiirk' ve Fuzuli Yagmurlu®
" AFJET, Afyvon Jeotermal Tesisleri Turizm, Sanayi ve Ticaret Anonim Sirketi, Afyonkarahisar, Tiirkiye,
yusufuluturk@afjet.com.tr,
*Jeoloji Miihendisligi Boliimii, Siileyman Demirel Universitesi, Ciiniir, Isparta, Tiirkiye.

Omer-Gecek jeotermal sahasi Bati Anadolu’da bulunan en 6nemli sahalardan birisidir. inceleme
alanindaki en yashi birim Bayramgazi Metamorfitleri ve Oyuklutepe Mermerleridir. Neojen yash
volkanosedimanter kayaglar inceleme alaninda genis alanlar kaplamakta olup, Paleozoyik vash birimlerin
lizerine uyumsuz olarak gelmektedir. Inceleme alaninda volkanizma, Ust Miyosende baslayip, Pliyosen boyunca
devam etmis ve Volkanizmanin son safhasinda ise andezitik ve bazaltik bilesimli lavlar meydana gelmistir.
Sahanm en geng birimi ise alitvyon olup, yaklasik kalinlig1 30-400m civarinda degismektedir.

Omer-Gecek jeotermal sahasinda bugiine kadar agilan kuyulardan yaklasik 100 °C civarinda jeotermal
akiskan elde edilmektedir. Sahanin D-GD’sunda yapilan jeolojik ve jeofizik ¢aligmalarin sonucunda 600-800 m
ve 1600-1800 m arasinda iki farkli rezervuar tespit edilmistir. Bu sonuglara gore agilan ilk kuyudan 800 m
derinlikte 125°C ve 100 It/sn jeotermal akiskan elde edilmistir. Sahada agilacak ikinei kuyuda 2000 m derinlige
inilerek daha yiiksek sicaklikta akigkan elde edilmesi hedeflenmektedir. Bolgedeki sondaj islemlerinin bu yeni
sahay1 geligtirmesi, elde edilecek jeotermal suyun entegre kullanilmasiyla yaklasik 1.5 MW giiciinde elektrigin
tiretilmesi ve termal tesislerin ve seralarin isitilmasi diisiiniilmektedir.

Anahtar Kelimeler: Jeotermal su, Entegre kullanim, Omer-Gecek, Afyonkarahisar.

THE PROPERTIES AND USAGE AT ELECTRICITY PRODUCING OF
GEOTHERMAL WATER FROM BOREHOLE AT SOUTHEASTERN OF OMER-
GECEK (AFYONKARAHISAR) GEOTHERMAL AREA

Yusuf Ulutiirk' and Fuzuli Yagmurlu®
'AFJET, Afyon Geothermal and Tourism Incorporated Company, Afyonkarahisar, Turkey,
yusufuluturk@afjet.com.tr,
? Department of Geological Engineering, Siileyman Demirel University, Ciiniir, Isparta, Turkey.

Omer-Gecek is one of the most important geothermal sites in West Anatolia. The oldest lithological
units in study area are Bayramgazi Metamorphics and Oyuklutepe Marbles. Volkanosedimentary rocks of
Neojen are exposed over widespread areas and unconformably overlie Paleozoic units. In study area, volcanism
activated from Upper Miocene to Pliocene time and andesitic and basaltic flows occurred at the final stage of the
volcanism. Alluvium is the youngest lithological unit and has the thickness of 30-400 m.

The geothermal waters having 100°C have drilled until today in Omer-Gecek geothermal basin. After
geological and geophysical surveys carried out in the E-SE of study, it was explored two geothermal reservoirs
at 600-800m and 1600-1800m. levels. The geothermal waters having 125°C and flow rate of 100 /s were drilled
from borehole at 800 m level. It is intended to reach 2000 m depth and to drilled geothermal water having higher
temperature from second borehole at study area. It was planned that the drilling activities improved the new
geothermal area, 1.5MW electricity power produced, thermal facilities and greenhouses heated by integrated
using of drilled geothermal water from new borehole

Key Words: Geothermal water, Integrated usage, Omer-Gecek, Afyonkarahisar.

99



64. Turkiye Jeoloji Kurultay: 25-29 Nisan 2011

MANYAS VE CEVRESI JEOTERMAL KAYNAKLARININ JEOELEKTRIK
YONTEMLERLE TAYINI

Kiibra f)zcanl, Fethi Ahmet Yiiksel* ve Hasan Emre’
! [stanbul Universitesi, Fen Bilimleri Enstitiisii, Vezneciler TR- 34134 Fatih, Istanbul, Tiirkiye,
kubraozcan@windowslive.com
’[stanbul Universitesi Miih. Fak. Jeofizik Miih. Bol. Uygulamali Jeofizik Anabilim Dali Avcilar Kampiisii,
TR- 34320, Avcilar, Istanbul, Tiirkiye,
3[stanbul Universitesi Miih. Fak. Jeoloji Miih. Bél. Aveilar Kampiisii TR- 34320, Avcilar, Istanbul, Tiirkiye.

Jeotermal enerji, uzun zamanlardan beri cesitli amaglarla kullanilmistir. Jeotermal enerji, eski
zamanlarda saglk, tarim gibi nedenlerle kullanilmigtir. Giiniimiiz de ise niifusun artmasiyla beraber endiistri,
tarim, konut 1sitmactlifi ve enerji {iretimi i¢in bagvurulabilir, ¢evre dostu bir kaynaktir.

Manyas ve yakin cevresinde [zmir-Ankara Zonuna ait metamorfize olmus temel kayaglari ile bunlar
kesen Oligosen sonu veya muhtemelen Erken Miyosen yagh volkanitlerle iliskili granit-granodiyorit kiigiik bir
alanda goriiliir. Erken Miyosen yasl Andezit-Riyolit farkliliklar gosteren lavlar, Orta-Ust Miyosen yasindaki
karasal ¢okeller arasindaki volkanojenik kumtaglari, Pliyosen cakillart ile giincel aliivyal birikintiler, Kuzeybat:
Anadolu'daki KB-GD gerilmeli sistem sonucu olusan faylara bagli ¢okiintiilerde geligmistir. Miyosen ve
Giinlimiiz arasinda olusan birikintiler arasindaki fayli kesimler jeotermal kaynak alanlarini olusturmaktadir.

Balikesir iline ait Manyas ilgesinde, jeoelektrik yontemler kullanilarak jeotermal alan aramasi
yapilmigtir. Caligma yapilirken, Schlumberger elektrot agilimma gore ol¢li diizeni planlanmistir. AB/2 araligi
800 m. ile 1000 m. arasindadir. Jeoelektrik yontemlerden elde edilen veriler programlar tarafindan
goriintiilenerek ortamin yer alt1 yapisi gosterilmeye ¢aligilmistir. Ayrica yer altmin litolojik unsurlari belirlenmis
ve bolgede daha onceden varligi bilinen fay yapisinin gosterilmesi saglanmustir. Bununla birlikte tiim bu unsurlar
birlestirilerek ortamda varolan jeotermal kaynak i¢in yorumlamaya gidilmistir.

Anahtar Kelimeler: Jeoelektrik, Jeotermal, Karasal Cokeller, Manyas, Volkanizma.

GEOTHERMAL RESOURCE DETERMINATION WITH GEOELECTRICAL
METHODS IN MANYAS AND ENVIRONS
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TR- 34320, Avcilar, Istanbul, Tiirkiye,
3stanbul Universitesi Miih. Fak. Jeoloji Miih. Bél. Avcilar Kampiisii TR- 34320, Avcilar, Istanbul, Tirkive.

Geothermal energy has long been used for various purposes. Geothermal energy was used for reasons
such as agriculture, health care since ancient times. With the increase in the population, it is being used today for
industrial and agricultural applications and for energy production.

Near Manyas and its surrounding area there are metamorphic rocks belonging to the [zmir-Ankara
Zone. Another unit is granite-granodiorite associated with the volcanics of late Oligocene or most likely early
Miocene age. The early Miocene aged andesite-rhyolite lavas, middle-upper Miocene aged volcanic sandstones
in terrestrial sediments, Pliocene gravels and some alluvium are developed in the depressions formed in relation
to faults associated with the NW-SE extension in NW Anatolia. The geothermal resources are located between
these fault zones which are growing since Miocene to present time.

In Manyas town of Balikesir province, geothermal exploration was performed using geoelectrical
methods. During the study, electrode measurement scheme was planned according to the Schlumberger
expansion. AB / 2 spacing is between of 800 m. and 1000 m.. Data obtained from geoelectrical methods were
processed to delineate the subsurface structure. Also, lithological components were determined and the
previously known fault structure was shown. All these factors were combined to interpret the environment for
the existing geothermal resource.

Key Words: Geoelectric, Geothermal, Manyas, Volcansim, Terrestrial Sediments.
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YENISEHIR HAVZASININ (BURSA) TEKTONO-STRATIGRAFIK
OZELLIKLERI VE KOMUR OLUSUMU

ilker Sengiilerl, Oktay Tiivar’ ve Sinasi Sozeri'
" MTA Genel Miidiirliigii Enerji Dairesi Baskanligi 06800 Ankara, Tiirkiye,
? MTA Orta Anadolu I. Bolge Miidiirliigii 58070 Sivas, Tiirkiye.

“Giiney Marmara Bolgesi Neojen Kompilasyonu ve Komiir Potansiyeli” projesi kapsaminda 2002
yilinda bélge genis dlgekte ele alinmistir. Neojen kompilasyonuna bagl degerlendirmeler sonucunda Yenisehir
havzasinda 2010 yilinda arastirma sondajlari yapilmistir.

Bolgenin temelini Paleozoyik ve Mesozoyik yasli Sakarya Kitasi’na ait kayaglar olusturur. Temel
birimler iizerine Tersiyer ¢okelleri gelir. Yenisehir havzasinda tabanda konglomera ile baslayan sonra kaba taneli
kumtasina gecen ve kumtasi, kiltasi, silttasi, kirectas: aradalanmasi ile devam eden Neojen’e ait m-pl serisi
yiizeyler. Miyo-Pliyosen yasli m-pl serisi Giiney Marmara Bolgesinde yer yer komiirlii olup nadiren ekonomik
damarlar igerir. Bélgede m-pl serisi altinda yer alan m serisini ise ekonomik komiirlesmeye sahip Miyosen yash
cokeller olusturur.

Yenisehir havzasinda yapilan sondajlarda m-pl serisine ait akarsu ve g6l ¢okel paketleri kesilmis ve
temele girilmistir. Golsel paketler igerisinde organik boyamal kil diizeyleri gegilmis ancak ekonomik komiir
olusumuna rastlanmamaistir.

Bolgede yapilan calismalarda havza; bazi arastirmacilar tarafindan ¢ek-ayir havza, bazi aragtirmacilar
tarafindan ise karstik havza olarak tanimlanmistir. Ancak proje galismalarimiz sirasinda elde edilen veriler, her
iki havza olusum modeline de tereddiitle yaklasmamiza neden olmustur.

Anahtar Kelimeler: Yenisehir (Bursa), stratigrafi, komtir.

TECTONO-STRATIGRAPHIC FEATURES OF YENISEHIR BASIN (BURSA)
AND COAL OCCURENCE

flker Sengiiler', Oktay Tiivar’ and Sinasi Sozeri'
" MTA Genel Miidiirliigii Enerji Dairesi Baskanligi 06800 Ankara, Turkey,
2 MTA Orta Anadolu I. Bélge Miidiirligii 58070 Sivas, Turkey.

The region is studied in the context of the Project “Neogene Surveying and Coal-Bearing Potential of
Southern Marmara Region” with details in 2002. Exploration wells were drilled on Yenisehir basin as a result of
assessments from the regional study of Neogene in 2010.

The basement in the studied region is composed of Paleozoic and Mesozoic rocks of the Sakarya
Continent. The basement units are overlain by Tertiary deposits. Exposed in Yenisehir basin, m-pl succession of
Neogene starts by basal conglomerate followed by coarse-grained sandstone and lasts by an intercalation of
sandstone, claystone, siltstone and limestone. Mio-Pliocene m-pl succession contains coal seams, some of which
are rarely economic. Underlying m-pl succession in the region, m succession has economic coal deposits of
Miocene.

Fluvial and lacustrine depositional packages of m-pl succession are cut in the drillings conducted in
Yenisehir basin and the basement is exposed. Within the lacustrine series, clay horizons with organic remains are
passed but no economical coal occurence.

Based on the studies of regional geology the basin has been described as a pull-apart basin by some
researchers and as a karstic basin by other researchers. Data obtained from our project studies gave way to our
doubtful approach on these two models of the basin formation.

Key Words: Yenisehir (Bursa), stratigraphy, coal.
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UKRAYNA’DA YENILENEBILIR ENERJININ GELISME BEKLENTISI
VE GUNCEL SORUNLARI

Nataliia Rebenok

Is Ekonomisi ve Ekonomi Teorisi Béliimii, Chernihiv Devlet Teknoloji Universitesi, sonata_35@mail.ru

1973 yilinda meydana gelen petrol krizi yenilenebilir enerjinin kullanimini ve batida enerji koruma
teknolojilerinin ortaya konulmasini hizlandirmigtir. Ukrayna enerji agig1 iilkelerden biridir ve alternatif enerji
olduk¢a 6nemli bir konudur. Ukrayna’nin degisik bolgelerinin kaynak olanaklarmive potensiyelini goz Oniine
aldigimizda, bu iilke projelerin gelistirlmesi, bilimsel aragtirmalar ve sahada pratik uygulanmast i¢in gerekli olan
kuruluslara ve organizasyona sahiptir. Ukrayna’da giines enerjisini buiyiik potansiyeli vardir ve kullanimi
artmaktadir. Ulkenin giines enerjisinin kullanilmas: icin uygun cografik konumu, hammadesi, tecriibesi, teknik
ve teknolojik gelisimi vardir. Riizgar glici Ukrayna’da tmit verici yenilenebilir enerjidir. Riizgar enerji
kaynaklar1 teknik ve ekonomik olarak {ilkenin %40’min gelismesi i¢in kullaniabilir. Riizgar tarlalarinin
kurulmasini i¢in tasarlanan bu program 2020 yilinda 1800 - 1900 MW giiciiniin ortaya ¢ikmasi i¢in tasarlanmistir.
Ulkede 1991-2009 yillarinda 10 kW kapasiteye kadar ¢ikan 1170 riizgar giicii isletme yapilmustir

Jeotermal Ukrayna’nmin formal kaynagidir ve imit verici yenilenebilir enerji kaynagidir. 1991 yilinda,
Kirim’da Tarkhankut Jeotermal Gii¢ Isletmesi ve Lviv bélgesi’'nde — Mostiska Jeotermal Giig¢ Isletmesi (100 ve
10-15 MW kapasiteli) kurulmasi amach proje baslatilmistir. Jeotermal enerjinin ortalama potansiyelinin
kullanilmasi igin @imit verici yerler Kirim, Karpatlar, Lviv ve Ivano-Frankivsk, Chernihiv, Poltava, Sumy ve
Kharkiv bolgesidir. Jeolojik verilere gore uygun jeotermal havuzlar Karpatlar, Kirim’mn Transkarpat bolgesi,
Poltava ve Chernihiv bolgesinde yer alir.

Yenilenebilir enerji kaynaklarmm kullanilmasint destekleyen devlet politikast 2020 yihinda 250 MW
jeotermal enerjinin kullanilmasini énermektedir.

Sonu¢. Diinyadaki deneyim bazinda yeni teknolojilerin kullanilmasinin  analizinin  sonuglari
Ukrayna’daki bolgelerin yenilenebilir alternatif enerjinin gelistirilme potansiyeli oldugunu gostermistir. Oncelik
ekolojinin diizeltilmesi enerji ithalatinin azaltilmasidir.

Yenilenebilir alternatif enerjinin daha fazla geligtirilmesi i¢in 6neirlen metodlar ve yollar;

* Jeolojik arastirmalar;

« Ukrayna ve disinda kalifiye profosyonel potansiyelinin kullaniimas;

*Yenilik¢i politikanin yuritiiimesi;

*Bolgelere yatirim tesvigi;

*Ekonomik bolgeler i¢in yatirim yapilmast;

*Gilimriik rejimi ve vergilendirmede esnek politika;

*Yetenekli profosyonel, bilim insanlar1 potansiyelinin kullanilmas:.

Ulkedeki akademik, iiniversite ve endiistri bilimi ve teknoloji kapasite yaratma programlarina katkida
bulunan bu konudaki bulgular ve ¢alismalar diinya enerji gilivenligini arttirmakta, Ukrayna devletinin
yenilenebilir enerji alaninda giivenilir uluslararasi partner olarak imajini kuvvetlendirmektedir

Anahtar Kelimeler: Yenilenebilir enerji, Alternatif enerji, Gii¢, Ukrayna.

THE ACTUAL PROBLEMS AND DEVELOPMENT PROSPECTS
OF RENEWABLE ENERGY IN UKRAINE

Nataliia Rebenok
Department of Economic Theory and Business Economics / Chernihiv State
Technological University, sonata_35@mail.ru

In 1973 oil crisis was the impetus for the use of renewable energy and introduction of energy-
conserving technologies in the west. Ukraine belongs to energy deficient countries and the issue of alternative
energy is very important. Taking into account the potential and resource capabilities of each region of Ukraine,
the country has organizations and institutions that successfully implement the project development, scientific
research and practical realization in the field. Solar power in Ukraine has great potential and increases growth
rates. The country has favorable geographical location, raw materials inventory, experience, technical and
technological developments for the use of solar energy. Promising technology for renewable energy in Ukraine is
wind power. Wind energy resources are technically and economically justified for the development of 40% of the
country. The program designed for the construction of wind farms is intended for the commissioning of power 1800
- 1900 MW by 2020. In the period of 1991-2009 in the country there was established about 1170 wind — power
plants with capacity up to 10 kW.
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Geothermal is formal resources of Ukraine and it is one of the promising renewable energy resources. In
1991 it was launched a project aimed at creating in the Crimea Tarkhankut GeoTPP and in the Lviv region —
Mostiska binary GeoTPP (design capacity of 100 and 10-15 MW).Promising areas for the use of geothermal
resources of the average potential are Crimea, the Carpathians, Lviv and Ivano-Frankivsk, Chernihiv, Poltava,
Sumy, Kharkiv region. According to geological data favorable features of geothermal pools are in the
Carpathians, Transcarpathia, regions of the Crimea, Poltava and Chernihiv region.

State program of promotion to use the renewable energy sources, suggests to use of geothermal energy
to 250 MW in 2020, the establishment of experimental binary geothermal power plants with total capacity of 1,5
MW on the basis of abandoned oil wells.

Conclusion. The results of the analysis of using new technologies based on world experience have
shown that regions of Ukraine have the potential to develop renewable alternative energy. The priority is —
improving the ecology and reducing dependence on energy imports.

