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ABSTRACT

Recent improvements in digital technology enable performing significant amounts of chemical analyses in a short time. For
example, physical and chemical properties of the water can be measured by high frequency measurement devices, and remote
sensing technologies provide valuable information about the earth surface. In order to deal with huge amount of information
generated by means of electronic technology, computer technology should be used. In the recent years, computer technology allows
researchers to report their findings in more expressive way. User-friendly computer programs such as ArcGIS, MaplInfo, MatLab
help dealing with the large amount of digital information. In addition to this, internet technology allows easy access to this
information by the public.

With the aim of analyzing and presenting the data in a user-friendly way, a web page was designed. For the design of the web page,
Adobe Dreamweaver computer program was used. For the primary application, the existing data from Mugla (SW Turkey) region
was chosen. In the future, by using necessary softwares, it will also be possible to make statistical analyses on the raw data and to
report the results in a more meaningful way. These kinds of applications will enable the scientific society to handle, analyze the
data in a standard way and share the digital information.

1. INTRODUCTION

Turkey is located on the Mediterranean sector of the Alpine-Himalayan Tectonic Belt, which have an important geothermal
potential (Bozkurt 2001; Simsek et al 2005). The continental collision between the African and the Eurasian plates causes a
complex rock deformation in this earthquake belt (Bozkurt 2001). Young volcanic and active faults along the border of these plates
allow circulation of water, as well as heat flow and geothermal energy (Baba and S6zbilir 2012). Previous studies (Simsek et al
2005; Baba and Sozbilir 2012) already indicated that the distributions of hot springs are almost parallel to the elongation of the fault
systems, young volcanism and hydrothermally altered areas. This natural setting serves as a suitable area for a total of about 1000
thermal and mineral water springs (MTA, 1996; Simsek et al 2005) (Figure 1.).

Increasing geothermal energy usage in Turkey resulted in the production of excess amount of data such as water chemistry analyses
results. Success in the assessment of this tremendous amount of information is directly related to presenting them in a meaningful
way. The aim of this study is to construct a website that can be used both for storing the data and presenting it visually.
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Figure 1: Tectonic map of Turkey illustrating the distribution of geothermal areas in the western Anatolia (from Baba and
Sozbilir, 2012).

2. METHOD OF THE STUDY

There are many inventories about the geothermal sites of Turkey that were prepared by different researchers. The most famous one
is prepared by the General Directorate of Mineral Research and Exploration of Turkey (MTA), which comprises all geothermal
sites of Turkey (MTA, 2005). This inventory contains geological information about the wells and springs (e.g. temperatures, flow
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rates) as well as the related water chemistry data. More detailed inventories were prepared for the local regions such as Mugla
province (Avsar et al., 2012).

The main idea is to construct a web page that combines the geological information and physicochemical properties of the
geothermal waters, which were already documented in these public inventories.

Since covering all information from the geothermal fields of Turkey would be a challenging mission, only the data gathered from
Mugla region was used as the input for this prototype web site. The main structure of the web site was designed in order to combine
data from all regions of Turkey as a preliminary approach but data of Mugla geothermal fields, which are based on Avsar et al.’s
(2012) work, were input/entered to the web site.

3. GEOTHERMAL WEB PAGE DESIGN

As mentioned before, the web page was designed to allow the upload and presentation of data from all geothermal fields in Turkey.
However, as a preliminary design only the results of Avsar et al. (2012), which is a study on Mugla geothermal and mineral waters,
were input to the web site. The home page contains information about the team and the project (Figure 2). There is a page called
GEOTHERMAL where the general information about geothermal energy together with the statistics from the world and Turkey can
be found (Figure 3). There is another main page called GEOTHERMAL SITES. By a dropdown menu, Turkey is first divided into
three main regions i.e., western, central and eastern Anatolia (Figure 4). Under the “Western Anatolia” tab, Mugla province and its
sites are presented by providing general information, photographs, tables, and charts of the geothermal and mineral water sites of
Mugla. Avsar et al. (2012) is currently the only reference on this page. At the top of this page, firstly the general information about
the study and thermomineral waters is provided, and then links for every site are listed, from which detailed information can be
found for each site (Figure 5). For example, clicking on “Mesken” opens the “Mesken mineral water spring” webpage containing
information and data about this site for the inspection of the user (Figure 6). Along with the geographical information, the page
presents the story of the spring (e.g., balneal usage of the site), photograph of the site, Schoeller diagram showing major ion
concentrations of the water, physical properties of the water such as EC and temperature (Figures 6 and 7). Going back to the
Mugla page (Figure 5) and exploring other sites is also possible, moreover opening more than one window for different sites may
be a good way of comparing the sites.
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Figure 2: The “Home” page of the web site.
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Figure 1. The Earth's crust, mantle. and core. Top right: a section through the crust and the
uppermost mantle

Figure 3: The “Geothermal” page of the web site.
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Figure 4: The screenshot of the “Geothermal Sites” page of the web site.

