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JEOTERMAL ENERJI OTURUMU

KIZILCAHAMAM BOLGESINDE JEOTERMAL SISTEM-VOLKANIZMA
ILISKiSI:JEOKIMYASAL ~ YAKLASIMLAR

THE RELATIONSHIP .BETWEEN GEOTHERMAL STYSTEM AND VOLCANISM IN THE
KIZILCAHAMAM REGION: GEOCHEMICAL APPROACHES

Nilgiin GULEC ODTU» Jeoloji Miihendisligi Boliimii, ANKARA

QZ: Kizilcahamam termal sulan bikarbonatti sular olup, sicakliklar1 28°C ile 74°C arasinda degismektedir,.
Ilce meikezindeki sular,> {Biiylik Kaplica,,, Kiiciik, Kaplica» MTA-1 Kuyusu), sig; kokenli soguk sular ile derin
kokenli sicak sularin karigim f{riinleri olup» sicak su bileseninin orant % 68'e kadar varmaktadir.
Kizilcahamam'in 6 km dogusunda yer alan Maden Suyu, sicak sularin yiizeye cikiglari sirasinda ugradiklari
kaynama silirecinden geriye kalan artik fazi temsil etmektedir. Kizilcahamam'in 14 km kuzey
kuzeybatisindaki Sey Hamami'nin sulan, kaynama stlirecinde ayrisan buhar fazi ile isitilmis sig kokenli
sulardir.

Kimyasal jeotermometreler ile silika-entalpi ve entalpi-klorit karisim modelleri» Kizilcahamam
bolgesindeki rezervuar sicakliginin 170° C ile 195° C arasinda bir degere sahip oldugunu gostermektedir.

Kayag-su etkilesimi cercevesinde» kayaglann bugilinkii katyon bilesimlerini elde etmeleri icin,, suyu
depolayan volkanik kayaclann sadece %o 1.3'lik bir boliimiiniin ¢6ziiomeye ugramasi gerektigi saptanmustir.
Bu rakam» sularin katyon igeriklerini hemen tiimiiyle volkaniklerden aldig1 diisiincesini vermektedir. Ote
yanda» sulardaki bikarbonat zenginlesmesi derinden» olasilikla katilasmakla olan bir magma Kkiitlesinden»
Co0, gaz1 salmdigmu isaret, etmektedir. Bu baglamda» sicak, sular bir kisim, bilesenlerini (6zellikle ugucularini)
bu tip bir magma kiitlesinden almis olabilir.

ABSTRACT'": Kizilcahamam thermal waters are bicarbonate waters ranging in temperature from 28° C to
74°C. The waters from the town center (Big Bath, Small Bath,, MTA-1 Well) are the products of mixing
between shallow,» cold and. deep, hot, waters, with the proportion of the latter' ranging: up to 68 %. Mineral
Water (6 km east of Kizilcahamam) represents the residue after boiling of waters during their ascent to
surface. The waters from Sey Bath (14 km, north-northwest of Kizilcahaam) are steam-heated shallow
waters.

Chemical geothermometers, silica-enthalpy and. enthalpy-chloride mixing models suggest a reservoir
temperature of 170 °C to 195° C for the Kizilcahamam region.

Within the framework of water-rock interaction, it has been estimated that for the waters to attain
their present cation composition» only 1,3 %o of the volcanics is required to have undergone leaching. This
implies that the waters have obtained their cation contens almost totally from the volcanics. The bicarbonate
rich nature of waters, on the other hand» points to a deep CO, exhalation, probably from a magma body
solidifying at depth. In this respect, the waters might have obtained part of their chemical constituents
(especially their volatiles) from such a magma body;
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AYDER (CAMLIHEMSIN-RIZE) VE CEVRESININ JEOTERMAL ENERJI
YONUNDEN INCELENMESI

INVESTIGATION OF AYDER (CAMLIHEMSIN-R.IZE) AND SURROUNDING FROM: THE POINT OF
OEOTHERMAL ENERGY VIEW
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0Z: Calismada Ayder (Camlihemsin-Rize). Kaplica kaynaklarinin beslenme, kdken ve fiziko-kimyasal
ozelliklerinin belirlenmesi ve yorenin jeotermal enerji yoniinden incelenmesi amaclanmistir. Caligma alaninin
en yagh birimi andezit-bazalt lavlan ile ylizeyleneo Hemsindere Formasyonudur. Ayder granitoyidt bu birimi
keserek yerlesmis, ve dokanagtnda metamorfizmaya ugratmistir., Inceleme alanmda ozellikle Ayder yerlesim.
alaninin bulundugu bolgede sicak su kaynaklarinin yanisira sizint1 seklinde dokanak ve depresyon tiirii soguk
kaynaklar da gézlenmektedir. Sicak su kaynaklarinin sicakliklart 33°C- 47°C arasinda» debileri ise 0,5-2 1/sn
arasinda degigmektedir. Kimyasal analiz sonuglarina gore sicak su kaynaklarindaki toplam ¢oziinmiis madde
miktart 103.7-140.6 mg/i arasindadir. Kimyasal analizler sonucunda Ca*" ve HCOs" iyonlarinin baskin oldugu
belirlenen sicak se kaynaklarinin kalsite doygun olmadigi saptanmistir, incelenen sicak sular meteorik
kokenlidir. Derinlere sizan, yiizey sular1 yorede 77°C/km olao. jeotermik gradyanin etkisiyle 1sinmigtir. Isinan.
bu sular Ayder granitoyidinin catlaklarinda birikmis ve karsilastiklari fay zonundan yiikselerek ytizeye
ulagmiglardir. Sicak su kaynaklari toplam ¢oziinmiis madde miktar1 ve sicakligina gore diistik 1sili jeotermal
kaynaklar smifindadir.