Suggested methods and ways of further development of the renewable alternative energy:

» geological survey research;

« using the potential of qualified professionals in Ukraine and abroad,;

» the implementation of innovation policy;

« investment attraction of regions;

« integration of enterprises in economic zones into the territorial complexes;

» flexible policy of the customs regime and taxation;

» using the potential of skilled professionals, scientists.

The studies and findings in this field contribute to the development of academic, university and industry
science and technology capacity-building programs in the country to raise the level of global energy security,
strengthen the international image of the Ukrainian state as a reliable international partner in the field of
renewable alternative energy.

Key Words: Renewable Energy, Alternative Energy, Power, Ukraine.

LURESTAN BOLGESININ (GB iRAN) JEOKIMYASAL DENESTIRMELERI VE
PETROL REZERVUAR, KAYNAK KAYA VE SARKAN PETROL YATAKLARI
PETROL SIZINTISININ DEGERLENDIRILMESI

Manouchehr Daryabandeh' ve Farid Tezheh’
" NIOC Arama Miidiirligii, Jeokimya Béliimii, Tahran, Iran, mdaryabandeh@yahoo.com,
2 NIOC Arama Miidiirliigii, Jeokimya Béliimii, Tahran, Iran.

Sarkan petrol yatagi Lurestan bolgesindeki Zagros Dag kusaginda yer alir. Kaynak tespiti igin Ust
Kretase Sarvak rezervuari, Garau Formasyonu (Erken - Orta Kretase) ve bitigigindeki petrol sizintisindan
sistematik Ornekleme yapilarak petrol-petrol ve petrol-kaynak denestirmeleri i¢in jeokimyasal olarak analiz
edilmistir. Olusturulan iiggen diyagram Sarvak rezervuari petrolunun ve Garau drneklerinden ayirtlanan bitumen
parafinik tipte iken sizintinin naftenik kimyasal bilesimde oldugunu gostermistir. Bu durum Sarvak petroliiniin
ve Garau kaynak kayasimn yiiksek olgunluga sahip ve biyodegredasyona maruz kalmadiklarini gosterir. Sizinti
petroldeki agir bilesiklerin baskinligi, parafin bilesiklerini uzaklastiran biyodegredasyon sebebi iledir. Pristan —
pitan oranlari, PR/NC17-PH/NC18, terijen/sulu orani, yildiz diyagramu ve jeokimyasal veriler, Sarvak rezervuari
petroliiniin Garau kaynak kayasindan tiiredigini gdstermektedir. Bu alg (Tip II Kerojen) igerikli kaynak kaya
indirgen bir ortamda ¢okelmigtir. C27, C28 ve C29 steranlarinin tiggen diyagrami, c29/c30 hopan — C35S/C34S
hopan, metildibenzoitofan orani, dibenzoitofan (MDBTS/DBT), phenanthrene miktar1, durayli karbon izotopu ve
diger jeokimyasal parametrelerin tiimii Sarval petrol ve sizinti petroliin, diisiik bir enlemde tropic iklimde
¢okelen Garau karbonatlarindan tiiredigine igaret eder. C19°dan C30’a kadar mevcut bulunan trisiklik terpanlar,
yaygm trisiklik trepan orani (ETR), oleanan-oleanan+hopan orami, C28/C29 steran oranlari Alt Kretase nin
Garau karbonatlarini teyit eder.

C32-hopan 22S(22S+22R) - C29-steran 20S/(20S+20R), metilfenantren indeks-1 (MPI-1) ve
jeokimyasal parametreler petroliin yiiksek olgunlugunu gosterirken, kaynak kaya ve sizinti petroliin heniiz
baslangi¢ asamasinda olduklarna isaret eder.

Anahtar Kelimeler: biomarker, karbon izotop, Garau kaynak kayasi, Sarvak rezervuari, Sarkan petrol yataklar,
Lurestan.
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THE GEOCHEMICAL CORRELATION AND EVALUATION OF RESERVOIR
OIL, SOURCE ROCK AND OIL SEEP IN SARKAN OILFIELD, LURESTAN
AREA, SW OF IRAN

Manouchehr Daryabandeh' and Farid Tezheh?
" Geochemistry Department, NIOC Exploration Directorate, Tehran, Iran, mdaryabandeh@yahoo.com,
* Geochemistry Department, NIOC Exploration Directorate, Tehran, Iran.

The Sarkan oilfield is located in the Lurestan Area of the Zagros mountian ranges. In order to determine
the source rock, oil samples from the Upper Creataceous Sarvak reservoir, sytematically collected samples from
the Garau Formation (Early Cretaceous-Middle Cretaceous) and an oil sample from an adjacent oil seep have
been examined geochemically for oil-oil and oil-source rock correlation. The triangular diagram developed
suggested that the chemical composition of Sarvak reservoir oil and the bitumen extracted from the Garau
samples were paraftinic type, whereas the oil seep was naphthenic oil. This approves that, Sarvak oil and Garau
source rock are having high maturity and were not exposed to biodegradation. Domination of heavy compounds
in seep oil is due to biodegradation which removed paraffinic compounds. Pristane to phytane ratio, PR/NC17
versus PH/NCI18, terrigenous/aquatic ratio (tar), star diagram (GC parameters) and finally geochemical data, all
show that the Sarvak reservoir oil has been derived from the Garau source rock. This Algae (Kerogen Type II)
bearing source rock was deposited in a reducing envoironment. Triangular diagram of C27, C28 and C29
sterane, C29/C30 hopane versus C35S/C34S hopane, methyldibenzothiophene ratio to dibenzothiophene
(MDBTS/DBT) versus dibenzothiophene to phenanthrene ratio, stable carbon isotope (613C) and other
geochemical parameters all show that Sarvak oil, and seep oil are generated from Garau carbonates, which was
deposited in a tropical environment at low latitudes. Presence of tricyclic terpanes in C19 to C30 vicinity,
extended tricyclic terpane ratio (ETR), oleanane to oleanane+hopane ratio, C28/C29 sterane ratios all confirm
that the source rock of studied oils is Garau carbonates of the Lower Cretaceous.

C32-hopane 22S/(22S+22R) versus C29-sterane 20S/(20S+20R), methylphenanthrenes index-1 (MPI-
1), and the geochemical parameters show high maturity of the oil, whereas source rock and seep oil being in the
beginning of oil window.

Key Words: Biomarker, carbon isotope, Garau source rock, Sarvak reservoir, Sarkan oilfield, Lurestan.

MUSUL BLOKU PETROL YATAKLARI GELISTIRME TEKNIiKLERININ
TEKTONOSTRATIGRAFIK CALISMALARI VE GRAVITE ETKISi

Marwan Mutib Faris' ve Haji Yousif Abdulrahman’

"Musul Universitesi, Irak,
*Zakho Universitesi, Irak.

Caligma alam Musul’un batisinda, Irak’in kuzeyinde yeralir. Doguda Tigris nehri, batida Sinjar, Baaj ve
Al-Hadler bolgeleri, kuzeyde Suriye siir1 ve giineyde Al-Shirgat bolgesinin arasindadir. Tektonik olarak, asili
on-iilke havzasi i¢inde -—antiklinal eksenlerinde agilan derin petrol arama kuyu sonucu yapilan onceki
tektonostratigrafik denestirmelere dayanarak- ikincil bloklar1 da igeren bir alanda konuslanmustir. Merkezi
Atshan antiklinali olmak tizere izlenen gravite yiiksekligi birgok antiklinal yapilarmin (Allan, Shaikh -Ibrahiem,
Sasan, Ishkaft, Gusair, Ain-Zalah, Butma, Rafan, Atshan, Nwaigit, Qlaian, Adaya and Najma) yiizeyleri boyunca
izlenir. Gravite haritasi ortalama net gravite degerlerini igeren 30, 20, 10 ve 3 km’lik boliimlere ayrilmistir.
Birinci ve ikinci araliklarin ikincil gravite alan 6zellikleri hakkinda detay bilgi vermedikleri, iigiincii araligin
yanlizca biyiik gravite Ozelliklerini gosterirken dordiincii araligin bu ¢alisma amacina en uygun oldugu
sonucuna varilmustir. Ikincil blok ve faylarin belirlenmesine yonelik olarak ¢ok ¢esitli metodlarda (jeokriging,
modifiye Shepard's., dogrusal interpolasyonla triangiilasyon, yumusak interpolasyon, matematik fark, birincil
yonlii derivasyon, dogrusal konvoliisyon filtreleri) zenginlestirme haritalar1 iiretilerek onceki tektonostratigrafik
caligmalarla denestirilmistir. Sonugta Musul blokunun 120 km uzunlugunda ve 60 km genisliginde devasa bir
kiitle olup, Zagros trendi ile bir giiney bloga ve dogrultu atimh bir fay ile (kuzeydeki antiklinal eksenlerinin KB-
GD’dan D-B’ya dénmelerini agiklayarak) Toros trendi olarak kuzey bloga ayrildigi goriilmiistiir. Bu ¢alisma 6te
yandan petrol barindiran 20 x 15 km’lik Ain Zala, 20x10 km’lik Rafan-Butma, 10x4 km’lik Gusair ve 15 km
genisligindeki Iskaft ikincil bloklarmi da hassas bir sekilde ortaya koymustur. Yine Adaya ve Sheikh Ibrahiem
bloklari 60 x 20 km boyutlarinda tek bir yapi, Allan bloku 10 km genislikte, Qlaian, Atshan ve Nuigit bloklart
her biri 45 km genisliginde biiyiik yapilar olarak gdzlenmislerdir. Nihai olarak Najma (tahmini giinliik tiretim
200.000 varil/giin) bloku 10 x 20 km ve Mishraq bloku (kiikiirt {iretim alan1) 10 km genisliginde tespit edilmistir.

Anahtar Kelimeler: Gravite, Musul.

104



64. Turkiye Jeoloji Kurultay: 25-29 Nisan 2011

GRAVITY SIGNATURE OF TECTONOSTRATIGRAPHIC STUDIES FROM THE
ENHANCEMENT TECHNIQUES IN MOSUL BLOCK OILFIELDS

Marwan Mutib Faris' and Haji Yousif Abdulrahman®

"Mosul University, Iraq.
*Zakho University, Iraq.

The study area lies in the northern part of Iraq to the west of Mosul. It is surrounded by Tigris river to
the east, Sinjar, Baaj and Al- Hadher areas to the west, Syrian border to the north and Al- Shirgat area to the
south. Tectonically, the study area locates within foothill subzone (Suspended Foreland Basin) including
secondary blocks suggested by a previous tectonostratigraphic correlation based on deep oil exploration wells
lying on the crests of the anticlinal structures.The study area is covered with a gravity high which its centre
locates near Atshan anticline and extends over many anticlinal structured surfaces (Allan, Shaikh -Tbrahiem,
Sasan, Ishkaft, Gusair, Ain-Zalah, Butma, Rafan, Atshan, Nwaigit, Qlaian, Adaya and Najma). So The gravity
map were divided into gridding net of the gravity values with spacing intervals of 30 Km, 20Km , 10Km and
3Km. It is indicated that the first and second intervals are not giving details about the secondary gravity field
features, the third interval showed only large gravity features but the fourth interval is the best choice to verify
the aim of the present study. The different enhancement maps(Geokriging, Modified Shepard’s. Triangulation
with linear interpolation, Smoothing interpolators, Mathematic difference, First directional derivatives, Linear
convolution filters) have been correlated with previous tectonostratigraphic studies for identifying the gravity
signature of secondary blocks and faults. The present study indicates that the Mosul block reflects a huge mass
of 120 Km length and 60 Km width which is divided into a southern block with Zagros trend and a northern
Taurus trend by a strike-slip fault explaining why the anticlines changing their axes orientations from NW-SE of
the southern one to E-W on the northern. On the other hand, this study delineated, precisely, the secondary
blocks such as Ain Zala oil bearing block with length of 20 Km and width 15 Km. Rafan-Butma block is 20 Km
length and 10 Km width. Gusair block is 4 Km width and 10km length. Ishkaft block is 15 Km width and
unknown length. Adaya and Sheikh Ibrahiem blocks are seemed to be as one block with length of 60 Km and
width of 20 Km Allan block is 10Km width and unknown length. The Qlaian, Atshan and Nuigit blocks are
considered large features having each of them length and width of 45 Km. Finally, The petroleum Najma
block(estimated production is 200000 bl/day) is 10km width and 20km length, and Mishraq block (containing
the sulphur producing area) is 10 Km of length and width respectively.

Key Words: Gravity Signature, Mosul.

OMER-GECEK HAVZASININ (AFYONKARAHISAR) JEOTERMAL
YAPISININ MANYETOTELLURIK VE DOGRU-AKIM OZDIRENC
YONTEMLERI ILE BELIRLENMES]

Erhan Erdoganl’z, Ahmet Yildiz', Mehmet Emin Candansayarz, Metin Bagml,

Can Basaran', Yusuf Ulutiirk®, Ergiin Tiirker' ve Feyzullah Conkar'
" JUAM, Afyon Kocatepe Universitesi, Jeotermal Mineralli Sular ve Maden Kaynaklar Aras. ve Uyg.
Merkezi, 03200, Afyonkarahisar, Tiirkiye, eerdogan@eng.ankara.edu.tr,
2 Ankara Universitesi, Miihendislik Fakiiltesi, Jeofizik Miihendisligi Boliimii, 06100, Ankara, Tiirkiye,
SAFJET, Afyon Jeotermal Tesisleri Turizm, Sanayi ve Ticaret Anonim Sirketi.

Omer-Gecek havzasi, Afyonkarahisar ve Bati-Anadolu’nun en dnemli jeotermal bolgelerinden biri olup,
Afyonkarahisar ilinin 18 km kuzey-batisinda yer almaktadir. Bélgede, Maden Tetkik Arama Genel Midiirligii
(MTA) ve o6zel kuruluglar tarafindan agilmis olan ¢ok sayida sondaj kuyusu bulunmaktadir. Bu kuyulardan
iiretilen jeotermal sular, seralar ve il merkezinde bulunan yaklasik 7000 konutun 1sitilmasinda ve birgok turistik
tesiste saglik ve turizm amagli olarak kullanilmaktadir. Afyonkarahisar ilinde jeotermal sektore yonelik olarak
yapilan yatirimlarin boyutu giin gegtikge artmakta olup Omer-Gecek havzasimin jeotermal yapisinin belirlenmesi
i¢in yapilan ¢alismalar biiyiik 6nem tagimaktadur.

Bolgenin jeotermal modelinde, Miyosen yash volkanik kayaglar 1sitict kayaci, Paleozoik yash kalksist
ve mermerler rezervuar kayaci ve Miyosen yash sedimanter kayaclar ise ortii kayaci olusturmaktadir. Bolgede
hakim olan genislemeli tektonigin etkisi ile KB-GD y&nlii normal fay sistemi ve bunu verevine kesen tali faylar
olusmustur. Meteorik sular bu fay hatlari boyunca daha derinlere inerek 1sinmis, yine ayni faylar boyunca
yiikselerek jeotermal kaynaklart olusturmustur.
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Bu caligmanin amaci, Omer-Gecek havzasinin jeotermal yapismin ortaya ¢ikarilmasidir. Bu amagla
Afyon Kocatepe Universitesi, JUAM Miidiirliigii tarafindan yiiriitilen ve AFJET A.S. tarafindan desteklenen
proje kapsaminda bdlgenin jeolojik dzellikleri ve tektonik yapisi gbz oniinde bulundurularak KB-GD dogrultulu
profil hatti boyunca Manyetotellirik (MT) ve Dogru-Akim Ozdireng (DAO) dlgiileri alinmistir. Ayrica MT
Olgtilerinde goriilen duragan kayma (static shift) etkisini gidermek amaciyla, tiim MT istasyonlarinda Gegici
Elektromanyetik Yontem (TEM) 6lgiileri alinmustir. Olgiilen DAO ve MT verilerinin verilerin 6n veri islemi
tamamlandiktan sonra ayri ayri iki boyutlu (2B) ters ¢6ziimleri yapilmistir. Her iki yontem igin elde edilen 2B
ozdireng modelleri kullanilarak havzanin jeotermal yapisi 10 km derinlige kadar belirlenmeye ¢aligilmistir. Elde
edilen 2B yer elektrik kesitlerinin degerlendirilmesi ile degisik noktalarda sondajlar 6nerilmistir. Bu noktalardan
birinde yapilan sondaj ¢aligmalarinda elde edilen sonuglar, yer elektrik kesitlerinden elde edilen bilgiler ile uyum
icerisindedir. Calismanin devaminda tamamlanan profil hatlarina paralel profillerde 6lgiiler alinarak havzanin iig
boyutlu (3B) 6zdireng modelinin ortaya ¢ikarilmasi amaglanmaktadir.

Anahtar Kelimeler: Afyonkarahisar, Omer-Gecek, Jeotermal, Manyetotelliirik, Dogru-Akim Ozdireng.

INVESTIGATING THE GEOTHERMAL STRUCTURES OF OMER-GECEK BASIN
(AFYONKARAHISAR) USING MAGNETOTELLURIC AND DIRECT CURRENT
RESISTIVITY METHODS

Erhan Erdogan'?, Ahmet Yildiz', Mehmet Emin Candansayar’, Metin Bagcr',

Can Basaran', Yusuf Ulutiirk®, Ergiin Tiirker' and Feyzullah Conkar'

! JUAM, Research Center of Geothermal-Mineral Waters and Ore Deposits, Afyon Kocatepe University, 03200
Campus of A.N.Sezer, Afyonkarahisar, Turkey, eerdogan@eng.ankara.edu.tr,
?AnkaraUniversity, Engineering Faculty, Department of Geophysical Engineering, 06100, Ankara, Turkey,
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Omer-Gecek basin is one of the most important geothermal area in the Western-Anatolia and it is
located 18 km north-west to Afyonkarahisar. There are a lot of wells around the area which are drilled by
General Directorate of Mineral Research and Exploration (MTA) and the other commercial companies. The
geothermal waters from these wells are used in heating of greenhouses and also about 7000 houses in the city
centre and for the purpose of tourism and health in hotels. The investments for geothermal resources are
increasing day by day in Afyonkarahisar so investigating the geothermal structure of Omer-Gecek basin come
into prominence every day.

The geothermal model of the area consists of Miocene aged volcanic rocks as heating rock, Paleozoic
aged calcschist and marbles as reservoir rock and Miocene aged sedimentary rocks as cover rock. The
extensional regime prevailing in the region has resulted in the formation of NW-SE trending normal faults and a
number of secondary faults cutting across them. Meteoric waters flow through these faults to the deep levels of
earth, get warm and rise through these faults issuing at the surface as geothermal springs.

The aim of this work is to reveal the geothermal structure of the Omer-Gecek basin. With this purpose,
magnetotelluric (MT) and direct current resistivity (DCR) measurements are acquired along NW-SE profile
based on geological properties and tectonic structures of investigated area. Also transient electromagnetic (TEM)
measurements are acquired on the each MT station for static shift correction. All of this work is conducted by
Afyon Kocatepe University, the directory of JUAM and supported by AFJET Company. After the pre-process of
the measured MT and DCR data, 2D inversion is applied to these data sets individually. Geothermal structure of
the Omer-Gecek basin, up to 10 km depth, is determined using 2D resistivity models of the basin. The various
drilling locations are also proposed using the 2D resistivity models. The preliminary results from these drilling
activities are in conformity with the findings from 2D resistivity models. In the further studies, MT and DCR
measurements will be acquired on the parallel lines to the completed profile to determine the three dimensional
(3D) resistivity model of the area.

