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TESTING DIAGNOSTIC GEOMORPHOLOGICAL CRITERIA OF 
ACTIVE NORMAL FAULTS IN THE BURDUR-ISPARTA REGION 

(SW TURKEY)

Dominique SIMILOX-TOHON, Max FERNANDEZ-ALONSO, Marc WAELKENS, 
Philippe MUCHEZ and Manuel SINTUBIN

detailed cartography of all the faults in the target area but 
only to describe the major structures which may represent 
major active faults, relevant for the seismotectonics in the 
Burdur-Isparta area.

Assuming that a seismogenic fault has been active in the 
past over a time span of several tens of thousands of years, 
it is very likely that, depending on the style of faulting 
and rate of activity, comparable events repeatedly occurred 
in the past, and produced similar ground effects. Even if 
partially obliterated or masked by climatically driven or 
anthromorphic processes, the results of such past activity 
can be recognized in today’s environment (Michetti and 
Hancock, 1997). In other words, it should always be pos-
sible to recognize a ‘seismic landscape’ (sensu Michetti and 
Hancock, 1997) that can be considered to be the result of 
one or more earthquakes that resulted in ground deformation, 
including surface faulting (Michetti et al., 2005). A classic 
illustration of this concept is provided by a fault-generated 
mountain range front, regarded as the sum over time of 
the evolution of the free-face of a fault scarp (Stewart and 
Hancock, 1991; 1994). In many cases the high escarpments 
associated with active normal faults in the Aegean region 
dominate the landscape and are obvious features to recognize 
in a remote sensing analysis. Therefore, the geomorphology 
and drainage patterns of the known major active faults in 
the Burdur-Isparta area as seen on remote sensing images 
have been analyzed fi rst. Then, the diagnostic criteria with 
respect to the geomorphology and drainage patterns of these 
active normal faults will be used as a guideline to further 
identify previously unknown active normal faults (Similox-
Tohon et al., this volume b).

We emphasize that we are concerned only with large active 
faults, defi ned as those with dimensions comparable to or 
greater than the thickness of the seismogenic upper crust. 
In the Aegean region these are normal fault segments that 
typically reach maximum lengths of 15 to 20 km, extend 
to depths of 10 to 15 km, and generate earthquakes of 
magnitude (Ms) 6.0 to 6.8 (Goldsworthy and Jackson, 

1. INTRODUCTION

The Lake Region in Southwest Turkey, centred on the 
cities of Burdur and Isparta, is situated in the fi rst-degree 
seismic hazard zone (Global Seismic Hazard Assess-
ment Program – www.seismo.ethz.ch/GSHAP/), inferring 
a relatively high risk for major earthquakes. The wider 
Burdur-Isparta region has indeed been struck by a number 
of large damaging earthquakes in the last century. Based 
on archaeological evidence (Waelkens et al., 2000) at the 
archaeological site of Sagalassos, situated some 10 km 
SSW of Isparta and some 20 km ESE of Burdur, it could 
be inferred that the ancient city has been struck by a 
number of earthquake(s) during its history. The last dur-
ing the late Roman and early Byzantine periods (6th to 
7th century AD) turned out to have caused major damage. 
Based on archaeoseismological evidence (type of damage, 
extensive and widespread nature of damage) (Sintubin 
et al., 2003), an intensity of at least VIII (MSK) is attrib-
uted to these earthquakes. Therefore, an epicentre in the 
direct proximity of the ancient city, i.e. within a radius of 
less than 20 km, should be considered (cf. Stiros, 1996). 
Within this radius around the archaeological site no active 
fault, however, is known to date (Figure 1).

A fi rst step in the search for the causative fault(s) the 
Saga lassos earthquake(s) is a remote sensing analysis in 
order to identify all structures in the wider surroundings 
of Sagalassos that may be active faults. Remote sensing 
involves gathering data and information from the earth 
by detecting and measuring radiation, particles, and fi elds 
associated with objects located beyond the immediate vicin-
ity of the sensor device(s). We want to gather information 
about active faults in the Burdur-Isparta area, particularly 
large ones capable of generating substantial earthquakes 
(≥ Ms 5.5), using satellite images, aerial photographs and 
a digital elevation model (DEM). The remote sensing 
analysis should help us to identify previously unknown 
active faults within a radius of 20 km of the archaeological 
site of Sagalassos. It is therefore not our goal to make a 
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2000). An important feature of normal faults on this scale 
is that they produce vertical motions in their footwalls and 
hanging walls, i.e. tilting, that die away from the surface 
rupture over distances of typically 10 to 15 km from the 
fault, i.e. measured normal to the fault strike (Goldsworthy 
and Jackson, 2000).

2. GEODYNAMIC SETTING

The Burdur-Isparta region is situated at the northeastern 
extremity of the Fethiye-Burdur fault zone (FBFZ). This NE-
SW trending tectonic feature, running from Fethiye to Burdur, 
is commonly considered to be the northeastern on-land contin-
uation of the left-lateral transform system of the Pliny-Strabo 
trench off the coast of Rhodes, linking it with the  Hellenic 
arc (Barka et al., 1995; Bozkurt, 2001; ten Veen, 2004; ten 
Veen and Kleinspehn, 2002; 2003). Left-lateral motion of the 
FBFZ is corroborated with GPS measurements showing a 
movement of at least 15 mm/yr (Barka and Reilinger, 1997). 

This has, however, not been demonstrated by fault plane 
solutions of recent earthquakes in the Burdur-Isparta region 
(Figure 1).

