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Abstract

Bayatcik geothermal field is located 7 km northwest of the Afyonkarahisar. The aim of this study is to

determine the borehole geology and hydrothermal alteration mineralogy of Bayatgik-1 well, was drilled

in 2013. The well is 925 meters deep. The types of rock that were encountered in this well were

alluvium, volcanic and sedimentary sections of the Koprulli volcanosedimanter sequence, basal

conglomerate, marble and schist sections. The cover rocks of the geothermal system consisting of

Keywords volcanic and sedimentary rocks were drilled in the first 528m. Basal conglomerate was observed in 528-
Alteration mineralogy; 558 m level. Marble unit (Mrb1), which is the reservoir rock of the geothermal system at depths of 558-
Borehole geology; 574 m, micaschist (Schl) between 574-622 m, marble-2 between 622-746 m (Mrb2), micaschist-2
Geothermal; Bayatcik;  (Sch2) between 746-830 m, marble-3 between 830-890 m (Mrb3) and finally at depths of 890-920 m is
Afyonkarahisar a schist unit which acts as the impermeable basement rock of the system. The analyzes such as stereo
and polarizing light microscope, x-ray diffractometer (XRD) and scanning electron microscope (SEM)

were applied to the clastic samples taken at 2m intervals from Bayatgcik-1 well. The result of the study is

aimed to reveal the development of the geothermal system in the Bayatcik region by the differences in

the hydrothermal alteration mineralogy of the samples. In the study, mineralogical-petrographical data

were obtained with the presence of smectite, illite and kaolinite minerals formed at a temperature
lower than 200°C.

Bayatcik Jeotermal Sahasinda (Afyonkarahisar) Yer Alan Bayatcik-1

Kuyusunun Jeolojisi ve Alterasyon Mineralojisi
0z

Bayatgcik jeotermal sahasi Afyonkarahisar ilinin 7 km kuzeybatisinda yer almaktadir. Bu ¢alismanin amaci

2013 yilinda agilan Bayatgik-1 kuyusunun kuyu igi jeolojisi ve hidrotermal alterasyon mineralojisini
belirlemektir. 925 metre derinligindeki sondaj boyunca; Koprillu volkanosedimanter istifinin allivyon,
volkanik ve sedimanter kisimlari ile taban konglomerasi, mermer ve sist birimleri kesilmistir. ilk 528

Anahtar kelimeler m'de jeotermal sistemin 6rti kayalari olan volkanik ve sedimanter kayalar, 528-558 m’lerde taban
Alterasyon mineralojisi;  konglomerasi, 558-574 m derinlikte Jeotermal sistemin rezervuar kayasi olan mermer (Mrb1), 574-622
Kuyu jeolojisi; m arasinda mikassist (Schl), 622-746 m arasinda mermer-2 (Mrb2), 746-830 m arasinda mikasist-2
Jeotermal; Bayatcik; (Sch2), 830-890 m arasinda mermer-3 (Mrb3) ve son olarak 890-920 m derinliklerde sistemin gegirimsiz
Afyonkarahisar temel kayasi olan sist birimleri gegilmistir. Bayatcik-1 kuyusundan 2m araliklarla alinan klastik 6rneklere

stereo ve polarize mikroskop, x-1sini difraktometre (XRD) ve tarama elektron mikroskobu (SEM) gibi
analizler uygulanarak, Bayatcik bolgesindeki jeotermal sistemin gelisimini 6rneklerin hidrotermal
alterasyon mineralojisindeki farkliliklar ile ortaya koymak amaglanmistir. Calismada 200°C'den dusik
sicaklikta olugan simektit, illit ve kaolinit minerallerinin varligiyla ilgili mineralojik-petrografik verilere
ulasgilmistir.

© Afyon Kocatepe Universitesi
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1. Introduction

Hydrothermal alteration areas are the most

important surface signatures of geothermal
sources such as fumerols, hot springs and heated
areas; they act as the windows of geothermal
systems located deep in the earth. The water-rock
interaction in geothermal areas changes
mineralogical, geochemical, and physical properties
of rocks, this is known as hydrothermal alteration.
(Henley ve Ellis, 1983; Velde, 1995; Lagat, 2010).
Mineralogical changes caused by hydrothermal
alteration are very important for the exploration
and development of geothermal systems.