ABSTRACT : In this paper» recharge» origin, physico-chemical propertiesf*and geothermal energy resources
of Ayder Hot. Springs, have been determined. "The oldest unit in study area, is Hemsindere Formation. These
rocks are intruded by Ayder granitoid causing metamorphism along the contact. There are a lot of contact
and depression cold springs in the form of leaking together with hot springs in the study area. The
temperatures and yield, of hot springs change between 33°C-47°C and 0,5-2. I/sec, respectively. According to
the result of chemical analysis» the amount of the total dissolved matter in the hot springs change between
103.7-140,6 mg/L Although the dominant ionic pairs are Ca”" and HCO3" the hot springs are not saturated to
calcite. Meteoric waters which infiltrated deep are heated at 77°C/km géothermie gradient effect in the area.
The heated, waters accumulated in. the fractures of Ayder granitoid risen to the surfave along the fault zone.
According to the total dissolved matter and temperatures, the hot springs have been classified as low
temperature geothermal energy .resources.
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NEMRUT (TATVAN-BITLiS) JEOTERMAL ALANININ JEOTERMAL
ENERJI OLANAKLARI

GEOTHERMAL ENERGY POSSIBILITIES OF THE NEMRUT GEOTHERMAL AREA (TATVAN -+
BITLIS)
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OZ: Volkanik jeotermal sistemlere 6rnek olan Nemrut jeotermal alani Tatvan (Bitlis) ilgesinin 10 km
KB'smda yer alir.

Bolgede yapilan calismalarda sistemin olusumu ile ilgili bir model sunulmustur.

Sahada temeli Bitlis Masifine ait (Paleozoyik) metamorfitler (sistler ve mermer) olusturur.
Metamorfitler lizerine acisal uyumsuzlukla Kuvatemer yash volkanitler gelir.

Nemrut volkanizmasi yaklagitk 1.5 m.y. Once etkinlige baslamig cesitli evrelerle aktivitesini
surdiirdiikten sonra yaklasik 150.000 yil once buytik bir kaldera ve jeotermal sistem olugmustur.

Kaldera i¢indeki trakit ve obsidiyen tiirdeki volkanik kayaclarda K/Ar yontem,:! ile yapilan radyometrik
yag belirlemelerinde 99.000 - 45.000 ile 9500 yil arasinda yaslar bulunmustur.

Nemrut kalderasi icinde ve kaldera kenarinda (Cukur ilica) yaygin jeotermal belirtegler (sicaksu
kaynaklan, buh.ar ¢ikan yiizeyler, sicak, alanlar, gaz, cikiglar) goze carpar*

Kaldera i¢inde ve kenarinda bulunan sicak su kaynaklarindan alman gaz numuneleri analiz ve
determine (% 96 CO,, eser H,S) edilmistir.

Yapilan Karbon izotopik Orani ((°C/">C) : %o - 1.7) ve Helyum izotopik orani ((‘He/*He) : (10.59 +
0.15)x10~°) olarak bulunmus ve buna gore ¢ikan gazlarin manto kdkenine yakin orijinli oldugu goriilmiistiir.

Jeotermal alanda bosalim yapan sicak akigkanlar zayif asit siilfat-bikarbonat tipindeki buharla 1sitilmig
sudur (PH : 6.2).

Sahada yapiian ¢aligmalara gore;

- Temel kayaclan 1ezervuar, volkanitler ortii kaya¢ niteligindedir,

- Jeotermal sistemin yasi olasilikla 1.5 m.y. dan daha genctir,

- Sistemin akig yoni D~B di»

- Onerilen lokasyonda yapilacak 2000 m. lik bir sondajda 112°C iik bir sicaklik beklenmektedir.

ABSTRACT: Nemrut Geothermal Area, which is a moderate terrain for volcanic systems in Turkey, is
located in the Eastern Anatolia, 10" km. NW of Tatvan (Bitlis). .

In the investigated region we have proposed a model deal with the occurence of the system.

In the area basement, rocks represented by Bitlis Massive (Paleozoic) metamorphics (schists and
marble). Metamorphics are overlied unconformably by Quaternary volcanics.

