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Abstract - Land use and development plans require geological and geotechnical studies which are vital for a modern 
urbanization. Microzonation studies for development plans are decisive for safe environment and sustainable development. 
Most of the urbanizations in many parts of Turkey, were established on the graben edges controlled by active faults. The 
situation in the Civril graben is also similar case. The poor ground conditions in this basin, where seismic activity is high and 
very close to the faults, and shallow ground waters increase the destructive power of the earthquakes. This study is focused on 
settlement suitability of Isikli (Denizli) Municipal area. The area is on an alluvium plain where is located on west of Isikli 
Lake and surrounded by active fault lines. The area has been divided into three parts in terms of urbanizations.  
   
Index Terms - Active tectonics, Civril graben, geotechnics, SW Turkey.  
 
I. INTRODUCTION 
 
Geological, geotechnical and structural characteristics 
of the region are the most important factors affecting 
the cost and safety in settlement site selection, 
designing of constructions and development plans. 
Geological and geotechnical studies constitute one of 
the first and most basic stages of modern urbanization. 
Such studies are even more important in seismically 
active areas. The study area is located at 85 km 
northeast of Denizli, which is very close to the 
junction with the NW-SE trending Dinar graben, on 
the north-eastern end point of NE-SW trending the 
Civril graben (Figure 1). In this study, seismicity and 
geotechnical properties which are factors in the 
selection of settlements are evaluated together. 
Geological survey, field and laboratory tests supported 
by geological, geotechnical and groundwater surveys 
have been carried out for urbanization suitability 
assessments of Isikli town under risk of earthquake. 
 
II. GEOLOGICAL SETTINGS  
The study area and the Western Anatolian Region is 
one of the most seismically active and fastest areas of 
continental extension in the world [1]. The amount of 
opening is about 35 mm/year in the N-S direction [2]. 
In general, this direction of opening in the region 
under the effect of a tensile stress in the NNE-SSW 
direction is also compatible with the direction of the T 
axis, which is the result of the focal mechanism 
solutions of the earthquakes. 

 

 
Figure 1. Location map of the study area 

 
The initial time of the extensional stress in the region 
is controversial and has been discussed by various 
researchers as Late Eocene- Early Oligocene [3], 
Early Oligocene [4], Late Oligocene-Early Miocene 
[5], Early Miocene [6], Late Miocene [7] and 
Pliocene-Pleistocene [8], [9], [10]. 
Block-faulting tectonics, constitutes the main fracture 
systems in the study area, are related to the neotectonic 
development of Western Anatolia [11]. The Aegean 
region is currently under active NE-SW stress 
deformation. The Anatolian plate bounded by the 
North Anatolian Fault and the East Anatolian Fault 
between the Arabian and Eurasian plates is escaping 
from the Bitlis-Caucasus zone to the Aegean region. 
At the same time, the influence of the roll-back of the 
African-Mediterranean lithospheric crust subducting 
northward under the Anatolian plate along the 
Cyprus-Aegean trench, pulls the western Anatolian 
region to the south and expands in the NE-SW 
direction [12]. 
2.1 Geology 
The Civril graben is located between the Menderes 
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massif on the north and tectonostratigraphic units of 
the Lycian nappes on the south. Western Anatolia is 
continental rift area on the basement is that is actively 
expanding on the rocks of the Menderes massif and 
Lycian nappes. The exposed rocks in the study area 
and its vicinity are cover schists of Upper Palaeozoic 
Menderes metamorphics [13], [14], the Mesozoic 
aged marbles belonging to Lycian nappes tectonically 
located on the underlying schists, the 
Miocene-Pliocene aged sedimentary rocks, 
Quaternary talus and alluvium (Figure 2). 
Menderes massif is tectonically overlain by Mesozoic 
aged Lycian nappes composed of thick-bedded, 
crystallized limestones / marbles and recrystallized 
pelagic limestones and phyllites reaching the Lower 
Eocene age [15]. The tectonic settlement over the 
Menderes Massif of the Lycian Nappes occurred in the 
Middle Eocene [15]. 
 
2.2 Tectonics 
The NE-SW directed depression area, about 60 km in 
length and 15 km in width, is called Çivril graben 
basin. The Çivril graben coupled with NW-SE 
directed the Dinar graben to the east of the Isikli Lake 
in a reverse V-shaped geometric structure (Figure 2). 
The inverted V-shaped geometric graben structure 
indicates the two-axis opening in the region [16], [11]. 
On the contrary, [17] stated that the Civril-Dinar 
graben developed as cross-graben with uniaxial 
opening in NE-SW direction during Plio-Quaternary 
in the light of morphological, structural, drilling and 
geophysical data obtained from Çivril and Dinar 
grabens. The axes of the Acıgöl and Burdur grabens 
are parallel to the axis of the Çivril graben in the south, 
and these 3 basins are bounded by dipping 
southwestward and the NW-SE directed Dinar fault 
and (Figure 1). The NE-SW trending Civril Fault 
Zone, especially along the northeastern end sections, 
shows that some of the hanging valleys, terraces, 
colluvium fans hanging on faults (Figure 3), and 
small-scale earthquake epicentres concentrated along 
a line (Figure 4), indicating that this fault zone is now 
seismically active. The total amount of vertical 
displacement on this fault is at least 200m, according 
to topographic heights. The Civril Fault Zone is 
bounding the Civril graben to the northwest, which is 
not a single fault but consists of several fault segments 
with lengths ranging from 3-10 km separated by relay 
ramps (Figure 2). 

