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Curie noktasi sicakligi derinligi, mineral ve dol ay isiyle olusturduklar!, kayaclarin, bulunduklar ortamin

1s1 degeri belirli bir sicakligin tizerine ¢ikinca manyetik 6zelliklerini kaybetmesi prensibine dayanan bir
saptamadir.

Havadan manyetik verilerden yararlanilarak spektral analiz teknigi ile tiim Tirkiye'yi kapsayan Curie-
noktasit essicaklik derinligi haritasi hazirlanmistir. Harita genelinde goze carpan onemli bulgular
bugiine kadar yerbilim ¢aligmalarinca ortaya konan genel bulgular1 destekler niteliktedir: Curie noktast
sicaklik degerinin s1g derinlikte oldugu alanlar, genelde geng¢ volkanik aktivitelerin bulundugu, ve
ozellikle de kabugun inceldiginin, yapilmis olan ¢alismalar sonucunda yerbilimciler tarafindan kabul
edildigi. Bati Anadolu'da yer almaktadir. Bu tiir alanlar,, bugiline kadarki ¢aligmalarla, jeotermal
sahalarin yaygin ve vyiksek, sicaklikli olarak kesfedildigi alanlarla cakismaktadir. Bilindigi gibi.
jeotermal sistem veya alan. olusumunda en 6nemli parametre kabuk icerisindeki 1s1 kaynagidir,

Olusturulan bu ilk asamadaki haritada, Curie noktasi sicaklik derinligi kabuk i¢inde 7 ile 27 km
arasinda degismektedir., Kuzeyde, Pontit Orojenez kusagimin yer aldigi Karadeniz bolgesi, gilineyde
Toros orojenez kusagimin yer aldigi bolge ve yliksek topografya ve kabuk kalinlasmasinin kabul
edildigi Dogu. anadolu Bolgesi 20-25 km. Curie noktasi essicakligi derinlikleri vermektedir.

Bati Anadolu'da ise Curie noktast essicaklik derinligi 7-10 km arasinda degismektedir ki bu Bati
Anadolu'da, kabul, edilen kabuk, incelmesi nedeniyle beklenen bir sonugtur. En yiiksek sicakliga sahip
jeotermal alanlar da bu bolgede bulunmaktadir ki,, bir anlamda kabuktaki 1s1 kaynaginin sig oldugunu
"dogrular isaretlerdir..

Bu cahisma ile kabuk yapisi, kabuk-manto iligkisine, jeotermal bdlgelerin, olusumuna ve
cevherlesmelere yonelik yorumlamalara gidilebilecegi dustiniilmektedir.

Genelde batidaki jeotermal alanlar yliksek sicaklikli olmalari nedeniyle elektrik tiretimine, orta ve
doguya gidildik¢e sehir 1sitma ve balneolojik kullanima uygundur.
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ABSTRACT

The Curie Point Temperature Depth depends on the principle of the loss of magnetic properties of
some minerals forming the rocks,, at certain temperatures while temperature increases as the depth
increase.

The Curie- Point isotherm map of Turkey, covering the whole country, has been prepared, by means of
spectral analysis technique using the aero magnetic data. Signature of the map supports the general
findings on geological investigations. The map reveah that shallow Curie point temperature depths are
generally located- in the areas covered by young volcanics and especially in West Anatolia where crust
thinning is proposed by earth scientists. These areas are superimposed with those having geothermal
potential as revealed by several hot springs.. As is well known, the main parameter for geothermal
system occurrence is the heat source in the crust.

In this primitive map, the curie point temperature depths are in the range of 7 to 27 km, Tfie Orogenic
Pontite Belt in Black Sea region in the north, Taurus belt in the south and the high land in East
Anatolia (where crusted thickening is accepted) seem to have the deepest Curie isotherm depths
ranging from 20 km to 25 km..

Curie isotherm depths are in range of 7 to 10 kilometers in West Anatolia and Aegean region as
expected since the region has thinned crust and many hot springs and. geothermal fields suggesting
shallow heat sources..

The geothermal fields in West Anatolia are suitable for electricity production whereas those in Central
and East Anatolia for central and greenhouse heating and balneological use.