Turkey is located on the Alpine-Himalayan
geothermal belt and has high geothermal potential.
Our country's total geothermal heat capacity
(apparent heat amount) has reached 35,500 MWt
and total geothermal heat capacity (usable heat
amount) has reached 5.000 MWt at the end of
2018 (int.Kyn.1). There are around 1000 hot springs
and natural mineral water springs in Turkey, where
the effects of young tectonism and volcanism are
observed intensively. 170 of these water sources
have 40°C or higher temperature. 79% of these
resources are in Western Anatolia (Denizli, Aydin,
izmir, Canakkale, Afyonkarahisar, Kiitahya etc.),
8.5% in Central Anatolia, 7.5% in Marmara Region,
4.5% Eastern Anatolia and 0.5% in other regions.
Most of the

Afyonkarahisar province are located in the Akarcay

geothermal resources in
Basin, Omer-Gecek, Gazhgél, Hiidai, Heybeli and
the iscehisar-Susuz regions are the most important
geothermal areas in the region (Yildiz et al. 2014).
The Bayatcik geothermal area is located on
Afyonkarahisar-Eskisehir highway, 8km north of
Afyonkarahisar. The thermal waters have Na-Ca-
HCOs-Cl type and have 65°C temperature (Duysak,
2019). 10 wells have been drilled in the region, 8 of
them are used as production, and 2 of them are
used as reinjection wells. The aim of this study is to
determine the borehole geology and hydrothermal
alteration mineralogy of Bayatgik-1 geothermal
well, which was drilled in 2013 with a depth of
925m.

2. Geology
2.1 Geology of study area

Paleozoic Afyon metamorphics are the basement
rocks of the study area. This formation consists of
Bayramgazi schists and Oyuklutepe marbles.
Middle-Upper aged
formation unconformably overlies the basement

Miocene Omer-Gecek
rocks. The unit is composed of Bascakmaktepe
conglomerate and Koprili volcano-sedimentary
sequence. Middle-Upper Miocene aged Seydiler
tuff and agglomerate shows lateral and vertical
transitions with Omer-Gecek formation. The Upper
Miocene Kocatepe trachyte is the last product of
the volcanism. Quaternary alluvial deposits are the
youngest units in the study area (Metin et al., 1987;
Uluttirk, 2009; Yildiz et al., 2014) (Figure 1).

schists albite-chlorite-

Bayramgazi comprise

muscovite-biotite-quartzschist, calcschistand
quartzites are also observed in cracks. Mineral
paragenesis of low grade greenschist facies was
determined in this unit. Oyuklutepe marbles occur
upper
metamorphics. and display violet, sugar and gray
colored textures (Metin et al., 1987; Okti et al.,
1996; Kibici et al., 2001; Ulutlirk, 2009; Yildiz et al.,

2010; Yildiz et al., 2011), (Figure 1).

stragraphically the section of Afyon

The Bascakmaktepe conglomerate unit of Omer-
Gecek formation, has dark yellow, reddish color,
and thick bedded, contains sedimentary structures
such as cross-bedding, hollow-fill and channel
structures, drying cracks, and traces of currents.
The Kopriliu volcano-sedimentary (KVS) sequence
includes volcanic intercalations of lava and
pyroclastic type and epiclastic sediments. In the
upper sections of these unit, clayey limestones,
tuff, ash discharge, and opalite silica layers are
observed. The Upper Miocene Erkmen volcanics
are the final product of volcanism in the region.
This unit consists of agglomerated pyroclastics and
lava flows and formed during pre-caldera activities
during the physical development process of the
Afyon stratovolcano. Pyroclastics are generally
gray, dark gray colored, and contain trachytic,

trachyandesitic blocks and lithic fragments. The
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another unit of Erkmen volcanics are trachyte and
trachyandesite lavas. The unit forms the highest
elevations in the region in the form of dome

structures, it is characterized by gray, dark gray,
and brownish. Quaternary travertine and alluvium

are the vyoungest units in the study area.
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Figure 1. The geology map of study area (Ulutiirk, 2009; Yildiz et al., 2011).
description of rocks is based on binocular

2.2 Borehole Geology

The well Bayatcik-1 is located 7 km northwest of
the Afyonkarahisar city center. The coordinates
(ED50 system) of well are: X = 283315 and Y =
4300156 and Z = 1012m. The well was drilled in
2013 by Afyon Geothermal Facilities Tourism,
Industry and Trade Inc. (AFJET), is 925 m in depth
and a temperature of 65°C. The types of rocks that
were encountered in this well were alluvium,
volcanic and sedimentary units from the Koprila
(KVS)
conglomerate, marble and schists. The lithological

volcano-sedimentary sequence, basal

observations. The columnar section of Bayatcik-1
well is shown in Figure 2.

