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Oz: Ulkemizdeki Jeotermal enerji kaynaklarinin %78’i Bati Anadolu’da, %9’u I¢ Anadolu’da, %7’si Marmara
Bolgesi’nde, %5’ i DoguAnadolu’dave %1 idiger bolgelerde yer almaktadir. Kapodokya bolgesi son yillarda jeotermal
sektoriiniin potansiyelin artirilmasi adina pek ¢ok yatirimin yapildigt dnemli bir saha olarak one ¢ikmaktadir. Son
yillarda Hasan Dagi1 ve ¢evresinde jeotermal enerji bulmak ve isletmek amacli sondaj faaliyetleri stirdiiriilmektedir.
Bunlarin en 6nemlisi 3S Kale Enerji sirketi tarafindan yiiriitiilen calismalarda Ciftlik-Bozkdy bolgesinde, 3.814
metre derinlikte 295 °C; diger daha derin sondajdan 3.957 metre derinlikten 341 °C kuyu dibi sicaklik degeri elde
edilmistir. Bu iki sondaj verisinden yararlanarak sayisal modelleme c¢alismalar1 gergeklestirilmistir. Simiilasyon
sonuglarina gore s6z konusu sicaklik degerlerini tiretebilmek i¢in 7 km derinlikte 600-700 °C ve/veya 8 km derinlikte
900-1.000 °C sicakliginda 1s1 kaynagt olarak islev goren bir magma odasinin (magma odasi catisi) iist kabukta
bulunmasi gerekmektedir.

Hasan Dagi ve cevresinde gergeklestirilen manyetotellurik (MT) calismalart sonucunda ozellikle Nigde
diizligiine dogru elde edilen profillerde 4-6 km derinlikte ve yaklasik ayni olgiilerdeki genislikte olasi bir
magma odast oldugu onerilmisti. Bu MT calismalar1 ile sondaj verileri birlikte degerlendirilerek Hasan Dag1 ve
¢evresinde muhtemel agilacak sondaj ¢alismalari igin gesitli sicaklik belirtileri elde edilmistir. Buna gore, Hasan
Dagi glineybatisinda yer alan diizliik alanlarda yiiriitiilecek jeotermal sondaj faaliyetlerinden 3.814 metrede 120 °C;
3.000 metrede 90 °C; 2.000 metrede 74 °C; 1.000 metrede 41 °C gibi yaklasik sicaklik degerlerinin elde edilmesi
beklenmektedir. Hasan Dagi altindaki magma odasina dogru ayni1 derinlikte sicaklik degeri 600 °C'ye ulagmaktadir.

Anahtar Kelimeler: Hasan Dagy, 1s1 transferi, jeotermal enerji, Magma, sayisal modelleme, volkan.

Abstract: In Turkey, 78% of geothermal energy resources are located in Western Anatolia, 9% in Central Anatolia,
7% in the Marmara Region, 5% in Eastern Anatolia, and 1% in other regions. The Cappadocia region stands
out as an important area where many investments have been made in recent years to increase the potential of the
geothermal sector. In recent years, drilling activities were carried out in and around Hasan Dagi volcano to find
and utilise geothermal energy. The most important of these was carried out by the 3S Kale Energy company in the
Ciftlik-Bozkoy region, where temperature values of 295 °C at a depth of 3,814 meters and 341 °C from another
deeper drilling at a depth of 3,957 meters were obtained. Numerical modelling studies were carried out using data
from these two individual drillings. According to the simulation results, the magma chamber (magma chamber roof),
which acts as a heat source with a temperature of 600-700 °C at a depth of 7 km and/or 900-1,000 °C at a depth of
8 km, must still be actively present in the upper crust to produce these temperature values.
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Magnetotelluric (MT) studies conducted in Hasan Dagi and vicinity suggest a potential magma chamber with
a depth of 4-6 km and a width of approximately the same dimensions, especially in the profiles obtained towards
Nigde plain. These MT studies and drilling data were evaluated together and temperature anomalies were obtained
for possible drilling in and around Hasan Dagi. Accordingly, it is estimated that approximate temperature values
of 120 °C at 3814 meters, 90 °C at 3,000 meters, 74 °C at 2,000 meters, and 41 °C at 1,000 meters will be obtained
from geothermal drilling carried out in the flat areas located southwest of Hasan Dagi. The temperature ascends to
600°C at the equivalent depth beneath the magma chamber of Hasan Dagi.

Keywords: Geothermal energy, Hasan Dagi, heat transfer, Magma, numerical modelling, Volcano.

GIRIS

Jeotermal enerji yenilebilir enerji kaynaklar
arasinda en ¢ok yatirim yapilan alanlardan birisini
teskil etmektedir. Tiirkiye jeotermal potansiyeli
bakimindan Avrupa’nin 1. {ilkesi ve kurulu gii¢
bakimindan ise Diinyanin 4. iilkesi konumundadir
(Sener vd., 2022). Ulkemizdeki Jeotermal enerji
kaynaklarinin %78’i Bati Anadolu’da, %9’u I¢
Anadolu’da, %7°si Marmara Bolgesi’nde, %51
Dogu Anadolu’da ve %1°1 diger bolgelerde
yer almaktadir (Sener vd., 2022). Kapodokya
bolgesi son yillarda jeotermal sektorii adina pek
cok yatinmin yapildigi 6nemli bir saha olarak
one ¢ikmaktadir. Bolge jeolojisinin 0Ozellikle
Kuvaterner donemi boyunca aktif magma
odalarindan piiskiiren volkanik malzemeler ile
ortiilii olmasi, jeotermal sektoriiniin bu bdlgeye
olan ilgisini daha da artirmaktadir. Kuvaterner
donemi boyunca aktif volkanik bolgeler, volkanik
plskiirimler siirecinde ve birkac milyon yil
boyunca 1s1 kaynag1 gorevi géren magma oda ve
rezervuarlarin s1g kabuga yerlesmeleri sonucunda
bolgedeki 1s1 akisinin artisina neden olmast
sebebiyle jeotermal kaynaklarin yaygin olarak
bulunacagi sahalardir (Jaeger, 1959; De Silva and
Gregg, 2014; Gelman et al., 2013; Karakas et al.,
2017; Karaoglu 2021).

Kapadokya  Volkanik  Bolgesi (KVB)
jeotermal enerji potansiyeli olan bir bolge olarak
son yillarda one c¢ikmaktadir. Gomiilii kaldera
yapilari, aktif kabuga yerlesmis sicak intriizyonlar