Bu calismada Mugla ili simirlan icinde bulunan mineralii su ve jeotermal kaynaklarnin fizikokimyasal
parametrelerin olcimi, hidrojeokimyasal analizleri, jeolojik Gzeliklerinin - envanterinin - ¢ikarimasi
amaclanmistr. Bu amag dogrultusunda Mugla ili sinirlan icindeki dogal kaynaklar ve sondajlardan su
Grnekleri toplanmis ve ilgili analizier Hacettepe Universitesi (Ankara) Laboratuvarlar’nda yaptinimistir.
Aynca kaynaklar cevresinin jeolojik dzeliklerinin ortaya konmasi amaciyla ylzey kayaglarindan srnekler
alinmig, ince kesitleri hazrlanarak mineralojik ve petrografik analizler yapimistr. Bu analizierin
sonuclan, asadida belirtilen Gzelliklerin/sireclerin belirenmesi/irdelenmesinde kullanimistir

« hidrojeckimyasal fasiyesler (su tipleri)

« kokensel ozeliikler (meteorik, magmatik vb.)

« jeotermometre uygulamalar (jeotermal potansiyel tespiti)
« kabuklasma potansiyelleri (kalsit ve silika kabuklasmasi)

Ornekleme calismalan Mugla ili sinirlan icindeki 19 sahada. 20 termal kaynak, 14 mineralli su kaynagi
ve 10 adet sondaj kuyusundan olmak tizere toplam 53 noktadan yapimigtir.

Milas (Karahayit, Narhisar, Sepetgiler, Kiyikislacik, Bahgeburun)
Yatagan (Bozhoyik, Hacibayramlar-Hisarardi, Mesken, Kapubad)
Kavaklidere (Mentese)

Merkez (Daddibi)

Bodrum (Karaada, Gumusluk-Derekoy)

Datga (llica- Kargi)

Marmaris (igmeler)

Kdéycegiz (Sultaniye-Delibey-Kelgirme, Toparlar)

Ortaca-Dalaman

Fethiye (Girmeler)

Envanter calismasinin temeli itibariyle jeotermal ve mineralli sulara ait fiziksel ve kimyasal analizler
verilmis, sadece sayisal verilerin daha kolay anlasiimasi icin bazi diyagramiarla gorsellestirimistir.

Bu envanter calismasina Mugla Universitesi Jeoloji Mihendisligi Bélimi'nde égretim dyesi Yrd. Dog Dr.
Ozgur AVSAR, Yrd. Dog. Dr. Bedri Kurtulug, Prof. Dr. Fikret Kacaroglu, Do¢. Dr. Gonca Kuscu ve Doc.
Dr. Semih Girsu katimiglardir.

Proje calismalan bashica 4 asamada gerceklestirimistir: i) arazi calismalan. i) hidrojeokimyasal analizier,
iii) jeolojik, mineralojik ve pefrografik analizler iv) veri degerlendirme.

MUGLA'NIN
JEOTERMAL KAYNAKLARI VE DOGAL
MINERALLI SULARININ ENVANTERI
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Figure 5: The screenshot of the “Mugla” page of the web site. Clicking on site names written in blue font user can open the

page of that site.
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Yatagan ve Kavakiidere ilgelerinin sininnda bulunan Mesken koyd. Yatagan iige merkezinin 18 km
kuzeydogusunda bulunmaktadir. Gokgay Deresi Uzerinde Cakiroglan Dedirmeni mevkiinde (koyun
yaklasik 500 m kuzeyi) bulunan kaynaklar derenin iki yaninda karsiikli olarak konumianmistr (Sekil 4 65
ve Sekil 4 66). YMM-1'n sicakiyi 10.02 *C'dir ve halk tarafindan baz cilt hastaliklarinin tedavisinde
Kullanimakiadir Kaynayan camur gorundmdnde olan bu kaynaktan yer yer kabarcikiar halinde gaz
cikislan da goziemienmektedir. Derenin karsi tarafinda, degirmenin yaninda bulunan kaynak ise (YMM-
2) daha ¢ok igimi hog olarak bilinmekte ve hazmsizhga iyi geldigi soylenmektedi (Sekil 4 67 ve Sekil
4.68). Kaynak suyunun sicakiigi 16.40 °C'dir. Bu 3
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Figure 6: The screenshot of the “Mesken” page of the web site. Mesken is a mineral water spring.
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[ file:///R:/Website/Publish/karahayithtml
4.1.2 Su Kimyasi

