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Sahnadere (Mersin) Su Toplama Havzasinin
Heyelan Olasi Tehlike Degerlendirmesi

Engin Cil ve Tolga Can

Cukurova Universitesi, Jeoloji Miihendisligi Boliimii, 01330 Balcali, Adana
(E-posta: tolgacan@cukurova.edu.tr)

Heyelan envanter, duyarlilik ve olasi tehlike haritalamalarinda ve heyelan risk degerlendirme
caligmalarinda heyelanlarin tipi, caligma alanin biiyiikliigli ve eldeki mevcut verilerin ¢esidine gore
farkli yaklagimlar ile degisik yontem ve tekniklerin birlikte kullanilmasi gerekmektedir. Heyelan olasi
tehlike haritalari, belirli bir zamanda, belirli bir tip ve biiyiliklikkteki heyelanlarin olugma olasiligini
gosteren haritalar olarak tanimlanmaktadir. Bu tanim heyelanlarin lokasyon, zaman ve biiytikliik gibi
kavramlarinin bilinmesini gerektirmektedir.

Bu calismada farkl: tarihlerde ¢ekilmis hava fotograflari incelenerek Sahnadere su toplama havzasinin
cok zamanli heyelan envanter haritas1 hazirlanmistir. Ik olarak heyelanlar mekansal olabilirliginin
belirlenmesi amaciyla mantiksal regresyon yontemi kullanilarak belirli zaman araliginda gelismis
heyelanlar i¢in heyelan duyarlilik haritalar {iretilmistir. Olusum tarihleri bilinen heyelan olaylan gz
oniinde  bulundurularak, zamansal olabilirlik degerleri, poisson dagilimi kullanilarak
gergeklestirilmistir. Buradan 5, 10, 25, 50 ve 100 yillik zaman dilimi iginde heyelan olugma olasiliklar
hesaplanmigtir. Heyelanlarin alansal olarak olabilirligi ise 1969 yili, heyelan olay envanter
haritasindan elde edilen frekans dagilimlarina gore belirlenmistir. Frekans dagilimina uygun olasilik
yogunluk fonksiyonu ise ii¢ parametreli ters gama dagilimi kullanilarak gergeklestirilmistir. Belirli bir
alana sahip heyelanlarin olugsma olasilik egrisi ise gama dagiliminin integrali alinarak hesaplanmustir.
Sonug olarak 5, 10, 25, 50 ve 100 yillik heyelan olugsma olasiliklarina gore farkli biiyiikliiklerde (0.1
km?, 0.05 km® ve 0.01 km?) olabilecek heyelanlarin mekansal ve zamansal olabilirligini gdsteren
heyelan olasi tehlike haritalar1 liretilmistir. Heyelan olas1 tehlike haritalari, heyelan risk degerlendirme
caligmalarinin temelini olusturmaktadir. Bu nedenle iiretilen olasi tehlike haritalarinin bolgesel
heyelan risk azaltma ¢aligmalarina 6nemli katki saglayacag diistiniilmektedir.

Anahtar Sézciikler: heyelan, heyelan olas1 tehlike, poisson dagilimi, ters gama dagilimi, olasilik
yogunluk fonksiyonu
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Landslide Hazard Assessment for the Sahna River (Mersin) Watershed
Engin Cil & Tolga Can

Cukurova Universitesi, Jeoloji Miihendisligi Boliimii, Balcall,
TR—01330 Adana, Tiirkiye (E-mail: tolgacan@cukurova.edu.tr)

According to the type of the landslide, the extent of the study area and the available data, different
strategies and a combination of different methods and techniques should be applied in landslide
inventory, susceptibility, hazard mapping and landslide risk assessment studies. Landslide hazard
maps portray the probability of occurrence within a specified time period and within a given area of
landslides of a given magnitude. This definition incorporates the concepts of location, time and size of
landslides.

In this study multi-temporal landslide inventory maps were prepared by interpretation of aerial
photographs taken in different time intervals in Sahna river watershed. In order to determine the
spatial probability of landslide occurrence, susceptibility maps were prepared by using logistic
regression method. Temporal probability of landslides was determined with Poisson probability model
considering the landslides occurred in different periods. The exceedance probability of landslides
occurrence in 5, 10, 25, 50 and 100 years time intervals were calculated. The probabilities of landslide
size (extent) were obtained from frequency — size distribution of 1969 event landslide inventory.
Probability density function in convenience with frequency distribution was achieved by three
parameter inverse gamma distribution. By integration of the gamma distribution, the probability of
landslide against the landslide size was determined. Finally, landslide hazard maps for different
landslide sizes (0.1 km? 0.05 km” and 0.01 km?), that will occur having exceedance probabilities for 5,
10, 25, 50 ve 100 years periods were obtained. Landslide hazard maps constitutes important stage for
the landslide risk assessment procedure, so the hazard maps produced in this study will provide a basis
for the landslide risk-management studies of the region.

Key Words: landslide, landslide hazard, poisson distribution, inverse gamma distribution, probability
density function
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Sahna Dere (Mersin) Su Toplama Havzasinin Heyelan Duyarhhik
Degerlendirmesi ve Dogrulugu

Tolga Can', Engin Cil', Tolga Mazman' ve Tamer Y. Duman®
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Heyelan duyarlilik haritalar1 belirli bir bolgede, belirli tipteki heyelanlarin olugma olasiligimin
gosterildigi haritalardir. Heyelan duyarlilik degerlendirmeleri genel olarak niteliksel ve niceliksel
olarak iki grup altinda toplanmaktadir. Niteliksel degerlendirmelerde duyarlilik siniflar sezgisel
olarak yapilmakta olup daha ¢ok subjektif tarafta yer almaktadir. Niceliksel yaklagimlar ise,
heyelanlar1 kontrol eden dogrudan ve dolayli ¢evresel faktorleri gz oniinde bulundururarak, heyelan
olusma olasiliklarinin sayisal olarak ifade edildigi ve buna gore arazinin belirli duyarlilik siniflarina
ayrildigr yontemlerdir. Gegmiste meydana gelen olaylarin gelecekte de benzer sekilde olusacagi
prensibine dayandirilarak, heyelanlarin gelecekte mekansal olarak nerelerde gelisebilecegini gosteren
heyelan duyarlilik haritalarinda, gerek kullanilan yontemin uyum iyiligi ve gerekse gelecekte
gergeklesecek heyelanlari tahmin dogrulugunun belirlenmesi gerekmektedir. Bu gibi degerlendirmeler
bakimdan niceliksel yaklagimlar duyarlilik degerlendirmelerinde daha ¢ok tercih edilmektedirler.

Bu ¢alismada Mersin ilinin yaklasik 25 km batisinda yeralan, 210 km*’lik alana sahip Sahnadere su
toplama havzasinin heyelan duyarlilik degerlendirmeleri ile bunlarin dogrulugu incelenmistir. Calisma
alani igerisinde Afet isleri Genel Miidiirliigii kayitlarina gore 1969 yilindan giiniimiize kadar toplam
161 konut heyelanlardan olumsuz etkilenmistir. Boélgedeki heyelanlarin tipi, biiyiikliigii ve mekansal
dagilimilarinin belirlenmesi amaciyla 1955, 1969, 1978, 1990 ve 2000 tarihli hava fotograflari
incelenmis ve arazi caligmalart ile desteklenmigtir. Heyelanlar olusum yillarina ve olusum
mekanizmalarina gore 1955 oncesi tarihsel (18 adet), 1955-1969 yillari aras1 aktif (45 adet) ve 1969
yili olay (36 adet) heyelan envanteri olmak {izere ¢ok zamanli heyelan envanter haritalar
hazirlanmigtir. Calisma alanmin yaklasik %18’ini olusturan heyelanlarin, genelde dairesel ve
kompleks kayma tiirii oldugu belirlenmistir.