The current geodynamic setting of the Burdur-Isparta region 
started in Late Miocene to Early Pliocene times (ca. 5 Ma) 
(Bozkurt, 2001). The extensional regime is expressed by 
three NE-SW trending half-graben systems (Figures 1 and 5), 
bounded to the southeast by major NW dipping, slightly 
listric normal faults, the Burdur, Acıgöl and Baklan faults 
(Price and Scott, 1991; 1994). Quaternary basins developed 
within these graben depressions, occupying the central part 
of wider, fault-bounded Pliocene basins (Price and Scott, 
1991). To the northeast, the graben system terminates against 
the NW-SE trending Dinar fault (Figures 1 and 8).

Although it is generally accepted that the Burdur gra-
ben system is located at the diffuse eastern edge of the 
Aegean-Western Anatolian extensional province (Glover 
and Robertson, 1998), tectonic interpretations differ. Glover 

Figure 1: Simplifi ed active fault map of the Lake Region centred on Burdur and Isparta at the northeastern extremity of 
the Fethiye-Burdur fault zone (FBFZ) (after Bozkurt, 2001; Eyidoğan and Barka, 1996; Senel, 1997), with indication of 
the epicentres of recent large earthquakes (stars), available focal mechanisms (after Eyidoğan and Barka, 1996; Taymaz and 
Price, 1992) and the microseismic activity in the Isparta-Eğirdir region (white circles are Md 3.0-3.9 events; gray circles are 
Md 4.0-4.9 events) (KOERI, 2002) (see also Similox-Tohon et al., this volume b). Also marked is the target area within 

a radius of 20 km around the archaeological site of Sagalassos.

SAGALASSOS_f5_53-74.indd   54SAGALASSOS_f5_53-74.indd   54 10/7/2008   5:02:37 PM10/7/2008   5:02:37 PM

Reprint from: Sagalassos VI. Geo- and Bio-Archaeology at Sagalassos and in its Territory - ISBN 978 90 5867 661 0 - Leuven University Press



55

and Robertson (1998) consider the Burdur area as part of 
the N-S trending right-lateral Isparta angle suture zone. 
Clockwise rotation of fault blocks within this right-lateral 
shear zone generated NE-SW trending left-lateral faults 
(Price and Scott, 1994). Barka et al. (1995) locate the 
Burdur graben system at the northeastern extremity of the 
left-lateral FBFZ. The Dinar fault is considered as a break-
away fault in this graben system.

East of the city of Isparta, the neotectonic setting of the 
apex of the Isparta angle (Blumenthal, 1963) is dominated 
by the N-S trending Kovada graben and sub parallel lin-
eaments (Glover and Robertson, 1998) (Figures 1 and 7). 
The Kovada graben is 25 km long and 2 to 3 km wide, 
running south from Lake Eğirdir, with the small Lake 
Kovada fi lling the southern end of the graben. Subordinate 
Quaternary N-S trending faults are mapped to the east 
of the Kovada graben over a distance of more than 20 
km (Robertson, 1993), showing that extensional deforma-
tion is affecting a wider area. The graben itself is rather 
symmetrical, bounded by prominent faults on both sides, 
and developed in Mesozoic carbonates. There is, however, 
little evidence of active faulting (Glover and Robertson, 
1998).

In recent history, seismic activity on a number of these faults 
has been recorded. The Burdur 1914 earthquake (Ms 7.0) 
and the Burdur 1971 earthquake (Ms 6.2) occurred on the 
Burdur fault (Ambraseys and Jackson, 1998; Eyidoğan and 
Barka, 1996) (Figure 1). A surface rupture of 23 km with a 
maximum offset of 150 cm (Ambraseys and Jackson, 1998) 
has been observed for the fi rst event, while the second event 
ruptured the surface over 4 km with a maximum displace-
ment of 30 cm (Ambraseys and Jackson, 1998). Fault-plane 
solution of the 1971 earthquake indicates pure normal fault-
ing (Eyidoğan and Barka, 1996; Taymaz and Price, 1992). 
The Dinar 1933 earthquake (Ms 5.8) is considered to have 
occurred on the Baklan fault (Eyidoğan and Barka, 1996; 
Koral, 2000) (Figure 1). Eyidoğan and Barka (1996) also 
consider that the Dinar 1925 (Md 6.0) earthquake occurred 
on the Baklan fault, although its epicentre is located in the 
footwall of the Baklan fault. The Dinar 1995 earthquake 
(Ms 6.2) occurred on the Dinar fault (Ambraseys and 
Jackson, 1998) (Figure 1). The total length of surface rup-
ture was 10 km with a maximum vertical offset of 50 cm 
(Altunel et al., 1999) and a maximum lateral offset of 10 cm 
(Ambraseys and Jackson, 1998). Fault-plane solution indi-
cates pure normal faulting (Eyidoğan and Barka, 1996; 
Taymaz and Price, 1992).

A medium magnitude earthquake has furthermore been 
reported in 1889 to have caused local damage concentrated 

at Isparta and the nearby village of Deregümü, a few km 
northwest of Isparta (Ambraseys, Waelkens, pers. comm., 
2002). It is unknown which fault has caused this seismic 
event.

Finally, an inventory of the seismicity in the region in the 
last century (Kandili Observatory and Earthquake Research 
Institute earthquake catalogue 1900-2000) reveals three 
clusters of microseismic activity: (1) associated with the 
Burdur 1971 earhtquake; (2) associated with the Dinar 1995 
earthquake and (3) a cluster in the region between Isparta 
and Eğirdir. This ENE-WSW trending elongated cluster 
extends over a region of 41 by 17 km (Figure 1). This 
microseismic activity may be related to the Isparta-Eğirdir 
fault zone (Similox-Tohon et al., this volume b).