This study is believed to be of help in the interpretation of structure of the crust and crust-mantle
interface, and of the genesis of geothermal systems and mineralizations.

200



57. Tirkiye Jeoloji Kurultay: 08-12 Mart 2004,, MTA Kiilttir Sitesi, Ankara
57th Geological Congress of Turkey

Tiirkiye'nin Yiiksek Tuzlulukdaki ' Jeotermal Sahalari
Hpypersaline Geothermal Fields Of Turkey

Erdogan OLMEZ

MTA Enerji Dairesi Ankara erdogan_olmez @ yahoo.,corn-

()4

Ege (Tuzla-Ayvacik ve Kestanbol-Ezine/ Canakkale, Cesme-izmir) ve Akdeniz (Karaada-Bodrum,
Golbasi-Datca; Mugla) sahil ¢izgisi boyunca birka¢ noktada bulunan yiiksek tuzlulukdaki jeotermal
sahalar ve volkanizmasi incelenmistir. Bu sahalarda metamorfik kayalar, intriizif kiitleler, granitler,
lavlar ve Neojen ortii kayalan yiizlek vermektedir.

Kaynak, ve termal sondaj akiskanlarinin kimyasal Ozellikleri (Nacl'li su), bunlar besleyen sularin
hidrolik dongu sirasinda baslica deniz suyundan kaynaklandifi ve daha sonra deniz suyu ve diisiik
tuzlulukdaki soguk yeralt1 suyu ile karistigini varsaymaktadir. Bu karigim, su/kaya reaksiyonunun bir
stireci olarak beraberinde ¢ozeltiye (suya) K, Ca, HCO3, Sio, katilimina yol agmaktadir.

Sahada jeotermal belirte¢ olarak, cok sayida termal kaynaklar ve alterasyon zonlar1 mevcuttur.

Tuzla ve KestanboFda sig kotlarda gbzlenen aktif ve sogumakta olan yaygin jeotermal sistemlere ait
silis icerigi Cesme, Karaada ve Datga'daki. kaynaklara gore daha yiiksekdir.

Yiiksek sicaklikli bu. sistemler ile iligkili 1s1 kaynagi, si§ kutlardaki kabuk icine yerlesmis magma '
cepleri olarak dustintilmektedir, bu ise olasilikla merkezi volkanik, komplekslerle iliskilendirilmektedir
(8-20 my yaslarindaki bazalt, dasit,, andezit).

Bolgedeki akiskan yiikselimini kontrol eden. belirgin ana faylarin dogrultlar1 D-B dir.

Tuzla, Kestanbol, Cesme,, Karaada ve Datca'daki termal sular eski caglardan beri bilinmektedir..
Glinimiizde bu sular baglica 1sitmacilik, hidroterapi ve tuzeldesinde kullanilmaktadir.

ABSTRACT

Hypersaline geothermal areas and volcanism on several points, located on the seashore line of the
Aegean (Tuda-Ayvacik, Kestanbol-Ezine; Canakkale: Cesme-Izmir) and Mediterranean sea. (Karaada-
Bodrum, Datca ; Mugla) have been investigated. Within the areas metamorphic rocks, intrusive
bodies, granites,, lavas and Neogene covers are cropping s out The chemical features of the springs and
the final well fluids (Nad type water) suggest that the water recharging them largely derived from
seawater that enters the hydrological cycle and mixes with sea 'water and local low salinity freshwater..
This mixing is accompained by inclusion of the K, Co, H CO 3, SIO2 to the solution as a result of
water/rock interaction processes. As geothermal manifestations numerous thermal springs and
hydrothermal alteration zones are present at the surface in the areas . At Tuzla and Kestanbol where
active and cooling geothermal systems are abundant at shallow deptlj” the silica content is of the
thermal springs are higher than the springs at Cesme, Karaada, and Datca. The heat source of these
high temperature Systems is thought to be shallow depth crustal magma chambers , associated with
central volcanic complexes (basalt, dacite, andésite, of §-20my). Major visible faults that control fluid
Sflow in this region are E-W trend. The thermal waters of Tuzla, Kestanbol, Cesme, Karaada and Dat¢a
have been well known since antiquity.. Today they are mainly used for space-heating, hydrotlterapy
and salt extraction,
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Ege Bolgesinde yeralan Biiyiik Menderes Grabeninin dogusunda, Buharkent-Yenice-Pamukkale-
arasinda kalan bolgedeki cok sayida kaynak ve kuyudajeotermal akiskan bulunmaktadir. MTA Genel
Miidiirliigii tarafindan, yuriitiilen "Biiyiik Menderes Grabeninde Yeralan Yiiksek Sicaklikti Jeotermal
Akigkanlarda Yas ve Koken Tayini" projesinin bir parcasi olan bu calisma, bolge ile ilgili izotop ve
hidrojeokimyasal veriler birlestirilerek, calisma kapsami icinde yer alan kaynaklarin, beslenme ve
sirkiilasyon siirelerinin belirlenmesini, hedeflemektedir Bu amacla bolgede yeralan sicakliklari. 35 °C
ile .242 °C arasinda degisen akigskanlar1 gruplandirmak, yeraltinda gecirmis, oldugu jeokimyasal siirecler
ile kokeni erini belirlemek, beslenme yiiksekliklerini hesaplamak ve dolasim siirelerini tesbit etmek icin
sukimyast, 5"°0, S’H,,5°’H, “C, 5*S-SO, ve 5°0-S0, izotop rneklemeleri yapilmugtir.