[lk iki doneme ait heyelan envanter haritalari ve heyelanlar1 hazirlayici gevresel faktorler (kategorik ve
stirekli olmak iizere 42 degisken) mantiksal regresyon yontemi kullanilarak degerlendirilmistir. Her bir
doneme ait duyarlilik degerlendirmesinde, bagimli degisken olarak heyelanlar yaklasik %80 analiz ve
%20 test verisi olacak sekilde rastgele olarak ikiye ayrilmistir. Bu sekilde ayr1 ayr1 dort farkli veri seti
hazirlanmigtir. Bagimsiz degigkenlerin se¢iminde ise bagimli degisken sayis1 kadar dort veri setinin
herbiri i¢in beser adet olmak iizere toplamda 40 adet veri seti {izerinden duyarlilik degerlendirmeleri
yapilmistir. Herbir analiz modeli kendi i¢inde uyum iyiligi ve anlamlilik testleri ile degerlendirildikten
sonra ayrica heyelan test verisi kullanilarak ta duyarlilik modelinin gegerliligi test edilmistir. Daha
sonra herbir donem i¢in elde edilen duyarlilik haritalar1 sonraki donemlerdeki heyelanlar ile
karsilagtirilarak dogruluk degerleri test edilmistir. 1955 Oncesi i¢in yapilan heyelan duyarlilik
haritasinda 1955-1969 ve 1969 olay heyelanlarinin yaklasik %90’ 1n1n orta-¢ok yiiksek duyarli alanlar
icinde yer aldig1 goriilmiistiir. 1955—-1969 heyelanlar1 i¢in yapilan duyarlilik haritasi ise 1969 olay
heyelanlar1 ile test edilerek, %87’sinin yiiksek ve c¢ok yiiksek duyarli bolgeler icinde yeraldigi
belirlenmistir. Heriki veri setinde yapilan heyelan duyarlilik degerlendirmelerinde yiiksek ve c¢ok
yiiksek duyarli alanlarin ¢alisma alaninin %27-34 arasinda degistigi gorilmiistiir. Sonug¢ olarak
caligmada kullanilan ¢ok zamanli heyelan envanter haritalart ile heyelanlar1 kontrol eden g¢evresel
faktorlerin bolgede gelecekte meydana gelen heyelanlar1 oldukg¢a yiliksek tahmin araliginda
belirlemeye yeterli oldugu goriilmiistiir.

Anahtar Sézciikler: heyelan, ¢ok zamanl heyelan envanteri, heyelan duyarlilik, mantiksal regresyon,
dogruluk
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Landslide susceptibility maps portray the probability of occurrence of specific type of landslides
within a specific geographic region. Landslide susceptibility assessments can be classified mainly into
two groups as quantitative and qualitative. Qualitative susceptibility assessments are subjective
because the factors that control the landslides are determined heuristically using descriptive terms.
Whereas the quantitative assessments produce numerical estimates of the occurrence of landslides in
any susceptibility zone, considering the relationships between landslide preparatory factors and, the
past and the present distribution of landslides. Landslide susceptibility assessments are built on the
assumption that the factors caused landslides in a region are the same that will produce landslides in
the future. In landslide susceptibility evaluations the goodness of fit of the model and its validation to
check the ability of the model to predict future landslides should preferably be tested.

In this study landslide susceptibility assessments and their validation were evaluated in 210 km?
Sahna river watershed which is located 25 km to the west part of Mersin. In the study area regional
landslides events which affected 161 residences severely, were recorded by General Directorate of
Disaster Affairs by the end of 1968 and early 1969, and in 2001. The landslide types, spatial extents
and distributions were determined by areal photo interpretation taken in different periods (1955, 1969,
1990 and 2000) and by field studies. Multi temporal landslide inventory maps were evaluated into
three periods, historical landslides before 1955 (18), 1955-1969 landslides (45) and 1969 (36) event
landslide inventories. The landslides constitute 18 % of the study area and mainly represented by
rotational and complex slides.

The landslide inventory maps for the first two periods and landslide preparatory factors digitized and
stored in GIS environment were evaluated for susceptibility assessments by using logistic regression
analysis. Landslides, the independent variable, were separated randomly into two groups, 80 % for
trained and 20 % for test data, for each period. Four different data sets for each landslide inventory
were obtained in the same manner. Five different sets from the landslide preparatory factors, the
independent variables, were also selected randomly for each dependent variable data set. Finally
susceptibility assessments for each of the landslide periods were evaluated in 20 (4x5) data set. The
goodness of fit of the model and the significance of the model parameters were evaluated for each
regression model. The prediction capacity and the validation of each model is first checked by the test
data set of landslides and secondly by the landslides that occurred in the later periods. It is observed
that 90% of the landslides for 1955-1969 and 1969 events were located in the medium to very high
susceptible zones in the susceptibility model obtained after the historical landslides before 1955. The
validation test of 1955-1969 landslide susceptibility maps correctly predict 87% of 1969 event
landslide in high and very high susceptible zones. The high and very high susceptible zones in the
susceptibility maps produced from both landslide inventories ranged between 27 and 34 %. It is
concluded that the landslide susceptibility maps produced in this study is highly significant and the
environmental factors that used as independent variables are good enough to predict future landslide
events.

Key Words: landslide, multi temporal landslide inventory, landslide susceptibility logistic regression,
validation
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Heyelan Duyarhlik Analizinde Bulanik Mekansal Bilgi Sistemi

Caner Giiney, Mustafa Acar ve Rahmi Nurhan Celik
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34469 Maslak, Istanbul (E-posta: guneycan@itu.edu.tr)

Yol actiklar1 zarar ve kayiplar goz oniinde bulunduruldugunda heyelanlar lilkemizde depremlerden
sonraki ikinci 6nemli doga olay1r konumundadir. Bu nedenle, heyelan hareketlerinin izlenmesi tiim
diinyada oldugu gibi iilkemiz agisindan da 6nem tasimakta ve yerbilimi ¢aligmalarinda 6nemli bir yer
tutmaktadir. Calisma kapsaminda 6nerilen yenilik¢i yaklagim, Marmara Denizi kiyisindaki Giirpinar
(istanbul) heyelan bolgesinde uygulanmistir. Bu yaklasim, heyelandan kaynaklanacak zararlarin en
aza indirilmesine yonelik karar-destek siireclerine Onemli bilgiler saglamaktadir. Giirpinar'daki
heyelan bolgesinde kurulan jeodezik agda ‘Global Konum Belirleme Sistemi (GPS)’ ile yapilan
jeodezik Olgiiler kullanilarak bdlgedeki heyelan bloklari ‘Bulanik Cikarim Sistemi (BCS)’ ile
belirlenmistir. Tespit edilen heyelan bloklart ayrica yagis, yeralti suyu, egim gibi farkli kaynaklardan
gelen diger veri setleri ile bir ‘Mekansal Bilgi Sistemi (GIS)’ uygulamasi {izerinde olusturulan bir
dinamik deformasyon modelinde birlestirilerek, heyelan bdlgesinde olusan hareketin analizleri
yapilmigtir. Bdylece yiizey deformasyonunu ve risklerini belirlemeye yonelik mekansal analizler,
farkl1 yapidaki mekansal veriler ve tematik bilgilerden yararlanilarak, bulanik modellemenin GIS
icerisinde kullanilabildigi bir yaklasimla gerceklestirilmistir. Bu bildiride elde edilen bu sonuglar
tartigilarak ayrintili olarak verilecektir.