3. REMOTE SENSING ANALYSIS

3.1. Satellite images

A Landsat 5 Mulit-Spectral Scanner tape, a Landsat 7 
Enhanced Thematic Mapper + tape, an Aster tape and an 
Ikonos tape were processed using ENVI (Figure 2).

The Landsat 5 tape dates from 26 August 1987 and has a 
resolution of 60 m for all visible and near-IR bands. The 
data were contrast-stretched and fi ltered. Various combi-
nations of bands were used to try to pick out different 
features. A combination of bands 4, 2, 1 for red, green 
and blue respectively has most widely been used. The 
Landsat 5 images were analyzed for a fi rst regional view 
(100 by 100 km) of the area, as it has one of the lowest 
resolution.

The Landsat 7 tape dates from 9 December 1999 and has 
a resolution of 30 m for the visible, near-IR and IR bands 
(1, 2, 3, 4, 5, and 7) and a resolution of 15 m for the 
panchromatic band (8). The data were contrast-stretched 
and fi ltered. Various combinations of bands were used to 
pick out different features. A combination of bands 4, 5, 7 
for red, green and blue respectively was most widely used 
as this clearly showed the known major active faults. This 
image was analyzed for a more detailed, regional view 
(100 by 100 km) of the area than that from the Landsat 5 
images. A fusion of bands 4, 5, 7 and 8  (panchromatic) was 
carried out for an even more detailed colour image. The 
resulting image has the colours of the bands 4, 5, 7 (30 m 
resolution) and the detail of band 8 (15 m resolution).

The Aster tape dates from 18 October 2001 and has a reso-
lution of 90 m for the thermal bands (10, 11, 12, 13, and 
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Figure 2: Landsat 7 Enhanced Thematic Mapper + image of the region of the lakes with a combination of bands 4, 5 and 7 
for red, green and blue respectively. Projection is UTM Zone 36, Northern Hemisphere (WGS 84). Location of the used 
remote sensing imagery (boxes). Landsat 7 image used in fi gures 4, 7, 8, 9, 10, 11 and 14. Aster image used in fi gure 6. 
DEM used in fi gures 3, 10 and 11. Ikonos image used in Similox et al. (this volume c). Areas discussed in the paper: 
Acıgöl basin (Figure 4), Eğirdir (Figure 6), Kovada graben (Figure 7), Dinar fault (Figure 8), Hoyran basin (Figure 9), 

Kayaaltı fault (Figure 10), Burdur basin (Figure 11), Dinar system (Figure 14).
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14), 30 m for the IR bands (4, 5, 6, 7, 8, and 9) and 15 m 
for the visible bands (1, 2, and 3). The data were contrast-
stretched and fi ltered. Various combinations of bands were 
used to pick out different features. A combination of thermal 
bands 14, 12, 10, of IR bands 4, 7, 9 and of visible bands 
1, 2, 3, each for red, green and blue respectively provided 
satisfactory images and were most widely used. The Aster 
images with the thermal bands were used in the same way 
as the Landsat 5 images, whereas the Aster images with 
the IR and visible bands were used in the same way as the 
Landsat 7 images. The visible area is however somewhat 
smaller (70 by 60 km) than the Landsat tapes (Figure 2). 
No fusions of bands with different resolution were carried 
out with the Aster data.

The Ikonos tape has a resolution of 4 m for the visible and 
near-IR bands and of 1 m for the panchromatic band. The 
data were contrast-stretched and fi ltered. Various combina-
tions of bands were used to pick out different features. A 
combination of bands red, green and blue and a combina-
tion of bands near-IR, green and blue for red, green and 
blue respectively were most widely used. The Ikonos tape 
represents only a small area (8 by 7 km) W of the village 
of Çanaklı (Figure 2) and was used for a very detailed 
analysis of this area (Similox-Tohon et al., this volume c). 
A fusion of bands near-IR, green, blue and the panchromatic 
band and also a fusion of bands red, green, blue and the 
panchromatic band was carried out for even more detailed 
colour images. The resulting images have the colours of the 
visible and near-IR bands (4 m resolution) and the detail 
of the panchromatic band (1 m resolution).

3.2. Digital Elevation Model (DEM)

A DEM was obtained by manually digitizing 1:25000-scale 
topographic maps (performed by the team of E. Paulissen, 
K.U.Leuven) of a 70 by 30 km large area (Figures 2 and 3). 
The accuracy resulting from digitizing is 10 m. Six shaded 
relief views were computed, using ENVI, with a sun angle 
of 60° and different values for sun azimuth (270°, 315°, 0°, 
45° and 90°). A lineament analysis has been carried out on 
these images. The shaded relief view with a sun azimuth 
of 315° appeared to be one of the most useful images as 
this is subperpendicular to most lineament trends. Topo-
graphic profi les were made across some lineaments for a 
better geomorphological understanding of these lineaments. 
Moreover, the DEM was combined with the Landsat 7 
fusion image to obtain a 3D view of the area.

3.3. Aerial photographs

Aerial photographs covering the same area as the DEM were 
analyzed at the Akdeniz University at Antalya, Turkey. The 
1:40000-scale photographs date from February 1988 and 
were used to investigate more in detail some of the lineaments 
observed on the satellite images and DEM. Unfortunately, 
no copy of the photographs was allowed to be taken out of 
Turkey, so that the results of this study will be incorporated 
with the results from the satellite imagery.