Key Words: Afyonkarahisar, Omer-Gecek, Geothermal, Magnetotelluric, Direct Current Resistivity.
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DIYADIN JEOTERMAL SAHASININ DUNU VE BUGUNU

Fatih Ucgiin' ve Emrullah Ersingiin
! Jeoloji Miihendisi, Detay Proje Miihendislik Mimarlhk Ltd. Sti., Agr1, Tiirkiye, Sfatihucgun@gmail.com,
%Jeoloji Miihendisi, Agri Il Ozel Idaresi, Emlak ve Istimlak Miidiirliigii, Agri, Tiirkiye.

Temiz alternatif enerji kaynaklarindan jeotermal kaynaklarin 6nemi hem diinyada hem de tilkemizde
giin gectikge artmaktadir. Fosil yakitlarin titkenebilirligi, petrol fiyatlarinin siirekli bir artis ig¢inde olmasi,
dogalgaz, komiir, uranyum fiyatlarinin petrol gibi artmasi alternatif enerji kaynaklarinin 6nemini arttirmigtir.
Alternatif enerjiye olan egilim iilkemizde de artmakta olup yenilenebilir 6zelligi ile dikkatleri tizerine g¢eken
jeotermal kaynaklara olan ilgi de artnugtir.

Ulkemizde ozellikle Ege bolgesinde yogunlukta olan jeotermal kaynaklar doguda da Agri, Van,
Erzincan ve gevrelerinde goriilmektedir. Bu ¢alismada Dogu Anadolu Bolgesinin 6nemli sahalarindan biri olan
Diyadin Jeotermal Sahasi {izerinde durulmustur. Calisma kapsaminda Diyadin jeotermal sahasimn diinii ve
bugiinii arasinda bir Kkarsilagtirma yapilarak yapilan yatirimlar ve bu yatimmlarm mevcut durumu
degerlendirilmistir. Ayrica bdlgeye yapilan yatirimlarm kaynak iizerine etkileri ve kaynagin durumuyla ilgili
degerlendirmeler yapimistir.

Diyadin jeotermal sahast Agri ilinin 59 km dogusunda ve Diyadin il¢esinin 5 km gilineybatisindadur.
Saha; Kuzeyde ilce merkezi, Giineyde Kugburnu koyt ile Yukar: Daldren Koyi, doguda Boyalan ve Davut
koyleri, batida ise Tasbasamak ve Ulukent kdyleriyle gevrilen alan igindedir. Kaynagm olusumunun, yapilan
caligmalara gore, bolgenin aktif tektonik yapisi ile iligkili oldugu tespit edilmistir. Bu durumu; alanda bulunan
kuzey-giiney yonlii yapilar boyunca izlenen kaynak ¢ikislart dogrulamaktadir. Diyadin Jeotermal Sahasinda ilk
olarak 1997 yilinda MTA tarafindan jeotermal enerji arama projesiyle ¢aligmalar baslatilmistir. Yapilan
arastirmalar neticesinde sondaj ¢alismasi yapilmasma karar verilmis ve ilk olarak 1998 yilinda MT98-1 ve
MT98-2 nolu sondaj kuyulart agilmistir. MT98-1 no’lu kuyu 129 m agilmis olup, 150 It/sn debide olan artezyen
kuyu 6zelligindedir. MT98-2 nolu kuyu yiiksek su ve gaz basinci nedeniyle ancak 77 m agilabilmistir. Bu
kuyulardan ortalama 75°C sicakliginda su elde edilmistir. Bu ¢aligmalardan sonra MTA tarafindan 4 adet kuyu
daha acgilmis ve bu kuyularda en fazla 215m derinlige inilebilmis ve en yiiksek 78°C sicakliga ulasilabilmistir.
Yapilan bu ¢aligmalar neticesinde Diyadin jeotermal sahasinda entegre bir tesis gelistirilmesi diistiniilerek bir
proje tasarlanmistir. Bu proje kapsaminda bélgede 4 yildizli termal otel, 400 konutluk merkezi sehir 1sitmasi, ilk
etapta genisligi 10 m ve uzunlugu 30 m olan 8 adet sera kurularak seracilik yapilmasi, stvilastirilmis CO, ve kuru
buz tesisi yapilmasi planlanmigtir. Bu proje 1998 yilinda baslatilarak biiylik kismui tamamlanmis ve otel, 1st
merkezi, sera ve kuru buz tesisi faaliyete hazir hale getirilmistir. Ancak bu tesislerdeki eksikliklerden dolay1 1s1
merkezi 150 konut 1sitma faaliyete girmis, CO, ve kuru buz tesisi ¢ok az miktar iiretim yapabilmis, seralar ise
kiigiik bir miktar sebze iiretimi yapabilmistir. Bugiin bu tesislerin hemen hepsi islevlerini yitirmis durumda olup
faal olarak calisan sadece 1s1 merkezi kalmugtir. Projenin mevcut durumu degerlendirildiginde; 1s1 merkezi,
istenilen tam kapasiteye ulagtirilamamugtir ve 1s1 merkezini besleyen {i¢ kuyudan sadece bir tanesi calisir
durumdadir. Seralar; bolge sartlarina uygun yapilmadigindan dolayr bugiin tamamen yok olmus durumdadir.
CO, ve kuru buz tesisi; jeotermal kaynaZin igindeki yiiksek kiikiirt oran1 dikkate alinmadan yapildigindan
sektordeki baska bir firmaya satilmis ve firma da kiikiirdii seyreltecek sistemi eklemektense fabrikay: tamamen
sokiip farkli bir bolgeye gotiirmeyi tercih etmistir. Termal turizm amach yapilan dort yildizli otel bu 6zelligini
tamamen kaybetmis olup 2. sinif bir pansiyon gérevi gérmektedir.

Sonug olarak; Diyadin jeotermal sahasinda yapilan ilk arastirmalara gore 6nemli bir kaynak oldugu
anlasiimis ve entegre bir sistemin stabil bir sekilde ¢alisacagi diistiniilmiistiir. Bunun {izerine yapilan Diyadin
entegre jeotermal projesi tam anlamiyla tamamlanamadigindan ve alian yanhs kararlardan dolayr yok olmustur.
Bugiin Diyadin Jeotermal Sahasi, yanlis uygulamalar ve kaynagin dogru kullamlmamasindan dolayr bozulma
ve/veya yok olma tehlikesi altindadir.

Anahtar Kelimeler : Diyadin, Jeotermal, Entegre Tesis.

PAST AND PRESENT OF DIYADIN GEOTHERMAL AREA

Fatih Ucgiin' and Emrullah Ersingiin’
! Jeoloji Miihendisi, Detay Proje Miihendislik Mimarlik Ltd. §ti., Agri, T iirkiye, fatihucgun(@gmail.com,
?Jeoloji Miihendisi, Agri Il Ozel Idaresi, Emlak ve Istimlak Miidiirliigii, Agr1, Tiirkiye.

The importance of clean alternative energy sources, geothermal resources, both in the world and in our
country is increasing day by day. Limited sources of fossil fuels, a steady increase in oil, natural gas, coal and
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uranium prices have increased the importance of alternative energy sources. Alternative renewable energy is a
growing trend in our country with a considerable interest in geothermal resources.

Geothermal resources are especially widespread in Aegean region of Turkey, but also they are seen around
Van, Erzincan and Agri. This study is focused on the Diyadin Geothermal Field which is one of the major oil
fields in the Eastern Anatolia Region, A comparison is made between the past and the current status of the
investments in the Diyadin geothermal field, along with the assessment of their effects. on the geothermal
resource.

Geothermal area is located at 59 km east of the province of Agri and 5 km southwest of the town of
Diyadin. The Field is bounded by the town center in the north, Kugburnu and Yukar1 Daléren villages in the
south, Boyalan and Davud villages in the east, and Tasbasamak and Ulukent villages in the west. According to
previous studies the formation of the source in theregion is associated with active tectonic structure. This is
confirmed by the natural springs issuing through the north-south trending structures. MTA started work in the
region of Geothermal Field Diyadin in 1997 as a search for geothermal energy project. On the basis of the
findings of these studies, the first drilling operation was perormed in 1998 with the wells, MT98-1 and MT98-2.
Well no. MT98- was a 129 m deep artesian well with 150 1/ sec flow rate. Well no. MT98-2, could be opened
down to a depth of 77 m because of high water and gas pressure. The average temperature of water obtained
from these wells was 75° C. After these studie, MTA, opened 4 more wells with a maximum depth of 215m and
the highest temperature of 78° C. As a result of these studies, it was decided to develop a project for an
integrated plant in the Diyadin geothermal area. Withn the scope of this project, it was planned to establish 4-star
thermal hotel, a central heating system for 400 houses, 8 greenhouses with 10 m x 30 m dimension, and a plant
for the production of liquefied CO2 and dry ice. This project was started in 1998, launching a large part of the
hotel, central heating system, dry ice plant and greenhouses ready for operation. Because of technical
defficienses, however, only 150 residential heating was put into operation, and only very small amounts of
liquified CO2, dry ice and vegetable production (from greenhouses) could be managed. Today, this facility has
lost almost all the functions, only the central heating system has been working actively. Considering the current
status of the project, central heating system has not reached, the desired full capacity and only one of three wells
is in operation. Greenhouses are completely destroyed today due to lack of appropriate conditions. Regarding the
CO; and dry ice plant, since the high sulfur content of the geothermal resource was not taken into account, the
company was sold to another company in the industry and the new company constrructed the plant in another
region. The four-star hotel, constructed for thermal tourism purposes, has been degraded and now it serves as a
second class boarding house.

In conclusion, based on the results of the first exploration project, the geothermal field of Diyadin was
decided to be an important resource and it was thought that an integrated system will operate in a stable manner
in the field. However, this integrated geothermal project of Diyadin has been literally destroyed due to
incomplete and wrong decisions. Today, Diyadin geothermal resource area is at risk of extinction because of the
wrong practices.

Key Words: Diyadin, Geothermal, Integrated Facility.

TERMOJEOLOJI VE YER KAYNAKLI iKLIMLENDIRME UYGULAMALARI

Nihat Dipova
Akdeniz Universitesi, Insaat Miihendisligi Boliimii, Dumlupiar Bulvari,
Antalya, Tiirkiye, ndipova@akdeniz.edu.tr.

Termojeoloji normal sicaklik kosullarinda yeraltinda depolanan 1s1y1 (yer kaynakli 1s1) konu alir. Bu
baglamda; diisiik entalpili 1sinun (<30°C) si1g derinliklerde (<200 m) olusumu, hareketi ve elde edilmesi
termojeolojinin ugras alanidir. Termojeolojide jeolojik malzemelerin 1s1y1 ne kadar iyi depolayabildigi (hacimsel
1s1 kapasitesi) ve iletebildigi (1s1l iletkenlik) iki onemli parametredir. Yer altindaki 1simin kullanma amach
yeryliziine taginmasi 1s1 pompalari ile miimkiin olur. Ist pompalari 1siy1 iiretmek yerine tasimay:1 amaglar. Bunun
i¢in de 1s1nin alinacag: bir 1s1 ¢ukuruna ihtiyag¢ vardir. Klasik iklimlendirme uygulamalarinda 1s1 ¢ukuru olarak
hava kullanilmaktadir. Hava kaynakli cihazlarin verimleri diigiik oldugundan sicakligr géreceli olarak sabit kabul
edilebilen yer kaynaklar: (toprak ve su) tercih edilmektedir. Yer kaynaklar1 kigin havadan daha sicak, yazin ise
daha soguktur. Baska bir deyisle; yer kaynaklart kigin bir 1s1 kaynagi, yazin ise bir 1s1 ¢ukuru olarak davranr.
Isitma modunda 1s1, toprak-1s1 degistiricisine baglanan devrede dolagan akiskandan 1s1 pompasi (yer kaynakl 1s1
pompasi) ile gekilir. Yer kaynakli 1s1 pompalarinin (YKIP) ilk uygulamalari 1930 lara kadar uzanmasina ragmen
yayginlasmast 1990’1 yillarda olmustur. Enerji fiyatlarindaki artig, hava kaynakli 1s1 pompalarinm verim
dusukligi, giiriiltii ve estetik sorunlari gibi nedenler bunda etkili olmaktadir.
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Yer kaynagindan 1s1 transferi yeraltisuyundan ve dogrudan topraktan olmak tizere 2 sekilde yapilir.
Yeralt1 suyu sistemden gegirildikten sonra tekrar topraga verilmekte veya desarj edilebilmektedir. Bu amagla
mevcut su kuyulari da kullanilabilmektedir. Topraktan dogrudan 1s1 transferi yapan sistemlerde ise kapali bir
boru demeti (1s1 degistiricisi) toprak i¢ine gomiiliir. Gémiilii borularda dolasan akiskan sistem igerisinden
gecerek kapali bir devre olusturur. Yatay ve diisey olarak 2 sekilde uygulanir. Dikey uygulama kiigiik ¢aptaki
polietilen tiiptin, dikey olarak acilan bir kuyuya yerlestirilmesi ile yapilir. Yiizey ile karsilagtirildiginda
derinlerde toprak sicakligi daha stabildir. Bu nedenle daha verimli olmasina ragmen, ilk yatirim maliyeti fazladur.
Yatay uygulamada ise 1s1 degistirici borular en az 1-2 m derinlikte hendeklere yerlestirilir. Her iki uygulamada
da dogal toprak materyalinin 1s1 iletkenliginin 1s1 degistirici boyuna etkisi vardir. Eger dogal toprak dolgusu iyi
bir iletken degilse; yapilan sondajlar veya kazi igine 1s1l olarak iyi dolgu malzemesi doldurularak boru boyu
digtriilebilir. Geri dolgunun yogunlugunun artirilmast da 1sil iletkenligi artiracaktir. Son yillarda degisik
alternatif uygulamalar gelistirilmektedir. Ornegin temel kaziklarinin kendisi veya imalat sirasinda igine
yerlestirilen 1s1 degistirici borular yardimi ile yer kaynakli 1s1 elde edilmektedir. Termojeoloji konusunda diger
bir uygulama da termik enerjinin yeraltinda depolanmasidir. Bu yaklagimda enerjinin bol oldugu dénemlerde
termik enerji akiferlerde veya jeolojik formasyonlarda depolanmakta ihtiyag oldugunda da kullanilmaktadir.
Ornegin kigin soguk su yeraltinda depolanarak yaz aylarinda sogutma amagl kullanilabilmektedir. Termik
santrallerin ve sanayi tesislerinin atik sicak suyu da yine yeraltinda depolanarak kigin 1sitma amacgh
kullanilabilmektedir.

Dogal zeminin 1s1l iletkenligi, gomme derinligi, kazi/sondaj boyutu ve geri dolgu malzemesinin
iletkenligi bir YKIP tasarimint etkileyen etmenlerdir. Zeminlerin 1s1l iletkenligi mineral icerigine, yogunluga ve
nem igerigine bagl olarak degisir. Sondaj, kazi, dolgu ve malzeme sec¢imi gibi jeoloji mithendisligini dogrudan
ilgilendiren konular bir YKIP uygulamasinin 6nemli bilesenleridir. Bu g¢aligmada; gerek tasarim gerekse
uygulama asamalarinda jeoloji miihendisligi mesleginin katkisina gereksinim duyulan bir ¢aligma alanindaki
gelismeler aktarilacak, yeni uygulamalardan 6rnekler verilecektir.

Anahtar Kelimeler: Isil iletkenlik, iklimlendirme, termojeoloji, YKIP.

THERMOGEOLOGY AND GROUND SOURCE HEATING-COOLING
APPLICATONS

Nihat Dipova
Akdeniz Universitesi, Insaat Miihendisligi Béliimii, Dumlupinar
Bulvari, Antalya, Tiirkiye, ndipova@akdeniz.edu.tr.

Thermogeology is the study of ground source heat: the heat that is stored in the ground at normal
temperature. Interest areas of thermogeology are the study of the occurrence, movement and exploitation of low-
enthalpy heat (<30°C) in the relatively shallow geosphere (<200 m). In thermogeology two parameters are
important: how much a geological material can store (volumetric heat capacity) and conduct (thermal
conductivity) heat. The heat below the ground surface can be transferred to the surface for usage by means of
heat pumps. Heat pumps aim to transfer the heat instead of to produce. Therefore a heat sink is needed to take
heat. In classical heating-cooling applications air is used for heat sink purpose. Because efficiency of air source
systems is relatively low, ground sources (water and soil) in which heat is relatively more stable, are preferred.
Ground sources are warmer in winter and cooler in summer compared to the air. In other words, ground source
are heat source in winter and heat sink in the summer. In heating mode, heat is extracted from fluid which flow
in the loop connected to soil heat exchanger by using a heat pump (ground source heat pump). However history
of ground source heat pumps (GSHP) goes down to 1930’s, it become common after 1990’s. Rise in energy
costs, low efficiency of air source heat pumps, noise and aesthetic problems gave rise to this trend.

Heat transfer from a ground source can be made by two ways; from groundwater and directly from soil.
After passing the system, groundwater can be recharged to the ground or can be discharged. For this purpose
existing water wells can be used as well. In systems which transfer heat directly from soil, a pipe bundle is
buried in soil. The fluid which flows in buried pipes pass through the system and constitute a closed loop. This
can be applied vertically and horizontally. In vertical application small diameter polyethylene tubes are installed
in vertical boreholes. Compared to the surface, heat is more stable at deep. Therefore, even though it is more
efficient, first investment cost is high. In horizontal application pipes are buried in trenches at least 1-2 m depth.
In both applications, heat conductivity of earth material effects length of heat exchanger pipe. If soil backfill is
not good conductive, conductivity can be improved by backfilling the trench or borehole with good conductive
material and length of pipe can be reduced. Increase in density also improves heat conductivity of backfill
material. Recently, new alternatives have been developed. For example, ground source heat is extracted by
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means of installing heat exchanger in pile foundations. Another application in thermogeology is storage of
thermal energy underground. In this approach in seasons when energy is abundant thermal energy is stored in
aquifers or geologic formations and is used when the energy is required. For example cool water is stored
underground and is used in cooling during summer. Waste hot water of thermal electric power plants and
industrial plants are stored and used for heating during winter.

Heat conductivity of earth material, burial depth of pipes, dimension of borehole/excavation and heat
conductivity of backfill material are the controlling factors in the GSHP design. Heat conductivity of an earth
material depends on the mineral composition, density and moisture content. Drilling, excavation, landfilling and
material selection, which are directly related with geological engineering discipline, are the important steps in a
GSHP practice. In this study, an engineering work in which contribution of a geological engineer is essential
both in design and practice, will be introduced and examples of new applications will be given.