Anahtar Sozciikler: heyelan, mekansal bilgi sistemi, bulanik ¢ikarim sistemi, mekansal analiz,
heyelan duyarlilik analizi, heyelan risk degerlendirmesi, global konum belirleme sistemi
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Analyzing Landslide Susceptibility Using Fuzzy GIS
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Landslides in Turkey is the second most important threat among natural hazards, after earthquakes,
when considering negative effects, losses, damages and casualties caused by geohazards. Therefore,
monitoring of landslides is invaluable in Turkey as well as all over the world and studied intensively
in geosciences. The innovative approach proposed in the scope of this study has been performed for a
landslide area in Gurpinar (Istanbul) on the shore of the Sea of Marmara (Turkey). This approach
provides useful data and information to decision-support processes in order to minimize the negative
effects of landslides. In the geodetic network that covers the landslide area in Gilirpinar, ‘Global
Positioning System (GPS)’ survey has been carried out and the landslide blocks in the area have been
determined with ‘Fuzzy Inference System (FIS)’ using the GPS measurements. The fixed landslide
blocks has been merged with other kind of triggers, such as precipitation, slope, ground water, etc.,
within a dynamic deformation model which was generated in a ‘Geospatial Information System (GIS)’
application. Thus, the landslide movements occurred in the area could be analyzed and interpreted
through the geomodel utilizing GIS technology. Consequently, the spatial analyses to determine
ground deformation and risks have been accomplished using different spatial and thematic information
in distinct formats in the way that taking advantage of fuzzy logic modeling within GIS application. In
this paper, all the results that obtained from the study will be given in detail.

Key Words: landslide, geospatial information system, fuzzy inference system, spatial analysis,
landslide susceptibility analysis, landslide risk assessment, global positioning system
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Uzaktan Algilama Tarih¢esine Genel Bir Bakis

Yusuf Tatar

4. Cadde, 66 Ada, Kardelen 3/3, D. 33, 34758 Atasehir, Istanbul (E-posta: tataryfsl@gmail.com)

Icinde yasadigimiz ‘Bilgisayar ve Uzay Cag1’ min en onemli iki yeniligi internet ve uzaktan algilama
olarak kabul edilebilir. Hemen her sey gibi uzaktan algilama verilerinin de, 6zellikle goriintii formatindaki
verilerin, kiiresel dl¢ekte yaygin kullanimini saglamasi nedeniyle internet ayrica on plana ¢cikmaktadir.

Bilimsel ve uygulamali sayisiz alanda kullanilan ve biiyiik yararlar saglayan uzaktan algilamanin 6nemini
tam olarak kavramamiz, konunun sadece teknik yonleri hakkinda degil, tarihsel gelisimi hakkinda da bilgi
sahibi olmamiz1 gerektirmektedir. Bu baglantiy1 dnemseyen kimi batili iiniversitelerde uzaktan algilamanin
tarihgesi ayr1 bir ders olarak okutulmaktadir (6rnegin Graz Universitesi, online.uni-graz.at; Bern
Universitesi, saturn.unibe.ch, vd...).

Uzaktan algilama tarihgesinde baslangi¢ noktasi, dikkate alacagimiz uzaktan algilama tanimina gore
degisecektir. Aslinda uzaktan algilama (Remote Sensing) kavrami ilk kez 1960 yilinda, Evelyn L. Pruitt
tarafindan kullanilmigtir. Havadan uzaktan algilama 19. ylizyilin sonlarinda 20. yiizyilin baglarinda,
fotografin ve ugagin kesfi ile ortaya ¢ikmustir. Ugagin kesfinden once kisa bir siire balonlar, ugurtmalar ve
hatta gogiislerinde otomatik kameralar tasiyan giivercinler hava fotografi ¢ekiminde kullanilmigtir.

Hava fotograflar baslangigta askeri amaglar ve haritacilik islerinde kullanilmigtir. 1. ve 6zellikle II. Diinya
Savaglarinda ugak ve hava fotografi ¢ekimi alaninda saglanan teknolojik gelismeler, fotograflarin kullanim
alanlariin sayisin1 da genigletmistir. Bu kullanim alanlarindan 6nemli biri de jeolojidir. 1941 yilinda A.J.
Eardley tarafindan yayimlanmis ‘Interpretation of aerial photographs’, fotojeoloji icerikli ilk kitap
olarak kabul edilmektedir.

Bilindigi gibi yerbilimi ¢aligmalarinda havadan uzaktan algilamanin kullanilmasi fotojeoloji disiplinini,
uzaydan uzaktan algilama da jeolojik uzaktan algilama disiplinini ortaya c¢ikarmigtir. Giinimiizdeki
gelismeler ve olanaklar, fotojeolojiyi artik jeolojik uzaktan algilama kapsaminda bir alt baglik konumuna
getirmistir diyebiliriz.

Uzaydan uzaktan algilamanin ortaya ¢ikmasi, fotografin kesfinden ve havadan uzaktan algilamadan sonra,
dogal olarak insanoglunun uzaya da adim atmasi ile olanakli hale gelmistir.

Uzaya ac¢ilmanin ilk adim1 Sovyet Rusya’nin 1957°de firlattig1 Sputnikl uydusu ile atilmistir. Bu adimla
sahnelenen ve liderligini A.B.D.’nin yiiriittiigli uzay g¢aligmalari, 1972 yilinda Landsatl uydusu ile 6zel
anlamda Yer gozlem amach uzaydan uzaktan algilama donemini baglatmistir. Bugiin ABD ve Rusya’nin
disinda, bagka bir¢ok {iilkenin Yer gozlem uydusu bulunmaktadir. Kii¢iik de olsa, 2003 yilinda firlattig:
Bilsat uydusu ile Tiirkiye de bu iilkeler listesine katilmustir.

Landsat1’in firlatilmasimin iizerinden sadece 36 yil gibi kisa bir siire gegmis olmasina karsin, Yer gézlem
amach uzaktan algilama alaninda bas déndiiriicii gelismeler olmustur. Ornegin Landsatl’in 80 m ile
baslattig1 goriintii ¢oziiniirliigi, giiniimiizde 0,5 m’ye yiikseltilmistir ve bir iki y1l gibi yakin gelecekte de
0,25 m’ye kadar ylikseltilecektir. Uzaydan uzaktan algilamay1 bir sistem olarak diisiiniirsek, bu sistemin
Ogeleri algilama platformlari, algilayic1 gerecler, algilar (goriintiiler), algilarin yere iletilmesini saglayan alt
sistem, alic1 yer istasyonlar1 ve algilari degerlendirme uzmanlari olarak siralanabilir. Tim bu dgelerde
Landsatl’den gilinlimiize degin meydana gelen ¢ok dnemli gelismelerin kilometre taslari, se¢ilmis goriintii
ornekleri esliginde sunusta vurgulanacak, hazirlanan makalede ise ayrintilara yer verilecektir.