4. DIAGNOSTIC CRITERIA FOR ACTIVE 
NORMAL FAULTS

Faults appear as linear features, called lineaments, on 
remote sensing images. These features may not be confused 
with other similar linear features, due to human activity 
(e.g. drainage works, etc.). All these linear features are 
traced on the images, i.e. a lineament analysis, and need 
afterwards to be inspected in the fi eld. Active faults will 
appear as more distinct linear features since their ‘recent’ 
(neotectonic) activity may leave a clear imprint on both the 
geomorphology and drainage patterns of the faulted area, 
which are both evidenced on remote sensing images. Since 
the Burdur-Isparta area is characterized by an extensional 
neotectonic regime, expressed by major active normal faults, 
we will describe some of the major geomorphological fea-
tures and drainage patterns associated with these faults. The 
descriptions are based on studies in the Basin and Range 
(western United States), Greece and SW Turkey (Goldswor-
thy and Jackson, 2000; 2001; Jackson and Leeder, 1994; 
Leeder and Alexander, 1987; Leeder and Gawthorpe, 1987; 
Leeder and Jackson, 1993; Leeder et al., 1991; Paton, 1992; 
Roberts and Jackson, 1991). Afterwards, these criteria will 
be applied to the target area, i.e. within a radius of 20 km 
around the archaeological site of Sagalassos, to identify 
lineaments that may represent active faults (Similox-Tohon 
et al., this volume b).

We will illustrate the variation in fault-related geo-
morphology and drainage patterns associated with dif-
ferent rock types in the footwall and hanging wall 
blocks of normal faults, distinguishing two main types: 
(1) Mesozoic limestone as resistant lithology; and (2) 
Neogene sediments, often lake or alluvial deposits, as 
less-resistant lithology. Moreover, attention will be paid to 
the predictable surface effects related to extensional half-
graben/tilt-block systems that may provide supplementary 
criteria for the identifi cation of active normal faults. The 
surface effects are predictable due to the primary control on 
depositional processes exerted by imposed tectonic slopes 
(Leeder and Gawthorpe, 1987).
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5. TESTING IN THE BURDUR-ISPARTA AREA

5.1. Normal faults in resistant lithology – Mesozoic 
limestones

The Acıgöl fault bounds the SE margin of Lake Acıgöl, 
located on the other side of the mountain ridge forming 
the western margin of Lake Burdur (Figures 1 and 4). The 
initiation of the Acıgöl fault cannot be dated precisely. 
Nevertheless it cuts the Lycian nappes, the last emplace-
ment of which is dated early to middle Miocene (Temiz 
et al., 1997). There have been no known historical or recent 
earthquakes linked to this fault. Despite the lack of historical 
and recent seismicity on the Acıgöl fault, a 15 m wide belt 
of incohesive breccia, underlain by a slip plane, is exposed 
along the steep limestone escarpment of the Acıgöl fault 
testifying its relatively recent activity (Taymaz and Price, 
1992; Temiz et al., 1997). The fault has been reactivated 
during Plio-Quaternary times as it cuts Pliocene lacustrine 
limestones (Temiz et al., 1997). An erosional nick, i.e. an 
indentation in a surface, representing an old level of the 
lake, is also affected by a fault (probably post-Pliocene), 
which is parallel to the main fault (Temiz et al., 1997). 
This erosional nick can not be seen on the satellite image. 
The Acıgöl fault is a 15 km long continuous fault segment 
and forms a steep escarpment, 1100 m high in limestone 
(Taymaz and Price, 1992). The surface trace of the fault 
is straight and trends NE-SW. The prominent footwall 
ridge, i.e. the fault scarp, is clear on the satellite image 
(Figure 4). Its northeastern continuation is poorly con-

strained since NE of Lake Acıgöl. Oligocene fl ysch in its 
footwall is rapidly eroding and there is no discernible fault 
trace (Taymaz and Price, 1992). On the satellite image, it 
appears that the Acıgöl fault steps to the SE in an at least 
6 km long segment. This right-stepping segmentation is in 
accordance with the southwestern continuation of the Acıgöl 
fault, where the fault appears to step to the NW (Taymaz 
and Price, 1992). Comparable many other normal faults in 
limestone, drainage from the footwall enters the basin at 
topographic lows associated with the ends of fault segments 
or en-echelon steps between them. Two major catchments 
(Figure 4), S1 and S2, fl ow round the ends of the Acıgöl 
fault. Catchment S1 even fl ows through the gap between 
two right-stepping segments of the fault system. Catchment 
S1 forms a predominantly longitudinal drainage pattern 
in the footwall. Drainage of the steep fault face itself is 
minor, as the associated catchments are small. This pattern 
of drainage is typical for limestone footwall uplands (cf. 
Goldsworthy and Jackson, 2000). In such systems, fault 
segmentation is the dominant control on the position of 
fans in the main basin. However, alluvial fans sourced in 
the slope of the limestone footwall are poorly developed 
and of limited areal extent (generally less than 1 km²) 
(Taymaz and Price, 1992). By contrast, the hanging wall 
of the Acıgöl fault contains young lake deposits, formed 
in a fault-bounded basin. These sediments have now been 
tilted to the SE as a result of fault movement (Price and 
Scott, 1994). The result is a smooth slope with streams 
fl owing down-dip over a length of ca. 15 km, which is the 
wavelength of the expected tilting (Figure 4).