Fizikokimyasai. verilere gore, A'dan G'ye kadar 7 degisik tipte hidrojeokimyasal karekterle
smiflandirilan bu sular, calisma alaninda bulunan 242 °C sicakhikti Kizildere A tipi Na-HCO3'h (<90
TDS<130 meq/l) termal sulart ile B tipi Ca-HCO3 (TDS<30 :meq/l), C tipi Ca-SO4 (TDS -110 meq/1)
ve D tipi Na-SO4'l1 (TDS -70 meq/I) sularin c¢esitli oranlardaki karisimlarindan olugmaktadir.

Sig dolasimli soguk su kaynaklarinin doteryum-yiikseklik degisimine gore Kizildere ve Tekkehamam
jeotermal termal sularinin ortalama 1300-1900 m. kotlar1 arasindan beslendigi, belirlenmistir. (A)34S~SO4
ve 8"0-SO, izotop analiz sonuglan, Tekkehamam termal kaynaklan ile yakin ¢evresinde bulunan
termal kaynaklarin sularinda bulunan SO, iyonunun kokeni Simsek (1984) tarafindan adlandirilan
Pliyosen yasli Kolonkaya Formasyonumun icinde bulunan jipslerdir. Kizildere sahasindaki derin
kuyulardan ¢ikan jeotermal sularin 5"0-SO, izotop igeriginde yiiksek sicakliktan dolayr 5°0-H,O ile
meydana gelen degisim miktart %46-84 arasinda degismektedir. Kizildere jeotermal elektrik
santralindeki kuyulardan bosalan sularin Plummer, Prestemon, and Parkhurst (1996) tarafindan
gelistirilen NETPATH jeokimyasal model lerne programinda yapilan degerlendirilmelere gore,
Kizildere sahasindaki degisik kuyulardan bosalan jeotermal akiskanin 14C izotopuna gore dolasim
stiresi 22.500-27.500 y1l arasinda degismektedir.,

Calisma sonuclarina gore alanda, kalsit-anhidrit coziinmeleri ve silikat hidrolizleri en belirgin, su/kayac
reaksiyonlarn olarak, goriinmektedir. Sig yeralti sulariyla .karisim, kondaktif yolla 1s1 kaybi, manto
kabuk, ve atmosferik gazlarla reaksion,, derin yeralti, su. sirkiilasyonunu etkileyen en dnemli proseslerdir,.
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ABSTRACT

Many geothermal fields, ranging between 35°C and 242 "“C in temperature,, are found on the eastern
pari of the Biiyiik Menderes Graben section, extending between Buharkent - Yenice and Pamukkale in
the Aegean Region, Hydrochemical, ¢°0, O’'H, S’H,"C, 0”345—504 andé"?O—SO‘, isotope analyses have
been realized in order to classify these fluids, determine the geochemical evaluation and origin,
calculate recharge elevations and turnover time.