Key Words: GSHP, Heat conductivity, Heating-cooling, Thermogeology.

KUZEYBATI ANADOLU’NUN JEOTERMAL SISTEMINE
BIR ORNEK: ALLIANOI

Muharrem Alper Sengiil, Hayrettin Koral ve Elif Apaydin
Jeoloji Miihendisligi Boliimii, Istanbul Universitesi, 34320 Avcilar, Istanbul, Tiirkiye, asengul@istanbul. edu.tr

Allianoi, Bergama’min kuzey dogusunda, Bergama-ivrindi karayolu iizerinde ve Bergama yerlesim
merkezi ile sinirlanan tarima uygun topraklara sahip olan Kinik ovasma hakim alanin kuzeybatisinda Ihca-
Cimarli dereleri tizerinde yer alir. Bu bolgenin tarihsel stirecte yillar boyunca bir yerlesim merkezi olarak
giincelligini korudugu yapilan arkeolojik ¢alismalar sonucunda kanitlanmigtir.

Allianoi ve yakin ¢evresinde gozlenen en yash birim Soma formasyonuna ait bej-krem renkli yer yer
kristalize kirectas1 birimidir. Saha genelinde bu birim iizerinde uyumlu olarak Yuntdag:i volkaniklerine ait
aglomera, andezit ve tiifler yer almaktadir. Allianoi yerleskesi ve giineyindeki genis diizliikler ise dere ¢ikelleri
ve yamag doktintiileri tarafindan 6rtiilmiistiir.

Inceleme alaninda ozellikle Soma formasyonuna ait birimler 25° ye varan egime sahiptirler. Birimlerin
egimli olmalar1 bolgenin kivrimlandigini gostermektedir. Birimlerin egim kazanmalarimin bir bagka nedeni
bolgede bulunan fay hatlanidir. Allianoi ve ¢evresindeki yaklasik K-G ve D-B yénlii iki ana fay sisteminin
varligi, bu sistemlere ait diizlemler ve bresik doku, yogun silisiye zonlar ve morfotektonik yapilar vasitasiyla ile
tanimmaktadir. Bu fay sistemleri, Bati Anadolu’da Orta Miyosen sonrasi ve Pliyosen yagli Neotektonik yapisal
unsurlarla iligkilidir. Allainoi’de var olan fay hatlarimin deprem iiretme potansiyelleri net olarak bilinmemekle
birlikte, bolgedeki tarihsel deprem kayitlari Bergama ve civarim etkileyen M; IX siddetindeki depremlerin
varhgm gostermektedir.

Allianoi yerlesiminin en énemli 6zelligi bu yoredeki sicak su kaynaginin varligidir. Bélgenin jeolojik ve
yapisal 6zelliklerinin bir sonucu olarak faylarin kesisim yerlerinde dogal yolla yiizeye ulasan sicak su kaynagi
Roma doneminden itibaren rehabilitasyon merkezinde kullanilmigtir. Giiniimiizde kullanimi miimkiin olmayan
bu kaynagin MTA galismalarinda dlgiilen sicakhigi 47 °C ve debisi 1 1t/s dir.

Allianoi’de gozlenen jeotermal sistem ic¢in gerekli olan hazne kayanin Soma formasyonuna ait
karbonatlar ve Yuntdag: volkanitlerine ait piroklastikler oldugu diisiiniilmektedir. Jeotermal sistemin ortii kaya
grubu ise yine Yuntdag: volkanitlerine ait lavlardir. Bu sistemin 1s1 kaynaginin ise bolgenin kuzeybatisindaki
granitik pliitonlarla iligkili oldugu diisiiniilebilir. Bununla beraber bélgedeki fay sistemleri ve agilmaya bagh
olarak listosferde gelisen incelme ve buna bagli olarak 1s1 akisimin artisi bolgedeki jeotermal gradyanin
artmasinda 6nemli bir etkendir. Meteorik sular bu fay zonlar1 boyunca devinim saglamaktadir.

Anahtar Kelimeler: Bergama, Allianoi, Jeotermal kaynak, Neotektonik.
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AN EXAMPLE OF GEOTERMAL SYSTEM IN NORTHWEST ANATOLIA:
ALLIANOI

Muharrem Alper Sengiil, Hayrettin Koral and Elif Apaydin
Jeoloji Mithendisligi Boliimii, Istanbul Universitesi, 34320 Avcilar, Istanbul, Tiirkiye, asengul@istanbul. edu.tr

Allianoi is located NE of the town of Bergama and adjacent to the Bergama-Ivrindi highway and NW of
the cultivated farmland of the Kinik basin on the Ilica-Cinarli Creeks. This area has been a side of settlement
through historical periods as indicated by archaeological investigations.

The oldest unit that is exposed in the study area is the Soma formation has bedding inclinations up to
25°. These angles of dips indicate an epiode of folding in the region. Another reason for these inclinations is the
existence of fault zones. In the vicinity of Allionai, N-S and E-W trending two principle fault systems are
recognised by their slip planes and brecciated fault rocks, intense silicification and morphotectonic structures.
These fault systems are related to the post-middle Miocene and Pliocene age neotectonic structural features.
Although earthquake producing capability of these faults in Allianoi are not known, historical records indicate
occurrence of earthquake records up to M:IX intensity in the Bergama region.

An important feature of the Allianoi settlement site is the presence of hot springs. Formed naturally as a
consequence of geological and structural features at the intersection of these faults, the hot springs used to be
utilized for a rehabilitation purpose since the Roman times. Unusable at present, this hot springs has a
temperature of 47 °C and outflow of 1 It/sec.

For this geothermal system, the necessary reservoir rock is considered to be limestones of the Soma
formation and pyroclasts of the Yuntdag formation. The cover rocks of this system are pyroclasts and lavas of
the Yuntdag formation. Heat source for this geothermal system could be considered related to granitic plutons
lying NW of the Allianoi settlement. However the faults and associated extension in the region, consequently
thinning of lithosphere, and increased heat flow and geothermal gradient are important parameters of this
geothermal system. Faults provide circulation of meteoric water in this geothermal field.

Key Words: Bergama, Allianoi, Geothermal spring, Neotectonic.

BURSA iLi JEOTERMAL POTANSIYELI

Ali Bilgin ve Deniz Ertiirk
Jeoloji Miihendisligi Boliimii, Siileyman Demirel Universitesi, Isparta, Tiirkiye, dniz67@hotmail.com

Siileyman Demirel Universitesi kapsaminda gerceklestirilen bu ¢alismanin asil amaci, Bursa ilindeki
jeotermal kaynaklara iliskin bilgilerin derlenmesi, giincellestirilmesi ve bolgenin jeotermal enerji ag¢isindan
potansiyelinin degerlendirilmesi amaglanmistir.

Bu c¢alismanin igeriginde Bursa iline ve jeotermal alanlara ait 6zet jeoloji bilgiler verilmis ve Tiirkiye
Jeotermal Kaynaklar envanterinden yararlanilarak bu alanlara iliskin jeolojik 6zellikleri gdsteren haritalar
kullanilmigtir.

Arazi g¢alismalarinda jeotermal kaynaklara ait sicaklik, debi, ph, Eh, kuyu kullanim durumu
belirlenmistir. Ayn1 zamanda kaynaklar ve kuyularin koordinatlar1 da miimkiin oldugu 6lgiide GPS ile 6lgiilerek
belirlenmistir. Bu kaynak ve kuyulara ait kimyasal analiz sonuglart verilmis ve bu sularin 6zellikleri birtakim
grafik ve diyagramlar kullanilarak belirlenmistir. Bu arastirma bulgulari énceki ¢alismalar ile denestirilmistir.

Anahtar Kelimeler: Jeotermal (Bursa), Hidrojeoloji, Hidrojeokimya, Termal.

BURSA POTENTIAL GEOTHERMAL PROVINCE

Ali Bilgin ve Deniz Ertiirk
Geological Engineering Department, Suleyman Demirel University, Isparta, Turkey, dniz67@hotmail.com

The main aim of this study was carried out under Siileyman Demirel University, compiling information

on geothermal resources in the province of Bursa, updated, and the region to evaluate the potential of geothermal
energy.
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The content of this study, a summary of the geological province of Bursa and the geothermal fields in
Turkey are given and Geothermal Resources and the inventory of geological features using maps showing the
areas used.

Field studies of geothermal resources temperature, flow, pH, Eh, well defined user status. At the same
time, the resources and coordinates of the wells, was determined by measuring the extent possible with GPS. The
source and chemical analysis results of the wells are given and some properties of these waters were determined
using graphs and diagrams. These research findings correlated with previous studies.

Key Words: Geothermal (Bursa), Hydrogeology, Hydrogeochemistry, Thermal.
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YUKARI SAKARYA HAVZASINDA YERALTISUYU YAS DAGILIMININ
CEVRESEL iZLEYICILER iLE INCELENMESI

ismail Noyan Giiner' ve Celal Serdar Bayarr®
'Enerji Hammadde Etiit ve Arama Dairesi MTA Genel Miidiirliigii, Ankara Tiirkiye, n.guner@mta.gov.tr,
% Jeoloji Miihedisligi Boliimii, Hacettepe Universitesi, 06800, Beytepe, Ankara, Tiirkiye.

Bu calismada 15,366 km?lik drenaj alanina sahip olan Yukari Sakarya Havzasi’nda yeraltisuyu yas
dagihminin belirlenmesi amaglanmistir. Yas dagilimmin belirlenmesinde baslica arag olarak radyoaktif *H ve
¢ izotoplar1 kullanilmistir. Havzada ortalama yillik akarsu bosalimi 21.1 m®/s (43.3 mm/y1l), alansal ortamala
yagis 396 mm/y1l, alansal ortalama buharlagma-terleme kaybi Turc yontemine 348 mm/y1l olarak belirlenmistir.
Havzanin basit hidrolojik biitgesi degiskenlerin hata sinirlari i¢inde dengede goriinmektedir. Caligma alanindaki
en yiiksek verimlilige sahip akiferler Gokceyayla, Akpmar ve Seydiler Formasyonlarinda yer almaktadir. DSI
verilerine gore, havzada bosalan kaynaklarin ortalama debileri toplami yaklasik 25 m*/s dir.

Durayli izotop iceriklerine gore incelenen yeraltisuyularinin 6nemli bir bolimii +10 déteryum fazlasi
degeri ile Kiresel Meteorik Dogrusu’na uyum gostermektedirler. Havzanin giineyindeki daglik kesime ait
Ornekler ise doteryum fazlasi degeri Antalya Meteorik Su Dogrusu (+16) lizerinde yer almaktadir. Sinrh
sayidaki bazi yeraltisuyu ornekleri buharlagsma dogrusu (del2H = 4.2 * del180 - 27.5) ilizerinde yer almustir.
Caligma alanmi i¢in del180-yiikselik degisimi 0.36%0 VSMOW/100 m olup, yeraltisuyu 6rneklerinin ortalama
beslenme alani yiikseltileri 1250 m ile 1500 m kotlart arasindadir. Bu yiikselti araliginda agirlikli olarak Triyas-
Kretase yash karstik Gok¢eyayla Formasyonu ylizeylenmektedir.

Calisma kapsaminda belirlenen *H ve "C model yaslar1 incelenen rneklerinin nemli bir béliimiiniin
geng ve yash sularin kanisimindan olustuunu gostermektedir. *H model yaslari bir kag yiiz yil dolayinda,
NETPATH bilgisayar kodu ile hesaplanan '“C model yaslar1 ise 5 bin ile 10 bin yil arasinda degisen degerlere
sahiptir. Yeraltisuyu orneklerinde geng ve yash su bilesenlerinin karisimindan dolayr gen¢ sular igin
olduklarindan daha yash 3H model yaslari, yagh sular i¢in ise olduklarindan daha geng C model yaslari elde
edilmistir. *H ve '*C model yaslarinin alansal dagilimi sistematik bir degisim gostermemektedir. Bu durum
jeolojik-hidrojeolojik yapinin karmasikligindan kaynaklanmaktadir.

Anahtar Kelimeler: Yukan Sakarya Havzasi, yeraltisuyu yasi, durayl: izotoplar, *H, "C.

INVESTIGATION OF GROUNDWATER RESIDENCE TIME DISTRIBUTION IN THE
UPPER SAKARYA BASIN BY MEANS OF ENVIRONMENTAL TRACERS

Ismail Noyan Giiner' and Celal Serdar Bayarl2
!Enerji Hammadde Etiit ve Arama Dairesi MTA Genel Miidiirliigii, Ankara, Turkey, n.guner@mta.gov.tr,
?Jeoloji Miithedisligi Boliimii, Hacettepe Universitesi, 06800, Beytepe, Ankara, Turkey.

This study aims to investigate the groundwater age distribution in the Upper Sakarya Basin that covers
an area of 15,366 km”. The radioactive *H and '*C isotopes have been used as the main tools for age distribution.
The long-term mean values of streamflow and precipitation were found to be 21.1 m’/s (43.3 mm/year) and 396
mm/year, respectively. The mean evapotranspiartion loss based on Turc method were determined as 348
mm/year. The simple hydrologic budget appears to be in balance within the margin of analytical uncertainty
associated with the variables used. The Gokceyayla, Akpinar and Seydiler formations constitute the productive
aquifers in the basin. Total of mean discharge of karst springs is 25 m’/s according to measurements of State
Hydraulic Works (DSI).

Many of the groundwater samples are located around the Global Meteoric Water Line with deuterium
excess of +10 VSMOW whereas, a few samples from the southern mountainous sector fits on the Antalya
Meteoric Water Line with deuterium excess value of +16 %0 VSMOW. Limited number of samples appears to fit
an evaporation line (del2H = 4.2 * del180 - 27.5). The del180 lapse rate is 0.36% VSMOW per 100 m. Based
on del180 contents, the mean recharge area elevation of the majority of samples were found to range between
1250 m and 1500 m. This elevation range is occupied mainly by the Trias-Cretaceous aged Gokceyayla
formation characterized by well-developed karst.

The *H and "“C model ages obtained from samples suggest a mixture of young and old groundwater
components. The *H model ages were found to be in the order of several hundred years while the '*C model ages
range between 5,000 and 10,000 years. Because of the mixing between old and young components, the *H model
ages tend to be older while, the '*C model ages calculated by NETPATH software tend to be younger. *H and
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"C model ages do not show a systematic spatial distribution probably because of the complex geologic-
hydrogeologic structure of the basin.

KeyWords: Upper Sakarya Basin, groundwater age, stable isotopes, °H, MC .

IKLIM DEGISIKLIGININ MOGAN VE EYMIR GOL SEVIYELERI UZERINDEKI
ETKISININ DEGERLENDIRMESI

Ozlem Yagbasan' ve Hasan Yazicigil®
" Cografya Egitimi Boliimii, Gazi Universitesi, 06570, Ankara, Tiirkiye, ozlemy@gazi.edu.tr,
¢ Jeoloji Miihendisligi Béliimii, Orta Dogu Teknik Universitesi, 06531, Ankara, Tiirkiye.

Kiiresel 1sinmanin, artan sera etkisine bagli olarak, hidrolojik déngii iizerinde muhtemelen Snemli
etkileri olacaktir. Diinyanin bazi bélimleri, yagislarda onemli azalmalar veya yagish ve kurak mevsim
zamanlarinda biiyiik degisimler gorebilecektir. Kiiresel iklimdeki bu gibi degisimler; bolgelerdeki karasal tatlisu
ekosistemlerini (goller, sulak alanlar, akar sular) ve kiysal sulak alanlari ciddi bir sekilde etkileyecektir.

Bu ¢alismanin amaci, olasi iklimsel degisikliginin, Ankara’nin 20 km glineyinde yer alan Mogan ve
Eymir Golleri iizerindeki etkilerini belirlemektir. Mogan ve Eymir Golleri; Tirkiye i¢in onemli estetik,
rekreasyonal ve ekolojik kaynaklardir. Her iki gol de, s1§ derinliklerinden dolay: iklim degisikligine ¢ok
duyarlidir. Tklimdeki uzun dénem degisikliklerin, g6l su kalitesi ve ekolojik durumlarint etkileyebileceginden
dolayi, gollerin iklim degisikligine tepkisini belirlemek olduk¢a dnemlidir. Gol seviyelerinin, kiiresel 1sinma ve
iklim degisikligine bagh uzun dénem olasi kuraklik kosullarina tepkisi, calisma alani i¢in gelistirilen kalibre
edilmis yeralt: suyu-gol sistemi modeli kullanilarak dngoriilmiistiir. Model, 1994 ve 2004 su yillar arasmdaki
donem i¢in kararsiz kosullar altinda kalibre edilmistir. Kalibre edilmis model, 2004 ve 2020 arasindaki planlama
stiresi boyunca uzatilmis kurakhk kosullarmin etkilerini belirlemek igin kullamlmigtir. Bu simiilasyon, aylik
yagistaki %5 azalmamin ve aylik ortalama sicakliktaki 1°C artigm etkilerini incelemistir. Uzatilmig kuraklik
kosullarimin sonuglari; yagis ve sicakliktaki ¢ok kiigiik, ama uzun dénem degisikliklerin, yeralti suyu ve gol
seviyelerinde dnemli azalmalara sebep olabilecegini gostermistir.

Anahtar Kelimeler: Iklim degisikligi, Simiilasyon, Yeralti suyu, Gol seviyeleri.

ASSESSMENT OF CLIMATE CHANGE ON MOGAN AND EYMIR
LAKES’ LEVELS

Ozlem Yagbasan1 and Hasan Yazmgil2
" Department of Geographical Education, Gazi University, 06570, Ankara, Turkey, ozlemy@gazi.edu.tr,
? Department of Geological Engineering, Middle East Technical University, 06531, Ankara, Turkey.

Global warming, due to the enhanced greenhouse effect, is likely to have significant effects on the
hydrological cycle. Some parts of the world may see significant reductions in precipitation or major alterations in
the timing of wet and dry seasons. Such changes in global climate will seriously affect inland freshwater
ecosystems (lakes, wetlands, running waters) and coastal wetlands in these regions.

The purpose of this study was to determine effects of potential climatic change on Mogan and Eymir
Lakes located 20 km south of Ankara. Mogan and Eymir Lakes are important aesthetic, recreational, and
ecological resources for Turkey. Both lakes are very vulnerable to climate change due to their shallow depth.
Understanding the response of lakes to climate change is of great practical importance, since long term changes
in climate can affect lake water quality and its ecological status. The response of the lake levels to long-term
potential drought conditions due to global warming and climate change was predicted using a calibrated
groundwater-lake system model that was developed for the study area. The model was calibrated under transient
conditions for the period between 1999 and 2004 water years. The calibrated model was used to assess the
effects of extended drought conditions over the planning period between 2004 and 2020. This simulation
examined the effects of a decrease in the monthly precipitation by 5 % and an increase in the mean monthly
temperature by 1°C. The results of extended drought conditions indicated that very small, but long-term changes
to precipitation and temperature have the potential to cause significant declines in groundwater and lake levels.