Figure 3: DEM image with shaded relief view of the territory of Sagalassos, illuminated from the NW. See fi gure 2 for 
location. Areas discussed in this paper: Kayaaltı (Figure 10), Burdur (Figure 11).
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While the southeastern margin of the Acıgöl basin is 
controlled by the Acıgöl fault, the northwestern margin 
is controlled by the Maymundağ fault (Figure 4). The 
Maymundağ fault exposes Oligocene fl ysch in its footwall. 
The surface trace of the fault trends NE-SW. There is no 
well-developed slip plane or breccia associated with the 
Maymundağ fault (Taymaz and Price, 1992). It is assigned 
as a fault merely on the linearity of the basin margin and 
the relief of the Oligocene conglomerates in its footwall 
(Taymaz and Price, 1992). Quaternary deposits are banked 
unconformably against footwall strata on both margins of the 
Acıgöl basin (Taymaz and Price, 1992). Geomorphological 
evidence suggests the greatest rates of subsidence in the 
Acıgöl basin to be along its southeastern margin, adjacent to 
the scarp of the Acıgöl fault. The size of the footwall scarp 
associated with the Acıgöl fault (relief 1100 m) is much 
greater than that of the Maymundağ fault (relief 780 m) 
(Price and Scott, 1994). Also, the lake sits against the 
southeastern margin of the basin (Figure 4). Neogene fl u-
vio-lacustrine deposits and Quaternary alluvium have also 
a general dip to the ESE further supporting a half-graben 
geometry with the major fault occurring on the southeastern 
side of the basin (Figure 5) (Price and Scott, 1994). The 
tilting of the Neogene deposits northeast of the footwall of 

the Maymundağ fault resulted in streams fl owing down-dip 
(Figure 4). The model of a continental half-graben basin 
with interior drainage (tectono-sedimentary facies model 
A of Leeder and Gawthorpe, 1987) closely approximates 
the present situation of the Acıgöl basin. On the satellite 
images, the playa fringes around the lake border can be 
seen (Figure 4).

As the limestone ridge erodes, the debris builds up along 
the base of the mountain as an apron of scree. These scree 
cones typically reach a similar height along the whole length 
of the fault ridge. This is clearly observed along an active 
normal fault scarp in the Lake Eğirdir area (Figures 1 and 6). 
The southern part of Lake Eğirdir is controlled by a NE-
SW trending active normal fault, exposing limestone in its 
footwall (Glover and Robertson, 1998). The tectonic grabens 
hosting the lake were probably formed in Late Pliocene 
time (Nemec and Kazancı, 1999).

The N-S trending Kovada graben (Figure 1) and sub-
parallel lineaments also clearly bear the geomorphological 
features diagnostic for normal faults in hard limestone 
(Goldsworthy and Jackson, 2000) The margins of the graben 
are clearly identifi ed on the satellite imagery (Figure 7). 

Figure 4: Landsat 7 Enhanced Thematic Mapper + image with a combination of bands 4, 5 and 7 for red, green and blue 
respectively, of the Acıgöl basin, showing the trace of the Acıgöl fault (A) and the Maymundağ fault (M), the major 
drainage systems (S1, S2, S3) and alluvial fans (a). Projection is UTM Zone 36, Northern Hemisphere (WGS 84). See 

fi gure 2 for location.
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Figure 5: Simplifi ed geological cross-section across the eastern part of the Burdur graben system (after Price and Scott, 
1991, 1994). Quaternary deposits in light gray, Pliocene deposits in dark gray.

Figure 6: (a) Field photograph of the fault scarp S of Eğirdir. 
View looking E towards the fault showing the high, relatively 
undissected nature of the limestone footwall and the clearly 
developed scree cones. (b) Aster image with a combination 
of bands 1, 2 and 3, for red, green and blue respectively. 
Projection is UTM Zone 36, Northern Hemisphere (WGS 
84). See fi gure 2 for location.

a b

c
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Figure 7: Landsat 7 Enhanced Thematic Mapper + image with a combination of bands 4, 5 and 7 for red, green and blue 
respectively, of the Kovada graben, showing the trace of some fault segments of the eastern graben margin and to some 
extent the control of major drainage systems by the fault segmentation. Projection is UTM Zone 36, Northern Hemisphere 

(WGS 84). See fi gure 2 for location.

However, most fault scarps are markedly eroded, with little 
evidence of active faulting (Glover and Robertson, 1998). 
This advanced degradation of fault planes in the Kovada 
graben is most likely the reason why the diagnostic features 
of active normal faulting are not observed. This means that 
the Kovada graben system is maybe no longer active. This 
conclusion is corroborated by an extensive paleostress study 
of the region (Verhaert et al., 2006) inferring the fading 
infl uence of the ‘Kovada stress regime’ (dominant E-W 
extension) at the expense of the ‘Burdur stress regime’ 
(dominant NW-SE extension).

The NW-SE trending, SW-dipping Dinar fault is about 
75 km long, is formed by en-echelon segments, and is a 

predominantly normal fault separating Tertiary rocks in the 
NE from unconsolidated Quaternary deposits in the SW 
(Eyidoğan and Barka, 1996; Koral, 2000) (Figures 1 and 8). 
The 01.10.1995 Dinar earthquake (Ms 6.2) showed that 
this fault is still active. The major fault plane cuts through 
Mesozoic limestone (Temiz et al., 1997). It was initiated 
after the Aksu thrust, i.e. during Pliocene times, and has 
been reactivated several times (old slope breccia has been 
affected) (Temiz et al., 1997). Using the total displacement 
in trenches perpendicular to the 1995 rupture, a slip rate 
of about 1 mm/yr has been estimated for the Dinar fault 
(Altunel et al., 1999). Observations from these trenches 
suggest that the return period for large earthquakes in the 
Dinar area is about 1200-2000 yr.
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Figure 8: Landsat 7 Enhanced Thematic Mapper + image with a combination of bands 4, 5 and 7 for red, green and 
blue respectively, of the area NW of Dinar, showing the trace of part of the Dinar fault (D), two NE-SW trending faults 
(Temiz et al., 1997), and the major drainage systems fl owing towards (white) and away (black) of the Dinar fault scarp. 
The footwall in the southwestern part is more dissected since it is composed of Oligocene conglomerates (Temiz et al., 
1997). The NE-SW trending faults are older than the Dinar fault since they are truncated by the latter. Projection is UTM 

Zone 36, Northern Hemisphere (WGS 84). See fi gure 2 for location.
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The NE-SW trending Hoyran basin-bounding faults con-
trol the position and shape of the northern part of Lake 
Eğirdir (Bozkurt, 2001) (Figures 1 and 9). The footwall of 
the northern basin-bounding faults is composed of Eocene 
fl ysch, while the footwall of the southern basin-bounding 
faults is composed of limestone (Yagmurlu et al., 1997). 
This difference of footwall lithology can be observed on 
the satellite image since the southern border fault is defi ned 
by undissected slopes, while the northern fault is much 
more dissected and resembles faults in Neogene sediments 
(Figure 9).