Anahtar Sozciikler: uzaktan algilama, tarih¢e, Sputnik 1, Landsat 1, havadan uzaktan algilama, hava
fotografi, fotojeoloji, yer gdzlem uydulari, uzaydan uzaktan algilama, goriintii, jeolojik uzaktan algilama
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An Overall Look at the History of Remote Sensing
Yusuf Tatar

4. Cadde, 66 Ada, Kardelen 3/3, D. 33, Atasehir, TR—34758 Istanbul, T tirkiye
(E-mail: tataryfsl@gmail.com)

We can assume that the two most important innovations of the ‘Space and Computer Age’ we live in are
the internet and the remote sensing. The internet is notably significant since it makes the data of remote
sensing, especially data in image format, accessible at a global scale for everyone at any time, just as it
provides a share of data and knowledge in almost all kinds of topics.

In order to comprehend radically the significance of remote sensing which is used for innumerable
scientific and practical purposes, we should know not only its technical aspects, but also the historical
development of the subject. Thus, some western universities which mind the connection between the
importance of remote sensing and its history, now include courses titled “History of Remote Sensing” in
their curricula (e.g., Graz University — online.uni-graz.at, Bern University- saturn.unibe.ch, and others).

The starting point of the history of remote sensing depends on the definition taken into account. The
scientific term remote sensing was actually used by Evelyn L. Pruitt in 1960. Airborne remote sensing
started towards the end of the 19" century and at the beginning of 20" century, preceded by the discovery
of photography and the invention of aeroplane. Before aeroplane came to the stage, balloons, kites and even
pigeons with an automatic camera on their breast were used as platforms for taking aerial photographs.

Aerial photographs were first used for military and mapping purposes. Later during the two World Wars,
particularly the Second, progresses in technologies of photography and aeronautics increased the number of
branches of usage of aerial photographs. An important one of these branches is the geological sciences.

‘Interpretation of aerial photographs’, written by A.J. Eardley and published in 1941, is considered to be
the first book containing information on photogeology.

As is known, application of aerial photography in earth sciences introduced photogeology, while the
spaceborn remote sensing brought out the branch geological remote sensing. Today progresses and
facilities indicate that photogeology can, and indeed should, be taken within the geological remote sensing.

Spaceborn remote sensing became actually possible after the mankind stepped into the space, much later
than the discovery of photography and airborne remote sensing,

The first step to the space was taken by Soviet Russia with the launch of Sputnik 1, the first ever artificial
satellite, in 1957. The ongoing space works led in effect by the USA, initiated the epoch of the earth
observation satellites with Landsatl in 1972. Today, along with the USA and Russia, many other countries
have earth observation satellites, including Turkey with the small Bilsat launched in 2003.

Although only 36 years have passed after the launch of Landsatl, breathtaking developments have already
occurred in the area of earth remote sensing. For example, spatial resolution of images (Landsat1) started
with 80 meters; at present, however, images with 0,5m are available, and within a few years 0,25m
resolution will be reached.

If we take remote sensing as a system, the elements of it can be listed as platforms, sensors, data (images),
subsystem transmitting data to earth, ground receiving stations and remote sensing experts (analyzing data
and extracting information-maps and statistics), and, since the launch of Landsatl, there have been many
significant progresses regarding all of these elements. These progresses will be highlighted using some
selected image samples in the presentation, and details will be given in the paper.

Key Words: remote sensing, history, Sputnik 1, Landsat 1, airborne remote sensing, aerial photo,
photogeology, earth observation satellites, spaceborne remote sensing, imagery, geological remote sensing
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Yerbilimleri Mekansal Bilgi Sistemi Tasarimi: JeoBIS

Caner Giiney ve Rahmi Nurhan Celik

Istanbul Teknik Univer'sitesi, fn§aat Fakiiltesi, Jeodezi Anabilim Dal,
34469 Maslak, Istanbul (E-posta: guneycan@itu.edu.tr)

Yerbilimleri ¢aligmalarinda bilimsel ve teknolojik kaynaklarin etkin ve iiretken kullanim1 saglayacak,
genis zaman aralifinda elde edilmis, farkli disiplinlerden gelen veri ve bilgilerin anlamli olarak
biitiinlestirecek bir ‘Mekansal Bilgi Sistemi ve Servisleri’ tasarimi gelistirilmistir. Jeolojik,
jeomorfolojik, jeofizik, jeodinamik, jeoteknik, hidrojeolojik, paleosismolojik, tektonik, meteorolojik
vb. c¢alismalarindan elde edilen morfolojik &zellikler, stratigrafik bilgiler, jeodinamik siiregler,
litolojiler, deformasyonlar, sismik, elektrik rezistivite, jeoradar, mikrogravite gibi veri ve bilgiler,
jeodezi disiplininde gelen GNSS, CORS, gravite, altimetre, hava fotograflari, uydu goriintiileri,
InSAR, LIDAR vb. mekasnal veri ve bilgiler ile birlestirilerek; jeomodellemelerin yapildigi, alan
deformasyonlarinin belirlendigi, zaman-mekansal analizlerin yapildigi, 3B verilerin yonetildigi, 3B
jeolojik mekansal iligkilerin ve 6zelliklerin kuruldugu ve internet lizerinden yer sistemi {izerine ¢alisan
tiim kullanicilara bir portal {izerinden agilan bir sistem olarak tasarimi gelistirilmistir. Bu sekildeki bir
yaklagim, bireysel ve kurumsal yerbilimsel arastirmalarin daha verimli gerceklestirilmesinin yanisira
ulusal, bolgesel ve yerel dlgeklerdeki karar-verme siireglerinin ¢ok daha etkin ve biitiinciil olarak
toplum yararma siiriidiiriilebilir sekilde gergeklestirilmesini saglayacaktir. Ulusal 6lgekte UML
kullanilarak tasarlanan bu yaklasim XML, GML, Xquery, WMS, WES vb. acik kaynak kodlu
teknolojiler ve birlikte isler yapisi sayesinde Avrupa gibi bolgesel ve/veya OneGeology gibi global
Olgekteki diger mekansal bilgi sistemi yaklasimlar1 ile entegre edilebilecektir. Ayni1 zamanda,
tasarlanan sistemin c¢ok c¢Oziiniirliiklii/gosterimli mekansal veritaban1 yaklasimi sayesinde ulusal
Olcekten yerel dlgeklere gegis saglanabilmektedir. Ayrica bu sistemin afet sistemlerine veri ve bilgi
saglamasi da tasarimda gz oniinde bulundurulmustur. Bu ¢alismada 6nerilen bu yaklagimin tasarimi
ve uygulanmasina yonelik oneriler ayrintili olarak verilecektir.

Anahtar Sozciikler: yerbilimleri, mekansal bilgi sistemi, mekansal servisler, mekansal bilisim, 3B
yer modelleme, 3B yer analizi
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GIS for GEOs

Caner Giiney & Rahmi Nurhan Celik

The Division of Geodesy in the Faculty of Civil Engineering at the Istanbul Technical University,
Maslak, TR—34469 Istanbul, Turkey (E-mail: guneycan@jitu.edu.tr)

A framework design of ‘Geospatial Information System and Services’ that supplies the efficient and
productive use of scientific and technological infrastructures and sources, as well as integrates
purposefully the data and information sets acquired from different disciplines and organizations has
been developed. In the context of the designed system, morphological characteristics, stratigraphic
information, geodynamic processes, litology, deformations, seismic, resistivity, georadar,
microgravity, etc. data and information obtained from geological, geomorphological, geophysical,
geodynamic, geotechnical, hydrogeological, paleoseismic, meteorological projects can be fused with
spatial data/information sources acquired from the underneath of geodesy discipline, such as GNSS,
CORS, gravity, altimetry, aerial photogrammetry, satellite imaging, InSAR, LIDAR. Based on these
data and information sets 3D geomodeling, spatio-temporal analyses, 3D geodata management, 3D
geological spatial relationships and properties definitions of the related area can then be achieved
through the system proposed. Moreover, the services function of the system will be designed to allow
the geosciences' users to access the system over the web via portal technology. Such an approach,
geosciences' research would be realized more efficiently and productively. In addition, the decision-
making processes in the scale of global, national and local would accomplish more in a holistic way.
UML, XML Schema, GML, Xquery, WMS, WEFS standards were used in order to provide maximum
flexibility, interoperability, and long-term usability. In this paper, the design of the proposed system
will be explained in detail and some suggestion regarded its implementation will be presented.