Key Words: Climate change, Simulation, Groundwater, Lake levels.
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_ YAPAY YERALTI SUYU BESLENIMI:
KUCUK MENDERES HAVZASI’NDAN BiR ORNEK

Ayse Peksezer' ve Hasan Yazlc1gil2
'Golder Associates (Turkey) Ltd. Sti., Hollanda Cad. 691. Sok. Vadi Sitesi No.4, 06550, Ankara, Tiirkiye,
apeksezer@golder.com,
’Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Boliimii 06531, Ankara, Tiirkiye.

Yeraltisuyu en ¢nemli tatli su kaynaklarindan biridir. Son yillarda gozlenen niifus artigi, hizlanan
endiistriyel aktiviteler ve bunlarin yaninda yagislarin azalmasi ve vyiizey suyu kaynaklarimin kirlenmesi;
yeraltisuyunun i¢gme, kullanma, tarimsal sulama ve endiistriyel amaglarla kullanilmasini zorunlu hale getirmistir.
Ancak kuyulardan yapilan agir1 pompaj, yeraltisu seviyelerinde ve yeraltisuyu depolanmasinda 6nemli
diigtimlere neden olmaktadir. Yeraltusu kaynaklari yenilenebilir olmasmma ragmen, kaynaklarin yeniden
doldurulmast oldukga zordur. Dogal beslenim yontemlerinin yetersiz kaldigi durumlarda, yapay yontemler
yeraltisu kaynaklarimin daha hizli yenilenmesine olanak vermektedir.

K. Menderes havzasinda, kurak zamanlarda sulama ihtiyacinin tamami kuyular vasitasiyla
yeraltisularindan karsilanmakta, bu da yeralti su tablasinda 6nemli diigtimlere neden olmakta ve yagish
zamanlarda yeraltisuyu beslenmesi i¢in yeterli depolama hacmi saglamaktadir. Ancak, yagish zamanlarda olusan
akis, dogrudan Ege Denizi’ne karistigindan beslenim igin kullanilamamaktadir. Yapay yeraltisuyu beslenimi,
akiiferler veya yeraltisuyu rezervuarlarinin dogal yollarla beslenmesinin ¢esitli miihendislik sistemleriyle
desteklenmesidir. Caligma alaninda, yapay beslenme metotlarinin bu fazla suyun beslenme havuzlarinda
toplanip, yeraltina stizdiiriilmesinde kullanilabilecegi diisiiniilmektedir.

Yapay yeraltisuyu beslenmesinin uygulanabilirligini gostermek amaciyla, K. Menderes havzasinda
sorunun ¢oziimiine yonelik 2 boyutlu yeraltisuyu modeli SEEP/W programu aracilifiyla olusturulmustur.
Modelde kullanilan doygun/doygun olmayan ortamlara ait toprak O6zellikleri ve parametreler, daha 6nceki
caligmalardan saglanmus, girilen verilerin dogrulugu ve modelin gegerliligi kararsiz akim kosullarinda yapilan
kalibrasyon calismalariyla kontrol edilmistir. Beslenme havuzlarinda toplanan su miktarinin hesaplanmasinda
tagkin frekans analizi kullanilmis, elde edilen farkli olasiliklar igin, yeraltisu seviyesindeki degisimleri
gozlemlemek amaciyla farkli senaryolar olusturulmustur. Yapay beslenme yontemi olarak beslenme havuzlar: ve
yeralti baraji se¢ilmistir. Simiilasyon sonuglari, yapay beslenme yéntemiyle yeraltisuyu depolanmasinda belirgin
bir artig oldugunu gostermistir.

Anahtar Kelimeler: Yapay yeralti suyu beslenimi, K. Menderes havzasi, Niimerik modelleme, SEEP/W,
Beslenme havuzu, Yeralti baraji

ARTIFICIAL RECHARGE OF GROUND WATER:
A CASE STUDY FROM K. MENDERES RIVER BASIN

Ayse Peksezer' and Hasan Yazicigil®
'Golder Associates (Turkey) Ltd. Sti., Hollanda Cad. 691. Sok. Vadi Sitesi No.4, 06550, Ankara, TURKEY,
apeksezer@golder.com
’Department of Geological Engineering, Middle East Technical University, 06531, Ankara, TURKEY

Groundwater is the most important source of freshwater. In recent years, growing population,
accelerating industrial activities and on the contrary, decreasing rainfall rates and contamination of surface water
resources made groundwater indispensible to meet domestic, agricultural, industrial water demand. However,
excessive pumping from wells resulted in significant decrease in groundwater levels and storage. Although
groundwater resources are renewable, it is not easy to replenish groundwater storage. When natural recharge
processes become inadequate, artificial methods are used to accelerate the recharge process.

In K.Menderes River basin, in dry periods, irrigation demand is completely met by pumping from
groundwater, which reduces water levels significantly and provides enough storage to be recharged in wet
seasons. However, increased runoff in wet season are not utilized for recharge and lost to Aegean Sea without
being infiltrated. Artificial recharge of groundwater is defined as engineered structures designed to introduce and
store water in aquifers. In the study area, artificial recharge methods are thought to be utilized to collect excess
water in recharge basins and allowing infiltration.

In order to show applicability of artificial recharge of groundwater, in K. Menderes River basin, a 2D
groundwater model is set up by using SEEP/W software. The material functions and parameters used in model
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for saturated/unsaturated conditions are taken from previous studies, the accuracy of the input data and validity
of the model was checked during calibration. The amount of excess water that will be collected in recharge
basins was estimated from flood frequency analysis and concerning different probabilities different scenarios
were simulated to observe increase in groundwater levels. As artificial recharge methods recharge basins and
underground dam were selected. Simulation results suggest that significant increase in groundwater storage is
achieved by applying artificial recharge methods.

Key Words: Artificial recharge of groundwater, K. Menderes River basin, Numerical modeling, SEEP/W,
Recharge basin, Underground dam

STUYFZAND HiDROJEQKiMYASAL SINIFLAMA SISTEMi: KAZANLI-TARSUS
(MERSIN) KIYI AKIFERINE UYGULANMASI

Can Akbulut', Ciineyt Giilerl, Mehmet Ali Kurt’ ve Musa Alpaslan1
! Mersin Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii, 33343
Ciftlikkéy, Mersin, Tiirkiye, canakbulut@mersin.edu.tr,

2 Mersin Universitesi, Ileri Teknoloji Egitim, Arastirma ve Uygulama Merkezi,
33343 Ciftlikkoy, Mersin, Tiirkiye.

Delicay ve Tarsus Cay1 (Mersin) arasinda kalan alan; tarim, sanayi ve yerlesimin i¢ ice oldugu karmagik
bir arazi kullanmma sahiptir. Bu ¢alismada; Kazanlh-Tarsus kiyt akiferinin hidrojeokimyasal 6zelliklerini
belirlemek amaciyla Agustos 2008’de 193 kuyudan yeralti suyu ornekleri alinmis ve yerinde (in-situ) gesitli
fiziksel parametrelere (pH ve elektrik iletkenlik) ait degerler olgiilmiistiir. Alinan yeraltt suyu Ornekleri
laboratuvarda analiz edilerek major iyon (kalsiyum, magnezyum, sodyum, potasyum, siilfat, kloriir, bikarbonat
ve karbonat) ve bazi agir metallerin (Al, Fe, Mn ve Sr) konsantrasyonlar1 belirlenmistir. Yeralt: suyu 6rnekleri,
Stuyfzand hidrojeokimyasal siniflama sistemine gore degerlendirilerek bunlarin kimyasal 6zellikleri ve kaliteleri
belirlenmistir. Elde edilen sonuglar, ArcGIS 9.3 Cografi Bilgi Sistemi (CBS) yazilimi ile olusturulan dagilim
haritasindan yararlanilarak yorumlanmistir. Buna gore; akiferin genelini CaHCOs+ sinifinda bulunan su tipinin
olusturdugu goriilmektedir ve akiferin batist MgHCO3+ su tipi ile karakteristiktir. Yeralti suyunun akim yonii
boyunca (kuzeybatidan giineydoguya dogru) CaHCOs+ su tipinden NaHCOs+ su tipine dogru olan gegis gz
oniine alinacak olursa, akiferin giineydogusunda yeralti suyu bilesiminin katyon degisimine bagl olarak gelistigi
anlasilmaktadir. Akiferin kuzeydogu-giineybati hatt1 boyunca ise yeralt1 suyunun CaHCO;¢ su tipinde olmasina
baglh olarak katyon degisiminin son sathada oldugu soylenebilir.

Anahtar Kelimeler: Stuyfzand Hidrojeokimyasal Simflama Sistemi, Su Kimyasi, Yeraltt Suyu, Cografi Bilgi
Sistemi, Mersin.

STUYFZAND HYDROGEOCHEMICAL CLASSIFICATION SYSTEM:
APPLICATION TO KAZANLI-TARSUS (MERSIN) COASTAL AQUIFER

Can Akbulutl, Ciineyt Giilerl, Mehmet Ali Kurt® and Musa Alpaslan1
' Mersin Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii, 33343 Cifilikkdy, Mersin, Turkey,
canakbulut@mersin.edu.tr
2 Mersin Universitesi, Ileri Teknoloji Egitim, Arastirma ve Uygulama Merkezi, 33343 Ciftlikkiy, Mersin, Turkey.

The area situated between the Delicay and Tarsus rivers has a very complex land use pattern where
agriculture, industry, and settlements are found side by side. In this study, a total of 193 groundwater samples
were collected in August 2008 from the wells located within the Kazanli-Tarsus coastal aquifer and several
physical parameters (pH and electrical conductivity) measured in-situ to determine their hydrogeochemical
characteristics. Collected groundwater samples were analyzed in the laboratory to determine the concentrations
of major ions (calcium, magnesium, sodium, potassium, sulfate, chloride, bicarbonate, and carbonate) and some
heavy metals (Al, Fe, Mn, and Sr). Groundwater samples were evaluated using Stuyfzand hydrogeochemical
classification system to determine their chemical characteristics and quality. The results obtained were evaluated
utilizing the thematic map produced via ArcGIS 9.3 Geographic Information System (GIS) software. Results
indicate that CaHCOs+ water type dominates the coastal aquifer in general, whereas MgHCOs+ water type is
characteristic for the western part of the aquifer. Considering transition from CaHCOs+ water type to NaHCO;+
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water type in the direction of groundwater flow path (northwest to southeast), groundwater composition in the
southeastern part of the aquifer is shaped by cation exchange processes. In the northeast-southwest direction of
the aquifer, however, groundwater is of CaHCO;¢ water type, which indicates that the cation exchange process
is in its last phase.

Key Words: Stuyfzand Hydrogeochemical Classification System, Water Chemistry, Groundwater, Geographic
Information System, Mersin.

TURKIYE’NIN BATISINDAKI BiR MADEN SAHASINA SAGLANACAK
SUYUN ETKILERININ DEGERLENDIRILMESI

Elif Agartan ve Hasan Yazicigil
Jeoloji Miihendisligi Béliimii, Orta Dogu Teknik Universitesi, 06531Ankara, Tiirkive, elif agartan@gmail.com.

Tirkiye’nin batisinda Turgutlu’da yer alan bir maden sahasinin belirli bir miktarda suya ihtiyaci vardr.
Bu caligmanin amaci madene saglanacak suyun etkilerinin degerlendirilmesidir. Calisma alternatif su
kaynaklarinin belirlenmesi, her bir kaynagm etkilerinin degerlendirilmesi ile cevresel ve teknik agidan en uygun
alternatifin se¢ilmesini kapsamaktadir.

Madene su saglanmas i¢in {i¢ alternatif Gnerilmistir, bunlar; yiizey suyu, yeraltisuyu ve Turgutlu’nun
atik suyunun aritilip yeniden kullamimasidir. Yiizey suyunun degerlendirilmesi amactyla Gediz Nehri’nin diisiik
akim analizleri yapilmistir. Yeraltisuyu alternatifi igin Turgutlu-Salihli akiferi Visual MODFLOW 2009.1
programi kullanilarak modellenmistir ve yeraltisuyu kaynaklarina etkileri degerlendirilmistir. Son alternatif olan
Turgutlu’nun atik suyunun aritilip yeniden kullanilmasimin degerlendirilmesi de atik su iiretim miktarlar ve
aritma ihtiyacina dayanmaktadir.

Degerlendirme  sonuglarina  gore, madenin su ihtiyacii  karsilamak icin her alternatif
uygulanabilmektedir. Fakat, Gediz Nehri'nin suyunun yagish sezonlarda kiigiik bir barajda kurak sezonlarda
kullanilmak tizere saklanmasi ve Turgutlu’nun atik suyunun artilip yeniden kullanilmas: alternatiflerinin var olan
su kullanimina ve ekosisteme olan etkileri ¢ok azdir.

Anahtar Kelimeler: Gediz Nehri, Turgutlu-Salihli akiferi, Diisiik akim analizi, Numerik modelleme, Modflow.

ASSESSMENT OF WATER SUPPLY IMPACTS FOR A MINE SITE
IN WESTERN TURKEY

Elif Agartan ve Hasan Yazicigil
Jeoloji Miihendisligi Béliimii, Orta Dogu Teknik Universitesi, 06531, Ankara, Tiirkiye,
elifagartan@gmail.com.

A certain amount of water is required for a mine site located in Turgutlu in Western Turkey to be used
in mining processes. The purpose of this study is to assess the impacts associated with meeting water supply
requirements for the mine. Scope of the study involves determination of the alternative water resources, the
assessment of impacts associated with each resource and the selection of the most feasible alternative in the
aspect of environmental and technical effects.

Three alternatives suggested to supply mine process water are surface water, groundwater and reuse of
waste water of Turgutlu town after treatment. A low flow analysis of Gediz River was conducted for the
evaluation of the surface water. For the groundwater alternative, Turgutlu-Salihli aquifer model was established
using MODFLOW 2009.1 software and the impacts on groundwater resources were evaluated. The evaluation of
the last alternative, reuse of waste water of Turgutlu after treatment, was based upon the amount of waste water
generated and treatment needed.

Results of the alternatives show that each alternative is applicable to supply the required water to the
mine site. However, the storage of the Gediz River water in a small dam in wet seasons to be used later in dry
seasons and the reuse of waste water of Turgutlu after treatment are the alternatives with least impacts on
existing water users and related ecosystems.

Key Words: Gediz River, Turgutlu-Salihli aquifer, low flow analysis, numerical modeling, MODFLOW.
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ALQOUSH OVASPNIN (KUZEY IRAK) COLLESMEDEN KORUNMASINA
YONELIK HIDROLOJIK VE HIDROJEOKIMYASAL CALISMALAR

Qutaiba Al-Yozbakee ve Yousif F. M. Eclimes
Baraj ve Su Kaynaklari Arastirma Merkezi, Musul Universitesi, Irak.

Calisma alam kuzey Irak’da Musul sehrinin yaklagik 40 km kuzeyinde yeralir. Alqoush ve Al-Shikhan
bolgeleri arasinda 27 km uzunlugunda, 7 km genisliginde bir dizligi teskil eder. Bu diizlik kuzeyde
Dahqan,Alqoush ve Ain Sifni, giineyde ise Qand daglari ile gevrilidir. Yilda ortalama 400 mm yag1s alan bolgede
tarima dayalh yaklasik 50 adet kdy bulunmaktadir. 20 sene once degisen iklim birka¢ sene igerisinde yagZis
ortalama altina diigiirmiis bu durum yerli halki zor durumda birakmustir. Bu ¢aliymada diizliige dagilmis 19 adet
kuyu segilerek bunlarin yeraltt su seviyesi derinlikleri (dinamik ve stabil) gibi hidrolojik 6zellikleri
degerlendirilmistir. Genelde stabil derinliklerin 25 m ve dinamik derinliklerin 56 m oldugu goriilmiistiir. Tespit
edilen kuyu verimleri ortalama 11 I/sn olup, bunun yaninda elektrik iletkenligi (EC)536 mmoh/cm; toplam sertlik
(TH) 378 mg/l ve toplam ¢oziinmiis madde 739 mg/1 olarak 6lgtilmiistiir.

2+

2+ + +
Yer al_tl suyunun kimyasal kara{cteristikleri: major katyonlar: (Ca (86), Mg (50), Na (58), K (6)) ve
anyonlar (CO3 (nil), HCO3 (244), SO4 (273), CI (37), NO3 (9)) kullamilarak su kalitesi ve kullamim alanlar

belirlenmistir. ilaveten kuyularin simflandirma parametreleri RSC (-4.39), SAR (1.46), Na% (30.87) ve Mg%
(40.85) slctilmistiir.

Yukarida 6zetlenen sonug ve bilgilerden yola gikarak diizliigiin etrafindaki daglardan gelen yaklagik 190
— 200 km2’lik genis bir beslenme alanina sahip oldugu soylenebilir. Depolama kayalarmin litolojisi Injana ve
Mugqdadiya formasyonlarinin, sulamaya da uygun kumtaglaridir. Ayrica kimyasal parametreler yeraltisuyunun
icme ve tarimsal faaliyetlere de uygun oldugunu gostermigtir.

Anahtar Kelimeler: Alqoush, su kalitesi, hidrokimya, Musul.

HYDROLOGICAL AND HYDROGEOCHEMICAL STUDY FOR ALQOUSH PLAIN
(NORTHERN IRAQ) TO PROTECT REGION FROM THE DESERTATION

Qutaiba Al-Yozbakee ve Yousif F. M. Eclimes
Dams & Water Resources Research Center, University of Mosul, Mosul, Iraq.

The studied area is located in the northern Iraq, about 40 km north east Mosul City. It extends as a plain
along 27 km and 7 km width between Alqoush and Al-Shikhan towns. This plain is situated between Dahgan,
Algoush and Ain Sifni mountains in the north and Qand mountain to the south. About 50 villages are distributed
in the plain depending upon the agriculture when the rains precipitate about 400 mm per year in average. Twenty
years ago the climate changed, and the rain precipitation decreased in few years to below the average, This
situation don't encouraged the habitants to re-exploit the lands in agriculture for fear that there are no incomings.

Nineteen wells distributed along Alqoush plain were studied, to evaluate some hydrological properties of
the wells like: The depth of ground water (the dynamic depth and the stability depth). In general, the stability
depth around 25 m., in turn, the dynamic depth about 56 m.. Determined the wells productivity which is around
11litre/sec. as well as, electrical conductivity (E.c), total hardness (T.H) and the total dissolved solids (T.D.S.)
that average were 536 mmohs/cm, 378 mg/liter and 739 mg/liter, respectively.

The chemicalzcharacteristics of the ground water including the concentration (in mg/liter) of the major

2+ -+ + -
cations (Ca (86), Mg (50), Na (58), K (6)) and anions (CO3 (nil), HCO3 (244), SO4 (273), C1 (37), NO3 )

are used to be define the water quality and its usages. As well as the classification parameters of the wells RSC (-
4.39), SAR (1.46), Na% (30.87) and Mg% (40.85).