The NNE-SSW trending and ESE-dipping Kayaaltı fault 
(Price and Scott, 1994) is a normal fault separating base-
ment limestone in the NW and Pliocene sediments in the 
SE (Figures 1 and 10). Price and Scott (1994) do not 
attribute any Quaternary activity to this fault but defi ne it 
as a Pliocene fault. The Kayaaltı fault, south of Kayaaltı 
can according to the remote sensing imagery be fol-
lowed northwards, separating Pliocene lake deposits in its 
footwall from Quaternary alluvium in the hanging wall. 
The footwall of the unnamed fault is made of Mesozoic 
limestone, ophiolitic mélange and olistostrome. The major 
drainage systems fl ow axially along these faults. The Ak 
Çayı fl ows from the hanging wall of the Kayaaltı fault 
towards its footwall, suggesting higher rates of subsidence 
in the area west of the fault, i.e. on the Burdur fault, than 
on the Kayaaltı fault itself. This supports that fault activity 
in Quaternary times was controlled by the Burdur fault and 
that possibly fault activity stopped in Quaternary times on 
the Kayaaltı fault.

5.2. Normal faults in less-resistant lithology – 
Neogene sediments

The segmented Burdur fault bounds the southeastern margin 
of the Lake Burdur, which formed the western boundary 
of Hellenistic to Imperial Sagalassos (Figures 1 and 11). 
The fault strikes NE-SW, dips NW, and has a footwall 
mainly composed of rapidly eroding Neogene sediments 
and to a lesser extend composed of Mesozoic limestone 
and Eo-Oligocene conglomerates (Taymaz and Price, 1992). 
In 1914 and 1971 earthquakes, respectively Ms 7.0 and 
Ms 6.2, occurred on the Burdur fault (Ambraseys, 2001). 
Waveform modeling of the main shock of the latter event 
by Taymaz and Price (1992) suggested that the slip vector 
of the fault at the hypocentre plunged at 35° ± 5° towards 
the NNW. The average slip plunge taken from striations 
measured on the most reliable slip plane at the surface is 
66°. Taymaz and Price (1992) took these observations to 
indicate that the Burdur fault shallows at depth. The Burdur 
fault separates the Burdur basin from the high topography 
to the SE (Figure 11). The fault forms a sharp linear feature 

bounding the edge of the plain and is clearly the dominant 
feature in the morphology. The city of Burdur is situated 
at the edge of a 20 km long fault scarp of Neogene and 
Oligocene sediments which trend NE-SW. The Burdur fault 
shows a curvilinear appearance at Burdur. No explanation 
has been postulated so far for this curvature. In contrast 
to the limestone footwall discussed earlier, sub-parallel 
streams fl owing of the fault scarp in Neogene sediments 
incise into the footwall block giving the ridge a dissected 
appearance. Streams cross the fault at positions unrelated 
to its continuity or segmentation, but incision changes 
abruptly to deposition as the drainage crosses the line 
of the fault itself. It is this abrupt change along a linear 
escarpment that is the characteristic feature seen in the 
topography and satellite images (Figure 11). As streams dis-
sect the range front, they leave narrow wine-glass canyons 
between truncated spurs with triangular facets, or fl at irons 
(Figure 11d). The drainage divide in the footwall is up to 
3 km from the fault itself due to stream-head erosion. Major 
sediment fans are produced that build out across the valley 
fl oor. Their position is not controlled by fault segmenta-
tion (Figure 11). In the southwestern continuation of the 
Burdur fault, the northwestern border of the Tefenni basin, 
separating Neogene sediments in the NW from Quaternary 
deposits in the SE, also seems to be fault-controlled as it 
displays similar characteristics as the Burdur fault (Figure 
11b-c). It should be noted that since part of the Burdur fault 
exposes limestone in its footwall (darker/brown areas near 
the Tefenni basin in Figure 11b), as discussed previously, 
the drainage is to some extent controlled by this footwall 
lithology. The footwall drainage system SE of the Burdur 
fault segments, north of the Tefenni basin (e.g. Tozyurt D.) 
on fi gure 11b, fl ows around the Burdur fault segments 
exposing limestone.

On the northwestern side of Lake Burdur, an erosion surface 
is displaced by about 15 m along the Kubur fault (Figure 
11), which exposes Eo-Oligocene conglomerates in its foot-
wall (Taymaz and Price, 1992). The abrupt change of the 
drainage from incision to deposition along a linear scarp, 
SE and parallel to the Kubur fault, bounding the topography 
and separating Pliocene lake deposits in the footwall from 
Quaternary alluvium in the hanging wall, is clearly seen on 
satellite images (Figure 11a). In the southwestern continu-
ation of the Kubur fault, another major NE-SW trending 
and SE-dipping normal fault, which exposes Eo-Oligocene 
conglomerates in its footwall (Senel, 1997a), displays a clear 
fault scarp (Figure 11a). Quaternary alluvium has a general 
dip to the ESE supporting a half-graben geometry with 
the major fault occurring on the southeastern side of the 
basin (Price and Scott, 1991) (Figure 5). Geomorphological 
evidence further suggests the greatest rates of subsidence 
in the Burdur basin to be located along its southeastern 
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Figure 9: Landsat 7 Enhanced Thematic Mapper + image with a combination of bands 4, 5 and 7 for red, green and blue 
respectively, of the Hoyran basin, showing the trace of the northern basin-bounding fault (NF) and the southern basin-
bounding fault (SF), the major drainage systems and alluvial fans. The footwall of the northern basin-bounding fault is 
composed of Eocene fl ysch and the drainage and alluvial fans are not related to the fault segmentation, while the footwall 
of the southern basin-bounding fault is composed of limestone and hence the drainage and alluvial fans is controlled by 