Alluvium was drilled in the first 102 m of the well.
Volcanic and sedimentary units of the Kopruli
volcano-sedimentary (KVS) sequence appear at
depths of 102-526 m. There are pyroclastics and
lavas in 102-134 m (Pr1), 146-150 m (Pr2), 164-178
m (Pr3), 202-208 m (Pr4), 244-278 m (Pr5-Pr7),
290-300 m (Pr8).), 331-336 m (Pr9), 352-366 m
(Pr10), 368-410m (Lv1; Pr11; Lv2; Pr12), 424-466m
(Lv3; Pr13). Pyroclastic rocks have trachy andesite
composition, are glassy in texture and consists of
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plagioclase, biotite and hornblende

phenocrystals.

sanidine,

LITHOLOGY DESCRIPTIONS

DEPTH (m)
SAMPLES

Kapeii Volcanics

Oyuklutepe Marbles

Oyuklutepe Marbles

Figure 2. The borehole geology of Bayatgik-1 well.

The fresh surface of this unit are gray and the
altered surface have light gray to yellowish gray
color. The alteration occurs in the matrix and the
feldspars of the rock. Lava have dark gray color
and contain intense cooling spaces, they are
composed of plagioclase, sanidine, mica and
hornblende minerals. As a result of alteration, the
color of hornblende changed to light gray and milky

brown.

The sedimentary sequence of KVS were drilled at
136-144 m (Sd1), 152-162 m (Sd2), 180-200 m
(Vs1), 210-242 m (Vs2), 280-288 m (Vs3), 302-330
m (Vs4), 338-350 m (Vs5), 412-420 m (Vs6), 412-
422 m (Vs6) and 468-526 m (Vs7). Sd coded levels
sections are dominated by cream colored marl,
otherwise the Vs coded levels are volcanic rock,
marl, and clay type sedimentary rock. The red
colored basal conglomerate (Tk) is found between
528 and 560m and separates the covered and
reservoir rocks.

Afyon metamorphics, comprise marble and schist
intercalation, were drilled at 560-920 meters.
Marbles are generally gray, light gray, cream and
light yellow colors. Calcite and dolomite are the
main minerals in the marbles and they contain
small amounts of muscovite minerals. At the
altered marbles, the crystallized texture is changed
and the color is lightened. Secondary iron minerals,
hematite and limonite, were also formed along the
crystal boundaries and cracks. The marble were
observed at 560-564 m (Mrb1; Mrb2), 642-744 m
(Mrb3; Mrb4), 754-772 m, 830-866 m, 880-890 m
(Mrb5) levels. The thickness of marbles vary
between 2-84 m.

The Bayramgazi schists contain muscovite-schist
calc-schist and show gradual transitions to marble.
The schists are mostly composed of feldspar,
quartz, muscovite, and small amounts of calcite
and dolomite minerals. The secondary iron
minerals (probably hematite) formed due to
alteration along the fracture and schistosity planes.
The schists were found at 564-640 m (Schl; Sch2,
Sch3), 746-780 m, 770-786 m (Sch4) and 894-904

m.

2.3 Geological Properties of Geothermal System in
Bayatcik Area

The Bayatcik geothermal field in the Akarcay basin
was formed due to the effect of the extensional
tectonics of Western Anatolia. The Afyonkarahisar
region is located on a second degree earthquake
zone. There is also the active Erkmen (Demirgevre)
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and Gecek faults of Afyon-Aksehir graben system
observed in the area.

The Paleozoic Oyuklutepe marble is the reservoir
rock of geothermal system, the impermeable units
of volcano-sedimentary units are cover rocks and
Bayramgazi schists are impermeable basement
rocks. The recharge involves surface and
underground waters infiltrating the basin. The
geothermal fluid ascends to the productive
aquifers through the major faults and ascend to the
surfave via by Afyon-Aksehir Graben faults after

being heated at greater depth.