64

temel 1s1 kaynaklar1 arasinda sayilabilir. KVB
bolgesinde genis diizliikklere yayilan ve birkag yiiz
metreye ulasan ignimbiritlerin olast piiskiiriim
merkezlerine iligkin pek ¢ok jeofiziksel ¢alisma
yuriitilmiistir (6rn., Pasquare vd., 1988; Le
Pennec vd., 1994; Toprak, 1998; Froger vd., 1998;
Kosarogluvd., 2016; Bilim vd., 2017; Aydemir vd.,
2019). Bolgede gomiilii kaldera yapilan ile ilgili
yliriitiilen ¢aligmalar KVP’nin 6zellikle orta ve bati
kesiminde birka¢ km derinlikteki bu depresyon
yapilara isaret Pasquare vd.
(1988) ozellikle KVP’nin batisinda yiizeylenmis
ignimbiritlerin olas1 piskiirim merkezi i¢in
Melendiz stratovolkani ve Ciftlik bolgesine isaret
etmislerdir (Sekil 1). Bilim vd. (2017) yaptiklari
calismada ¢ap1 50 km’yi asan Aksaray-Nevsehir-
Nigde-Yesilhisar ~ arasindaki ~ bdlgenin  bir
depresyon ya da kaldera 6zelligi gosterdiklerini
onermiglerdir (Sekil 1). Ayrica arastiricilar s6z
konusu bolgenin jeotermal gradyan degerinin 50-
68 °C/km; 1s1 akist degerinin 2,3 ve 2,7 Wm! K*!
ayrica radyojenik 1s1 akis iiretim degerinin 0,45 ve
0,70 IW m? arasinda oldugunu belgelemislerdir.
Sener vd. (2023) Kapadokya bolgesinde sicaklik
jeotermometre sicaklik hesaplamalar1 yaparak
calisma alanina yakin bolgeler igin ¢esitli sicaklik
degerleri elde etmistir. Kalsedon jeotermometre
hesaplamalar1 54-126 °C (Nevsehir); 48-159 °C
(Aksaray); 73-159 °C (Nigde) olarak ol¢tilmiistiir.
Kuvars jeotermometre hesaplamalar1 85-173 °C
(Nevsehir); 79-180 °C (Aksaray); 102-180 °C
(Nigde) sicaklik degerlerine isaret etmektedir.

etmektedir.
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Sekil 1. Bolgenin roliyef efektli ii¢ boyutlu Jeoloji haritasi (MTA Jeoloji Etiidleri Dairesi tarafindan hazirlanmistir,
Atabey, 1999) ve onceki caligmalardan elde edilen manyetotelliirik 6l¢timlere iligskin profiler (L-L’ profili: Hacioglu

vd., 2023; P2 profili: Tank ve Karas, 2020).

Figure 1. Three-dimensional geological map of the region with relief effects (prepared by the General Directorate of
Geological Studies of the Mineral Research and Exploration Institute, Atabey, 1999) and profiles of magnetotelluric
measurements obtained from previous studies (L-L’profile: Hacioglu et al., 2023; P2 profile: Tank and Karag, 2020).

S6z konusu ticari girisimin web sitesinden
(URLI1, 2023) vyaptig1 agiklamada Bozkdy
ruhsatindan (i) 2016 yilinda 3.814 metre
derinliginde bir sondaj yaparak Tirkiye’nin en
sicak kuyusunu buldugunu; 295 °C taban sicakligi
olan bu kuyu buhar iretme kapasitesine sahip
oldugunu duyurmustur (Sekil 1). Ayni1 sahada
2021 yilinda agilan ve 3.957 metre derinliginde
olan 2. kuyudaki taban sicakligi ise 341 °C olarak
Olciilmiis olup, her iki kuyu da Tirkiye'nin
en yliksek taban sicakligi olan kuyular olarak
kayitlara gegmis durumdadir.
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Bu calismada s6z konusu ticari girisimin
acmis oldugu kuyu sicaklik verilerine dayanarak,
1s1 kaynaginin Hasan Dagi mi1 yoksa bu bdlge
altinda daha 6nce bilinmeyen bir 1s1 kaynagimin m1
oldugu sorularina cevaplar aranmaya ¢aligilacaktir.
Bunun i¢in Lisansli Comsol Multiphysics 6.1
program1 (Tabatabaian, 2014) kullanilarak kati
ozellikteki litolojilerde transferi analizleri
gerceklestirilmistir.
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BOLGE JEOLOJIiSI ve JEOFIZiGi

Geg Senozoyik donemi boyunca Avrasya, Afrika
ve Arabistan plakalar1 arasindaki yakinlagsma ve
nihayetindeki bu plakalarin ¢arpigmalar1 bolgesini
sekillendirmistir. Orta Anadolu platosu bu orojenik
olaylara tektonik deformasyon, hizli kabuksal
yiikselimler ve oldukea yiiksek hacimdeki volkanik
etkinlikler ile karsilik vermistir. Orta Anadolu
platosu gilinlimiiz topografyasini son 10 My’lik
siire¢ iginde yaklasik 1 km’lik yiikselme sonucu
kazanmistir (Cosentino vd. 2011; Yildirim vd.
2011; Schildgen vd. 2012). Bu yiikselimlere sebep
olan kabuksal deformasyon manto kaynagindan
ergiyen magmanin ylizeye tasinmasinda biiyiik
rol oynamigtir. Magmanin ¢ogunlukla litosferik-
ancak yer yer astenosferik manto katkilarin da
oldugu gozlenmektedir.

Magma  yilizeye  ulagsmasi  siirecinde
fraksiyonlagsma siirecinin baskin bir sekilde
izlendigi goriilmektedir. Magmanin 6zellikle iist
kabuk boyunca kabarciklanma ve kopiiklenmesi
yiiksek enerjili piiskiirmeli volkanik etkinliklere
sebep olmustur. Manto ergimeleri sonucu, daha
¢ok kabuk boyunca yerlesen magma rezervuar ve
bunlardanayrisanmagmaodalariilesonuglanmaistir.
S6z konusu magma rezervuar ve odalari kabuk
boyunca yerlesimlerinin ardindan, kabuksal
deformasyonlar sonucu gelisen zayif zonlar
boyunca (bazen kirik-gatlak ve fay diizelmeleri)
biiytik hacimli (1-10 km?) stratovolkanlari, dom
yerlesimlerini, daha kiiglik hacimli (1 km?) gatlak
kontrollii lav piiskiiriimlerini stirekli beslemistir.

Kapadokya  Volkanik  Bolgesi (KVB)
stratovolkanlar (6rn., Hasan Dagi, Erciyes ve
Golliidag) ve kaldera volkanlarindan piiskiiren
ignimbirit serileri ile karakteristiktir (Sekil 2).
Birka¢ yiiz metreye ulagan ignimbirit ve plimis-
kiil geri dligme tirtinleri kokensel olarak magmanin
kabuk boyunca fraksiyonlasmasi ile dogrudan
iligkili oldugu sdylenebilir.
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Hasan Dagi’nin giineybatisinda yer alan
Kecikalesi volkani, KVP’nin bat1 kesimindeki ilk
volkanik etkinliklerinden birini temsil etmektedir
(Sekil 1 ve 2). Besang vd. (1977) bu volkanik
iriinlerin 13,7+0,3 My ile 12,4+0,6 arasinda
puskiirdiiglinii tarihlemistir. Paleo-Hasan Dag1
olarak Aydar ve Gorgaud (1998) tarafindan
adlandirilan ilk lav {irtinleri 6,31 My=0,9 (K/
Ar yas1) ile Tagpmar koyl civarinda gozlenen
ignimbiritler Deniel vd. (1998) tarafindan
7,21£0,9 My (K/Ar yas1) olarak tarihlendirilmistir.
Mezo-Hasan Dagin1 olusturan lav akintilari, dom
yerlesimleri ve piroklastik malzemeler 700 bin y1l
olarak tarihlendirilirken (Aydar, 1992); Neo-Hasan
Dag1 olarak adlandirilan ve volkanin giliniimiiz
morfolojisini sekillendiren volkanik {iriinlerden
oldukca gen¢ yaslar elde edilmistir. Karakapi
koyl civarindaki dom ve lav akintilarindan 0,08
ve 0,58 My (Ercan vd., 1990); Gozliikkuyu koytl
civarindaki bazaltik koniden 120-65 bin yil
(Ercan vd., 1990) lav akintilarindan ise 34 bin yil
yas verileri elde edilmistir (Aydar ve Gourgaud,
1998). En gen¢ efiizif karakterli volkanik
aktiviteler 29 ve 33 bin yil olarak Kuzucuoglu vd.
(1998) tarafindan belgelenmistir. Ayrica en geng
driinler arasinda bazaltik dom, blok kiil akintis
ve andezitik lavlardan 29 ve 9 bin y1l yas verileri
kaydedilirken; kaldera sonrasi domun 6 bin yil
once yerlestigi belirtilmistir (Aydar ve Gourgaud,
1998).