Key Words: geosciences, geospatial information system, spatial services, spatial informatics, 3D
geomodeling, 3D geoanalysis
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Tiirkiye Kiyilarindaki Kirliligin Uzaktan Algilama Yontemleri
ile Belirlenmesi (Mersin ve Iskenderun Kérfezi Ornegi)

Tolga Alkevli, Burcu Kocader ve K. Canan Ozgiiner

Maden Tetkik ve Arama Genel Miidiirliigii, Jeoloji Etiitleri Dairesi,
Uzaktan Algilama ve CBS Koordinatorliigii, 06520 Balgat, Ankara (E-posta: alkeviii@mta.gov.tr)

Denizel kirliligin tespiti iizerine yapilan caligmalar; uzaktan algilama yontemlerindeki gelismeler
sayesinde yeni bir boyut kazanmistir. Denizlerde ve kiy1 bolgelerdeki yerinde gézlem ve deneyler ile
denizlere ait kirlilik parametreleri hakkinda yorumlar yapilabilmektedir. Kirliligin en o&nemli
parametrelerinden olan toplam askida kati madde, klorofil konsantrasyonu ve deniz suyundaki ani
sicaklik degisimleri uzaktan algilama yontemleri sayesinde belirlenebilmektedir

Klorofil esas olarak bitkilerdeki yesil pigmentlerdir. Bitkiler bu pigmentleri sayesinde 15181 absorbe
ederek enerji liretmekte ve bu sekilde organik maddeler olusturabilmektedir. MODIS (Moderate
Resolution Imaging Spectroradiometer) uydulari klorofil parametrelerinin zaman icerisindeki
degisiminin gézlenmesi i¢in en uygun uydu goriintii sistemleridir. MODIS-Terra uydusuna ait net
fotosentez miktari1 gosteren goriintiiler, 8’er giinliikk araliklar ile https:/wist.echo.nasa.gov/ web
adresinden 3 bant olarak elde edilmektedir. Toplam askida kati madde miktar1 ise 550 pm dalga
boyuna sahip MODIS-Terra uydusuna ait olan tek bantli algoritma sayesinde belirlenmektedir. Her iki
parametre belirlendikten sonra Tiirbidite ve Deniz Suyu Sicaklik degerleri ile karsilagtirmalar
yapilarak denizel kirliligin zaman igerisindeki degisimleri go6zlenmektedir. Tirbidite ASTER
goriintiilerinin VNIR (goriiniir ve yakin kizil 6tesi) bantlari ile elde edilmektedir. ASTER goriintiileri
ile yapilan Tiirbidite ¢aligmalarinda kullanilan algoritma;

Bantl+ Bant2
Tirbidite=1,613* DamT bants (Kaynak; http://www.science.aster.ersdac.or.jp)

Bantl — Bant?2

Calisma alan1 olarak secilen Iskenderun ve Mersin korfezinde yapilan TRIX degerleri (MEDPOL
Trophic Index) uzaktan algilama teknikleri ile elde edilen klorofil miktarlar ve askida kati madde gibi
bilesenlerinden itibaren elde edilen degerler ile karsilagtirilmistir. MODIS goriintiileri araciligi ile
belirlenen klorofil degerlerinin Mayis ve Haziran aylarinda yaklagik olarak 2,5 pg/L civarlarinda
oldugu gorilmekte bu deger ile beraber desarj bolgelerinde yapilan wuzaktan algilama
degerlendirmeleri ve yer gozlemleri entegrasyonu ile TRIX degerlerinin yiiksek oldugu
gozlemlenmistir. TRIX degerlerinin 6 ve iizerine kadar ¢iktig1 iskenderun ve Mersin Korfezleri’nde
kirlilik yaz aylarinda en iist seviyelere kadar ¢ikmaktadir. Calisma sonucunda plankton orani ve besin
elementlerinin bollugu TRIX degerlerinde yiikselmelere yol agmaktadir.

Anahtar Sozciikler: ASTER, klorofil, toplam askida madde, deniz suyu sicakligi, MODIS, NOAA-
AVHRR
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Detecting Coastal Pollutions of Turkey with Remote Sensing Techniques
(Sample from Mersin and Iskenderun Gulf)

Tolga Alkevli, Burcu Kocader & K. Canan Ozgiiner
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Uzaktan Algilama ve CBS Koordinatorliigii, Balgat, TR—06520 Ankara, Tiirkiye
(E-mail: alkevli@mta.gov.tr)

Studies on the determining the marine pollution have acquired a new dimension thanks to the recent
developments in Remote Sensing Techniques. It is possible to make various comments on determining
the marine pollution parameters according to in-stu measurements. Total suspended material, one of
the most important pollution parameters, as well as the chlorophyll concentration and instant
temperature variations in marine surface can be calculated by means of remote sensing techniques.

Basically, chlorophyll is called the green pigments of plants. Further, thanks to these pigments do the
plants produce energy by absorbing light, and thus, organic substances. MODIS (Moderate Resolution
Imaging Spectroradiometer) Satellites are the most appropriate Remote Sensing systems for
determining chlorophyll parameters within the course of time. It is essential to note that the images of
MODIS-Terra satellite displaying the amount of net photosynthesis are available at the website of
https://wist.echo.nasa.gov/ as 3 bands with 8-day frequency. As for the amount of the total suspended
material, it is calculated by means of employing single-band algorithm of Modis-Terra satellite with
550 um wave length. In this regard, the marine variations within the course of time is observed by
comparing the turbidity and sea surface temperature values after figuring both parameters out.
turbidity can be determined VNIR (Visible Near-Infrared Bands) bands of ASTER images. The
algorithm for turbidity studies with ASTER is as follows;

Band1+ Band?2
Band1— Band?2

(Turbidity=1,613*

TRIX values (MEDPOL, Trophic Index) received from the Gulfs of Iskenderun and Mersin that are
defined as the test-site have been compared with those received from the components such as
chlorophyll amounts and suspended material which are obtained by Remote Sensing techniques. It is
observed that the chlorophyll quantities determined by MODIS data in the months of May and June is
approximately 2.5 pg/L. Furthermore, the remote sensing evaluations, made in discharging areas with
these data and the TRIX value with in-stu measurements are high. Impurity, in the Gulfs of Iskenderun
and Mersin where the TRIX value is 6 and over, is peaking during the summer months. As a result of
the study, it is seen that the abundance or redundancy of plankton proportion and feeding elements
leads to increase in TRIX values.