According to the topographical structure and physic-chemical basin, waters are classified in seven
typical Hydrogeochemical characteristics, from A. to G. The subtypes C, E, F and- G result from
different mixture of 242 °C tempered Kizildere geothermal fluid A type Na-HCOj (<90 TDS<I130'
meq/l) thermal water, B'type Ca- HCO,(TDS<30nieq/1), Ctype Ca~SO,(TDS -110meq/!) and D type
Na-S50,(TDS -70 meq/l) thermal waters.

According to the deuterium-altitute- relation of the, shallow groundwaters, it has been determined that

Kizildere and. Tekkehamam thermal. Meters are fed from 1300 - 1 900 meters approximately., From, the
evaluation of the S"'S-SO4 and d@ 0-504 isotope analysis results, the origin of the SO4 ion in the

Tekkehamam and province thermal springs, has been found to be from the dissolution of gypsum layers

of the Pliocene aged Kolonkaya Formation named by Simsek (1954). Due to the existance of high

reservoir temperature,, exchange between the S"0S04 and a O-H "0 isotope content of the thermal

waters discharging from the deep wells in Kizildere Power Plant has been calculated to be between

46-34%. The result ofthe NETPATH modelling software developed by Plummer, Prestemon, and

Parkhurst (1996), the 14C isotope analysis of the thermal waters discharging from Kizildere Power

Plant, indicate a turnover time ranging between 22.500 - 27,500 years,

Calcite-anhydrite solutions and silica hydrolysis are to be distinguishable water/rock reactions as the
result of the study. Mixture with shallow ground-water,, heat loss by conductive means, reaction with
mantle, crust and atmospheric gases are the main processes effecting the deep groundwater
circulation.

The aim of this study is to determine the recharge area and circulation ages of the ‘water resources

Jfound in the region, by the combination of related isotope techniques and hydrogeochemical data. This
study is apart of the "Determination of Age and Origin of the High Enthalpy Geothermal Fluids of the
Biiyiik Menderes Graben Project” performed by MTA.
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Caligma alan1 Orta Anadolu bolgesinde Aksaray ilinin, dogusunda yer alir. Caligma alaninda uzaktan
algilama, foto jeoloji, detay jeoloji.,., yliizey hidrotermal alterasyonu, su kimyasi ve manyetotell{irik
calismalar gerceklestirilmistir.., Calisma alaninin temelini mermer, sist ve gnaystan olusan Paleozoyik
yash Bozcaldag formasyonu olusturur. Formasyon, Kapadokya volkanik kusagina ait volkanik
kayaclar ve bu volkanitlerle ara tabakali Sedi.ma.nter birimler tarafindan uyumsuz olarak Ortiiliir. Bu

kaya birimleri genel olarak tuf, ignimbrit, golsel sedimanlarla ara tabakali tiifit, bazalt lavlari, volkanik
kiil, pomza ve dasitik - riyodasitik lav domlar ile temsil edilir.

Bolge Tersiyer- Kuvaterner yash Kapadokya volkanik provensi icinde yer alan temel olarak, birbirine
benzer jeolojik ozelliklere sahip Ziga ve Acigol (Narkoy) jeotermal alanlarimi kapsar. Yiiksek 1s1 akisi,
jeotermal sahalan gevreleyen, asitik- zayif asitik karakterli, yaygin hidrotermal alterasyon zonlannin ve
sicakligr 44-65 °C olan sicak sularin varligi gibi yiizeysel gostergeler sahanin 6nemli bir jeotermal
potansiyele sahip oldugunu gostermektedir., Bolgede genel jeoloji calismalari, jeofizik (gravite-
manyetik ve lokal elektrik rezistivite) calismalar ile dort adet gradyan ve lic adet de sig arastirma
kuyusu 1980 ve 1990 I yillarda tamamlanmustir.