Volcanic activity in Nemrut started 1.5 m.y. ago, after ongoing stages of eruption, about 150,.000 years
ago area subjected to a huge caldera collapse and geothermal system, took place*

A radiometric dating (K/Ar) was conducted (in trachyte, obsidian) in caldera and dated between
99.000-45.000-9.500 years.

In and flank (Cukur 1lica) of the caldera widespread geothermal manifestations (hot springs» steaming
grounds» hot grounds» condensable gas emmisions) have recently reviewed.

Samples taken from gases in and flank of the caldera have been analized and determined (% 96 CO,

strace H,S),,
According to the Carbon Isotopic Ratio ((°C/'"*C) : %o - 1.7) and Helium Isotopic Ratio ((*He/'He) :

(10.59 £ 0.15)x10"°) amount of emitted gases are originated from mantle nearby.

In the geothermal arca outflow water is classified as weak acid sulphate» bicarbonate water and
"steam heated water” type (PH :: 6.2).

Results of the survey we have concluded that;

- Basement rocks are reservoir, volcanics are cape rock,,

- age of the system estimated to- be younger than 1.5 m.y.,

- in the proposed location results of a 2000 m. of proposed deep drill will consequence of 112°C
temperature.
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NEVSEHIR-KOZAKLI YORESININ JEOTERMAL ENERJI POTANSIYELI
VE DEGERLENDIRME OLANAKLARI

GEOTHERMAL ENERGY POTENTIAL AND UTILIZATION POSSIBILITIES OF NEVSEHIR KOZAK-
LI REGION
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0Z: Nevsehir-Kozakli jeotermal alani, Orta Anadolu'nun eo sicak jeoterma! noktasidir. Bu sicak yOrenin,
Nevsehir-Kayseri-Yozgat-Kirsehir dortgeninin icinde yeralmasi ve Dogy. Aoadolu Bolgesine baglaotili anka-
ra-Sivas demiryolunun 5 km giineyinde bulunmast ayrica, Kozakli, ilge merkezinde etkinligini siirdiirmesi ne-
deniyle, ortii alt1 tartini, endiistriyel 1sitmacilik ve kent 1sitmacikgi agisindan 6nemi ve degeri ortadadir.

1963 yilindanberi araliklarla calismalarin siirdiiriildiigii bu 6oemli jeotermal alanda 1992 yili proje
caligmalar1 kapsaminda yeni veriler elde edilmis ve jeotermal model alternatifleri ortaya konulmustur.

Arazi calisalanna gore sicak akigkan tretilebilecek rezervuar kayalarin Nummulilii Eosen, kirectasi,
Paloezoyik mermer ve- kirectasi ile bu reze.rvi.ar kayalar1 kesen fay zonlandir. Miyosen ve Oligosen marn. ve
killeri ortii kaya nitelikli olup, isitici etkinliginin Erciyes volkanizmasi ile yakindan ilgili yliksek gradyentli
magma kiitlesi oldugu diisiintilmektedir.

Sicak akigskanin yilizeylenmesini saglayan Pliyosen ve sonrasi yasli BGB-DKD uzammh tektonik hat-
larin yanisira daha kiigiik atimli K-G yonlii kirik cizgileri yorenin temel tektonik hatlaridir. Ayrica bazi vadi
yamagclarinda gozlenen geng yerkaymalan giincel duras bozukluklarina neden olmustur. S6zkonusu yerkay-
malar1 daha onceki caligmalarda sicak akigkani yiizeyleyen kirik hatlar olarak degerlendirilmistir.

Elde edilen jeolojik, jeomorfolojik, jeokimyasal ve jeofizik verilere gore ana iiretim zonlart 500-600 m.

derinlerde bulunmaktadir. Beklenen rezervuar sicakligt 12Qt 10°C'dir, Ana liretim zoniarini denetlemek igin
acilacak 500100 m derinlikli sondaj kuyusu ve /veya kuyulari, kesin potansiyeli ortaya cikaracaktir.

Gerek potansiyel, belirleme c¢aligmalar sirasinda gerekse potansiyel ortaya, konulduktan sonra, entegre
kullanim amach ¢ok ortakli ve kapsamli projelere gereksinim olacaktir.

ABSTRACT: Nevsehir-Kozakli region is the hottest Geothermal AreaJn Middle Anatolia., This hottest
Geothermal Area, is between. Nevsehir-Kayseri-Yozgat-Kirsehir cities. It s also 5 km away from Ankara-
Sivas railway,.. For those reasons Kozakli Geothermal Area is important in greenhouse agricultara, industrial
heating and city heating.

According to the field investigations, the reservoir rocks of hot fluid are Nummulitic Eocene Limesto-
nes, Paleozoic marbles and fault zones which cut the reservoir rocks. The cap rocks are consist of Miocene
and oligoceéne aged marls and claystone. Heat rock is thought to be high gradient magma body related with
Erciyes volcanism.

The main production zone is at 500-600 m. depth. Expected reservoir temperature is !20%+ 10 °C, 500
+100 m, depth drilling well or wells will show the certain capacity.