According to the geothermal model; meteoric
waters falling on to the high elevation areas of the
Omer-Gecek region percolate into the reservoir
rocks along faults and fracture zones, they are then
heated at depth,
convection. Some of the waters, which are Na-Cl

ascend to the surface by

type due to deep circulation and high temperature,
are obtained by drilling in the Omer-Gecek region.
Some of the waters also circulate towards the
southeast, along the crack-fault zones, where it
becomes enriched in Ca and HCOs; due to a possible
mixture-cooling effect, and are finally observed the
in Bayatcik region (Duysak, 2019).

3. Methods

Drill cutting samples from well Bayatcik-1 were
collected at every 2 m interval during the drilling
operations. The wet cuttings from the rig site were
washed to remove dust particles and later dried in
electric ovens at 60 = 5°C, archived and stored in
clearly labelled containers with lids.

In order to reveal the alteration degree, alteration
type, abundance of alteration minerals, and
bedrock relationships with the lithological
descriptions of the samples, stereo microscope
studies were carried out using Leica DM300 digital
microscope at Afyon Kocatepe University
Department of Geological Engineering.
Mineralogical properties of the altered samples
were determined by using a stereo microscope and
an X-ray diffractometer (XRD). XRD analysis were
carried out on bulk samples and clay fraction. The
bulk mineralogy conducted on -250um grain size
samples.

The clay mineralogy was determined by studying
<2 mm particles. After dispersing the samples in
distilled water overnight, the <2 mm size fraction
was separated by sedimentation and subsequent
centrifugation. Oriented samples were prepared
from the clay fraction spread on glass slides and
allowed to dry under atmospheric conditions. The
dried samples were saturated with ethylene-glycol
vapor at 602C and heated at 550°C for 2 h. The X-
ray diffraction (XRD) analyses of the oriented
samples were performed on air-dried, ethylene
glycol-solvated, and heated samples (Brown, 1972;
Brown and Brindley, 1980) to identify the mineral
abundances in the studied samples. XRD analysis of
samples were performed by using Shimadzu XRD-
6000 model X-ray diffractometer (Ni-filtered, CuKa
radiation) at Afyon Kocatepe University Technology
Application Research Center (TUAM). In the
analysis, 40 kV (voltage) and 30 mA (current)
diffraction values were selected. The scanned
range was 2-70026 in bulk
samples and 2-30020 in oriented samples at a
scanning speed of 20°/min for all samples

Scanning electron microscope (SEM) was utilized to
determine the mineralogical composition, surface
morphology of the samples and to make
microchemical analysis. For SEM investigations,
decomposed samples with different mineralogical
composition are coated with thin gold film to
control the excess electrical charge from the SEM,
thus obtaining a better quality image from the
samples. The surface morphology and
microchemical analysis with thin gold film of 250-
300 A thickness were carried out on an electron
microscope with EDX equipped with LEO VP-1431
model at Afyon Kocatepe University Technology

Application Research Center (TUAM).

4. Hydrothermal Alteration

Hydrothermal alteration is a geological process that
changes the mineralogical, chemical, and physical
properties of the original rock by the effect of hot
water called “hydrothermal fluids”, steam and gas.
As a result of water-rock interaction, the primary
minerals turn into alteration minerals. The
composition and permeability of the reservoir
rocks, the chemical composition of the fluid,
temperature, pressure and pH conditions of the
reservoir

rock during fluid interaction, and

687



Borehole Geology and Alteration Mineralogy of Well Bayatcik-1, Bayatcik Geothermal Area, Afyonkarahisar, Yildiz et al.

processes such as mixing and boiling, and duration
of activity, are several of the most important
factors controlling the type of alteration minerals
(Henley and Ellis, 1983; Reyes, 2000).

4.1 The distribution of alteration minerals

lllite and smectite occur in Koprili volcanics at the
upper 528 m of the Bayatcik-1 well, and dolomite
occurs in the Oyuklutepe marbles and kaolinite
found in Bayramgazi schists as a most important
alteration minerals deeper parts 560 m depth
(Figure 3). The first peak of illite is considered to be
d(001) 10[&, the second peak is d(002) 5A and the

third peak is d(003) 3.33A (Karakaya, 2006). In the
XRD patterns of the clay fraction, d(001) peaks of
illite ranged between 10.05-10.79A and d(002)
peak of 5.02-5.19A in air dried samples (AD). The
d(001) spacing, reflect c-axis length of smectite,
exhibits 12.53-12.87A, expanded to 16.79-17.50A
after saturation with ethylene glycol (EG), and
collapsed to 10.04-10.12A after heating at 550°C
(Figure 4).