the fault segmentation. Projection is UTM Zone 36, Northern Hemisphere (WGS 84). See fi gure 2 for location.
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Figure 10: (a) Landsat 7 Enhanced Thematic Mapper + image with a combination of bands 4, 5 and 7 for red, green and 
blue respectively, of the area near the village of Kayaaltı, along the northern slopes of Mt. Beşparmak, showing the trace 
of the Kayaaltı fault (K) and an unnamed fault (F) (Price and Scott, 1994, Temiz et al., 1997), and the major drainage 
systems. Projection is UTM Zone 36, Northern Hemisphere (WGS 84). (b) DEM image with shaded relief view of the 

same area, illuminated from the NW. See fi gures 2 and 3 for location.

a b
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Figure 11: (a) Landsat 7 Enhanced Thematic Mapper + image 
with a combination of bands 4, 5 and 7 for red, green and blue 
respectively, of the Burdur basin, showing the trace of the 
Acıgöl (A), Kubur (K) and Burdur (B) faults, the major drainage 
systems, alluvial fans (a) and drainage divide (dd). Projection is 
UTM Zone 36, Northern Hemisphere (WGS 84). (b) Landsat 7 
Enhanced Thematic Mapper + image with a combination of bands 
4, 5 and 7 for red, green and blue respectively, of the southern 
part of the Burdur basin, showing the trace of the Burdur (B) and 
Pliocene (Pl) faults and the major drainage systems. Projection is 
UTM Zone 36, Northern Hemisphere (WGS 84). (c) DEM image 
of the same area as in (b). (d) Perspective view of the enlarged 
Landsat TM image with a fusion of bands 4, 5, 7 and 8 of the 
Burdur fault (see box in a), showing the drainage divide (dd), the 
footwall uplands, the fault trace (ft) and the associated fl at-irons. 
See fi gures 2 and 3 for location.
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margin, adjacent to the scarp of the Burdur fault. The Eren 
river (Price and Scott, 1991), which fl ows axially through 
the basin, possibly displays a migration of active meander 
channels towards the Burdur fault (Figure 11b-c). The Eren 
river seems to occupy an asymmetrical meander belt with 
the abandoned part to the NW of the active channel. The 
channels of meandering rivers in half-grabens commonly 
move laterally towards the major basin-boundary fault (e.g. 
the area of maximum subsidence) (Leeder and Alexander, 
1987; Leeder and Gawthorpe, 1987). In contrast to Lake 
Acıgöl, Lake Burdur occupies, axially, the central part of 
the Burdur graben and its shape is controlled by alluvial 
fans (Figure 11a). Major alluvial fans build out across the 
valley fl oor in front of the Burdur fault, tending to push the 
lake away from the fault towards the opposite side of the 
graben (Paton, 1992) (Figure 11a). Only, where the footwall 
of the Burdur fault is locally composed of ophiolitic mélange, 
olistostrome and limestone, Lake Burdur sits closely to the 
fault as no fans are produced. A combination of the model 
of a continental half-graben basin with interior drainage 
and the model of a continental half-graben basin with axial 
through-drainage (tectono-sedimentary facies model A and 
B of Leeder and Gawthorpe, 1987) closely approximates 
the present situation of the Burdur basin. The Quaternary 
Burdur basin formed towards the end of the Pliocene by 
dissecting an earlier Neogene basin (Taymaz and Price, 
1992). Pliocene basin-bounding faults controlling a single 
older Pliocene basin became inactive and faulting moved to 
the NW, effectively dissecting the basin. As most of these 
faults became buried by the end of the Neogene, they are 
now poorly exposed and diffi cult to recognize (Price and 
Scott, 1994). Hence, these Pliocene faults do not display any 
clear morphological expression on remote sensing images 
(Figure 11). However, the location of the Pliocene faults can 
be inferred based on differences in lithology at both sides 
of the faults. These faults expose Pliocene fl uvio-lacustrine 
sediments of the Burdur Formation in the hanging wall 
and basement serpentinite in the footwall (Price and Scott, 
1994). The light areas on the satellite image correspond to 
Neogene strata, whereas the basement rocks are seen as 
darker areas (Figure 11). Moreover, the strong dissection 
of the Neogene strata, as a result from their uplift with the 
footwall block of the Burdur fault, can be depicted on the 
remote sensing images (Figure 11). Bedding dip profi les 
in the hanging wall of the Pliocene basin-bounding fault 
suggests a rotating planar fault geometry (Price and Scott, 
1994). The Burdur Formation gently dips towards the SE 
at 10° to 15° into the NW-dipping basin-controlling fault 
system (Price and Scott, 1991) (Figure 5), suggesting a half-
graben geometry. According to Temiz et al. (1997) the W- to 
NW-dipping fault NE of Kayaaltı (Figure 10) represents one 
of the old faults, which marked the border of the primitive 
Late Miocene-Early Pliocene lacustrine basin. This fault, 

considered to be a normal fault, has been reactivated during 
the Quaternary and travertines of this age have been tilted 
about 15° towards the W (Temiz et al., 1997). The model 
of a continental basin with interior drainage (tectono-sedi-
mentary facies model A of Leeder and Gawthorpe, 1987) 
closely approximates the situation at the time of deposition 
of the Burdur formation (Price and Scott, 1991).