Key Words: ASTER, chlorophyll, total suspended material, sea surface temperature, MODIS,
NOAA-AVHRR
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Denizli Demir Oksit Anomali Bolgelerinin Landsat ETM+ ve Quickbird
Goriintiileri ile Ayrintih Haritalanmasi

Hulusi Kargi

Pamukkale Universitesi, Jeoloji Miihensilgi Béliimii, 20017 Kinikli, Denizli
(E-posta: hkargi@pau.edu.tr)

Denizli ili igerisinde demir oksit olusumlarini aragtirmak amaciyla gergeklestirilen bu ¢aligma, Landsat
TM ve Landsat ETM+ goriintiileri ile demir oksit anomali alanlarini belirleme, QuickBird goriintiileri
ile ayrmtili haritalama, arazi gézlem ve ¢aligmalarmi ve verilerin CBS ortaminda degerlendirilmesini
igermektedir. Landsat verileri ile demir oksit haritalamasi i¢in 3/1 bant oranlamasi, alt1 bant {izerinde
ana bilesenler analizi, segmeli bantlar {izerinde ana bilesenler analizi (Crosta yontemi) ve kullanici
danigmanli siniflamalar kullanilmigtir. Kullanilan yontemlerin hepsi genelde basarili olmasina ragmen
ayrmtida her bir yontemin bazi dezavantajlari bulunmaktadir. Ornegin gergekte demir oksit anomalisi
olmayan, ¢ok diisilk yansima bolgeleri ile ¢ok yiiksek yansima bolgeleri de sirasiyla 3/1bant
oranlamasinda ve ana bilesenler analizlerinde anomali olarak goriilmektedir. S6z konusu bu
yontemlerin dezavantajlari, ortak anomali bolgelerinin belirlenmesiyle dnemli 6l¢iide giderilmektedir.
Kullanic1 damismanli yontemde ise Landsat goriintiilerinin mekansal ¢oziiniirligii nedeni ile
karakteristik referans nokta (demir oksit cevherlesmesi) belirleme, sorun olarak ortaya ¢ikmaktadir.
Landsat verileri ile belirlenmis anomali alanlarinda, spekral ¢oziiniirliigli diisiik olmasina ragmen,
yiiksek mekansal ¢oziiniirliigii sayesinde QuickBird goriintiileri {izerinde gerek kullanict danismanh
siniflama, gerekse 3/1 bant oranlamasi ile ayrintili demir oksit haritalamasi basarili bir sekilde
gergeklestirilmistir. Farkli ¢oziiniirliiklere sahip uydu goriintiilerinin farkli algoritmalarla entegrasyonu
ile belirlenen anomali bolgelerinde yapilan arazi c¢aligmalari, bolgede Onemli demir oksit
cevherlesmelerinin olabilecegini isaret etmektedir.

Anahtar Sozciikler: demir oksit, demir cevherlesmesi, bant oranlamasi, ana bilesenler analizi,
Landsat, QuickBird
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Detailed Iron-Oxide Mapping of Denizli by Landsat ETM+
and Quickbird Images

Hulusi Kargi

Pamukkale Universitesi, Jeoloji Miihendisligi Béliimii, Kinikli, TR—20017 Denizli, Tiirkiye
(E-mail: hkargi@pau.edu.tr)

This study carried out in Denizli Province in order to investigate iron oxide occurrences includes
determination of iron oxide anomalies by Landsat TM and Landsat ETM+ images, detailed mapping
by QuickBird images, field observation and works, and evaluation of data in a GIS environment. For
iron-oxide mapping by Landsat data, The TM 3/1 band rationing, principal components analysis on 6
TM bands, principal components analysis on selective bands (the Crosta method) and supervised
classification have been used. Although all the methods used are generally successful, each method
has some disadvantage in detail. For example, very low and very high reflective regions appear as if
they were anomaly in the TM 3/1 band rationing and principal components analyses, respectively even
though they are, in fact, not iron-oxide anomaly fields. The disadvantages of these methods are
eliminated by identifying common anomaly regions. It is seem to be a problem assigning a training
point (iron oxide mineralization) in the supervised classification due to deficiency of Landsat spatial
resolution. It has been successfully carried out iron-oxide mapping by the 3/1 band rationing and
supervised classification of QuickBird data on the predefined anomaly regions by Landsat data. Field
works carried out anomaly fields which have been identified by integration remotely sensed satellite
images having different resolution by different algorithms points out that the region may host
significant iron-oxide mineralization.

Key Words: iron oxide, iron mineralization, band rationing, principal components analysis, Landsat,
QuickBird
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SAR Interferometre ile iran Petrol Sahasinin Oturma Miktarimin izlenmesi

Negin Fouladi Moghaddam', Ali Akbar Matkan',
Mahaasa Roostaei’ ve Mahmud Reza Sahebi®

" Shahid Beheshti University, Remote Sensing and GIS Department, Tehran, Iran
(E-posta: n.f.moghaddam@gmail.com)
? International Institute of Earthquake Engineering and Seismology (IIEES), Tehran, Iran
3 Khajeh Nasir Toosi University of Technology, Surveying Department, Tehran, Iran

Dogal ¢okel sikigmasina bagl, tedrici olarak meydana gelen ve en tehlikeli fenomenlerden biri olan
yer oturmasi ¢ok yaygindir. Siiratli oturma hizi genellikle insan aktivitisi sonucu meydana gelen
yeralt1 sivilarmin ¢ekilmesi ile baglantilidir. Boyelikle, yilizey kotunun yerel olarak degismesi ve
bunun sonucu endiistriyel yapilar i¢in hasar potansiyeline sahiptir.

Titiz yer aragtirmalar ile geleneksel oturma izlenmesi degisim miktarlarimi algilayabilmektedir, fakat
Olcii referans noktalarindaki siirlamalar ve calisma maliyetleri degisim algilanmasi i¢in modern
tekniklerin  uygulanmasini  gerektirmektedir.  Giinlimiizde, SAR  Interferometre  yeralt1
rezervuarlarindaki  ¢ekimlerden kaynaklanan santimetre Olgegindeki yilizey degisimlerinin
incelenmesini miimkiin kilmakta olan gelismis jeodetik bir aragtir. Lakin, bu teknoloji deformasyonu
ancak belirli zaman araliklarinda tanimlayabilmektedir. Interferogram istiflemesi rastgele giiriiltii
azaltilmasinda ve ortalama degisim yaklagimlarinin tahmin edilmesinde daha iyi yaklasimlar
sergilemektedir.

Bu arastirmanin temel amaci giineybati Irandaki Khuzestan’da yer alan ve dikkate deger yer
oturmasinin meydana geldigi Hidrokarbon ¢ikarim sahalarindan birindeki bu olaym ana sebebinin
arastirllmasidir. Gozlemlenen deformasyon, arazi seviyelendirme verileri ile yiiksek uyumluluk
sergilemektedir. Bu sonu¢ normal kosullar altinda InSAR’1n kullaniminin hem arastirma ve hem de
endiistriyel prospeksiyonlarda genis uygulamasina olanak saglamaktadir.

Anahtar Sozciikler: SAR interferometre, yer oturma gozlenmesi, yer alt1 rezervuarlari, hidrokarbon
¢ikarimi, interferogram istiflemesi, arazi seviyelendirme
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Land Subsidence is one of the most hazardous phenomena that its gradual occurrence due to natural
deposits compaction is so excessive. Rapid rate subsidence usually corresponds to human activities
such as subsurface fluid withdrawal. Thus, local changes in surface elevation and its associated
response, has the potential to damage the Industrial structures.