Ciftlik-Bozkdy bdlgesi morfolojik olarak
6-6,5 km g¢apma ulasan kaba bir -elipsoid
geometriye sahip cukurluk bir alandir. Ustte
birkag 10 metreye kadar ulasan volkaniklerden
tiireme aliivyon malzemesi, bunun altinda oldukga
kalin bir piroklastik birim yer alir. Bozkdy ve
Cardak civarindan Yesilkdy sirtlarina dogru bu
ignimbiritik Ortlinlin iizerinde yer alan genelde
ortag volkanik kayaclar bulunmaktadir (Sekil 1 ve
2).
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Sekil 2. Bolgenin jeolojik dikme kesiti (MTA Jeoloji Etiidleri Dairesi tarafindan hazirlanmistir, Atabey, 1999)
tizerinde farkl litolojilere ait termal parametreler (k: termal iletkenlik (kondaktivite); Cp: 6zgiil 1s1 kapasitesi, o:
termal genlesme sabiti).

Figure 2. Thermal parameters for various lithologies on the geological cross-section of the region (prepared by
the General Directorate of Geological Studies of the Mineral Research and Exploration Institute, Atabey, 1999) (k:
thermal conductivity; Cp: specific heat capacity, a.: thermal expansion constant).
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Tank Karas  (2020)
Hasan Dagi, Kec¢iboyduran ve Melendiz
daglarinin  giiney kesimlerini  kapsayan 27
lokasyondan manyetotelliirik (MT) o6l¢timler
gerceklestirilmistir. Bu c¢alismaya gore Hasan
Dagi’nin gilineybatis1 Nigde diizliigiine dogru
elde edilen yaklagik 45 km’lik iki boyutlu
profillerde 4-6 km derinlikte ve yaklagik ayni
Olciilerde genislikte potansiyel bir magma odasi
onermiglerdir. Hacioglu vd. (2023) Melendiz
dag1 kuzeyinde, Ciftlik bolgesini de igine alan,
60 lokasyondan gergeklestirdikleri MT ¢aligmalar
neticesinde 3 km derinlige ve cap1 12 km’ye kadar
ulagan gOmiilii bir kalderanin varligina isaret
etmektedirler. Ancak arastiricilar, bu bolgede bir
magma odasina iligkin kanit elde edememislerdir
(Hacioglu vd., 2023). Dornadula vd. (basimda)
gergeklestirdikleri nlimerik modelleme
caligmasinda, Sahinkalesi (Ciftlik bolgesi) altinda
5 km derinlikte bir magma odasi varsayimiyla, 4
km derinlikte 378 °C’ye ulasan termal bir sistemin
varligii 6nermislerdir.

ve tarafindan

Bu calismada magma odas1 ve 1s1 kaynagi ile
iliskili elde edilen veriler géz 6niinde bulundurarak
s0z konusu ticari girisim tarafindan derin kuyu
Olctimleri sonucu elde edilen sicaklik degerleri ile
olan analitik iliskisi ele alinacaktir.

METODOLOJI
Sayisal Modeller

Bolgenin jeolojik harita ve kolon istiflerine
dayanarak sayisal modelleme c¢alismalarinda 8
ana kaya birimi tanimlanmistir (Atabey, 1999;
Sekil 2). Temelde, L8 olarak adlandirilan Kretase
ve oOncesi donemleri temsil eden kalk-gist,
mermer, diyabaz, gabro ve serpantinit kayaclar
yer almaktadir. Eosen donemi kiregtaglart (L7);
Oligosen donemi konglomera ve jipsler (L6);
Miyosen donemi piimis geri diisme {iriinleri
ve ignimbiritler, bazalt, obsidyen ve andezitler
ile bagka bir ignimbiritik seviye (LS5); Pliyosen
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donemi ortag lav, tif ve ignimbiritler (L4) ve
iizerini uyumsuzlukla iizerleyen golsel kiregtaglart
gelmektedir (L3). Kuvaterner doneminin erken
evrelerini temsil eden bazaltik-andezitik lavlar ve
orta¢ ve asidik piroklastik iirtinler (L2) ile blok
ve kiil akma ¢okelleri, bazaltik lav akmalar1 ve
pomza-skorya geri diigme iriinleri ile en istte
bulunan aliivyal c¢okeller (L1) Holosen donemi
istiflerini temsil etmektedir (Sekil 2).

Tim sonlu elemanlar model geometrileri
COMSOL Multiphysics 6.1 (Tabatabaian, 2014) Is1
Transferi Modiilii kullanilarak gerceklestirilmistir.
Magma odast geometrisi Tank ve Karas (2020)
tarafindan elde edilen MT verileri ile ayn1 zamanda
jeofizik yontemlerle goriintiilenmis diinyadaki si1g
kabul kosullarinda bulunan diger magma odalar1
da dikkate alinarak elipsoid seklinde oldugu kabul
edilmistir (6rn., Gudmundsson, 2012; Chestler
ve Grosfils, 2013; Le Corvec vd., 2013; Caricchi
vd., 2014). Modeller ii¢ boyutlu (3-B) simetrik,
igsel kagma basinci (P)) ve sicakhiga (T) sahip
ve bos olarak kabul edilen magma odalarina

uygulanmigtir ~ (6rn., Gudmundsson, 2012;
Gerbault, 2012; Karaoglu vd., 2016).
Izotermal  caligmalarda  kitasal  kabuk

kosullarinda saf magnetitlerin ortalama Curie
sicakligr 580 °C, genel termal gradyan degeri 25
°C -30 °C aras1 olarak kabul edilir (Okubo vd.,
1985; Rozimant vd., 2009). Her ne kadar bdlgenin
termal oOzelliklerini calisgan iki temel c¢alisma
(Bilim vd., 2017; Aydemir vd., 2019) s6z konusu
bolgenin termal gradyan sicakligin1 nispeten
yliksek 50 °C/km olarak hesaplamig olsalar da
bu yiiksek gradyana zaten kabuk kosullarindaki
magmatik etkinlik olmasi sebebiyle bu calismada
25 °C diinya ortalama kabuk sicaklik degerine
yaklasik bir deger kullanilmistir.

Bu kaya birimlerinin her birine (L1-L8)
litolojik ozelliklerine uygun termal parametreler
tanimlanmistir (Sekil 3). Modellemelerde termal
kondaktivite degerleri icin £ [W/(m*K)] 0,25
ve 1,9 arasinda; degisken sicaklik degisimi
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kosullarini hesaplanmasi i¢in (bir kaya kiitlesinin
gecici bir 1s1 kaynagina tepkisi) 6zgiil 1s1 kapasitesi
Cp [J/(kg*K)] 840 ve 980 arasinda; a degeri
termal genlesme sabiti olarak [1/K] her bir litoloji
icin 3,0x107° ve 9,2x10°® arasinda kullanilmistir
(Nabelek et al., 2012; Rodriguez et al., 2015).
Modellemeleri degerlendirmek i¢in hemti¢ boyutlu
hacimsel hem de yatay kesitlerden yararlanilmigtir
(Sekil 3a-b). S6z konusu Bozkdy sondajlart i¢in
3.814 metreden yatay kesit alimmistir (Sekil 3b).
Yiizeyden 3.814 metre derinligi temsil eden kesit
iizerinde mekansal sicaklik degisimlerini ¢ok daha
iyi gozlemek i¢in 10 adet profil tamtilmistir (Sekil
3b).

l Jeotermal sondaj

Magma odasi

- _—"(0-1000 °C)

Jeotermal sondaj...»