Bu kuyudaki su sicakiigi 33.10 °C olarak ol limus olup toplam ¢ozunmis kat madde miktan 1450 ppm.
EC'si 1920 ps/cm olarak bulunmustur. Kimyasal analiz sonuclarina gore major iyon olarak Ca. HCO3 ve
S04 iyonlan hakimdir ve suyun Ca-S0O4 tipinde olduju goriimekiedir (Sekil 4.8-4.10). Yapilan
jeotermometre hesaplan degerlendirildiginde Fournier (1977)'ye gore 100 °C civannda, Fournier ve
Potter (1982)'e gére ise 200 °C civannda bir rezervuar sicakiigi tahmin edimektedir.

Daha 6nce de belirtildigi gibi silika jeotermometrelerinin yaninda akiskan mineral dengesi hesaplamalari
da rezervuar sicaklii tanmin etmede kullaniimistir. Jeotermal sularda bulunabilecek bazi minerallerin 20
ile 170 °C arasinda defisen sicakiklardaki doyguniuk indeksleri hesaplanmis ve grafiklerle
gorsellestirimistir. Doygunluk indeksinin sifir oldugu sicakiik (doygunluk indeksine karsiik sicakiik
grafijinde egrinin x-eksenini kestigi nokta) o mineral icin rezervuardaki denge sicakiini. dolayisiyla
rezervuar sicakligini temsil ettigi kabul edilmistir_

Akiskan mineral dengesi hesaplamalanndan gelen sonuclara gére. bu sahada 40 ile 110 °C arasinda
degisen bir rezervuar sicakiigl tahmin edilmektedir (Sekil 4.11).
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$ekil 4.8 Karahayit MKS-1 sondaj kuyusundan alinan su drmeginin Schoeller diyagrami.

Figure 7: The screenshot from the “Karahayit” page. Information about the water chemistry.

Along with the general information, there is an interactive Google Earth map of the region interested, where the well and spring
locations are marked as dots. Clicking on dots opens a pop-up window, which contains a table presenting major and minor ion
concentrations and stable isotope ratios (Figure 8). There is also a page where useful links about geothermal are given (Figure 9).

Hoelgames -

(] .
Laksafan  Keig
[ KivtigE
Dmes_ba  REEF
L LTy

np Kk
i [
] ATRLRE
Yuksaidk 3

rok
Taih 1012012
e ma
o BE

TCE_ppm  an

Figure 8: The interactive map.

3. CONCLUSIONS AND FUTURE STUDIES

This construction of preliminary model will be the key idea on presenting excess amount of digital data by online access. As
mentioned before, presenting the information of the geothermal sites via a web site has several advantages, such as; easier access to
the data via internet, storing huge amount of data in an order, easier visualization and comparison of the data by charts, diagrams,
and interactive maps. Considering these advantages, this study was started with the aim of preparing the preliminary model of the
web site. The web site is prepared as a term project of “Geothermal Sites of Turkey — GEOE 5450 course given at Mugla Sitki
Kocman University, Turkey. The team members of this project are actually graduate students who were taking this course.
Although it seems like an amateur attempt, the outcome of the study has shown that constructing a comprehensive web site
comprising data from the whole world is not an unrealistic dream.

The future steps can be listed as:
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English version of the web page may be constructed. Then researchers from abroad can use the site.

The web site will be improved in order to superimpose different kinds of maps.

Recent technology allows making high frequency physicochemical measurements in natural waters. This way of
measurement is widely used in the world. Any high frequency data produced in geothermal sites may be published by
means of this web site.

The web page may be arranged as to be editable by the users. By assigning separate accounts to the users, editing
opportunity may be given them, which probably result in larger datasets.
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Figure 9: The screen-shot of the “Links” page.
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