 

 
Figure 2. Geological map of the study area (from modified 
General Directorate of Mineral Research and Expolaraion, 

MTA, GeoScience MapViewer and Drawing Editor, [18]. 
 
The presence of the historical earthquakes in Civril 
and Dinar grabens and their surroundings are known 
to date from the Byzantine period to the Seljuk and 
Ottoman periods [19]. 
In the study area, a large part of the historical and 
instrumental earthquakes are related to the activity of 
NW-SE trending the Dinar fault (Figure 3a), with 
dipping to SW and NE-SW trending the Baklan fault, 
with to dipping NW, which is bounding the Civril 
graben to the south-eastern (Figure 2). 
 

 
Figure 3. Active faults in the area a) NW-SE trending Dinar 

fault, b) E-W trending Isikli fault. 
 

 When historical and instrumental earthquake 
activities in the study area and its vicinity are 
examined; B.C. 400, B.C. 88 and A.C. 53 (VIII) 
historical earthquakes destroyed Apamea Kibotos, 
which is the old settlement of Dinar [20], [21]. 
An earthquake occurred in 1875 on the Baklan fault, 
where intensity of earthquakes was IX-X and 1300 
people lost their lives [22]. Subsequent studies related 



International Journal of Management and Applied Science, ISSN: 2394-7926                                                Volume-4, Issue-11, Nov.-2018 
http://iraj.in 

Role of Geological, Geotechnical and Structural Factors for Settlement Site Selection: A Case Study of Isikli Town in Civril Graben (Denizli, SW 
Turkey) 

 
70 

to this earthquake revealed that a surface rupture zone 
of 20 km length occurred in a region between Dinar 
and Civril [23]. 
The Civril graben and the surrounding area were 
devastated by destructive earthquakes of medium size. 
These; 
In 1925 there was an earthquake at the VII-IX 
intensity (M = 6) on the Baklan fault and 330 people 
died in this earthquake [22]. 
The Çivril earthquake that broke out on 19 July 1933 
was in the intensity of VIII (M = 5.7) and 20 people 
lost their lives in this earthquake and more than 200 
houses were seriously damaged (Figure 4, [24]. 
The Dinar earthquake on October 1, 1995 was a very 
devastating earthquake with a magnitude of Mw = 6.2, 
in the Dinar district of 35 km east of the study area on 
the Dinar fault [25]. In this earthquake, 96 people 
were killed, 260 people were injured and more than 
25.000 people were homeless (Pınar 1998). After the 
earthquake, a 10 km long surface rupture was 
observed [26]. 
The ancient city of Eumania, which remained around 
the Isikli springs in the eastern part of the town of 
Isikli, was founded in the name of Eumenes of the 
king of Bergama, perhaps destroyed by historical 
earthquakes. 

 
Figure 4. Distribution of 2 and larger magnitude earth- quakes 
between 1900 and 2017 in the study area and its surroundings, 

[27]. 
 
2.3 Hydrogeology 
The study area is located in the south of Isikli Lake. 
This lake is largely fed by a stream comes from Dinar, 
which is called Menderes, and the minor source from 
the southern part. 
The water levels in some of the boreholes drilled 
during this study and the locations of natural springs 
indicate that groundwater is closer to the surface in the 
southern parts of the area. The depth of the 
underground water level is increasing towards western 

parts. It is about 2.30 meters in the shallowest eastern 
section. Maximum depth is about 9.5 meters. 
2.4 Geotechnical Study 
During geotechnical studies, twenty geotechnical 
boreholes have been drilled and in-situ (SPT, Menard 
pressuremeter etc.) has been implemented at several 
levels. Additionally, twenty pits were opened to 
visualize the ground profile in the area. Observation 
pits and boreholes were at the same locations in order 
to compare the ground features (Table 1). 
The liquid limit and the plastic limit values range 
from 21.0% to 44.0%. and from 14.0% to 38.0% 
respectively. Plasticity index values were between 1 
and 14. The natural unit weigth was found to be 
minimum 15,2 kN/m3  and maximum 21,0 kN/m3. 
The natural water contents range from 6% to 40.0%. 
The modulus of elasticity (E) and the pressuremeter 
limit pressure (PL) are varies from 3.2 to 19.0 MPa 
and the from 0.06 MPa to 1.67 MPa respectively 
(Table 2). The results of the pressurometer test are 
given in Figure 5. 
 