Sekil 3. Heterojen kabuk segmenti boyunca elipsoidal-
s1g bir magma odasi1 ve geometrik iligkileri gdsteren ii¢
boyutlu sayisal model kurulumu. Magma Odast 5
MPa’lik icsel basmng ile baskilanmaktadir. Magma
odast 10 X 4 X 4 km boyutlarina sahiptir.

Figure 3. Three-dimensional numerical model setup
showing an ellipsoidal-shallow magma chamber and its
geometric relationships along a heterogeneous crustal
segment. The magma chamber has an internal pressure
of 5 MPa. The dimensions of the magma chamber are
10X 4 X 4 km.
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Esitlikler

Radyoaktif 1s1  transferi ihmal edilerek
COMSOL’un “Heat Transfer in Solids” ara
ylziinde agagidaki esitlik kullanilmis olup:

pCou-VT+V-q=qo+Qrea+ Q@ (1)

burada, p yogunluk, sabit stres altinda 6zgiil 1s1,
mutlak sicaklik, 6teleme hareketinin hiz vektorii;
QO diger kaynaklardan 1s1 transferi (bu durum sig
magma Odas1 ya da derin magma rezervuarini
temsil eder); ¢ kondiiksiyon 1s1 akisini1 temsil
etmekte olup asagidaki esitlikte tanimlanir:

q=-kvT @)
burada, k& daha oOnce de bahsedildigi gibi
termal kondaktivite degeridir. Q, , katilardaki

termoelastik etkileri agiklayan bir termoelastik
soniimlemedir ve yalnizca 1s1 transferi kati
mekanigine baglandiginda gegerlidir ve su sekilde
hesaplanir:

ds
Qteq = — T:E 3)
burada daha Once bahsedildigi gibi, o termal

gerilme sabiti ve § ikinci Piola-Kirchhoff stres
tensor degeridir.

Sinir Kosullar ve Parametreler

Is1 transferi simiilasyonlar1 i¢in; hesaplama
alaninin (T, p) iist yatay sinirinin (yerkiire yiizeyi)
sicakligt 10 °C olarak ayarlanmisti. Magma
odasmin magma rezervuar duvar sicakhgi (7,
Ty T T T T T Ty Ty T,,) 100 °C, 200
°C, 300 °C, 400 °C, 500 °C, 600 °C, 700 °C, 800
ve 1.000 °C olarak ayarlanmistir. Hesaplama
alaninin sol tarafi, sag tarafi ve alt sinir1 igin iki ek
sicaklik sinir kosulu kullanilir. Tiim modellerde,
daha once Jaupart vd. (1998) ve Eldursi vd. (2009)
tanimladigi gibi, dikey kenarlarin sicakligi, alt
yatay sinirda maksimum 765 °C’ye ulasan her 1
km’lik derinlik artig1 i¢in sicakligin 25 °C arttig1
derinligin bir fonksiyonu olarak tanimlanmaktadir.

T,M[°C] = =30 y[km] (4)



Model Ag1 (Mesh)

Simiilasyonlarda dort yiizli ikinci dereceden
elemanlarla COMSOL’da Onceden tanimlanmis
son derece ince ag Orgiisii ayarlar1 uygulanmistir.
Bu ag ayar, 6,4 km’lik bir maksimum &ge
boyutu ve 0,8 km’lik bir en kiiciik 6ge boyutu,
0,5 degerinde egrilik katsayisi; 0,6 degerinde
dar bolgelerin ¢oziiniirliik degeri ile 1,45°lik en
biiyiik 6ge biiyiime hizi tanimlanmistir. Boylelikle
modellerde kullanilan toplam eleman sayist
85.719 olmustur.

BULGULAR
Hasan Dag1 Altinda Magma Odas1

Ug boyutlu hacimsel “1s1 transferi” uygulamasinda
Hasan Dag1 altinda farkli sicakliklara sahip (0,
200, 400, 600, 800, 1.000 °C) magma odalarinin
heterojen kabuk boyunca sicaklik dagilimlari
izlenmektedir (Sekil 4). Magma odasi sicakliginin
etkin olmadig1 (0 °C) durumda ortamda yalnizca
termal gradyan ile ilgili sicaklik dagilim
gozlenmektedir. 30 km derinlikteki sicakligin
765 °C oldugu yeniden hatirlanmalidir (Sekil 4a).
Magma odasi sicakligi 200 °C oldugu durumda
yalnizca magma odast ve c¢evresinde diisiik
seviyelerde bir 1s1 artis1 oldugu sdylenebilir (Sekil
4). 400 °C uygulamasinda magma odasmin 1
km’lik yakin ¢evresinde 134 °C sicakliga ulagtig1
gozlenmektedir (Sekil 4c). Magma odasima 600
°C uygulamasinda sondaj ve ¢evresinde 96 °C’lik
sicaklik degerleri dikkati ¢ekmektedir (Sekil 4d).
Magma odasma 800 °C uygulamasinda magma
odasinin yanal olarak 3-4 km ¢evresinde 200 °C’ye
sicaklik degerleri izlenirken (Sekil 4e); 1.000 °C
uygulamasinda sondaj bdlgesi ve ¢evresinde 128
°C civar1 sicaklik degerleri elde edilmektedir

(Sekil 4f).
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Aralarinda 10 km araliklar uygulanarak
elde edilen dikey kesitler {izerinde sicaklik
dagilimlari incelenmistir (Sekil 5). Tiim kesitlerde
mavi renklerle simgelenen diisiik sicakliklardan
(minimum 10 °C) sar1 renk ile gozlenen yliksek
sicakliklara (maksimum 715 °C) olan dagilim
iliskileri izlenebilmektedir. Tiim uygulamalarda
en yiksek sicaklik degerleri magma odast
cevresinde gozlenmektedir (Sekil 5). Magma
odasinin 1.000 °C oldugu uygulamada yiiksek
sicaklik olarak smiflanabilecek 600-700 °C
sicaklik degerlerinin en fazla 1 km yanal yayilimla
olustugu izlenmektedir (Sekil 5).

Sondaj faaliyetinin yuriitiildigii maksimum
derinliklerden birisi olan 3.814 metre boyunca
kabuk icindeki sicaklik dagilimlarinin dl¢iilmesi
icin yatay bir kesit alinmistir (Sekil 6). Soz
konusu derinlikte (3.814 m) uygulanan farkl
sicakliga sahip magma odalari igin sicaklik
dagilimlar1 incelenmistir (Sekil 6). Buna gore
magma odasma uygulanan 0 °C ile beklendigi
sekilde yalnizca bu derinlikteki termal gradyan
degerleri elde edilmistir. Sondaj bolgesinde 59
°C sicaklik degeri gozlenmektedir (Sekil 6a). 200
°C uygulamasinda, magma odasi ve g¢evresinde
127 °C, sondaj bolgesinde 90 °C sicaklik
gozlenmektedir (Sekil 6b). Sicaklik 400 °C’ye
yikseldiginde magma odasi ve ¢evresinde 243
°C, sondaj bolgesinde yaklagik 94 °C sicaklik
dagilimi s6z konusudur (Sekil 6¢). Magma odast
sicaklig1 600 °C oldugunda 1 km ¢evresine kadar
395 °C ve sondaj ¢evresinde 73 °C sicaklik takip
edilmektedir (Sekil 6d). Magma odas1 sicaklig
800 °C olmasi durumunda sondaj bolgesinde 82
°C (Sekil 6e); magma odas1 sicakligi maksimum
1.000 °C uygulanmasi durumunda ise sondaj
bolgesi ve ¢evresinde 78 °C sicaklik degeri elde
edilmektedir (Sekil 6f).