According to the above results and information, the plain is within the wide catchment area among the
mountains which is about 190-200 km’. Lithology of the storage rocks are mainly sandstones of Injana and
Mugdadiya formations, with suitable productivity of the most wells to irrigation, as well as, the chemical
parameters classified the ground water to be used for drinking, domestic and agricultural usages. This matter will
change the area (in general) from semi arid — arid to agricultural area used the supplementary irrigation in low
precipitation years.

Key Words: Alqoush, water quality, hydrochemistry, Mosul.
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MUSUL, KUZEY IRAK’TAKI MUSUL BARAJI REGULASYON GOLETININ SU
KALITESINDEKI DEGISIMLERI YORUMLAMAK ICIN TEMEL BILESENLER
ANALIZININ KULLANIMI

Musa'b Abdul Jabbar Al-Tamir

Insaat Miihendisligi Béliimii, Miihendislik Koleji, Musul Universitesi, Musul, Irak, musabaltamir@yahoo.com,

Bu ¢aligmada, Irak, Musul’daki Musul baraj rezervi regiilasyon géletinin su kalitesi data seti ana control
parametreleri iizerinde factor analizi teknigi daha basit ve kolay yorumlamalar elde etmek icin uygulanmistir,

Bu analiz regiilasyon goletinin su kalitesi degisimini etkileyen dort factor oldugunu gostrmektedir.
Faktor 1 sicakhig, ¢oziinmiis oksijeni, pH, —EC., yagmur yogunlugunu, ve NO;! icermektedir ve 35% oranda
atmosferin golet suyu tizerindeki etkisini temsil etmketedir. Faktor 2 sisi diski derinligi, yosun, SiO, ve No;!
icermektedir, 22% oranda yosunlarin bilyiime degisimini temsil etmektedir. Factor 3 SiO,, PO, ve Klorofil A
konsantrasyonu igcermekte ve Tigris nehir havzasinin ve komsu rejimlerin tagkin etkisini 14% oraninda temsil
etmektedir. Faktor 4 tiirbiilans ve NO;™ icermektedir ve ana agiktaki yer degistirme ile 12% oraminda iligkili
olabilir. Sonugta, ana kirleticilere ve onlarin birbirleri ile siralanmasma yonelerek gollerin ve diger su
kaynaklarinin yonetiminde factor analizi teknigini kullanabiliriz.

Anahtar Kelimeler: Su kalitesi, su yonetimi, factor analizi, ana bilesen analizi, rezerv, Musul, Irak.

USING PRINCIPAL COMPONENTS ANALYSIS TECHNIQUE TO
INTERPRETATION WATER QUALITY VARIATION IN MOSUL DAM
REGULATION LAKE, IN MOSUL-NORTH OF IRAQ

Musa'b Abdul Jabbar Al-Tamir
Civil Engineering Department, College of Engineering, University of Mosul, Mosul, Iraq,
musabaltamir@yahoo.com.

In this study the factor analysis technique performed on major parameters of water quality data sets of
the regulating lake for Mosul dam reservoir in Mosul city in Iraq to give simpler and more easier interpretation
for these parameters.

The analysis showed that there are four factors affects upon the water quality variation of the regulating
lake. Factor 1 includes temperature, Dissolved oxygen, pH, —-EC., Rainfall intensity and NO;" by 35% which
represent the atmosphere effects upon the water of the lake. Factor 2 includes sichi disk depth, - Algae, SiO, and
Nos™!, which may be represent the algae growth variation with 22%. Factor 3 includes Si0,, PO,” and
Chlorophyll A concentration that represent the effects of flood from the neighborhood regimes and the Tigris
river basin with 14%, the last Factor 4 which includes Turbidity and NO;" with 12% and can be related with the
overturn that take place on the main lack. Finally we can depend the factor analysis techniques in management of
lakes and other water recourses by pointing the main pollutants and order for each one.

Key Words: water quality, water management, factor analysis, principle component analysis, reservoir, mosul,
Iraq.

ZUMMAR BOLGESINDE KUYU VE PINAR SUYUNUN DEGERLENDIRILMESI
VE SINIFLANDIRILMASI VE CESITLI AMACLAR iCiN KULLANIMI

Yousif H. Al-Nasser
Toprak ve Su Kaynaklar: Boliimii, Tarim ve Ornamcilik Koleji, Musul Univ., Irak,
yousif] 94@yahoo.com.

Bir tarafta niifus ve gida ihtiyaglarinin artmasindan dolayi, diger tarafta su kaynaklarinin ve yagmurun
azalmast yer alti suyu kaynaklarmim kullanimma biiyitk oranda dikkati cekmektedir. Bu kaynaklarin daha iyi
ekonomi ve tarimda kullanimini igin topragin 6zelliginin korunmasi dikkate alinmal.

Zummar bolgesinde kuyu ve pinar sularinin kalitesini degerlendirmek i¢in, Temmuz 2010°da Kuzey Irak
Ninewah Valiligine ait ¢aligm alanindaki 18 kuyudan su ornegi alinmugtir. Page ve dig., (1948)’ne gore bu drnek
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tizerinde PH, EC, Ca, Mg, Na, SO, Cl, CO; ve HCOs 6l¢iimlerini iceren kimyasal analizler yapilmistir. %Na , S4
adjSAR, RSC and PS gibi suyun sayisal degerlerini 6lgmek igin aritmetik denklem kullanilmistir ve farkli amaglar
icin kullanimlarim tanimlamak i¢in degerlendirmeleri ve smiflandirmalart Richards (1954) tarafindan Oneri
American salinity lab. Smiflandirmasi (USDA) AS na gore yapilmistir. Ayars and Westcort (1985)° ta bahsedild
iizere FAo tarafindan onerilen sistem ve kuyu sularini degerlendirmek i¢in (TGPC) (1995) ve Follet and Soltanp:
(2001) tarafindan onerilen sistem kullanilmigtir. Sonuglar sulama amact i¢in FAO tarafindan onerilen degerler o
su reaksiyon derecesinin (PH) 6.70 — 7.79 arasinda degistigini gostermektedir. Elektrik iletkenligi degeri (EC) 0.9
3.67 ds/m arasinda degismektedir. American salinity lab siniflamasma dayanarak suyun smifi C3S1 ve C4S1 arasu
degismektedir. Bu suyun g¢ok tuzlu ve az sodyumlu oldugunu gosterir. TDS degerlerine dayali olan TGPC (1985)
smiflamasma gore ise suyun az tuzlu oldugu dustiniilmektedir. TDS degerleri 635 — 2348 mg/l arasu
degismektedir. Fakat, SAR degerleri toprak veya bitkide her hangi bir problem olusturmayacak limitlerdedir.
Bikarbonat degerleri 5.00 -17.00 mmol/l aras1 degismektedir. En diisiik degerler 1, 12, 15 nolu lokasyonlarda e
edilmistir, fakat en yiiksek degerler ise 7, 17 nolu lokasyonlarda elde edilmistir. RSC degerleri 1 nolu lokasyonda
0.00 meg/l ve 11 nolu lokasyonda 40.00 meg/l arasi degismektedir. Fakat klorit degerleri 3.00 — 15.00 mmol/l a1
degismektedir. En diisiik degerler 4, 6, 9, 14, 15 nolu lokasyonlarda elde edilmistir, fakat en yiiksek degerler ise 5,
nolu lokasyonlarda elde edilmigtir. PS degerleri 6 nolu lokasyonda 4.00 meg/l ve 11 nolu lokasyonda 25.30 me
arasi degismektedir. Based on Ayars and Westcort (1985) ve Follet ve Soltanpour (2001) siniflamasima dayal ola:
bu sularin orta —ciddi problemler iiretebilecek sinifta olduklar1 ve tuzlu su problemi ¢ézmiine katkida bulunduk]
sOylenebilir.

Anahtar Kelimeler: Kuyu ve pnar, Su kalitesi, adjSAR, Kuzay Irak.

EVALUATION AND CLASSIFICATION OF THE QUALITY OF SOME WELL
AND SPRING WATER AND ITS USE FOR VARIOUS PURPOSE IN ZUMMAR
REGION

Yousif H. Al-Nasser

Soil and Water Resource Department, College of Agriculture and Foresty, Mosul University, Iraq,
yousifl 94@yahoo.com.

Due to the increase in the number of population and the increasing need for food on one hand , and the
decrease of water resource , especially rains on other hand , attention has been focused on the use of under grou
waters to larger extant . For the sake of batter use of these waters to get better economic resource based on the use
these waters in agriculture taking into regard preserving the properties of soil as a natural resource that should be
maintained .

To evaluate the quality of Well and Spring water in Zummar Region , Ninewah Governorate in north Ira
samples of waters were drawn for 18 sites within the area of study during July 2010 . Chemical analyses had been
carried out on these samples according to the methods mentioned by Page et al, (1948) , which include the
measurements PH, EC , Ca, Mg, Na, SO4 , Cl, CO; and HCO; . Arithmetic equation were used to measure so
quantitative properties of waters such as %Na , SAR, adjSAR , RSC and PS , and then evaluating and classifying
waters to identify the extent of there use for different purposes according to the American salinity lab. Classificat
(USDA) AS stated in Richards (1954) and the suggested system by FAO as stated in Ayars and Westcort (1985) ¢
the system for evaluating Well waters (TGPC) (1995) , and Follet and Soltanpour (2001) . The results show that
degree of water reaction (PH) was between (6.70 — 7.79) which is within the range suggested by FAO for the purp:
of irrigation . The value of electrical conductivity (EC) ranged between (0.96 — 3.67) ds/m . Depending to
classification by American salinity lab., the class of waters ranged between (C3S1 and C4S1) . This means water
with high salinity and little sodium , By using TGPC classification (1985) which depends on TDS values , they
regarded as water with little salinity . TDS values ranged between (635 — 2348) mg/l . While SAR values were wit
the limits that do not case any problems to soil and plant . Bicarbonate values ranged between (5.00 -17.00) mmol
The least values were recorded at the sites (1,12,15) , while the highest values ware recorded at the sites (7,17) . R
values ranged between (0.00) meg/l at site no.l and (40.00) meg/l at site no.11 . While Cloride values rang
between (3.00 — 15.00) mmol/l . The least values were recorded at the sites (4,6,9,14,15), and the highest values
the sites ( 5,17) . PS values ranged between (4.00) meg/1 at site no. 6 and (25.30) ) meg/] at site no.11 . Based on
Ayars and Westcort (1985) and Follet and Soltanpour (2001) classification, these waters are within the class that
causes medium to sever problems to the plant and contribute to the salinity water solution.

Key Words: Well and Spring, Water quality, adjSAR, north Iraq.
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SINJAR PINAR KAYNAGININ JEOLOJIK VE HIDROLOJIK CALISMASI

Adil A. Bilal ve Salim Q.Al-Naqib

Barajlar ve Su Kaynaklar: Arastirma Merkezi, Musul Universitesi, Hamdani_adil@yahoo.com

Pinar kaynagini olusturdugu ve su tagidig tahmin edilen tiim yiizlek vermis formasyonlarin 44km” “den
daha biiyiik bir alanda arazi jeolojisi aragtirmasi yaptlmigtir. Caligmalar Sinjar pinarinm su kaynagmin Serikagni
ve Jeribe formasyonlar1 siirindan gelmekte oldugunu gostermektedir, bu sinirinda karst ve magra olugum siireci
ile es zamanli oldugu tahmin edilmektedir. serikagni and Jeribe Akiferleri bolgede iki dnemli ana yer alti suyu
kaynagi oldugu diigiiniitmektedir.

Pinar suyunun seviye degisimi {izerine bir ¢ok olgiim yapilmistir. Segilen bir ka¢ kuyuda pompalama
testi yapilmis ve 22 - 1160 m?/giin aras1 degisen iletkenlik degerleri elde edilmistir. Sinjar kasabasiin su kithg
problemini ¢dzmek igin bir ka¢ yeni sondaj noktast onerisi delinmis bir akiferin hidrolik 6zelliklerine ek olarak
denm kazanmustir.

GEOLOGICAL AND HYDROLOGICAL STUDY OF SINJAR
SPRING RESOURCES

Adil A. Bilal and Salim Q.Al-Naqib

Dams and Water Resources Research Center, Mosul University, Iraq, Hamdani_adil@yahoo.com,

Field geological survey,covered an area of more than (44) Km?® was carried out to the all exposed
formations which expected to carry water and form the source of the spring. The study indicated that the source
of water to Sinjar spring is from the contact between Serikagni and Jeribe which probably with time developed
to karst and cavern systems, Two important aquifers in the area considered to be the principal sources of ground
water which are serikagni and Jeribe Aquifers.

Many measurements were made to the fluctuation of the water level of the spring and also conducted a
pumping test for few selected wells in the area indicated that the value of transmissivity ranging from (22-1160)
m?/day. Besides to study the hydraulic properties of the penetrated aquifer in order to select few sites for drilling
new boreholes to overcome the shortage of water supply to Sinjar town.

KB IRAK, SIUN ALANINDA MODFLOW MODELLEMESI
KULLANILARAK AL-FATHA AKIiFERININ YONETIMIi

Omar Nabar Abdulgader' ve Taha Hussein Al-Salim’
I'r oprak ve Su Bilimleri Boliimii, Tarim ve Ormancuik Koleji, Musul Universitesi, Irak,
umarn@maktoob.com,
2 Uzaktan Algilama Merkezi, Musul Universitesi, Irak.

Kuzey-Bati Irak’ta, ¢aligma alaninda (Sinu) yeralt: suyu hayati derecede onemli ve temel bir kaynaktir.
Tarimda 6nemli bir rolii vardir. Su kaybini 6nlemek, en uygun yer alti suyu yonetimini saglamak ve farkli ¢ekim
seviyelerinin yer alti suyu seviyesine etkisini tahmin etmek i¢in ii¢ boyutlu sonlu-farkliik modeli olan
(MODFLOW) matematik modeli Sinu kasabasi ve civarinda Al-Fatha akiferindeki yer alti suyunun seviyesi
diigiigiinii simiile etmek i¢in kullanilmigtir. Caligma alami yer alti suyu sisteminin dogal sartlarim temsil etmesi
i¢in 6 kolon ve 8 siradan olusan ve her bir gritin 4km? alami kapsadigi 48 grite boliinmiistir. Gozlenmis ve
hesaplannusg diisiigiin kalibrasyonu ve degerlendirmesi yapilmis, ve model 2006-2012 periyodu arasinda farkh
¢ekim senaryolar altinda diisiistin tahmini i¢in kullanimistir. Model sonuglari su sekildedir; yeni kuyular agarak
(aymi iklim sartlar1 oldugunu tahmin ederek) kuyularin randimanin: 5 katina ((88) I/sn. den (440) I/sn.) ¢ikarardi
ve kuzey (4,2)( 4, 3) ve (5,2) gritleri ve giiney (3,7) griti ki buralarda su seviyesi (22.7)m ye (2.5) m/y1l hizla
diismiis durumda oldugundan hari¢ tutularak su seviyesinde ufak bir inis oldugu bildirilmistir. Jeoelektrik data
ile tespit edilmis yer alt1 faylari bu diisiise sebeb olmustur.

Anahtar Kelimeler: Yer alt1 suyu yonetimi, akifer, matematik model, Irak.
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MANAGEMENT OF AL-FATHA AQUIFER USING (MODFLOW)
MODELING IN SIUN AREA N-W IRAQ

Omar Nabar Abdulgader' and Taha Hussein Al-Salim*
! Soil and water Sci. Dept. C ollege of Agric. and Forestry, Mosul University, Iraq, umarn@maktoob.com,
? Remote sensing centre, Mosul University, Iraq.

Groundwater is vital and the sole resource of the study area (Sinu) North -West of Iraq. It has a
significant role in agriculture. To avoid the depletion and for optimal management of ground water,
Mathematical model (MODFLOW) which is a three-dimensional finite-difference model was used to simulate
drawdown in ground water level in Al-Fatha aquifer in sinu village and the surrounding area, to predict the
behavior of ground water level impact by different abstraction levels. The study area was divided into (48) grid
distributed in six columns and eight rows each grid covering (4) km? to represent the natural condition of ground
water system. Calibration and its validity was done to get agreement between observed and calculated
drawdown, the model then is used to predict the drawdown for the period from (2006 to 2012) under different
pumping schemes scenarios. Model results found that by increasing the yield of the wells five time from now
will discharge (88) I/sec up to (440) I/sec by drilling new wells (assuming the same climate condition) a slight
depression of water level in all grids except (4,2)( 4, 3) and (5,2) in the north and grid (3,7) in the south in which
its water table drops (22.7)m , which is about (2.5) m/yr .This lowering belongs to the effect of subsurface faults
which was detected using geolectrical data .

Key Words: ground water management, aquifer, Mathematical model, Iraq.

KB IRAK, SIUN KOYU’NDE YERALTI SUYU YONETIMI iCIN
MATEMATIK MODELLEME

Omar Nabar Abdulgader' ve Taha Hussein Al-Salim’

! Musul Universitesi, Ziraat Koleji, Irak
2 Musul Universitesi, Uzaktan Algilama Merkezi, Irak

Kuzey-Bati Irak‘ta caligma bolgesinde (Sinu) yeralt: suyu hayati ve onemli bir kaynaktir. Ziraatte yer
alt1 suyu ¢ok onemlidir. Azalmayr onlemek ve yeralti suyunun en iyl ydnetimi i¢in 3 boyutlu, sonlu-degisim
modeli olan matematik model (modflow) Sinu kéyii ve civarindaki Al-fatha akiferinde yeraltt suyunun
diisiimiinii simule etmek ve degisik ¢ikarma seviyelerinde yer alt1 su sev1}esmm davraniglarmi tahmin etmek i¢in
kullanilnustir. Calisma alant 6 kolonda ve 48 gride ayrilmis ve 4km” alan kaplayan herbir grid igin 8 sira yeraltt
su seviyesinin dogal kosullarmni gostermektedir. Kalibrasyon ve gegerliligi gzlemlenen ve hesaplanan diisiise
bagli olarak gergeklestirilmis ve sonra model degisik pompalama semasi senaryolarinda 2006-2012 siiresindeki
diistimleri tahmin igin kullamlmistir. Model sonuglarma gére ayni iklim kogullar1 oldugu halde yeni kuyularin
acilmasi ile kuyulardan elde edilen verim 88 I/sn’den 440 /sn’ye yaklasik bes kat1 artacak ve bu kuzeydeki (4,2)
(4,3) ve (5,2) ve giineydeki (3.7) gridler, su tablasi 22.7 metre diisecek bu yaklagik 2.5 m/y1l, haricinde genelde
su seviyesinde kiiglik diisiimlere neden olacaktir. Bu diisiis jeolektrik verilerden belirlenen yer alti faylarina
baglhdir.

Anahtar Kelimeler: Yeralt: Su yonetimi, akifer, matematik model, Irak.