Tablo 1: Lab test results (samples obtained from pits) 

 
Table 2: Menard pressuremeter tests 
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Figure 5. Menard pressuremeter test results 

 
The units in the study area are composed mostly 
different sized granules ranging from clay to rock. The 
distribution of the soil types are illustrated in Figure 6. 
 

 
Figure 6. Soil types in the study area 

 
III. DISCUSSION AND RESULTS 
 
The study area has been classified as "suitable", 
"suitable with precaution" and "not suitable". As it can 
be understood from the description, urbanization is 
not allowed in the “not suitable” zones based on 
geological and geotechnical parameters. The areas 
“with precaution” are required more detailed 
geological and geotechnical studies.  
Rock and coarse grained units generally provide a 
more appropriate soil conditions for the construction. 
On the contrary, fine grained units generally exhibit a 
lower bearing capacity. When the values given in 
Tables 1 and 2 are taken into account, it is observed 
that the low modulus of elasticity and the limit 
pressure are lower in the northern sections and 
increase towards the south. If the slope is too much in 
the face of this, the settlement is classified as an 
unsuitable area, although it is geologically appropriate 
to increase the cost of construction. 
In the light of these evaluation criteria, "suitable", 
"suitable with precaution" and "not suitable" areas are 
shown in Figure 7 in terms of settlement suitability in 
the study area. The south-eastern sections of the study 

area are classified as "non-suitable" while the 
northern sections are designated as "suitable". The 
section between these two sections is a transitional 
zone and it is the area where the design should be 
made before the construction and / or the necessary 
geotechnical precautions should be taken.  
 

 
Figure 7. Settlement suitability map of the study area 

 
REFERENCES 
 
[1] J. A. Jackson and D. P. McKenzie, “Active tectonics of the 

Alpine-Himalayan belt between Turkey and Pakistan,” 
Geophysical Journal of Royal Society of Astronomical Society, 
vol. 77, pp. 185–264, 1984. 

[2] H.G. Kahle, C. Straub, R. Reilinger, S. McClusky, R. King, K. 
Hurst, G. Veis, K. Kastens and P. Cross, “The strain rate field in 
the eastern Mediterranean region, estimated by repeated GPS 
measurements,” Tectonophysics, vol. 294 (3–4), pp. 237–252, 
1998. 

[3] L. Jolivet and J. P. Brun, “Cenozoic geodynamic evolution of the 
Aegean region,” International Journal of Earth Sciences, vol.99, 
pp.109–138, 2010.  

[4] H. Sözbilir, “Oligo-Miocene extension in the Lycian orogen: 
evidence from the Lycian molasse basin, SW Turkey,” 
Geodinam. Acta, vol.18 (3–4), pp.255–282, 2005. 

[5] G. Seyitoğlu, B. C. Scott and C. C. Rundle, “Timing of Cenozoic 
extensional tectonics in west Turkey,” J. Geol. Soc., Vol.149 (4), 
pp.533–538, 1992. 

[6] N. Kazancı, S. Dündar, , M. C. Alçiçek and A. Gürbüz, 
“Quaternary deposits of the Büyük Menderes Graben in western 
Anatolia, Turkey: implications for river capture and the longest 
Holocene estuary in the Aegean Sea,” Mar. Geol., Vol.264 
(3–4), pp.165–176, 2009. 

[7] L. W. Lips, D. Cassard, H. Sözbilir and H. Yılmaz, “Multistage 
exhumation of the Menderes Massif, western Anatolia 
(Turkey),” Int. J. Earth Sci., vol.89, pp.781–792, 2001. 

[8] Koçyigit, H. Yusufoglu, E. Bozkurt, “Evidence from the Gediz 
graben for episodic two-stage extension in western Turkey,” J. 
Geol. Soc. Lond., vol.156, pp.605–616, 1999. 

[9] E. Bozkurt, “Timing of extension on the Büyük Menderes 
Graben, western Turkey, and its tectonic implications,” In: 
Bozkurt, E., Winchester, J. A., Piper, J. D. A. (Eds.), Tectonics 
and Magmatism in Turkey and the Surrounding Area. 
Geological Society, London, Special Publication 173, pp. 
385–403, 2000. 

[10] Y. Yilmaz, S. C. Genç, Ö. F. Gürer, M. Bozcu, K. Yilmaz, Z. 
Karacik, Ş. Altunkaynak, A. Elmas, “When did the western 
Anatolian grabens begin to develop?,” In: Bozkurt, E., 
Winchester, J. A., Piper, J. D. A. (Eds.), Tectonics and 
Magmatism in Turkey and the Surrounding Area. Geological 
Society, London, Special Publications 173, pp. 353–384, 2000. 