Hasan Dagi Volkant ve Ciftlik-Bozkéy (Orta Anadolu) Gomiilii Kalderasini Besleyen Aktif Magma Odalarina Iliskin Ist Transferi Analizleri

Sicaklik (°C)
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Sekil 4. Hasan Dagi volkani altinda, {i¢ boyutlu kabuk segmenti boyunca farkl: sicakliklara sahip ((a) 0 °C, (b) 200
°C, (¢) 400 °C, (d) 600 °C, (e) 800 °C ve (f) 1.000 °C) magma odasinin neden oldugu hacimsel sicaklik dagilimlari.

Figure 4. Volumetric temperature distributions caused by the magma chamber with different temperatures ((a) 0 °C,
(b) 200 °C, (c) 400 °C, (d) 600 °C, (e) 800 °C and (f) 1,000 °C) along the three-dimensional crustal segment beneath

Hasan Dagi volcano.
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Sekil 5. Hasan Dagi volkani altinda, ii¢ boyutlu kabuk segmenti boyunca, farkl sicakliklara sahip ((a) 0 °C, (b) 200
gu dik kesen dilimler boyunca sicaklik dagilimlar.

°C, (c) 400 °C, (d) 600 °C, (e) 800 °C ve (f) 1.000 °C) magma odasinin neden oldugu, aralarinda 10 km bulunan

kabu
Figure 5. Temperature distributions along slices perpendicular to the crustal segment at intervals of 10 km caused

by the magma chamber with different temperatures ((a) 0 °C, (b) 200 °C, (c) 400 °C, (d) 600 °C, (e) 800

1,000 °C) beneath Hasan Dagi volcano.
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Sicaklk (°C)
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Sekil 6. Hasan Dagi volkani altinda, ii¢ boyutlu kabuk segmenti boyunca, farkl sicakliklara sahip ((a) 0 °C, (b) 200
°C, (c) 400 °C, (d) 600 °C, (e) 800 °C ve (f) 1.000 °C) magma odasinin neden oldugu, 3814 metre derinligi temsil
eden yanal kesit boyunca sicaklik dagilimlari.

Figure 6. Temperature distributions along a lateral section representing a depth of 3814 meters caused by the
magma chamber with different temperatures ((a) 0 °C, (b) 200 °C, (c) 400 °C, (d) 600 °C, (e) 800 °C and (f) 1,000
°C) beneath Hasan Dagi volcano.
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Sicaklik dagilimini daha iyi takip edebilmek
icin, 3.814 metre derinlige sahip sondaj
derinliginde, yatay bir kesit iizerinde birbirinden
6 km aralikli birbirine paralel 10 adet profil
boyunca incelenmistir (Sekil 7a). Magma odasina
0-1.000 °C araliginda farkli sicaklik uygulamalar1
simiile edilmistir. Buna gore tiim profiller boyunca
ortalama 100 °C sicaklik degerleri izlenirken en
yiksek sicaklik magma odasinin tam iizerinden
gegen profilden ve 1.000 °C uygulanarak
maksimum 600 °C olarak kaydedilmistir (Sekil
7a). Sondaj faaliyetinin gerceklestirildigi alandaki
sicaklik dagilimini daha detayli izlemek amacryla
elde edilen Profii I boyunca lokal sicaklik
dagilimlar1 incelenmistir (Sekil 7b). S6z konusu
kesit boyunca ortalama 45 °C; 1.000 °C magma
odas1 uygulamasi sonucunda ise maksimum 57 °C
sicaklik degerleri hesaplanmistir (Sekil 7b).

Ciftlik-Bozkoy Altinda Magma Odas1

3814 metre derinlikte, ayn1 geometriye ancak
farkli derinliklere sahip (7, 8, 9 ve 10 km)
magma odalarma 0-1.000 °C arasinda 100 °C
araliklarla sicakliklar uygulanarak simiilasyonlar
gergeklestirilmigtir (Sekil 8). Sondaj faaliyetinin
ylriitilmis oldugu bolgenin 7 km altinda ve
magma odast 0-1.000 °C aras1 10 farkli sicaklik
uygulanmasi durumunda, en yiiksek sicaklik 600
°C’ye ulasmaktadir (Sekil 8a). Magma odas1 8 km
olmasi1 durumunda 3.814 metre derinlikte en fazla
360 °C sicaklik degeri gozlenirken (Sekil 8b); 9
km derinlikte en yiiksek 210 °C sicaklik dagilimi
gozlenmektedir (Sekil 8c). Daha da derine
10 km’ye yerlesen magma odasinin ortalama
70 °C iken en yiiksek yaklasik 150 °C olarak
hesaplanmigtir (Sekil 8d).

TARTISMA ve SONUC

Bucalismadaiki soruya cevap aranmaktadir: Hasan
Dagi1 volkani altinda MT yontemiyle saptanan
magma odasinin 1s1 transferi ve termal gradyana
olan etkisi nasildir? Diger soru ise 3S Kale enerji
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sirketi tarafindan gerceklestirilen Tiirkiye’nin en
derin sondajlarindan elde edilen sicaklik degerleri
icin gerekli olan 1sitic1 kaynagin sicaklik degeri ve
kabuk i¢indeki derinligi nedir? Bu sorulara cevap
bulabilmek i¢in sayisal modelleme calismalari
yapilmis olup 1sitict kaynagin termal 6zelliklerine
iligkin 6nemli bilgiler elde edilmistir.

—— T_mp-0 degC. Distance-0

—— T_mp=0 degC, Distance=:
T_mp=0 degC, Distance=4
—— T_mp=0 degC. Distance=

T_mp=0 degC. Distance="
—— T_mp=200 degC,
T_mp=200 degC,
—— T_mp=200 degC.

Sicaklik (°C)

T_mp=200 degC,
—— T_mp=200 degC.

—— T_mp=200 degC,

0 degC
100 degC
200 degC
300 degC
400 degC
500 degC

3 —— 600 degC
sol | —— 700 degC
800 degC
—— 900 degC
1000 degC

Sicaklik (°C)

Sekil 7. Hasan Dag1 volkan altinda, ii¢ boyutlu kabuk
segmenti boyunca, farkli sicakliklara sahip (0 °C —
1.000 °C) magma odasinin neden oldugu, 3.814 metre
derinligi temsil eden yanal kesit iizerinde, a) farkli
profiller boyunca b) Jeotermal sondaj bolgesini kesen
Profil 1’den elde edilen sicaklik dagilimlart.

Figure 7. Temperature distributions obtained from
different profiles a) along a lateral section representing
a depth of 3,814 meters and b) from Profile 1
intersecting the geothermal drilling area, caused by the
magma chamber with temperatures ranging from 0 °C
to 1,000 °C beneath Hasan Dagi volcano.
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Sekil 8. Ciftlik-Bozkdy volkanik alan1 altinda, ii¢ boyutlu kabuk segmenti boyunca, farkli sicakliklara sahip (0 °C
—1.000 °C) magma odasinin (a) 7 km, (b) 8 km, (¢) 9 km ve (d) 10 km derinlikte jeotermal sondaj bolgesini kesen
Profil 1°den elde edilen sicaklik dagilimlari.

