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ARTICLE INFO ABSTRACT

Keywords: Kizilcahamam geothermal area is one of the most important geothermal fields in the Galatean Volcanic Province
Kizilcahamam geothermal field northern Central Anatolia of Turkey. Kizilcahamam geothermal field is liquid-dominated system that have been
Hydrogeochemistry developed in the rugged terrain, and usually consists of a geothermal systems that occur commonly associated
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with terrestrial volcanism. This field is characterized by thermal and mineralized springs, travertine, with wide
alteration zones. Thermal waters are issue through the faults and fracture zones of the volcanics. The tem-
peratures of the wells in the Kizilcahamam town center varies between 42 and 81 °C, whereas the temperature of
thermal and mineralized water springs in the area of Acisu Stream and Seyhamam varies between 23 and 43 °C.
Electrical conductivity values for thermal waters are between 1029 and 3700 uS/cm. Thermal waters in
Kizilcahamam area are mainly Na-HCO3-Cl and Na-Ca-HCOj type, with high salinity, while cold groundwater is
mostly of Ca (Na, Mg)-HCO; type, with lower salinity. Both waters of Kizilcahamam town center and Acisu
Stream appear to be derived from a deeper reservoir fluid, whereas Seyhamam thermal waters are compatible
with shallow cold waters heated by steam absorbing high temperatures. High contents of some minor elements
in thermal waters, such as F, B, Li, Rb, Sr and Cs probably derive from enhanced water-rock interaction.

The isotopic values of thermal water (§'%0, §°H, 8°H) indicates their deep-circulating meteoric origin and
allow estimation of infilitration altitude ranging between 1350 and 1750 m.a.s.l.This datum, supported by
structural data, suggests the Isikdag and Alucdag Mountains as the recharge area of the system. As frequently
observed in many geothermal systems positive 8O shifts of Kizilcahamam thermal waters relative to the local
meteoric line were considered to be primarily due to interaction with host rocks at elevated temperature
(T > 150 °C) and from CO, exsolution of thermal and mineral springs. In this system, geothermal waters are
heating by an intrusive-cupola and geothermal gradient, followed by the waters rising to the surface along faults
and fractures that act as hydrothermal conduits. A conceptual hydrogeochemical model was developed for a
hydrogeological flow system in the Kizilcahamam Region.

1. Introduction the GVP with the name “Kizilcahamam-Camlidere Geopark” and it was
registered by the national authorized institutions in 2011 (Kazanci,
2012). The town Kizilcahamam is placed geographically on a transition

zone between the semi-arid Central Anatolian plateau and the moun-

Located, in Central Anatolia GVP, one of the four main Neogene and
Quaternary volcanic fields of Turkey, comprises a number of composite

volcanic province intimately associated with development of a series of
sedimentary basins (Milch, 1903; Toprak et al., 1996; Wilson et al.,
1997; Kazanci, 2012; Fig. 1). The northern margion of the GVP is
bordered by the Northern Anatolian Fault Zone. The active Kizilca-
hamam geothermal field is located 75km NW of Ankara (Central
Anatolia, Turkey) and hosted in the Tertiary GVP (Fig. 1-A). The Ki-
zilcahamam area is the first official geopark of Turkey on a small part of
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tainous and wet northern Anatolia; therefore, plant cover and mor-
phology change from bushes to pine forest, and from large plains to
deep valleys-high summits with altitudes of 2000 m, respectively. The
maximum elevation in the Kizilcahamam area is Isikdagi Mountain
(Mt.) with 2000 m. Istkdag Mt. is interpreted as a stratovolcano based
only on morphology (Tiirkecan et al., 1991). Active tectonics and young
volcanoes in the Kizilcahamam region have led to the formation of


http://www.sciencedirect.com/science/journal/03756505
http://www.elsevier.com/locate/geothermics
http://dx.doi.org/10.1016/j.geothermics.2017.08.012
http://dx.doi.org/10.1016/j.geothermics.2017.08.012
mailto:spasvanoglu@hotmail.com
http://dx.doi.org/10.1016/j.geothermics.2017.08.012
http://crossmark.crossref.org/dialog/?doi=10.1016/j.geothermics.2017.08.012&domain=pdf