Traditional subsidence monitoring by accurate ground surveying, can detect the change amount, but
the limitations of benchmarks and operational costs cause to apply a modern technique for change
detection. Nowadays, SAR Interferometry is an improved geodetic tool that makes it possible to
surveillance surface changes caused by the removal of subsurface reservoirs in centimeter scale.
However, this technology could detect deformation in a specific time interval, interferograms stacking
is a method applied to mitigate random noises and better estimate the average displacement rate.

The main purpose of this research is to study one of the hydrocarbon extraction sites which has a
noticeable subsidence and located in Khuzestan, southwestern Iran in order to determine its main
causes. The observed deformation is highly compatible with the field leveling data. This result
indicates that the use of InNSAR under normal conditions opens up wide application both in research
and industrial prospects.

Key Words: SAR interferometry, land subsidence monitoring, subsurface reservoirs, hydrocarbon
extraction, interferogram stacking, field leveling
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Erdemli-Silifke (Mersin) Bélgesinin Karst Ozellikleri
ve Karst Cografi Bilgi Sistemi

Murat Akgoz

Maden Tetkik ve Arama Genel Miidiirliigii, Karst ve Magara Arastirma Birimi,
06520 Balgat, Ankara (E-posta: muratakgoz@mta.gov.tr)

Karstlasmaya son derece uygun Miyosen yash kirectaslariyla kapli Mersin ili Erdemli ve Silifke
llgeleri arasinda kalan boliimde yapilan bu galismada bolgenin karst yapisi, karstlasma mekanizmasi
ve karst potansiyeli degerlendirilmeye calisilmistir. Bu amacla bolgenin karstik yiizey sekilleri ve
bolgede bulunan ¢ok sayida magara arastirilmistir.

Bolgede karstlasmay1 denetleyen parametrelerin ve karstlagsma mekanizmasinin degerlendirilebilmesi
amaciyla tiim bolgeyi yansittig1 diisliniilen kaynaklardan su Ornekleri alinarak su kimyasi analizleri
yapilmigtir. Su kimyasi1 analiz sonuglar1 Piper ve Schoeller diyagramlarinda degerlendirilerek sularin
genel olarak karbonatli sular sinifina ait oldugu sonucuna varilmistir.

Bolgenin Karst Cografi Bilgi Sisteminin olusturulmasi amaciyla 8 adet 1/25.000 6l¢ekli topografya
haritas1 bilgisayar ortamina aktarilarak raster formatina doniistiiriilmiis ve koordinatlandirma yapilarak
CBS ortaminda vektdor formatina donistiiriilerek sayisallastirma islemi tamamlanmistir.
Sayisallastirilan es yiikselti egrilerinden sayisal yiikseklik modeli olugturulmus ve olusturulan modelde
cizgisellikleri belirlenerek giil diyagrami hazirlanmistir. Hazirlanan giil diyagrami ve bolgenin
neotektonik evrimi dikkate alinarak, bolgede kiriklarin genel olarak KD—GB dogrultulu, sol yanal
dogrultu atimli fay mekanizmasina bagli olarak olustugu sonucuna varilmistir. Bélgede karstlasmanin
ilksel olarak, ozellikle subatan ve magaralarin fay mekanizmasina bagli olarak genelde KD-GB
dogrultusunda gelistigi, ancak sol yanal dogrultu atimhi faya dik gelisen KB-GD dogrultulu
cizgiselliklerden dolay1 bolgede karstlasmanin KB—GD dogrultusunda gelistigi ve karstik bosalimlarin
kesintiye ugradigi sonucuna varilmustir.

Anahtar Sozciikler: karst, magara, subatan, CBS, Erdemli-Silifke (Mersin)
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Karstic Features of Erdemli-Silifke (Mersin) Region
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In this study, the Erdemli-Silifke region, which is a fairly rich area with karstification and covered by
Miocene age carbonate rocks, has been evaluated concerning to karst structure, karstification
mechanism and karst potential. Hence, cave location and karstic features have been determined and
caves have been investigated.

In order to understanding karstification and their parameters, water chemistry analyses have been done
on the samples taken different locations which characterize all area. Results of chemical have been
plotted on the Piper and Schoeller diagrams indicating carbonate enriched water.

For establishment of GIS in the area, eight topographic maps in scale of 1:25.000 were carried to
computerized environment by scanning and they are converted to raster data and they have been
established digitization when their coordinating was finished. By using GIS software digital elevation
model of the area digitization of contour model and was formed lineaments were delineated on this
model. It is determinate that these cracks were oriented on NE and SW directions and formed by under
the sinistral strike slip fault mechanism based on interpretation of these lineaments on the rose
diagram and considering of the neotectonic development of the region. In this area karstification
especially sinkholes and caves has been oriented NE and SW direction a result of sinistral strike slip
fault mechanism initially but karstification were developed and karstic discharges were stopped NW
and SE due to NW and SE direction which has vertical developed to the sinistral strike slip fault.

Key Words: karst, cave, sinkhole, CBS, Erdemli-Silitke (Mersin)
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Orta Anadolu da Kirsehir bolgesinde yer alan gizgisellikler ¢esitli uzaktan algilama yontemleri (renk
bilesenleri, filtreler ve bantlarin boliimlenmesi) kullanilarak haritalanmistir. Bu ¢izgisellikler, Landsat
ETM+ uydu goriintiisiinden otomatik olmayan yontemler kullanilarak ¢ikartilmistir. Bu calismada,
Landsat ETM+ uydusunun 7. bandina KB—-GD, K-G ve KD—GB ydnlerinde sobel filtresi uygulanmis
ve c¢alisma alaninda toplam 288 jeolojik ¢izgisellik tanimlanmis ve bir ¢izgisellik haritasi
olusturulmustur. Cizgiselliklerin yorumlanmasi i¢in hazirlanan giil diyagramina gore, ana yonelimler
K3040°D ve K50-70°B olarak saptanmigtir. Kirsehir bolgesinin farklt kesimlerindeki fay
diizlemlerinden alinan 6l¢iimlerden Angelier yontemi ile kinematik analiz yapilmis ve bu metoda gore
en kiigiik gerilme ekseni (o3) yatay yonde ve sikisma yoni ise K-G ve KKB-GGD yonlii olarak
belirlenmistir. Bu gerilme rejimi etkisindeki kiriklar (faylar ve catlaklar) arazide K10°D, K80°D ve
K60B yonelimli olarak gozlenmistir. KD yonelimli kiriklar boélgedeki c¢atlak sirt1 traverten
olusumlarinda dolay1 tansiyon kiriklari olarak yorumlanmistir. Arazi ve uzaktan algilama calismalari
arasinda KD-GB, KB-GD yonelimli ¢izgisellik takimlar1 arasinda iyi bir korelasyon oldugu
gbzlenmistir.

Anahtar Sozciikler: Kirsehir, ¢izgisellik, sobel filtresi, ¢atlak sirt1 traverten, Angelier
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The lineaments of the Kirsehir region in Central Anatolia have been mapped by using various remote
sensing methods(colour composites, filtering and band rationing). Lineaments were extracted from
Landsat ETM+ image of the region by using manuel extraction techniques. In this study, Sobel filter
has been applied to the Landsat ETM+ band 7 in NW—SE, N—S and NE-SW directions. A total of 288
geologic lineaments were determined in the study area and a visually interpreted lineament map was
constructed. Rose diagram prepared to examine the lineament trends of the area suggests that the main
directions are N30—40°E and N50-70°W. The kinematic measurements collected from fault planes in
different parts of the study area, were evaluated by the Angelier method. According to this method, the
active minimum principal stress tensor (o3) for this region in Neotectonic period is horizontal, and
compressive tensor strikes in N—S and NNW-SSE directions. The fractures in N10°E, N8O°E and
N60°W were evaluated as the structures formed under this mentioned stres regime. The most of the
fractures in NE trend are tensional joints caused the formation of the fissure ridge travertines of the
region. Field and remote sensing studies display generally good correlation in fracture trends of NE—
SW, NW-SE lineament sets.