Figure 8. Temperature distributions obtained from Profile 1 intersecting the geothermal drilling area at depths of (a)
7 km, (b) 8 km, (c) 9 km, and (d) 10 km beneath the Ciftlik-Bozkdy volcanic field.

Manyetotelliirik veriler Hasandag1 manyetotelliirik  sonuglart  ile  Ortiismedigi
Volkant’nin kabuk boyunca merkez konisinin goriilmektedir (Hacioglu vd., 2023). Ayrica bu
tam alti yerine; 3-4 km giineydogusuna dogru bolge altinda 5 km altinda magma odas1 bulunmasi

magma odasmna igaret eden digsiik rezistivite
degerleri gostermektedir (Sekil 9; Tank ve Karas,
2020). Ciftlik-Bozkdy alani altinda ise s6z konusu
depresyon alaninin merkezi olarak tam altinda 2-4
km derinlikte olduk¢a diisiik rezistivite degerleri
elde edilmis olup arastiricilar bunlar1 kaldera
yapist icerisinde degerlendirmis olup magma

durumunda, bu bolgeyi yaklasik 4 km derinlige
ulasan derin sondaj faaliyetleri sonucunda, visko
elastik 6zellik sergileyen litolojik 6zelliklere sahip,
magma odasiin neredeyse catisina ulasilmasi
beklenirdi. Bu acidan, giincel manyetotelliirik
caligmalarinin bir magma odasiin bulunmadigimn

odasmna iliskin veri sunmamuslardir (Hacioglu belirtmeleri  sebebiyle, ~Sahinkalesi (Ciftlik-
vd., 2023). Ancak bu bolge altinda magma odast Bozkdy) volkanik bolgesi altinda 5 km derinlikte
varsayimiyla gergeklestirilen numerik modelleme bir magma odasinin varsayimiyla gergeklestirilen
calismalarindan elde edilen sonuglarin (Dornadula niimerik modelleme sonuglarinin (Dornadula vd.,
vd., basimda), son donemde gergeklestirilen basimda) yeniden degerlendirmeye ihtiya¢ vardir.
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Sekil 9. a) Hasandagi (Tank ve Karas, 2020) ve b)
Ciftlik-Bozkdy (Hacioglu vd., 2023) volkanik
bolgelerinde belirli profil dogrultularindan {i¢ boyutlu
ters ¢oziim modelleme ile elde edilen rezistivite
haritalari.

Figure 9. Resistivity maps obtained by three-
dimensional inversion modelling of some profile
directions in the volcanic regions of a) Hasan Dagi
(Tank and Karag, 2020) and b) Ciftlik-Bozkdy (Hacioglu
etal, 2023).

Hasan Dagi volkan1 altinda, 1000 °C
yiksek sicaklik degerlerine sahip magma
odas1 dahi Ciftlik-Bozkdy bolgesindeki 3814
metre derinlikteki kabugu, ancak 78 °C civari
1sitmaktadir. S6z konusu sondajlardan elde edilen
295 °C (3.814 metre) ve 341 °C (3.957 metre)
sicaklik degerleri goz Oniine alindiginda Hasan
Dag1 volkani altindaki bir 1sitict kaynagin Ciftlik-
Bozkdy bolgesindeki yiiksek jeotermal gradyanin
1s1  kaynagi olarak
goziikmemektedir.

islev gérmesi miimkiin

Hasan Dagi altindaki 1sitict kaynak islevi
goren magma odasinin MT c¢alismalart ile
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onerilen 6-7 km derinlige ve birkag bin y1l dnceki
etkinlikleri dikkate alinarak 800-1.000 °C arasi
bir sicakliga sahip olmas1 durumunda ana koninin
yakin ¢evresinde potansiyel sicak gradyana (3.814
metrede) ulasmasi teorik olarak miimkiindiir
(400-600 °C). Ancak diizlik alanda yapilmasi
planlanacak bir sondaj faaliyeti diistiniildiigiinde,
modelleme calismalarindan 6rnegin Hasan Dagi
glineybatisinda bulunan Tasgpinar bdlgesinde
(Sekil 1) 3.814 metrede 120 °C; 3.000 metrede 90
°C; 2.000 metrede 74 °C; 1.000 metrede 41 °C gibi
sicaklik degerlerine ulasilabilecegi sdylenebilir.

Ciftlik-Bozkoy bolgesinde yiirttiilen
jeotermal sondaj ve sonraki siiregte devam
edecek tretim planlanmast i¢in bu bolgedeki
isitict kaynagin derinligi, geometrisi ve sahip
oldugu sicaklik degeri 6nem arz edecektir. Her ne
kadar Bilim vd. (2017) yaptiklar1 ¢calismada cap1
yaklasik 50 km olan bir gémiilii kaldera yapisi ile
bolgenin termomekanik &zeliklerini rapor etmis
olsalar da Hacioglu vd. (2023) bolge altindaki
gomiilii kalderanin yaklasik 13 km genisliginde
oldugunu o6nermislerdir (Sekil 9). S6z konusu
ticari girisimin 4 km’ye yaklasan sondajlardan
elde edilen sicaklik verileri dikkate alindiginda,
bu sicaklik degerlerine ulagsmak i¢in en az 7 km
derinlikte 600-700 °C (Sekil 8a) ve/veya 8 km
derinlikte 900-1.000 °C’ye sahip 1s1 kaynagi
islevinde olan magma odasina (magma odasi
catis1) ihtiyag duyulmaktadir. Ancak daha derin
kosullarda (9, 10 km ve fazlasi) kabuk boyunca
yerlesen magma odasi s6z konusu sicakliklar
iretemeyecegi i¢cin magma odasi derinliginin
en fazla 8 km olmasi gerektigini ifade etmek
mimkiindir. ~ Manyetotelliirik  ¢alismalardan
elde edilen sonuglar ile niimerik modelleme
calismalar1 birlikte degerlendirildiginde, magma
odasinin en az 8 km derinlere ulasan ve en sicak
bolgesini temsil eden merkez kisminin; kabugun
s1g kesimlerine dogru, yaklagik 7 km derinlikte,
nispeten sogumaya maruz kalmis ergiyik-kati
faz gecis zon ile temsil edilen magma odasi ¢ati
kismmnin oldugu; 2-3 km derinliklerde ise kati
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halde 200-300 °C sicaklik degerlerinde 1sitilmis
kayaclarm var oldugu sdylenebilir. 7-8 km
derinlikte iist catis1 bulunan bir magma odas1 ve
sondaj faaliyetlerinin yaklasik 4 km’ye kadar
yalnizca elastik 6zellik gosteren kati kayaglarda
ylritildigi g6z oOniinde bulunduruldugunda
s0z konusu magma odasinin, sil seklinde, diigiik
kalinlik sergileyen (2-3 km), ancak kabuk
boyunca yanal yayilan bir geometride oldugu
iddia edilebilir.