Gravite ve manyetik veriler yeniden degerlendirilerek, jeotermal 1s1 kaynag ile iliskili olabilecek dort
anomali  alam1  tespit edilmistir Bu anomali alanlarinda  Manyetotellirik(MT)  ve
Transientelektrom.an.yetik(TEM) yontemler uygulanmustir., Bu amacla dort: profil boyunca 38 noktada.
MT ve TEM olcimu yapilmustir. Manyetotellirik ¢aligmalarla tespit edilen diisuk tezistiviteli
anomaliler katilasmis yada kismen ergiyik halde bulunan ve bolgede jeotermal sistemlerin 1s1
kaynagini olusturdugu diistiniilen magma kutleleri olarak yorumlanmistir. Ist kaynagi olabilecek bu
kiitlelerin ortalama derinliklerinin 5-8 km oldugu belirlenmistir... Manyetotellrik c¢alismada tespit
edilen, yuizeyden itibaren 1500m derinlige kadar ulagan diistik re.zi.stiviteli. zon, hidrotermal alterasyona
ugramig tif ve ignimbritlere karsilik gelen, Ortli nitelikli birimleri, daha altta yer alan yiiksek
rezistiviteli zonun ise derin rezervuari olusturmasi beklenmektedir. Bu calisma ile yiiksek gravite,
disiik manyetik, yiiksek 1s1 akist ve MT calismalarla tespit edilen diisiik, rezistiviteli zonlar arasinda
¢ok iyi bir korelasyon saglanma olanagi bulunmustur.

Su kimyasi ¢aligmalarina gore alandaki sicak sular, As ve B iceren,. Na-CI-HCC>3 ve Na~Ca-HCO,-Cl
seklinde smniflanan, mineralli sulardir. Silisyum ve Na/Li jeotermometrelerine gore rezervuar
sicakliklar sirasiyla 90-153 °C ve 135» 197 °C olarak hesaplanmustir.
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. ABSTRACT

The studied area is located at eastern part of Aksaray province in Central Anatolia, Remote sensing,

areal photo studies, detailed geology,, surface hydrothermal alfteration,, water chemistry and

magnetotelluric studies have been carried out in the study area. The basement rocks of study area is

Paleozoic aged Bozcaldag formation which is composed of marble, schist and. gneiss.. Ute formation is
unconformably overlain by Tertiary to Quaternary aged volcanic rocks of Cappadocian volcanic belt

with sedimantary interlayers. The composition of these units are mainly represented, by tuff,

ignimbrite, reworked tuff interlayered sediments, basalt lavas,, ash fall deposits, pumice and. dasite to

rhyodasitic lava domas.,

The study area contains Ziga and Acigol (Narkdy) geothermal area, which have similar geologic
environments ‘with the Cappadocian volcanic belt of the Tertiary to Quaternary age,. Existance of
surface manifestation like that high regional -heat flow, the presence of expanding asidic to weakly
asidik hydrothermal alteration surrounding the geothermal area, hot springs which have temperatures
ranging between 44-65 °C indicate significant geothermal possibilities in the area. Initial studies such
as field geology, geophysical investigation (like gravity - magnetic survey and. local electrical
resistivity studies) have been completed in the studied area. As well as four gradient wells three
shallow research wells were drilled in the study area, in 1950’s and 1990.

Reassessment of gravity and magnetic studies indicated that four important anomalies exists with
respect to geothermal heat. source exploration, MagnetotelluricfMT) and transienielectromagnetic
(TEM) methods have been applied, in the anomaly areas,. For this aim the M T soundings have been
carried out along the four profiles on 33 points of measurements. On the basis of the MT
measurement, low resistivity anomalies are interpreted as to he hot, solid and. / or partly molten
magma bodies which can be considered the heat source of the geothermal system in the study area, E
has been found that the avarage depth of the heat sources are about 5-8 km. A good correlation was

JSound in relation to high gravity, low magnetic, high heat flow and low resistivity zones measured with
MT exploration in the studied area. On the basis of the M T studies., low resistivity zone exists from the
surface to 1500m depth. This zone was interpreted as hydro thermally altered tuf and ignimbrite which
constitute cap rocks, and high resistivity zone below the low resistivity zone considered, as the deep
reservoir rocks.

Water chemistry studies indicate that the hot waters can be classified as As and B bearing, Na-ClI-
HCO3 + ond Na-Ca-HCOj-CI types hot and mineralized waters. On the basis of silica and Na/LI
geothermometers the temperature of the reservoir range between 90-153, “C and 135-197 °C,

respectively:
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