S. Pasvanoglu, M. Celik

Geothermics 71 (2018) 88-107

462000 463000 464000 465000 466000 467000 468000 469000 470000 471000 472000 473000 474000 475000 476000 477000 478000
| | | | | | | |
FOA
(OS¢ A L /\V\ 1 4497001
- e =
& R
X7
= 449600(
Laa
KS-7 = 4495000
’ Elviren koy
Y. _ = 449400(
Derekdy ‘ Y o
4 ~ . o
Alinindldigase. Y. — ‘Egerllaﬁ:ren"s’s
) /
* Ks-9 b 4 ka6 [ 4493000
Beypazari rf o~ L w
baseni_ w2 o
‘g Alluvium g ’ D = 4492000
§ Alluvial deposite | SH-Mah. ,‘,
g [ Travertine s N ~Eirli St gerli
Pilocene Upper lava 2 KartoH. kizGggni— 449100(
Pazar FormationUpper-impermeable d620m \ \\L
-
2 >{0] Andesit basalt 5%’ Kayabast H. _ . _ e
£ 4 Pt Lava, tuff, breccia, lahar, agglomerate |2 3 Egegde gk6y 1= 4490000
£ [#] Unclasified lava, tuff and agglomerate |5
Eocene[l2a] Lower lava basic plato lavas-Permeable 1
Kara H. L= 4489000
_£_ Stream 1488 m
A Crosse section line B
s Fault
KK  Small bath L= 4488000
BK Bigbath
26T Strike and dip
" Geothermal well Yukari Mah. L. 4487000
(©) Gradient well Kiran H.
M Thermal spring sCukurérel
Q Mineral water spring a“g(. ~——a |_ 4486000
" VY
‘ Cold water spring qui //:/
[=4485000
Lg(e bt K o~
V4
y L 4484000
Deﬁié Mer Kizilca
1\ L
o B ) = 4483000
p / | 4482000
’ “" Kavacik H. Aglsibagi \ Akyar? )
) P>
A . ’ a / kisE
2 \ e Al (TepeajanH. Aksa L-4481000
B — b J
2\ _ A
Pt+L
Ks-16 Op < ,\a(,
Alug Mt. \ / | 4480000
1849 S - /
\
|
/ == (7 s S L 4479000
Kirazli yaylasi | "’etst,.e {
) - Devretdoruk H. @M )
NI 1250 m =0
/ Keltepe™7% Tp Kirkdy L 4478000
> \g\
Kara K 14477000
1200m T
L
j— |
B 0250 500 L 4476000

T 1 I I
462000 463000 464000 465000 466000 467000 468000

I I
469000 470000

1 I I I
471000 472000 473000 474000 475000 476000 477000 478000

Fig. 1. Location map of the study area. Fig. 1-A. Geological map of the Galatian volcanic Province (GVP) (Yiiriir et al., 2002). 1) Plio-Quaternary sediments; 2) Continental Neogene
sediments; 3)Volcanic and volcano-clastic rocks of GVP; 4) Basement rocks of Early Miocene, 5) Faults. Circule signs indicate the geothermal areas in the region. EAFZ: East Anatolian
fault zone. NAFZ: North Anatolian fault zone. Box denotes study area shown in (A). Fig. 1-B. Geological map of Kizilcahamam geothermal field (revised from Erisen and Unlii 1980;

Canik & Pasvanoglu1990).

numerous hot and mineral sources.

The thermal and mineral waters in the Kizilcahamam area are lo-
cated in and around (Acisu stream and Seyhamam Spa) the town of
Kizilcahamam and issue through the faults and fracture zones of the
volcanic. Using geothermal energy for district heating, greenhouse and
for the purpose of bathing and balneology (thermal hotel) is major
benefit for the region.

Following the first water analysis published in General Directorate

89

of Mineral Research and Exploration of Turkey (MTA) journal (Caglar,
1947), several researchers studied about the chemical composition and
posibility use of these thermal and mineral waters. Resulting from these
studies several peer-reviewed contributions have been published in the
international literature during the last decade (Kurtman and Samilgil,
1975; 1988; Ozbek, 1989; Giilec, 1994; Gevrek, 2000) following some
older but comprehensive work (Erol, 1955; Canik, 1972; Keskin, 1974;
Tatl1, 1975; Ongiir, 1976; Kocak, 1977; Erisen and Unlii, 1980; Ozmutaf
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