Saha c¢aligmalari ve yayinlanan jeofizik
Olclimlere dayanarak Bozkurt-Ciftlik bdlgesinin
olduk¢a biiyiik bir piiskiirim merkezi oldugu
sOylenebilir. Karaoglu vd. (2005) tarafindan
gerceklestirilen calismaya gore, c¢apt 8-8,5
km olan Nemrut Kalderasi’nin en az 64 km?
hacminde piroklastik malzeme piskiirttiigi
dikkate alindiginda, ¢ap1 13 km’ye kadar ulagan
bir kaldera olusumu i¢in birkag yiiz km?’lik
piroklastik malzemenin bosalimmna tekabiil
edebilir. Bu hacimdeki malzemenin Kuvaterner
donemi boyunca piisklirimii, ayni
magma odasinin 6zellikle iist kesiminde 6nemli bir
bosluk olusumuna neden olabilecegi diisiinebilir.
Bu c¢alismadaki magma odasinin gatisina iligkin
7-8 km olan derinlik hesabinin, oldukc¢a yiiksek
hacimde koplirmiis magma piiskiirimii de goz
oniine alindiginda, kaldera-olusturan piiskiiriimler
sirasinda magma odasi c¢ati derinliginin birkag
km daha ylizeye yakin (3-4 km) olabilecegi iddia
edilebilir.

zamanda

EXTENDED SUMMARY

The Cappadocia Volcanic Region (CVR) has
recently garnered attention for its geothermal
energy potential. The presence of buried caldera
structures and plutons embedded in the active
crust signifies the primary heat sources in the
region. Numerous geophysical studies have been
conducted concerning the potential eruption
centres of ignimbrites that extend across extensive
plains within the CVR region, some of which
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reach several hundred meters in height (e.g.,
Pasquare et al., 1988; Le Pennec et al., 1994;
Toprak, 1998; Froger et al., 1998, Kosaroglu
et al., 2016, Bilim et al., 2017; Aydemir et al.,
2019). Thanks to some research on buried caldera
structures in the region, these collapse structures
have been identified, especially in the central and
western parts of the CVR. Pasquare et al. (1988)
proposed the Melendiz stratovolcano and the
Ciftlik region as potential eruption centres for the
ignimbrites predominantly exposed in the western
part of the KVP. Bilim et al. (2017) posited that
the region encompassing Aksaray-Nevsehir-
Nigde-Yesilhisar, with a diameter exceeding 50
km, exhibits characteristics of a depression or
caldera (Figure 1). Additionally, researchers
have documented the geothermal gradient of the
region to be in the range of 50-68 °C/km, with
heat flux values ranging from 2.3 to 2.7 Wm!
K-1, and radiogenic heat flux production values
spanning from 0.45 to 0.70 IW m?. Sener et al.
(2023) conducted geothermometer temperature
calculations in the Cappadocia region, yielding
various temperature values for areas proximate to
the study location. Chalcedony geothermometer
estimations reported temperatures ranging from
54 to 126 °C in Nevsehir, 48 to 159 °C in Aksaray,
and 73 to 159 °Cin Nigde. Quartz geothermometer
calculations  indicated  temperature  values
spanning from 85 to 173 °C in Nevsehir, 79 to 180
°C in Aksaray, and 102 to 180 °C in Nigde.

In a statement on the website of the
commercial enterprise in question (URLI, 2023),
it was reported that (i) Turkey’s hottest well was
discovered by drilling to a depth of 3,814 meters in
2016 under the Bozkoy licence. This well, boasting
a bottom temperature of 295 °C was confirmed to
have the capacity for steam production (Figure 1).
The second well, drilled in the same field in 2021
to a depth of 3,957 meters, recorded a bottom
temperature of 341 °C, establishing both wells as
the ones with the highest bottom temperatures in
Turkey.



In this study, I investigate whether the heat
source lies in Hasandagi volcano or if there is an
undisclosed heat source beneath this region. To
accomplish this, I conducted heat transfer analyses
in solid lithologies employing the licenced Comsol
Multiphysics 6.1 programme (Tabatabaian, 2014).

During the late Cenozoic, the convergence
of the Eurasian, African, and Arabian plates
that  significantly
influenced the regional geological landscape.
The Central Anatolian plateau responded to
these orogenic events with extensive tectonic
deformations, rapid crustal uplift, and a surge in
high-volume volcanic activity. Over the past 10
million years, the Central Anatolian Plateau has
undergone an elevation of approximately 1 km,
resulting in its present topography (Cosentino et
al., 2011; Yildirim et al., 2011; Schildgen et al.,
2012).

culminated in collisions

Kecikalesi volcano, situated to the southwest
of Hasandagi, represents one of the earliest
volcanic activities in the western part of the KVP
(Figure 1 and 2). Besang et al. (1977) dated
these volcanic products to have erupted between
13.7+0.3 Ma and 12.4+0.6 Ma.

The Ciftlik-Bozkoy region displays
elliptical morphology, with 6-6.5 km in diameter. A
substantial pyroclastic unit underlies the alluvial
material derived from volcanic sources, reaching
several tens of meters in thickness at its apex.
Intermediate volcanic rocks are predominantly
found within this ignimbritic cover, extending from
the vicinity of Bozkoy and Cardak to the Yesilkéy
ridges (Figure I and 2).

an

Magnetotelluric (MT) measurements
conducted by Tank and Karas (2020) covered
27 locations in the southern areas of Hasandagi,
Kegiboyduran, and Melendiz mountains. Their
findings suggest the presence of a potential magma
chamber with a depth of 4-6 km and a width of
roughly the same magnitude, in two-dimensional
profiles extending approximately 45 km southwest
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of Hasandagi towards the Nigde plain. Hacioglu
et al. (2023) have identified a buried caldera
with a depth of 3 km and a diameter of up to 12
kilometers, following MT studies conducted in
60 locations, including the Ciftlik region north
of Melendiz Mountain. However, researchers
reported that have yet to find definitive evidence
of a magma chamber in this area (Hacioglu et al.,
2023).

In this study,
connection between the data regarding the magma

1 explore the analytical

chamber and heat source and the temperature
values derived from deep well measurements
conducted by the aforementioned commercial
enterprise.

In the three-dimensional “heat transfer”
simulation, temperature distributions for magma
chambers with varying temperatures (0, 200, 400,
600, 800, 1,000 °C) beneath Hasandagi volcano
are observed throughout the heterogeneous crust
(Figure 3). In scenarios where the magma chamber
temperature is inactive (0 °C), only temperature
distributions related to the thermal gradient are
observed in the environment. It is essential to note
that the temperature at a depth of 30 km remains
at 765 °C (Figure 3a). When the magma chamber
temperature was set to 200 °C, a modest increase
in temperature was observed in the magma
chamber and its immediate surroundings (Figure
3b). With a temperature application of 400 °C, the
magma chamber’s temperature rises to 134 °C
within a radius of approximately 1 km (Figure 3c).
In the 600 °C scenario, temperature values around
96 °C are notable in the borehole and its vicinity
(Figure 3d). Applying an 800 °C temperature to
the magma chamber results in temperature values
reaching up to 200 °C within a lateral radius of
3-4 km from the chamber (Figure 3e). In the 1,000
°C scenario, temperature values around 128 °C
were observed in and around the drilling area
(Figure 3f).
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Temperature distributions were analysed on
vertical sections spaced at 10-km intervals (Figure
5). In all sections, temperature distributions
range from lower temperatures (minimum 10
°C, indicated in blue) to higher temperatures
(maximum 715 °C, indicated in yellow). In all
scenarios, the highest temperature values were
concentrated around the magma chamber (Figure
5). For the 1,000 °C magma chamber scenario,
temperature values classified as high (600-700
°C) extend no more than 1 km laterally from the
chamber (Figure 5).