d(001) peak in 7.18-7.22A remain unchanged by
the ethylene glycol treatment. This peak collapsed

completely after heating at 550°C due to

dehydroxylation (Brindley and Brown, 1980).
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Figure 3. The whole rock XRD diagrams of representative samples from the BAYATCIK-1 well. (Sme): Smectite, (llt-
Mic): lllite-Mica, (Amp): Amphibole, (Plg): Plagioclase, (Kao): Kaolinite, (Qtz): Quartz, (Ksp): Alkali feldspar,

(Hem): Hematite, (Cal): Calcite, (Dol): Dolomite
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Figure 4. Representative XRD patterns of clay fraction of samples from the Bayatcik-1 well. Key to the symbols: (AD):
Air dried, (EG): Ethylene glycolated, (550): Heated at 550 oC.

Hydrothermal alteration in Bayatcik geothermal
area systems has been described in zones with
respect to temperature (Figure 5). The sequence of
alteration minerals depends on the temperature of
the geothermal system (Franzson et al., 2008). In
the mineral alteration temperature diagram
developed by Franzson (1998), smectite, illite and
kaolinite minerals indicate temperatures less than
200°C (Figure 6). Low temperature hydrothermal
dioctahedral smectites has been referred close to
the surface of the geothermal fields (Cole, 1988;
Mizoto, 1998; Mas, 2003).

4.2. Hydrothermal alteration of primary minerals

Alteration was observed Koprili volcanites,

Oyuklutepe marbles, and Bayramgazi schist in
Bayatcik-1 well. Alteration occurs as a result of the
dissolution of primary minerals and precipitation of
alteration minerals along the fractures and voids.
Sanidine, plagioclase, biotite, quartz, hornblende
and opaque minerals are the most important
primary minerals in glassy matrix of volcanic rocks.
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Figure 5. The temperature diagram of mineral alteration
(Franzson, 1998).

The morphological and microchemical data related

to the alteration of volcanic glass and feldspar were

obtained SEM

sedimentary sequence. The glassy matrix and

studies of Koprili volcano-
feldspar of the volcanites altered to smectite and
illite minerals in the form of flakes (Figure 3). The
impoverishments in sodium, silicon, potassium and
increaments in magnesium, aluminum, calcium,
titanium and iron were measured in smectite
formation. The conversion of feldspar to illite is
characterized by impoverishment of sodium, silicon
and calcium and enrichment of magnesium,

aluminum and iron (Figure 6; Table. 1).

Table 1. The main alteration minerals from BAYATCIK-1
well.

Primary Minerals Alteration Minerals

Volcanic Glass Simectite
Volcanic Glass Ilite
Sanidine Ilite
Calcite Dolomite
Muscovite Kaolinite
Muscovite Illite

The coexistence of calcium and magnesium in the
marbles was proved that the marbles have
dolomitic composition. The magnesium content
increased due to the progressive alteration, thus
the marbles have dolomitic composistion. The
schists comprise mica, quartz and calcite minerals.

The presence of magnesium and iron together with

aluminum and potassium in mica minerals
indicated biotite. Sodium, magnesium, silicon and
potassium are lost decreased, aluminum remains
immobilized, and calcium, titanium and iron are
enriched during the alteration of biotite to

kaolinite (Figure 6).

5. Conclusions

The following results were obtained in the study to
determine the borehole geology and alteration
mineralogy of

Bayatcik-1 well in Bayatgik

(Afyonkarahisar) geothermal area.

Alluvium, volcanic and sedimentary units of

Koprali  volcano-sedimentary sequence, basal
conglomerate, marble and schist levels drilled
respectively in Bayatcik-1 well. In the upper parts
528m of the well,

geothermal system consisting of volcanic and

the cover rocks of the

sedimentary rocks were observed. Basal
conglomerate was passed between 528-558m. At
the levels of 558-920m, Oyuklutepe marble, which
is the reservoir rock of the geothermal system, and
Bayramgazi schist, the impermeable basement rock

are also found.

In the SEM investigations, it was observed that
smectite and illite minerals in flaky morphology
occur from the alteration of the volcanic glass and
sanidine crystals. Moreover, the dolomitization of
calcites in marbles and the conversion of biotite to
schists are the most

kaolinite in important

alteration process at this level.

