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ABSTRACT

Geothermal energy has long been used for various purposes. Geothermal energy was used for bath and health care since
ancient times. With the increase in the population, it is being used today for industrial and energy production. This pa-
per examines the geothermal structure of Northern Ankara-NAF (Northern Anatolian Fault Zone) regions to reveal its
tectonic features, and the relationships of the region with earthquakes. The 3D geological features of the area are inves-
tigated using the resistivity data and tectonic and the quake values. The resistivity data obtained by MTA (Mineral Re-
search and Exploration of Turkey) are reached by geothermal measurements in the area in 1999. In Kizilcahamam town
of Ankara 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 1900 m. and
2000 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. Since the 3D works have
been more feasible recently, the received results are transferred into the 3D imaging platform taking advantage of 2D
electrical resistivity maps. The low resistivity values obtained in 3D imaging are gathered that the temperature values of
the area are high. On the other hand, as the pull-apart between NAF and Kirikkale fault trending NE-SW of the region is
in form of basin, the study area is observed to own opening tectonics. Thus, when the seismic activity is considered, it
reveals important findings about the presence of geothermal fields in the local.
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1. Introduction based on vertical electrical drillings. On the other hand,
Zohdy [3] has established the Mud Volcano area of geo-
thermal resistivity, natural steam zones with the help of
the natural voltage (SP) and induced polarization (IP)
methods. The first electricity resistivity studies in the
region were carried out by Hacisalihoglu [4], and then it

was followed by other studies. Geological studies in the

In the investigation of geothermal fields using geophysi-
cal methods, in particular, geoelectrical methods have
been used successfully in many parts of the world. While
the first geoelectrical study conducted in Turkey in the
years 1938-1940 was starting in Espiye and Ergani in
Turkey with studies of the SP (Self Potential), whereas

the first study to be searched on geothermal fields is im-
plemented in Italy in 1950. In these studies, the resistiv-
ity maps are enacted for cover rock with low resistivity
and under reservoir rock with high resistivity. With the
interpretation of maps and natural steam zones, faults in
the limestone reservoir are identified in a great accuracy.
In Taupo volcanic zone in New Zealand, the borders of
geothermal fields are drawn using Wenner electric drill-
ings.

Tezcan [1] and Demiréren [2] in Turkey made the
geothermal field’s mapped using Schlumberger method
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region were made by Karadenizli [5], Ongiir [6], Wil-
son and et al. [7], Yavuz Isik [8] and Yilmazer [9].

In this study, in the area, 3D geological structure of the
region is uncovered using the resistivity data and features
of the tectonic and seismicity which is made by Hacis-
alihoglu [4]. Thus, using 3D imaging obtained from the
electrical method, and taking into account tectonic and
structural elements, the interpretations were made about
the structure of the regions geothermal.

2. Geology and Tectonics

Study area and environments are approximately bounded
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by the major neotectonic structure, the North Anatolian
Fault System in the north, and the Izmir-Ankara-Erzin-
can Suture in the south. The complex is composed of a
polyphased volcanic complex and accompanying vol-
cano-sedimentary sequences evolved during subduction,
collisional and post-collisional stages of the northern
branch of North Neo-Tethys in the period of Late Cam-
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panian-Pliocene [10-13] in contrast to the previous stud-
ies that refer to a Miocene-Pliocene age works [6,7,
14-16]. These are the units deposited under the control of
neotectonic regime during the Plio-Quaternary period.
The neotectonic units are classified into two groups: 1)
terrace deposits, and 2) fans to stream bed sediments
(Figure 1).
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Figure 1. Geological and location map of Northern Ankara region (modifications from [5-9,17-19]).
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The geological units in and nearby the Urus area are
classified into two categories based on tectonic activity
and style of deformation. These are the first paleotectonic
units or basement rocks, and second neotectonic units.
The paleotectonic units, lies outside of the purpose of
this study, therefore very brief information about their
lithostratigraphical characteristic will be given below
Kaplan [20].

The basement rocks cropping out in the Urus area
consists of volcanic rock assemblage and the fluvio-
lacus-trine sedimentary sequence with the volcanic and
gypsum intercalations. The second type of the basement
rocks is a fluvio-lacustrine sedimentary sequence with
volcanics and gypsum intercalations. This sequence was
previously named as the Hilylikkdy Formation [14] and
the Urus Formation [21].