A horizontal section was created to assess
the temperature distributions within the crust
at a depth of 3,814 meter, which corresponds to
one of the maximum drilling depths (Figure 6).
The temperature distributions were examined for
magma chambers with various temperatures at this
depth (Figure 6). When a 0 °C magma chamber
scenario is considered, only thermal gradient
values at this depth are observed, resulting in a
temperature of 59 °C in the drilling area (Figure
6a). For a 200 °C scenario, the magma chamber
and its surroundings reach a temperature of 127
°C, while the drilling area records 90 °C (Figure
6b). Increasing the magma chamber temperature
to 400 °C results in a temperature distribution
of approximately 94 °C within the chamber
and its surroundings, and 243 °C in the drilling
area (Figure 6c). When the magma chamber
temperature is set to 600 °C, the temperature rises
to 395 °C within a 1-km radius of the chamber and
drops to 73 °C around the drilling area (Figure
6d). In the case of an 800 °C magma chamber,
the drilling area records a temperature of 82 °C
(Figure 6e), and a 1,000 °C magma chamber
scenario results in a temperature of 78 °C in the
drilling area and its surroundings (Figure 6f).

To provide a comprehensive view of the
temperature distribution, 10 parallel profiles,
spaced 6 km apart, were examined on a horizontal
section at a drilling depth of 3814 m (Figure
7a). Various temperature scenarios ranging
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from 0-1,000 °C were simulated within the
magma chamber. Across all profiles, the average
temperature remains around 100 °C. However,
directly above the magma chamber with a 1,000
°C application, the highest recorded temperature
reached 600 °C (Figure 7a). For a more detailed
analysis of temperature distribution within the
drilling area, local temperature distributions were
examined along Profile I (Figure 7b). The average
temperature along this section is approximately
45 °C, with a maximum temperature of 57 °C
calculated becuase of the 1,000 °C magma
chamber scenario (Figure 7b).

A series of simulations were conducted by
applying temperatures ranging from 0 to 1,000
°C at 100 °C intervals to magma chambers with
identical geometry but varying depths (7, 8, 9,
and 10 km) at a depth of 3814 m (Figure 8). When
temperatures between 0-1,000 °C were applied
to the magma chamber located 7 km below the
drilling area, the highest temperature recorded
was 600 °C (Figure 8a). In the case of an 8 km
deep magma chamber, a maximum temperature
of 360 °C was observed at a depth of 3,814 m
(Figure 8b). The highest temperature, reaching
210 °C, was observed at a depth of 9 km (Figure
8c). For the magma chamber located 10 km
below the surface, the average temperature was
approximately 70 °C, with the highest temperature
estimated to be approximately 150 °C (Figure 8d).

This study aimed to address two fundamental
questions: first, the impact of the magma chamber
detected using magnetotelluric (MT) data beneath
Hasandagi volcano on heat transfer and thermal
gradients; and second, the determination of the
temperature and depth of the heat source required
to explain the temperature values observed in
Turkey s deepest boreholes, which were conducted
by 3S Kale Energy Company. Through numerical
modeling, this study has yielded valuable insights
into the thermal properties of a heat source.



Magnetotelluric data have demonstrated
the presence of Hasandagi volcano’s magma
chamber, not just beneath its central cone but
extending along its crust, notably towards the
southeast (Figure 9; Tank and Karag, 2020). In
contrast, under the Ciftlik-Bozkéy region, very low
resistivity values were detected at depths of 2-4
km, precisely beneath the centre of the depression
area, suggesting a caldera structure. However,
it is important to highlight that data regarding
the magma chamber in this region were not
presented in the findings by Hacioglu et al. (2023).
However; it is evident that the outcomes derived
from numerical modeling studies, assuming the
presence of a magma chamber beneath this region
(Dornadula et al., in press), do not align with
recent magnetotelluric results (Hacioglu et al.,
2023). Furthermore, considering deep drilling
activities reaching a depth of approximately 4 km
in this region, if there were a magma chamber 5
km below, it would be anticipated to approach the
roof of the magma chamber, which is characterized
by lithological features displaying viscoelasticity.
Consequently, it is necessary to reassess the
numerical modeling results (Dornadula et al., in
press), which were conducted assuming a magma
chamber at a depth of 5 km beneath the Sahinkalesi
(Ciftlik-Bozkoy) volcanic region, given the current
magnetotelluric studies indicating the absence of
a magma chamber.

Even under the conditions of an active magma
chamber at its highest temperature, i.e., 1000 °C
beneath Hasandagi volcano, the crust at a depth
of 3,814 m in the Ciftlik-Bozkdy region registers
an increase of approximately 78 °C. Considering
the temperature measurements, which recorded
295 °C at 3814 m and 341 °C at 3,957 m from the
boreholes in question, it is improbable for the heat
source beneath Hasandagi volcano to account
for the high geothermal gradient observed in the
Ciftlik-Bozkoy region.

Assuming that the magma chamber is
situated at a depth of 6-7 km, as suggested by
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MT studies, and maintains temperatures between
800 and 1,000 °C, it is theoretically feasible that
it may induce a high geothermal gradient (3,814
m) in close proximity to the main cone. Such an
elevation might reach temperatures approximately
400-600 °C. However, in the context of planned
drilling activities on the plain, modeling studies
indicate that, for instance, the Taspinar region
located southwest of Hasandagi volcano would
reach temperatures of approximately 120 °C at
3814 m (Figure 1), 90 °C at 3,000 m, 74 °C at
2,000 m, and around 41 °C at 1,000 m.

The depth, geometry, temperature
characteristics of the heat source in this region
have vital implications for geothermal drilling in
the Ciftlik-Bozkoy region and future production
planning. While Bilim et al. (2017) reported a
buried caldera structure with an approximate
diameter of 50 km, Hacioglu et al. (2023) proposed
a caldera stretching up to 13 km wide (Figure
9). Considering the temperature data obtained
from drillings close to 4 km of the commercial
enterprise, it is essential to have a heat source
with temperatures of 600-700 °C at a depth of 7
km (Figure 8a) and/or 900-1,000 °C at a depth
of 8 km to explain these temperature values.
This would require the presence of a magma
chamber, specifically the magma chamber's roof.
Yet, in deeper conditions (9, 10 km, or more), it
is plausible to deduce that the magma chambers
depth must be no more than 8 km, as magma
chambers located along the crust cannot generate
the observed temperature values. When I take into
account the results from magnetotelluric studies
and numerical modeling, 1 can infer that the
central section of the magma chamber, located
at a depth of at least 8§ km and representing the
hottest region, coexists with the shallower parts
of the crust at around 7 km depth. This upper
section of the magma chamber, which corresponds
to the phase transition zone between molten and
solid states, has undergone relatively cooling and
gives rise to temperatures between 200 and 300
°C within solid rock at depths of 2-3 km. Taking

and
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into account the presence of a magma chamber
with an upper roof situated at a depth of 7-8 km
and the drilling activities conducted in solid rocks
exhibiting only elastic properties up to a depth
of approximately 4 km, it can be asserted that
the magma chamber in question possesses a sill-
shaped geometry. This geometry is characterised
by low thickness (2-3 km) but extends laterally
throughout the shallow crustal setting.

Based on field studies and published
geophysical measurements, the Bozkurt-Ciftlik
region has been identified as a substantial eruption
centre. Karaoglu et al. (2005) proposed that the
Nemrut Caldera, with a diameter of §-8.5 km,
expelled at least 64 km’ of pyroclastic material.
The formation of a caldera with a diameter
of up to 13 km implies the discharge of several
hundred km?® of pyroclastic material. The eruption
of such a volume during the Quaternary period
could have led to the creation of a significant
void, particularly in the upper part of the magma
chamber. Considering the depth estimate of 7-8
km for the magma chamber roof in this study and
the eruption of extensive volumes of frothy magma,
it can be argued that the depth of the magma
chamber roof during caldera-forming eruptions
may be a few km closer to the surface (3—4 km).
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