MATHEMATICAL MODELLING AS A TOOL FOR GROUNDWATER
MANAGEMENT IN SIUN VILLAGE N-W OF IRAQ

Omar Nabar Abdulqader1 and Taha Hussein Al-Salim’
" Mosul University, College of Agriculture, Iraq
? Mosul University, Remote Sensing Center, Iraq

Groundwater is vital and the sole resource in the study area (Sinu) located in north-west of Iraq. It has a

significant role in agriculture. To avoid the decrease and optimal management of groundwater, mathematical
model (modflow) which is a three-dimensional finite-difference model, was used to simulate drawdown in
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ground water level in Al-fatha aquifer in Sinu village and the surrounding area, to predict the behaviour of
ground water level impact by different abstraction levels. The study area was divided into 48 grids distributed in
six columns and eight rows each grid covering 4 km” to represent the natural condition of ground water system.
Calibration and its validity was done to get agreement between observed and calculated drawdown, the model is
then used to predict the drawdown for the period from (2006 to 2012) under different pumping schemes
scenarios. Model resultsn indicate that by increasing the yield of the wells five time from now will discharge
(88) I/sec up to (440) I/sec by drilling new wells (assuming the same climate condition) a slight depression of
water level in all grids except (4,2)( 4, 3) and (5,2) in the north and grid (3,7) in the south in which its water table
drops (22.7)m , which is about (2.5) m/yr. This decrease was caused by the effect of subsurface faults detected

using geoelectrical data.

Key Words: Ground water management, aquifer, mathematical model, Iraq.
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IKLIM-ESKIi iKLiM DEGIiSIKLIKLERI/
CLIMATE AND PALAEOCLIMATE CHANGES

Oturu@ Yiiriitiiciileri / Conveners:
Ismail Omer Yilmaz, Funda Akgiin
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YER’IN iKLIMININ JEOLOJIK TARIHI

Ali Yilmaz ve Fuat Ozyonar
C.U. Miihendislik Fakiiltesi, Cevre Miihendisligi Boliimii, 58140, Sivas, Tiirkiye,
ayilmaz@cumhuriyet.edu.tr.

Yer’in iklimin etkileyen bashca faktorler kitalarin devinimi ve volkanik faaliyetler, giinesg
radyasyonundaki dalgalanmalar, Yer’in yoriingesindeki degisimler ve canli yasamin atmosferin bilesimine
etkileridir. Bu faktorler jeolojik ge¢miste de Yer’in iklimini etkilemis, Giiniimiiz’de de etkilemekte ve gelecekte
de bu faktorlerin etkileri devam edecektir.

iklimin etkileri deniz tabanma yakin yerlerde yasayan organizmalara yansimaktadir. Dolayisiyla
paleontolojik kayitlar kullanilarak sicakhik degisimleri belirlenebilmektedir. Bu degisimler fosillerin CaCOj;’tan
olusan kabuklarindaki oksijen izotop oranlarindan anlasilabilir. Clinkii bu oran, suyun sicakligindaki degisimlere
dolayistyla iklime bagl olarak degismektedir.

Yapilan degerlendirmelere gore, Prekambriyen’ de Giiniimiiz’den daha sicak ve daha soguk donemlerin
yasandig1 soylenebilir. Buna gore, Prekambriyen’ de ii¢ buzullasma donemi yasanmustir. Ancak, olasilikla
yeryiiziindeki suyun fazla olmamasi nedeniyle bu buzullar uzun siire korunamamustir.

Prekambriyen sonu ve Paleozoyik basinda Yer’in ikliminde 6nemli 6lgiide gelisen soguma nedeniyle
4.cti grup buzullagsma meydana gelmistir. Bu sirada Baykaliyen orojenezi olusmus ve canli yasam bilyiik lctide
yok olmustur.

Paleozoyik ve Mezozoyik sirasinda ise iklimde isinma ve soguma donemleri birbirini izlemigtir.
Ozellikle sicak donemlerde karasal bitkilerin ve planktonlarm biyolojik oksijen iiretmesi yeryiiziindeki yasamin
ileri diizeyde gelismesini kolaylastirmistir. Paleozoyik- Mezozoyik gecisinde Hersiniyen orojenezi olusmus ve
bu dénemde de yasam biiylik dl¢iide tekrar yok olmustur.

Mezozoyik sirasinda 6zellikle Jura- Erken Kretase doneminde 6nemli okyanusal havzalar agilmis ve
gelismis, buna bagli olarak sicaklik artmis, bu siire¢ maksimum diizeye eriserek cigekli bitkilerin ortaya ¢ikisina
yol agmistir. Geg Kretase sirasinda yay magmatizmasi egemen olmus ve bu magmatizmanin tirtinii kirlilik de
yasamt olumsuz yonde etkilemistir. Mezozoyik sonunda da canli yasam biiyiik di¢iide yok olmustur.

Senozoyik sirasinda yasam yeniden canlanmis, ancak yaklasik 35 milyon yil dnce (Oligosen’ de) son
biiylik buzul ¢agi (5.ci evre) baslamistir. Oligosen- Orta Miyosen’de yerylizii genis buzullarla kaplanmistir. Bu
donem de 6nemli kitasal bloklarin ¢arpistigi bir donemi karakterize etmektedir.

Pleyistosen’de yaklagik 100 -120 bin yillik siirelerle 8 -10 OC’lik yavas ve diizenli soguma ve isinma
donemleri goriilmektedir. Son kalin buz ortilerinin olusumundan sonra, sadece birka¢c bin yil iginde
yeryliziindeki sicaklik artmig ve bu sirada buzullar biiyiik 6l¢iide ¢oziilmiistiir. Bu yeni alt evrede canli yasamin
atmosfere etkileri arasinda o6zellikle insan kaynakli faalivetler sonucu atmosferin bilesiminde Onemli
degisiklikler  beklenmektedir. Dolayisiyla gelecekte yeryliziindeki yasam  Gliniimiizdeki yasamlia
kiyaslanmayacak 6lclide bir degisim gegirebilir.

Anahtar Kelimeler: Yer, Jeolojik tarih, Iklim, Kitalarin devinimi, Atmosfer, Yasam.

GEOLOGICAL HISTORY OF THE EARTH’S CLIMATE

Ali Yilmaz and Fuat Ozyonar
C.U. Miihendislik Fakiiltesi, Cevre Miihendisligi Béliimii, 58140, Sivas, Tiirkive,

ayilmaz@cumhuriyet.edu.tr.

Main factors affecting Earth’s climate are continental drift and volcanic eruptions, oscillations of solar
radiation, changes of Earth’s orbit and effects of life on the content of atmosphere. These factors affected Earth’s
climate and life in the geological past, they are affecting now and will affect in the future.

Effects of climate reflects the organisms, which living near the sea bottom. That’s why (For this reason)
temperature changes in Earth’s climate were discovered by using the paleontological records. The changes in
temperature can be understood from the isotopic oxygen (Hydrogen peroxide) ratios from the shells (including
CaCO3) of fossils. Because, this ratio changes depending on the temperature in water.

On the basis of evaluations carried out, it is possible to suggest that there were warmer and colder
phases than Recent, during Precambrian time. According to these evaluations, three glaciation priods occurred
during Precambrian. However, it is likely to suggest that glaciers of long duration did not emerge at that time,
because the volume of Earth’s surface water was insignificant.
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During the Late Precambrian and begining of the Paleozoic time, the glaciation of the fourth group
occurred due to significant cooling of Earth climate. In this phase, the Baikalian orogenesis occurred and the life
died out in a great scale.

Warming and cooling periods in climate followed each other during Paleozoic and Mesozoic times.
During mainly warming periods, the generation of biogenic oxygen by phytoplankton and land plates faciliated
the development of highly organised life on the surface of Earth. In the transition between Paleozoic and
Mesozoic times, the Hercinian orogenesis occurred and the life died out in a great scale again

During Mesozoic time, mainly Jurassic and Early Cretaceous periods, large oceanic basins opened and
developed and the temperature increased and this process reached its maximum level, which lead to the
emergence and proliferation of blossoming plants. In the Late Cretaceous period, arc magmatism bacome
dominant and then atmospheric pollution of the magmatism affected life in a negative way. In the end of
Mesozoic also, the life died out in a great scale.

During Senozoic time, the life become active and however, about 35 million years ago (during
Oligocene), the last (fifth phase) glaciation period had begun. The widest ice covers of Earth’s surface occurred
during Oligocene- Middle Miocene. This phase is also characterised by collisions of the continental fragments

In the Pleistocene epoch, there were slow but steady periods of cooling and warming by about 8- 10 0C,
which lasted approximately 100- 120 thousand years. After formation thick ice covers, a rapid warming occurred
during only several thousand years, which degraded the glaciers in a great scale. In this new subphase, importent
changes in the content of atmosphere will be expected as a result of mainly mad-made activities among the
effects of the life on the atmosphere. Therefore, the life on the Earth may be changed in a great scale, which is
not compared with the Recent life in the future.

Key Words: Earth, Geological history, Climate, Continental drift, Atmosphere, Life.

ERCIYES VOLKANI’NDA GEC KUVATERNER BUZULLASMASI VE ESKi IKLIiM
KOSULLARININ KOZMOJENIK YUZEY YASLANDIRMASI VE BUZUL
MODELLEMESIYLE BELIRLENMESI

Mehmet Akif Sarlkayal’ 2 Attila Ciner3 ve Marek Zreda®
! Cografya Béliimii, Fatih Universitesi, 34500, Biiyiikgekmece, Istanbul, Tiirkive masarikaya@fatih.edu.tr,
? Hidroloji ve Su Kaynaklar: Béliimii, Arizona Universitesi, 85721, Tucson, AZ, A.B.D.,
% Jeoloji Miihendisligi Bolimii, Hacettepe Universitesi, 06400, Beytepe, Ankara, Tiirkiye.

Buzullar iklim kosullarindan dogrudan etkilendikleri i¢in, iklimsel degisimler hakkinda 6nemli bilgiler
verirler. Bu yiizden eski buzullarin boyutlarinin ve zamanlamalarinin belirlenmesi, eski iklim kogullar1 hakkinda
onemli ipuclar1 saglarlar. Bu amagla, Erciyes Volkani’nda (38.53°N, 35.45°E, 3917 m), buzul gokellerinin
kozmojenik klor-36 (**Cl) yiizey yaslandirma yontemiyle tarihlendirmesi yapilmis, eski buzul dénemlerine ait
iklim kosullar;, buzul modellemeleri ve bolgeden elde edilen diger iklimsel veriler isiZinda tekrar
degerlendirilmistir. iki adet buzul vadisinden toplam 44 Ornek alnarak yapilan yaslandirma calismalart
sonucunda, toplam 4 adet buzullasma donemi ortaya ¢ikartilmig, yashdan gence bu donemler; Son Buzul
Maksimumu (SBM, 21.3+0.9 bin yil 6nce), Ge¢ Buzul Dénemi (14.6+1.2 bin y1l 6nce), Erken Holosen (9.3+0.5
bin yil 6nce) ve Geg Holosen (3.8+0.4 bin yil) olarak belirlenmistir. Kaydedilen en biiyiik ilerleme SBM
donemine aittir. Erken Holosen déneminde buzullasmanin volkanizma ile kesintiye ugradigi belirlenmistir.
Giiniimiizde, Erciyes Volkani’'nda bir adet buzul yer almakta ve 260 m’lik uzunlugu ile 3650-3450 m
yiikseklikleri arasinda yeralmaktadir. Buzul modellemesi ile elde edilen sonuglar, SBM doneminde Orta
Anadolu’nun giiniimiize gore yaklagik 8-11°C daha soguk ve yagisin giiniimiize yakin degerlere sahip oldugunu
gostermektedir. Geg Buzul doneminde ise sicakhigm 4.5-6.4°C daha soguk oldugu hesaplanmistir. Erken
Holosen doneminde iklimin giiniimiize gére 2.1-4.9°C daha soguk ve iki kati daha nemli oldugu
diisiiniilmektedir. Geg Holosen doneminde yagis kosullar1 giiniimiiz degerlerine yaklagmis, hava sicakhifimn ise
giiniimiizden 2.4-3°C arasinda daha diisik oldugu hesaplanmistir. Erciyes Volkani’nda 1902-2008 yillari
arasinda gesitli zamanlarda yapilan buzul 6lgiimleri ile yilda 4.2 m’lik bir gerilemenin varligi ortaya konulmus,
buzul modellemesi ile elde edilen son yiizyildaki hava sicakhigi artigmmn ise 0.9-1.2°C arasinda oldugu
belirlenmisgtir.

Anahtar Kelimeler: Gec Pleyistosen, Holosen, kozmojenik yiizey yaslandirma yontemi, CI-36, buzul
modellemesi, eski iklim, Tiirkiye.
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LATE QUATERNARY GLACIATIONS AND PALEOCLIMATE OF
ERCIYES VOLCANO INFERRED FROM COSMOGENIC SURFACE
DATING AND GLACIER MODELING

Mehmet Akif Sarikaya"?, Attila Ciner’ and Marek Zreda®
! Department of Geography, Fatih University, 34500, Biiyiikgekmece, Istanbul, Turkey masarikaya@fatih.edu.tr,
? Hydrology and Water Resources Department, University of Arizona, 85721, Tucson, AZ, USA,
? Geological Engineering Department, Hacettepe University, 06400, Beytepe, Ankara, Turkey.

Since glaciers are directly affected by the climate, they provide valuable information about the change in
climate settings. Thus, determination of extent and timing of past glacial activities can be used to predict the past
climate changes. For this purpose, we conducted a study on Mount Erciyes (3917 m, a stratovolcano in central
Turkey, 38.53°N, 35.45°E). We mapped the past glacial extents and dated the moraines by using in-situ
cosmogenic chlorine-36 (*°Cl). Forty-four boulders from moraines in two glacial valleys of Mount Erciyes
indicate four periods of glacial activity since the Last Glacial Maximum (LGM) (21 ka ago; 1ka=1000 calendar
years). They were reached their maximum extend by 21.3+0.9 ka ago and re-advanced by 14.6+1.2 ka ago
(Lateglacial), and again by 9.3£0.5 ka ago (Early Holocene). On that time, they were interrupted by volcanic
activity on the flanks of the volcano. The last stage of glaciers re-advanced during the Late Holocene (3.8+0.4 ka
ago) and started to retreat again. Today, the mountain sustains a 260 m long glacier between the elevations of
3450 — 3650 m. This complete set of glacial activity reveals inclusive series of paleoclimatic data. Using the
glacier modeling and paleoclimate proxies, we reconstructed the history of climate change in the region for the
last 21 ka. The results show that LGM climate was 8-11°C colder than today and precipitation levels were
somewhat similar to modern values. Lateglacial advances suggest that the climate was colder by 4.5-6.4°C. The
Early Holocene was 2.1-4.9°C colder and up to twice as wet as today, while the Late Holocene was 2.4-3°C
colder and its precipitation amounts approached to modern values. Historical measurements of glacier length
between 1902 and 2008 reveal a retreat rate of 4.2 m per year, which corresponds to a warming rate of 0.9—1.2°C
per century according to our glacier modeling efforts.

Key Words: Late Pleistocene, Holocene, cosmogenic surface exposure dating, Cl-36, glacier modeling,
paleoclimate, Turkey.

TECER (SIVAS) GOL ISTIFi: SON ALTI BIN YILDA IKLIMSEL VE
ANTROPOJENIK ISARETLERIN TESHISI VE GEC HOLOSEN’DE
INSAN TOPLULUKLARI iLE iLISKILERI UZERINE TARTISMA

Catherine Kuzucuoglu, W. Dorfler ve S. Kunesch
D Mouralis, Rouen Universitesi, Idees Laboratuvari, Rouen

Anadolu Platosu’nun kuzeyinde, Tecer Golii'nden (Sivas bolgesi, Tiirkiye) 6.8 m kayit ge¢ Holosen
iklim egilimi ve olayr hakkinda veri elde edilmistir. Ortalama 1mm/y1l ¢ékel birikimini oldugunu gosteren onbir
adet "“C yaslandirmasi, minarolojik igerik ve ¢okellerin tane boyu iizerine ¢aligmalar yapilmistir. Sonuglar gl su
seviyesinin degisimini, evaporasyon yogunlugunu (yaz kurakligl) gostermistir ve bunlar iklimsel rutubeti
belirtecek (kis, yaz yagmur diisiisii) sekilde yorumlanmistir. a) tane boyu dagilimi, minerallerin birbirlerine
oranlari ve kum-kil igerigine baglh olarak su gelimi ve b) evaporasyon stresini gosteren mineral ¢okelimi
(aragonit, jips), ara sira meydana gelen mevsimsel degisimler (6rn. ok yagmur yagmurlu donemler) iliskileri
vardir.

Tecer’de, ge¢ Holosen ii¢ aralifa ayrilabilir: (a) 100 yilda bir ardalanmali kuru/islak dénemler olan
1slaktan kuruya orta Holosen gegisi (6000 yil ile 3000 yil arasi) ve (b) son iki bin yilda kisa kuru/islak
ardalanmalar. Orta Holosen gegisi sirasinda, yogun ve kisa (~100-250 yil uzunlugunda) her bir islak/kuru
ardalanmasi sununda kuraklik olmustur, 6rn 6., 5. ve 4. binyil). Tecer’deki iklimsel donemler baz
karakteristikler istifin yerine bagl olarak bazi 6zel etkiler konusunda bilgiler vermektedir: dogu Akdeniz’de (asli
olarak doguya dogru Van ve Zagros golleri, orta Anadolu’da eski Acigél ve Nar gélii ve dogu Akdeniz’de bir
cok yer) diger yerlerle kargilastirildiginda, Tecer golii ¢okelleri orta Anadolu Platosu’nun kuzey kismi iizerindeki
degisik iklim sistemlerinin (bati Avrupa, kutup, dogu Akdeniz, Hint Muson) uzantilarmimn kayitlarini icerir gibi
gdziikmektedir. Iklimsel durumla kargilagtirildiginda tane boyu igerigi i¢in kullamlan bazi gostergeler biiyiik
olasilikla toprak iizerindeki (orman kesimi ve artan yogun uygulamalar) insan etkilerine bagl erozyon izlerinin
donemlerinin kanitlanmasimna izin vermistir. Toprak erozyonunda 5.binyilda baslayan (6rn. Erken bronz cagnin
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baglangict), ge¢ Bronz ¢agi sirasinda (4. bin yilin ikinci yarist) ve dzellikle 2.bin yilda Roma isgali sirasinda)
devam eden bu degisiklikler gollerle kaplanan cukurluklara ¢okel gelim tipindeki degisikliklerle ispatlanur.
Sonug olarak, iklimsel ve antropojenik isaretlerin karsilastirilmasi insanlhk tarihinde, iklimin rolii iistiine eski
bilim (iklim, arkeoloji) toplulugunda devam eden kuvvetli tartismalarin agilmasina izin verecektir.

Anahtar Kelimeler: Tecer (Sivas) Gélii, Ge¢ Holosen, Kuraklik, Islak/Kuru Ardalanmasi, Insanlik Tarihinde
Iklimin Rolii.