In region, the master fault of the fault set separates
volcanics from the Plio-Quaternary basin fill and the
underlying fluvial sedimentary sequence. The northern
margin-boundary fault of the same area was examined
and interpreted to be an oblique-slip normal fault with
minor sinistral strike-slip component, and it was named
as the Celtik¢i Fault [6,16]. Gokten et al. [14] have also
mapped a broad part, including the present study area, of
the Celtik¢i Fault Zone, and interpreted the NE-trending
faults as oblique-slip normal faults with minor amount of
dextral strike-slip component. Demirtas et al. [17] have
named the fault segments exposing in the north of Urus
as the “Urus-Giidiil Fault”, and they interpreted these
fault segments as normal faults with dextral strike slip
components.

The Giidiil-Urus section of the Celtik¢i morphotec-
tonic depression drained by the antecedent river and its
second-order drainage system was first mapped in detail
in the present study, and faults determining the northern
margin of the Celtik¢i depression were named as the
Urus fault set within the Celtik¢i Fault Zone (Figure 2).
Urus fault set, particularly its master fault, displays a
south facing and steep fault scarp with a relief of 700 -
800 m [20].

In general, the Ankara region is divided into a series of
long and narrow highlands and depressions of Plio-Qua-
ternary age. The well-identified of these depressions are
the Celtik¢i, Cubuk and Mogan (Goélbasi) depressions.
They are bounded by active faults, fault sets and fault
zones trending mostly NE, NW, WNW, ENE and NNE.
The distribution pattern of these faults is very similar to

those in the SW Turkey Extensional Neotectonic Domain.

Faults vary in length from a few hundred meters to 25
km [22].

From time to time, master faults, which determine
margins of young depressions, reactivate and result in a
small cluster of earthquakes up to 5 to 10 in number.
Two of them are the 2000. 08. 22 Urus and the 2003. 02.

Copyright © 2013 SciRes.

27 Camlidere earthquake clusters made up of 7 and 8
small-magnitude (4.9 > M > 2.7) earthquakes, respec-
tively. They have been sourced from activation of the
master fault of the Urus Fault Set included in the Celtikgi
Fault Zone and the eastern part of the Baymndir Fault
comprising the master fault of the Politick Fault Set [22].

3. Geophysical Studies

Geophysical exploration methods play an important role
both in geothermal exploration and development. The
studies are required for further management of the geo-
thermal resources. Geoelectrical methods make visible
the temperature variation anomalies immediately and
most effective methods in setting the drilling sites. Ver-
tical electrical soundings (VES) were applied at Kizilca-
hamam-Camlidere to delineate the most likely location
and depth of the geothermal resource.

For interpreting the data set of the 25 VES soundings,
Schlumberger (electrode) array and shallow DC resistiv-
ity measurements were used. Used electrode spacing
ranges from AB/2 = 100 m up to 2000 m in successive
steps. Interpretation of resistivity data by using model
curves and computer programs has furnished significant
information related to the setting and extensions of geo-
thermal fields.

In the end of geophysical research, the determined and
measured resistivity values of some geological forma-
tions are given in Table 1 below.

In evaluation of the 3D structure images, it is observed
that parts of 50 - 100 ohm-m the green-colored can be in
form of high resistivity with feature of cop rock. Simi-
larly, the 20 - 50 ohm-m formations expressed in blue
colored are thought to have a transition zone between the
reservoir rock and the cap rock (Figure 3(a)).

Here, the red colored area with 5 - 17 ohm-m resistiv-
ity pointing out the geothermal reservoir rock is consid-
ered that it has a quite important area. It is observed that
while the depth of the areas with low electrical resistivity
increases, their electrical resistivity decrease rapidly
(Figure 3(b)). This is quite clear that it arises from the
effect of the opening tectonics in this region. Normal
fault tectonics dominate the region, is seen clearly in the
values of electrical resistivity. Especially after 800 m is
dominated by low resistivity region.

Table 1. Some geological formations measured and identi-
fied resistivities [4].

Electrical Resistivity (Ohm. m) Geological Formations

7-10 Marl-claystone-tuffs
0-30 Agglomerate-tuffite
10-50 Flysch
50-100 Limestone
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Figure 2. Simplified seismotectonic map of Ankara and its surroundings (As modified from [13,15-17,21]).
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Figure 3. (a) N-S 3D electrical resistivity image; (b) E-W 3D
electrical resistivity image.

4. Conclusions

In this study, 3D imaging is reached using co-resistivity
maps obtained from electrical measurements made in
Camlidere-Pecenek region. With imaging techniques, the
resistivity distributions worked in the region are observed,
and its connections with the geological formations have
been determined. Thus, the cap rock and reservoir rock
formations are identified.

The low resistivity values reached in the imaging in-
dicates the presence of geothermal environment. In addi-
tion to this, the tectonic structure in the region and the

Copyright © 2013 SciRes.

high seismic activity provides important evidence about
the existence of geothermal potential in the region.
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