[11] Koçyiğit, “Seismicity of Southwest Turkey,” (BAD SEM, 2000) 
Seismicity Symposium of Western Anatolia, 24-27 Mayıs 2000, 
Izmir, Turkey, Bildiriler, pp.30-39. 2000 (in Turkish with and 
English abstract). 



International Journal of Management and Applied Science, ISSN: 2394-7926                                                Volume-4, Issue-11, Nov.-2018 
http://iraj.in 

Role of Geological, Geotechnical and Structural Factors for Settlement Site Selection: A Case Study of Isikli Town in Civril Graben (Denizli, SW 
Turkey) 

 
72 

[12] S. McClusky,  S. Balassanian,  A. Barka,  C. Demir,  S. Ergintav,  
I. Georgiev,  O. Gurkan,  M. Hamburger, K. Hurst,  H. Kahle,  K. 
Kastens,  G. Kekelidze,  R. King,  V. Kotzev,  O. Lenk,  S. 
Mahmoud,  A. Mishin, M. Nadariya,  A. Ouzounis,  D. 
Paradissis,  Y. Peter,  M. Prilepin,  R. Reilinger,  I. Sanli,  H. 
Seeger,  A. Tealeb, M. N. Toksöz and G. Veis, “ Global 
Positioning System constraints on plate kinematics and dynamics 
in the eastern Mediterranean and Caucasus” Journal of 
Geophysical Research, vol. 105, No. B3, pp.5695-5719, March 
2000. 

[13] Öztürk, “Stratigraphy of the Homa-Akdağ (Denizli) region”. 
Bulletin of the Geological Society of Turkey, vol. 24(1), pp. 
75-84, February 1981. 

[14] F. Göktaş, A. Çakmakoğlu, E. Tarı, Y.F. Sütçü and H. Sarıkaya, 
“Geology of Civril and Çardak", MTA Derleme No: 8701, 
Ankara, 1989. 

[15] I. Okay, “Denizli’nin güneyinde Menderes Masifi ve Likya 
Napları’nın jeolojisi,” MTA Bul., vol.109, pp.45-58, 1989 (in 
Turkish with and English abstract). 

[16] H. Temiz, A. Poisson, J. Andrieux, and A. Barka, “Kinematics of 
the Plio-Quaternary Burdur-Dinar cross-fault system in SW 
Anatolia (Turkey),” Annales Tectonicae, vol. 11, pp.102–103, 
1997. 

[17] Gürbüz, S. Boyraz and M. T. Ismael, “Plio-Quaternary 
development of the Baklan–Dinar graben: implications for 
cross-graben formation in SW Turkey,” International Geology 
Review, vol.54 (1), pp.33-50, 2012. 

[18] http://yerbilimleri.mta.gov.tr/anasayfa.aspx (General 
Directorate of Mineral Research and Expolaration GeoScience, 
MTA, MapViewer and Drawing Editor ) 

[19] N. N. Ambraseys and C. F. Finkel, “Seismicity of Turkey and 
neighboring regions, 1899–1915,” Annals of Geophysics, vol.6, 
pp.701–726, 1987. 

[20] H. Soysal, S. Sipahioglu, D. Kolcak and Y. Altinok, “Turkiye ve 
Cevresinin Tarihsel Deprem Katalogu,” TUBITAK, Proje no. 
TBAG 341, Istanbul, pp. 86, 1981. 

[21] E. Guidoboni, A. Comastri and G. Traina, “Catalogue of ancient 
earthquakes in the Mediterranean area up to 10th century”. 
Instituto Nazionale di Geofisica, Rome, p.504, 1994. 

[22] N. N. Ambraseys, “Engineering seismology,” Earthquake 
Engineering & Structural Dynamics, vol.17, pp.1–105, 1988. 

[23] N. Pınar and E. Lahn, “Açıklamalı Türkiye Depremler 
Kataloğu,” Imar ve Iskan Bakanligi, vol.6, p.36, 1952. 

[24] Pinar, “Source inversion of the October 1 1995, Dinar 
earthquake (Ms = 6.1): a rupture model with implications in 
seismotectonics in SW Turkey,” Tectonophysics, vol.292, 
pp.255 – 266, 1998. 

[25] Ayhan, E., 1988. “Türkiye’de 1881-1988 yılları arasında 
oluşmuş şiddetli depremler,” Deprem Araştırma Bülteni, vol. 61. 

[26] H. Eyidoğan and A. Barka, “The 1 October 1995 Dinar 
earthquake, SW Turkey,” Terra Nova, vol.8, pp.479–485, 
1996. 

[27] http://www.koeri.boun.edu.tr/sismo/zeqdb/default.asp 

 
 
 
 
 
 

 