Key Words: Kirsehir, lineament, sobel, fissure ridge travertine, Angelier
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Google Earth® Programinin Jeolojik Harita Allminda
CBS Platformu Olarak Kullanimi: Burdur (GB Tiirkiye) Ornegi

Kubilay Uysal, Kerem Hepdeniz ve Murat Sentiirk

Siileyman Demirel Universitesi, Jeoloji Miihendisligi Boliimii,
32260 Ciiniir, Isparta (E-posta: kubish@gmail.com)

Cografi bilgi sistemleri (CBS) ve Uzaktan Algilama (UA) olduk¢a teknik konulardir ve kullanimi
teknik deneyimler ile sinirlidir. Bununla birlikte gilinlimiizde internet ve Google Earth (GE) Microsoft
Virtual Earth gibi iicretsiz programlar, tecriibesiz kisilerinde CBS kullanimina olanak saglamaktadir.
CBS ve UA tekniklerinin uygulandigi dogal kaynak yonetimi, mithendislik ¢alismalar1 gibi konular
daha giivenilir ve hizli sonuglanmaktadir. Burdur (GB Tiirkiye) c¢evresinin jeolojisi cesitli
arastirmacilar ve kurumlar tarafindan 6nceden de g¢alisilmis ancak CBS ve UA’nin kullanildig1 bir
haritalama ¢alismasi yapilmamistir. Bu nedenle Burdur’un giineyinde yaklagik 250 km?2’lik bir alanin
genel jeolojisi galisilmig ve CBS ortaminda yeniden haritalanmistir. Saha ¢aligsmalarinin planlanmast,
verilerin degerlendirilmesi, haritalama, raporlama gibi asamalarda GE sagladigi avantajlardan dolay1
CBS platformu olarak kullanilmistir. Onceki jeoloji haritalari, topografya haritalar;, SPOT, ASTER,
Landsat gibi uydu goriintiilerinden elde edilmis goriintii analizleri ve GPS ile alinan arazi verileri GE'e
aktarilmis ve GE tarafindan saglanan uydu goriintiileri ile birlikte degerlendirilerek sahanin 1:25.000
Olcekli jeoloji haritas1 yapilmistir. Haritalamada arazi verileri ve gorsel yorumlamanin yani sira; renk,
bitki ortlisii, vadi sistemi ve engebe gibi UA parametreleri kullanilmigtir. Sahada gozlenen karbonatls,
kirintili, ofiyolitik, volkanik kayaclar, eski golsel ¢okeller, travertenler ve giincel sedimanlar, GE
tarafindan saglanan uydu goriintiilerinde ilgili parametrelerin kullanimi ile gorsel olarak birbirlerinden
ayrilabilmigtir.

Calismada GE’in sagladigi avantajlar: (1) Anlagilir arabirimi ve cevrimi¢i katmanlari sayesinde
caligmalarin organize edilmesini kolaylagtirmaktadir. (2) Sundugu 3 boyutlu arazi katmani ile saha
farkli agilardan incelenebilmektedir. Boylelikle ¢aligmanin yorumlanmasina katki saglamakta ve hata
paymi en aza indirmektedir. (3) Igerdigi yaklasik 1m. mekansal ¢oziiniirliiklii uydu goriintiileri gérsel
yorumlamada ve sahada gozden kagan ayrintilarin tesbitinde ¢ok kullanighdir. (4) Arazi verileri ve
hazirlanan haritalar ‘kmz’ formatinda ilgililerin kullanimina ¢evrimi¢i ya da g¢evrimdigi olarak
sunulabilmektedir. GE kullanimi sirasinda karsilagilan olumsuzluklar ise: (1) Farkli tarihlere ait uydu
goriintiilerinin mozaiklenmesinden kaynaklanan renk degisiklikleri ve kaymalar. (2) Calisilan sahanin
tamamina ait yiiksek mekansal ¢ozlniirliiklii goriintiilerin olmayis1 (GE belirli zaman araliklar ile
mevcut goriintiileri yliksek ¢oziiniirliikliileriyle giincellemektedir). (3) Cizim araclarinin kisitli olmasi
ve kartografik caligmalar icin gelistirmeler/eklentiler yapilmasi gerekliligidir. Sonu¢ olarak bu
caligmada yapilan harita ile Onceki haritalar karsilagtirildiginda; dokanaklar, tektonik yapilar gibi
unsurlar GE tekniginin daha giivenilir sonuglar verdigini gostermektedir. Ayrica GE ile CBS’nin ¢ok
fazla teknik bilgi ve pahali programlara gereksinim duymadan ilgili herkes tarafindan kullanilabilecegi
goriilmektedir.
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Use of Google Earth® as a GIS platform in Geological Mapping:
Burdur (SW Turkey) Example
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Geographic Information System (GIS) and Remote Sensing (RS) have been a highly technical
domains and their usage has been limited to technical experts. However, recently with the advent of
internet and freely available applications such as Google Earth (GE), Microsoft Virtual Earth etc.
enable non experts to use GIS. Tasks used GIS and RS techniques like natural resource management,
engineering works etc. resulted more reliable and faster. Around Burdur (SW Turkey) different
geological researches were made by the researchers and institutions, but there was no mapping study
use of GIS and RS. That’s why, about 250 sq.meter area at the South of Burdur was examined and
remapped in GIS environment. Planning the field work, evaluation of data, mapping and reporting
stages GE used as GIS platform because of the advantages. Previous geological maps, topographic
maps, SPOT, ASTER, Landsat satellite images analysis results, field data collected by GPS were
transferred into GE. This layers and satellite images provided by GE evaluated together and 1/25.000
scale geological map of the study area was prepared. Also RS parameters such as color, vegetation,
valley system and morphology were used at mapping stage as well as visual interpretation and field
data. Carbonates, clastics, ophiolites, volcanic rocks, old lacustrine sediments, travertines and recent
sediments which observed on the field works also identified and separated visually by using related
parameters in satellite images provided by GE.

Advantages of the GE in this study: (1) understandable interface and online layers makes it easier to
organize the study; (2) three-dimensional layer (terrain) makes it possible to examine the field from
different angles. Thus it helps to interpretation and minimize mistakes; (3) Included satellite images
that have approximately 1 meter spatial resolution are very useful for visual interpretation and in
determining the detail which escape the observation at the field work; (4) Field data and prepared
maps, can be present in ‘kmz’ format the usage of the interested persons online or offline.
Disadvantages of the GE in this study: (1) Mosaic of the satellite images taken in different dates cause
color changes and sliding; (2) There is no high spatial resoluted images all around the study area (GE
update existing images with high resolution periodically); (3) Limited drawing tools and it needs
developments/additions for cartographic studies. Consequently comparing of the previous maps with
map made in this study, contents such as borders, tectonic structures shows GE technique gives more
reliable results. Also it appeared that GIS can be use by any person with GE without technical
knowledge and expensive programs.

Key Words: Burdur, Google Earth, GIS, remote sensing, geological mapping, SW Turkey
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