Illite and smectite occur in Kopriili volcanics at the
upper 528m of Bayatcik-1 well, and dolomite in
Oyuklutepe marbles and kaolinite in Bayramgazi
schists are important alteration minerals at the
deeper parts 560m.

The mineral alteration temperature diagram
developed by Franzson (1998), show that the
mineral indicates

alteration geothermometer

temperatures below 200°C for Bayatcik-1 well.
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[AaAy Signal A = SE1
P WD = 28 mm

Mag= 300KX

EHT =20.00 kV Bzl

Oxides (%) Spectrum: 1Spectrum: 2 Spectrum: 3

Na,O 0.59 1.38 2.29
MgO 2.98 6.29 491
ALO; 14.67 11.43 15.99
SiO, 57.80 57.57 59.04
K,O 3.46 1.62 3.00
Ca0 8.35 14.83 8.97
Fe,O, 10.34 6.52 5.61
TiO, 1.80 0.36 0.19

R
Mag= 250KX
EHT = 2000 kV

AU WD = 28 mm

Oxides (%) Spectrum: 1Spectrum: 2 Spectrum: 3

Na,O = 0.43 2.00
MgO 31.60 0.51 18.95
ALO;, 0.94 2.53 9.50
SiO, 1.23 91.67 24.63
K.,0 = 0.34 0.90
CaO 65.02 0.78 41.61
Fe,0; 1.21 3.75 2.41

Signal A = SE1
P WO = 26 mm

Mag= 250KX
EHT =20.00kV

Na,O 3.71 2.76 3.86
MgO 0.88 2.00 1.95
AlO; 14.18 16.57 21.95
Sio, 65.61 53.61 54.17
K,0 5.08 4.26 4.19
Ca0 1.44 11.24 5.54
Fe,0, 5.67 6.92 6.29
TiO, 3.42 2.64 2.06

by
BT Signal A = SE1
W wo= 27mm

Mag= 250KX
EHT =20.00 kV.

Oxides (%) Spectrum: 1Spectrum: 2 Spectrum: 3

Na,O 1.36 1.19 0.71
MgO 1.46 4.06 1.43
ALO; 33.36 19.91 15.69
SiO, 49.85 51.48 70.63
K,O 9.04 3.94 3.73
Ca0 - 11.09 2.14
Fe.0, 428 6.71 4.84
TiO, 0.65 1.62 0.83

Figure 6. The semi-quantitative EDS results of alteration minerals. (Qtz): Quartz, (Ksp): Alkali feldspar, (Plg):
Plagioclase, (Mu): Muscovite, (Sme): Smectite, (Ilt): lllite, (Kao): Kaolinite, (Cal): Calcite, (Dol): Dolomite and

(Vg): Volcanic glass.

5. References

Basel, E.D.K., Serpen, U., and Satman, A. 2009.
Assesment of Turkey Geothermal Resources.
Proceedings, 34" Workshop on Geothermal

Reservoir Engineering, Standford, California.

Brindley, G. W. and Brown, G., 1980. Crystal structure of
clay minerals and their X-ray identification.
Mineralogical Society, London.

Cole, T.G., 1988. The nature and the origin of smectite in
the Atlantic I Deep, Red Sea. Canadian
Mineralogist, 26, 755-763.

Dagistan, H., 2008. Yenilenebilir enerji ve jeotermal
kaynaklarimiz. Proceedings, Termal ve Maden Sulari
Konferansi Bildiriler Kitabi, 11-23, Afyonkarahisar,
(In Turkish).

Dagistan, H., 2013. Tirkiye jeotermal kaynak aramalari,
kullanimi ve surdirilebilirliginin saglanmasi. MTA
Dogal Kaynaklar ve Ekonomi Biilteni, 15, 1-9,
Ankara, (In Turkish),.

691



Borehole Geology and Alteration Mineralogy of Well Bayatcik-1, Bayatcik Geothermal Area, Afyonkarahisar, Yildiz et al.

Duysak, S., 2019. Bayatgik jeotermal alaninin
(Afyonkarahisar) hidrojeolojik ve hidrojeokimyasal
olarak incelenmesi. Msc Thesis, Afyon Kocatepe
University, Afyonkarahisar, 90, (In Turkish).

Erkan, Y., Bayhan, H., Tolluoglu, U.A. and Aydar, E.,

1996. Afyon Yoresi Metamorfik ve Volkanik
Kayaglarinin Jeolojik, Petrolojik ve
Jeokimyasal incelenmesi. — TUBITAK Projesi No:

YBAG - 0044, 210s, Ankara, (In Turkish).