THE TECER (SIVAS) LAKE SEQUENCE: IDENTIFICATION OF
CLIMATIC AND ANTHROPOGENIC SIGNALS DURING THE LAST 6
MILLENNIA, AND A DISCUSSION ON RELATIONSHIPS WITH HUMAN
SOCIETIES IN CENTRAL ANATOLIA DURING LATE HOLOCENE

Catherine Kuzucuoglu, Dorfler, W. and Kunesch, S.
D Mouralis , Rouen University, Idees Laboratory, Rouen

In the north of the Anatolian Plateaux, the Tecer lake (Sivas region, Turkey) delivered a 6.80 m record
of late Holocene climate trends and events. With the chronological frame of eleven '*C dates which evidence a
mean 1 mm.yr-1 sedimentation rate during 6000 years, the mineralogical content and the grain-size distribution
of the sediments from this sequence have been studied. Results allow reconstructing variations in lake-level and
in evaporation intensity (summer droughts), both proxies interpreted as indicating climatic humidity (winter vs
summer rainfall). Correspondences between (a) water input evidenced by the grain-size distribution and the
ratios between minerals and the sand-clay content, and (b) precipitated minerals evidencing evaporation stress
(aragonite, gypsum) also evidence, occasionally, seasonal contrasts (eg. phases with high winter rainfall). At
Tecer, late Holocene is divided into two main periods: (a) the wet to dry mid-holocene transition (from 6th to 3rd
mill. cal. bp) characterised by multicentenial alternating dry/wet phases, and (b) shorter dry/wet alternations
during the last two millennia. During the mid-Holocene transition, intense and short (~100-250 yr-long) droughts
occur at the end of each wet/dry alternations, i.e. at the end of the 6th, 5th and 4th mill. cal. bp. The
characteristics of some climatic phases in Tecer seem to enlighten some specific effects due to the location of the
sequence: when compared with other sites in the eastern Mediterranean (mainly Van and Zagros lakes to the
east, eski Acigdl and nar golii in central Anatolia, and several sites in the Levant), the Tecer lake sediments seem
to have registered the variations in extension of different climatic systems (western Europe, polar, east
Nediterranean, Indian monsoon) over the northern part of the central Anatolian Plateaux. Some indicators used
for characterizing the evolution of grain size content compared to climatic proxies, allow to evidence periods of
erosion peaks which are most probably related to the impact of human activities on soils (deforestation,
increasingly intensive practices). These changes in soil erosion is evidenced by changes in the type of sediment
delivery to the depression occupied by the lake, occur at the beginning of 5th mill. cal. bp (i.e. beginning of the
early bronze age), during the late bronze age (2nd half of 4th mill. cal. bp), and especially during the roman
occupation (early centuries of the 2nd mill. cal. bp). Finally, the comparison between climatic and anthropogenic
signals allows to open the discussion on the role of climate in human history, which is an on-going debate
especially vivid in the scientific “palaeo” (climate, archaeology) community.

Key Words: The Tecer (Sivas) Lake, Late Holocene, Droughts, Wet/Dry Alternations, Role of Climate in
Human History.

SONDAN BiR ONCEKIi DEGLASYASYON VE SON BUZULARASI DONEM
SIRASINDAKI DENiZ SEVIYESI DEGiISIMLERI

Erdem Bekaroglu1 ve Tezer Esat®
!Cografya Boliimii, Ankara Universitesi, 06100, Sthhive, Ankara, Tiirkiye, erdem. bekaroglu@ankara.edu.tr,
’Research School of Earth Sciences, The Australian National University, Canberra, ACT, 0200, Australia.

Bu ¢alismada, Sondan Bir Onceki Deglasyasyon (T II) ve Son Buzularasi dénem (SBd) sirasindaki
deniz seviyesi degisimlerinin dogrudan belirlenebilmesi ve meydana gelen deniz seviyesi degisimlerinin kesin ve
dogru bir kronolojisinin olusturulmas: agisindan en iyi jeolojik-jeomorfolojik gosterge olan sig su mercan
resifleri incelenmistir. Karayipler’de tektonik olarak yiikselen bir ada olan Barbados’un giineybati bsliimiindeki

129



64. Turkiye Jeoloji Kurultayi 25-29 Nisan 2011

SBd resif terasindan orneklenen cok sayida mercan resifi igerisinden 40’tan fazla mercan numunesi yiiksek
¢oziiniirliikli TIMS U/Th metoduyla tarihlenmistir.

Elde edilen sonuglar, T II’nin 137-134 bin yil 8ncesi arasinda meydana gelen ilk deniz seviyesi
yiikselimiyle hizlandigini gostermektedir. Deniz seviyesinin glasyal diizeyinden (-80/-100 m) -20 metreye
yiikseldigi bu dénemdeki deniz seviyesinin yiikselim trendi 130 bin yil once kesintiye ugramis ve deniz seviyesi
tekrar glasyal diizeyine inmistir. Barbados mercanlarinin 130-129 bin yil 6nce, deniz seviyesinin -20 metreden -1
metreye yiikseldigini kaydetmesi, bu deniz seviyesi salimminin oldukga ani ve hizli oldugunu gostermektedir. T
II’nin bitisini ve SBd’nin baslangicini ifade eden mercan ornekleri, 128 bin yil once deniz seviyesinin +2-4
metreye eristigini ve bu yiiksek diizeyin kesintisiz olarak 2-3 bin yil siirdiigiinii géstermektedir. Resif terasindaki
mercan numuneleri SBd’nin ortasida bin yillik ani bir deniz seviyesi saliniminin varligini gostermektedir. iklim
sistemindeki ani bir kararsizhig1 gosteren bu olay sonrasinda deniz seviyesi tekrar +2-4 metrelik yiiksek diizeyine
erismistir. Mercan resifi kayitlari, SBd yiiksek deniz seviyesinin 119-117 bin y1l once sonlandigini, bu sirada
deniz seviyesinin -8 metreye diistiigtinii gostermektedir.

T II’nin baslangicindan SBd’nin sonuna kadar olan yaklasik 20 bin yillik dénem, orbital ve suborbital
olcekteki deniz seviyesi degisimleriyle karakterize olmaktadir. SBd’nin ortasindaki ani deniz seviyesi
salmimmnin varhiginm, zamanlamasinin ve magnitiidiiniin bu calismadaki kesfi, ilk defa, suborbital 6lgekli deniz
seviyesi degisimlerinin sadece buzul ve interstadyal dénemlerde degil, buzularas1 donemlerde de hiikiim siirmiis
oldugunu gostermektedir. Holosen deniz seviyesinin bugiinkii seviyesine eristigi 6 bin y1l ncesinden giinimiize
dek duraganhgmi korumus olmasi, SBd ile Holosen arasindaki baslica ayriliga isaret etmektedir.

Anahtar Kelimeler: Deniz Seviyesi Degisimleri, Deglasyasyon, Son Buzularast donem, U/Th.

SEA-LEVEL CHANGES DURING THE PENULTIMATE DEGLACIATION AND
THE LAST INTERGLACIAL PERIOD

Erdem Bekaroglu1 and Tezer Esat’
"Department of Geography, Ankara University, 06100, Sihhiye, Ankara, Turkey,
erdem.bekaroglu@ankara.edu.tr
?Research School of Earth Sciences, The Australian National University, Canberra, ACT, 0200, Australia.

In this study, we have investigated shallow water coral reef species, the most appropriate geological-
geomorphological proxy of the sea-level changes, for the direct determination of the sea-level changes during the
Penultimate Deglaciation (T II) and the Last Interglacial (LI). In order to establish accurate and precise
chronology of the sea-level changes during the time period of interest, we have applied high resolution TIMS
U/Th dating for more than 40 coral samples collected from LI reef terraces located on the SW part of the
Barbados, the tectonically uplifting island in the Caribbean Sea.

Results show that the T II accelerated between 137 and 134 ka BP with the initial rise in sea-level,
during which sea-level rose to -20 m from its glacial level (-80 m). The rising trend of the sea-level further
interrupted by a rapid drop in sea-level to its glacial level again at 130 ka BP. Barbados corals captured the sea-
level rise from -20 m to -1 m between 130-129 ka BP, which indicates that the sea-level fluctuation at the
termination of the penultimate glacial period was very rapid and abrupt. Coral samples from LI reef unit
capturing the termination of penultimate deglaciation and the onset of the LI period, show that the sea-level
reached +2-4 m around 128 ka BP and remained at this level for 2-3 ka. °Th ages obtained from coral samples
in the reef unit suggest that the middle of the LI period is characterized by a millennial scale, relatively large and
abrupt sea-level fluctuation. Shortly after the pronounced rapid sea-level fluctuation that resulted from short-
term instability in the climate system, sea-level reached its high stand level again. Coral records show that the LI
sea-level high stand terminated and the sea-level fell to -8 m around 119-117 ka BP.

The period from the onset of T II to the end of the LI period is characterized by orbital and suborbital-
scale sea-level changes. In this study, the discovery of the mid-LI sea-level fluctuation and the determination of
its timing and magnitude reveal that the suborbital-scale sea-level variations are features not only for glacial and
interstadial periods but also for interglacial periods. Since the present sea-level has been stabile for the last 6 ka,
we conclude that the LI and the Holocene might be substantially different from each other.

Key Words: Sea-level changes, Penultimate deglaciation, The Last Interglacial, U/Th.
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BILECIK KARBONAT PLATFORMU’NUN GEC HAUTERIVIYEN’DE
BOGULMASI VE TAKIiP EDEN KURESEL ERKEN-GEC BARREMIYEN
IKLiM DEGISIMi VE OKYANUSAL OLAYININ ETKILESIiM KAYITLARI,
SAKARYA ZONU, BATI TURKIYE

ismail Omer Yilmaz', Demir Altiner’, Ugur Kagan Tekin?,

Faruk Ocakoglu3 ve Sanem Ag:lkalm3
! Jeoloji Miihedisligi Béliimii, Orta Dogu Teknik Universitesi, 06531, Ankara,ioyilmaz@metu.edu.tr,
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Alpin Tetis bolgesinde kaydedildigi gibi Bilecik Karbonat Platformu’nun Geg¢ Hauteriviyan/Erken

Barremiyen’de bogulmasi Pontitler’in Sakarya Kusagi iizerinde Tiirkiye’de de tespit edilmistir.
Bogulma olaymnin 6nemli 6zelliklerinden olan bol ammonit, belemnit, bivalv ve ¢oklu sert zeminleri igeren kalm
tabakali, “Ammonitico Rosso” benzeri kirmizi renkli kiregtaglart H/B sinirmin hemen altinda kaydedilmisgtir.
Sert zemin yiizeyleri mikro ve makro 6lcekli demir ve mangan kabuklagmas: ve yumrulari, mikro ve makro
Olgekli organizma oygular, kalsit minerallesmesi ve glokoni minerali igermektedir. Ge¢ Hauteriviyan/Erken
Barremiyen simirinda, sert zeminlerin en sonuncusunun hemen istiine kirmizt renkli, planktonik foraminifera
iceren pelajik kirectasi gelmektedir. Bu istifin iizerine gri renkli, biyotiirbasyonlu, kumlu/siltli, radyolaryah
kiregtaslari, siyah seyller ve kumlu/siltli ¢amurtaglart gelmektedir. Ammonitli, manganli, demirli, piritli ve
glakoni mineralli siyah seyl seviyesi Erken Barremiyen-Geg Barremiyen sinirinda yer almaktadir.

Platform karbonatlarimin {izerinde yer alan “Orta Barremiyen” siyah seyl araliginin kaydi ve
radyolaryali pelajik istif ile ortiilmesi okyanusal anoksik olayin platform bogulmasindan sonra gergeklestigini
gostermektedir. Siyah seyl zonu igerisinde durayh 8"C ve 80 izotop egrilerinde Avrupa istiflerindeki izotop
eprileri ile parallelik sunan pozitif/negatif sapmalar tespit edilmistir. Eski iklim degisikligi analizleri
Barremiyen’in en altinda iklimde bir serin dénemin var oldugunu, bu doénemi Geg Erken Barremiyen’de 1lik bir
dénemin takip ettigini, ve Ge¢ Barremiyen’de tekrar serin bir iklim yasandigini gostermektedir. Atlantik ve Tetis
Okyanuslar1 arasinda gegis yollarinin agilmasi Boreal ve Tethis alanlari arasinda denizel gegisleri gelistirmistir
ve dolayist ile Tetis Okyanusu’nda denizel sularin sogudugu goriilmiistiir. Buna ek olarak, Ingiltere’de denizel
olmayan fasiyeslerde yapilan eski iklim ¢ahigmalarinda diisik atmosferik CO2’in bulundugu ve Erken
Barremiyen’de serin iklimlerin var oldugu goziikkmektedir. Ihk ddénemlerde, nemli iklim sartlar1 kitalarm ve
bogulmus platformlarin iizerinde etkisini gdstermis ve havzalara ¢oziinmiis inorganik karbon tasmmasma, su
kolonundaki evaporasyon, sicaklik ve iiretimde artisa sebep olmustur. Bu degisimlerin sonucunda da anoksik
sartlarm gelismesi tetiklenmistir. Bu ¢alismada Barremiyen’de kiiresel eski iklim degisikligine ¢ok parallel
egilimlerin ve aym eski okyanusal olaymn Tiirkiye’de Pontitler’in Sakarya Zonu {izerinde de kayitlandig ortaya
¢ikartlmistir.

Anahtar Kelimeler: Ge¢ Hotriviyen /erken Barremiyen, Karbonat Platformu Bogulmasi, Orta Barremiyen
Anoksiyasi, Serin ve 1lik iklim degisiklikleri, Okyanusal gecis yollari, Bilecik Platformu, Sakarya Zonu,
Pontitler.

DROWNING OF THE BILECIK CARBONATE PLATFORM IN THE LATE
HAUTERIVIAN/EARLY BARREMIAN AND RECORDS OF THE FOLLOWING
GLOBAL EARLY-LATE BARREMIAN CLIMATE CHANGES AND
OCEANOGRAPHIC EVENT ON THE SAKARYA ZONE, PONTIDES,
WESTERN TURKEY
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The drowning of the Bilecik Platform in Late Hauterivian/Early Barremian is recorded in the Sakarya
Zone of Pontides in Turkey as in the Alpine Tethys region. “Ammonitico Rosso” like reddish colored, thick-
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bedded limestones including multiple hardgrounds, abundant ammonites, belemnites and bivalves which are
important criteria of drowning are recorded just below H/B boundary. The hardground surfaces contain macro
and micro-scale manganese and iron encrustations, micro- and macro-boring structures, calcite mineralization
and glauconite minerals. A red pelagic limestone succession with planktonic foraminifera overlies the last
hardground surface which took place at the late Hauterivian-early Barremian boundary. This succession is
overlain by alternation of grey colored bioturbated sandy/silty limestones with radiolaria and black shales or
sandy/silty mudstones. A black shale level including ammonite, manganese, iron, pyrite and glauconite minerals
takes place around the ear]l Barremian-late Barremian boundary.

The record of “mid-Barremian” black shale interval over the platform carbonates and the overlying
pelagic succession with radiolaria indicates that the “mid-Barremian” Oceanic Anoxic Event took place after the
drowning of the platform. Stable 5"°C and §'%0 isotope excursions have been detected within black shale zone
and display parallel pattern with European sections. Paleoclimate change analysis indicates that a cool phase in
the climate was recognized at the base of the Barremian, and followed by a warming trend in the Late Early
Barremian and a cooling phase occurred in the Late Barremian. Opening of gateways between Atlantic and
Tethyan oceans enhanced the marine passage between the boreal and the Tethyan realms and in turn cooling of
marine waters in the Tethyan Ocean appeared. In addition to this, paleoclimate studies on the non-marine facies
in the southern England indicated the presence of low atmospheric CO, and cooler paleoclimates in the early
Barremian. In warmer periods, humid conditions may took place on continents and drowned platforms causing
the transportation of dissolved inorganic carbon in to basins, increased evaporation, temperature, and production
in water column triggered the anoxic conditions. Very parallel trends in the global paleoclimate changes and the
same paleooceanographic event in the Barremian are determined on the Sakarya Zone of Pontides in Turkey.

Key Words: Late Hauterivian/Early Barremian, Carbonate Platform Drowning, Mid-Barremian Anoxia, Cool
and warm climates, Ocean gateways, Bilecik Platform, Sakarya Zone, Pontides.
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Tirkiye’de Triyas-Orta Jurasik donemine ait denizel tortullar olduk¢a yaygin gozlenmesine karsin,
ozellikle komir icerikli karasal tortullar az yayilim sunmaktadir. Bu ¢alismada, Isparta bélgesinde Cayir, Sorgun
ve Kokl yaylalarinda gozlenen komiir igerikli karasal istiflerdeki komiir ve kil 6rneklerinden mikroflora,
kiregtast orneklerinden foraminifer faunalart tanimlanmigtir. Mikroflora ve foraminifer formlarina dayanilarak
Cayir, Sorgun ve Koklii yaylalarinda gozlenen komiir i¢erikli karasal ve denizel tortullarin Geg Triyas (Resiyen-
Erken Jurasik)-Erken Jurasik (orta Liyas) doneminde ¢okeldigi belirlenmistir. Cayir, Sorgun ve Kokli
yaylalarindan (Isparta) tanimlanan spor ve polenler gore, kiy1 yakini denizel kogsullarin varhigimi belirlenmistir.
Cheriolepidiaceae ailesine ait Corallina cinsinin bollugu (Koklii %34, Sorgun %60 ve Cayir %80) ve diisiik
topografyadaki egrelti ormaninin varligi Resiyen-erken Liyas doneminde, ilik-yari tropikal ve nispeten nemli
iklimsel kosullarinin varligint yansitmaktadir.

Giimiishane ¢evresinde Ammonitico Rosso fasiyesi lizerinde yer alan ve az yayilun gosteren komiir
icerikli karasal tortullardan derlenen orneklerden Orta Jurasik (?Sinemuriyen-Bathoniyen) yashi mikroflora
tammlanmigtir. Giimiishane ¢evresinden derlenen komiir 6rneklerinden tanimlanan bu mikroflora, yar1 tropikal
ve genel olarak kurak iklim kosullarini varlig diisiindiirmektedir.

Bu c¢alismada ayrica, yaymlanmis diger Triyas-Orta Jurasik yasli mikroflora verileri kullanilarak
(Diyarbakir, Mardin-Nusaybin, Amasra-Cide ve Bayburt), bu zaman araligi boyunca iklimdeki degisimler
belirlenmigstir. Erken Triyas’ta egemen olan sicak ve nemli iklim kosullar1, Orta Triyas’ta devam etmekte ancak,
versel kurak kosullarin varhg gézlenmektedir. Bu kuraklik Geg Triyas’ta egemen hale gelmistir. Geg Triyas taki
bu kurak iklim kosullarini, Liyas’in baglangicindaki kisa siireli nemlilik artisi izlemektedir. Jurasik boyunca
nemlilik azalmakta ve kiglart nemli, mevsimsel kurak yar1 tropikal iklim kogullar1 belirgin hale gelmektedir.

Anahtar Kelimeler: Triyas, Jurasik, Isparta, Giimiishane, Palacoiklim.
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