Franzson, H.i 1998. Reservoir geology of the Nesjavellir
high-temperature field in SW-Iceland. Proceedings
of the 19th Annual PNOC-EDC Geothermal
Conference, Manila, 13-20.

Franzson, H., Zierenberg, R., and Schiffman, P., 2008:
Chemical transport in geothermal systems in
Iceland. Evidence from hydrothermal alteration, J.
Volcanol. Geotherm. Res., 173, 217-229.

Henley, R.W., and Ellis, A.J.,, 1983. Geothermal systems
ancient and modern: a geochemical review. Earth
Science and Reviews, 19, 1-50.

Karakaya, M., 2006. Kil minerallerinin oOzellikleri ve
tanimlama yontemleri. Bizim Biro Basimevi,
Ankara, 656, (In Turkish).

Kibici, Y., Yildiz, A., and Bagci, M., 2001. Afyon kuzeyinin
jeolojisi, ve mermer potansiyelinin arastiriimasi.
Proocedings, Turkiye lll. Mermer Sempozyumu, 73-
84, Afyonkarahisar, (In Turkish).

Lagat, J., 2010. Hydrothermal alteration mineralogy in
geothermal fields with case examples from Olkaria
domes geothermal field, Kenya. Proocedings, Short
Course V on Exploration for Geothermal Resources,
UNU-GTP, GDC and KenGen, 24, Kenya.

Mas, A., Guisseau, D., Patrier Mas P., Beaufort, D.,
Genter, A., Sanjuan, B., Girard J.P., 2006. Clay
minerals related to the hydrothermal activity of the
Bouillante geothermal field (Guadeloupe), Journal
of Volcanology and Geothermal Research, 158,
380-400.

Metin, S., Geng, S., and Bulut, V., 1987. Afyon ve yakin
dolayinin jeolojisi. M.T.A. Rapor No: 2113, Ankara,
(In Turkish).

Mizota, C. and Faure, K. 1998. Hydrothermal origin of
smectite in volcanic ash. Clays and Clay Minerals,
46, 178-182.

Oktii, G.,Kara, i., and Onder, I., 1997. Afyon ilinde yer
alan Omer-Gecek-Uyuz-Hamami, Alapli-Kizik
Hamami ve Gazligdl jeotermal alanlarinin detayh
etidld. MTA derleme No0:10097, 41s. Ankara (In
Turkish).

Reyes, A.G., 2000. Petrology and mineral alteration in
hydrothermal systems: from diagenesis to volcanic
catastrophes. UNU-GTP, Iceland, report 18-1998,
77.

Ulutiirk, Y., 2009. Omer-Gecek (Afyonkarahisar)
dolayinin jeolojisi ve sularin kokensel yorumu. PhD
Thesis, Stleyman Demirel University, Isparta, 190,
(In Turkish).

Velde, B., 1995. Geology of clays In: (Velde B (ed.) Origin
and mineralogy of clays. Springer 1-5.

Yildiz, A., Candansayar, M.E., Bagci, M., Tirker, E.,
Ulutdrk, Y., Gokgoz, A., Erdogan, E., Basaran, C., and
Conkar, F.E., 2011. Afyonkarahisar ilinin jeotermal
potansiyelinin arastirilmasi. AKU BAPK Projesi, 146,
Afyonkarahisar, (In Turkish).

Yildiz, A., Basaran, C., Bagci, M., and Ulutirk, Y., 2014.
Afyonkarahisar ilinin Turkiye jeotermal enerji
potansiyelindeki konumu Uzerine gincel veriler.
Proocedings, XI" Bolgesel Kaya Mekanigi
Sempozyumu, 07-09 Mayis 2014, 73-80,
Afyonkarahisar, (In Turkish).

Yildiz, A., Basaran, C., Bagci, M., Gimds, A., Conkar, F.E.,
Ulutlirk, Y., Yalim, H.A., 2018. The Measurement of
Soil Gases and Shallow Temperature for
Determination of Active Faults in Geothermal Area:
Case Study from Omer-Gecek, Afyonkarahisar (West
Anatolia), Arab J. Geosci, 11, 175.

internet Kaynaklari

1-https://www.enerji.gov.tr/tr-

TR/Sayfalar/Jeotermal (01.06.2019)

692