Less than 1 km E from the village of Karaçal, the Eren 
river fl ows from the footwall of the seismogenic Burdur 
fault into the hanging wall of the Burdur basin (Figure 
11b-c). At this site, two cross-sections, which crosscut the 
Burdur fault, were studied in detail in an excavated canal 
bedding, which was under construction on August, 6th, 2002 
(Figure 12). A range of lithologies is present along the cross-
 sections. They comprize bedrock of Middle Triassic-Liassic 
limestone and the Upper Senonian ophiolitic mélange and 
olistostrome unit. The Pliocene lacustrine Burdur formation 
and Quaternary alluvium are deposited in the western part 
of the cross-sections. In the northern cross-section (Figure 
12b), two faults crosscut the limestone (031/51 pitch 155; 
190/75).1 A single fault separates the limestone and the 
ophiolitic mélange (220/50). The Pliocene Burdur forma-
tion lies on top of the ophiolitic mélange and is intensely 
back-tilted at this fault. Both the Burdur formation and 
the ophiolitic mélange are characterized by an iron-rich 
red alteration zone at the contact with the fault plane. The 
ophiolitic mélange itself is intensely fractured and several 
fault planes could be detected (CI 065/73 pitch 102; CI 
152/81 pitch 95; CN 242/80 pitch 45; CN 044/22 pitch 82; 
CN 161/40 pitch 67; CN 180/40 pitch 40; CN: certainly 
normal faulting; CI: certainly inverse faulting). To the west, 
two fault steps could be identifi ed. The fi rst fault step is 
a topographical step between the Burdur formation to the 
east and Quaternary alluvium to the west. The second fault 
step crosscuts the Quaternary alluvium and a height differ-
ence of several metres can be observed. In the Quaternary 
alluvium, synthetic and antithetic normal faults are present 
(230/70; 040/60). In the southern cross-section (Figure 12c), 
a dextral strike-slip fault displaces the ophiolitic mélange 
relative to the limestone (140/65 pitch 160). Another fault 
plane (180/85) displaces the back-tilted Pliocene Burdur 
formation relative to the ophiolitic mélange and olistostrome 
unit. Approximately 400 m south of the canal, both W- and 
E-dipping normal faults crosscut the back-tilted Pliocene 
lacustrine Burdur formation (Figure 12a).

1 Representation of orientation data of planar features uses the 
‘strike-dip’ and ‘azimuth’ conventions; pitch is counted within 
the plane starting from strike direction.
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Figure 12: (a) Geological map of the Karaçal section (b) Northern Karaçal section. (c) Southern Karaçal section. Stereo-
plots of fault data are lower-hemisphere equal-area projections.

a

b

c

SAGALASSOS_f5_53-74.indd   68SAGALASSOS_f5_53-74.indd   68 10/7/2008   5:02:41 PM10/7/2008   5:02:41 PM

Reprint from: Sagalassos VI. Geo- and Bio-Archaeology at Sagalassos and in its Territory - ISBN 978 90 5867 661 0 - Leuven University Press



69

A kinematic model is proposed for the different fault move-
ments at Karaçal. The right-lateral oblique slip on the NW-SE 
trending fault, (140/65 pitch 160) displacing the ophiolitic 
mélange with respect to the limestone in the southern cross-
section, is probably the oldest event, but motion can only 
be dated as post-Mesozoic. After deposition of the Pliocene 
Burdur formation, a NW-SE extension caused normal dis-
placement and the back-tilting of this lacustrine formation. 
The fault plane at the southern cross-section has a slightly 
different orientation with respect to the overall NE-SW trend 
in the northern cross-section. This probably is the result of 
the preferential localisation of the fault plane at the contact 
between the ophiolitic mélange and the Burdur formation. In 
the Quaternary deposits, a NW-SE extension is responsible 
for the faults and probably for the two fault steps in the 
topography. It has to be stated that the dextral movement 
on the 140/65 oriented fault plane can also be explained 
by a NW-SE extension on the fault plane. At Karaçal, a 
ca. NW-SE general direction of extension characterized the 
kinematics during Pliocene and Quaternary times (Price 
and Scott, 1994; Temiz et al., 1997; Verhaert et al., 2006). 
This regime remains active at the present time as inferred 
from the focal mechanism of the 12.05.1971 earthquake 

(Figure 1). Our observations, moreover, indicate that the 
Burdur fault is rather complex (cf. southern cross-section) 
but that nevertheless a good correlation exists between the 
surface geology and the geomorphological expression of the 
fault. However, neither a 1914 nor a 1971 surface rupture 
could be observed.

6. DISCUSSION AND CONCLUSIONS

In summary, the key features associated with normal faults 
in resistant lithology, such as the Mesozoic limestone, 
are a prominent relatively undissected footwall ridge, 
exposed fault surfaces along the top of the scree cones, 
and a  footwall drainage controlled by the segmentation of 
the faults (Figure 13a) (Goldsworthy and Jackson, 2000). 
By contrast, hanging wall drainage in young sediments 
is controlled by tilting. The most useful characteristics 
of faults in less-resistant lithology, such as the Neogene 
sediments, and more in general relatively soft sediments, 
are the abrupt change of the drainage from incision to 
deposition along a linear scarp bounding the topography, 
and the generally roughly linear drainage divide set back 

Figure 13: Schematic diagram (not to scale) summarizing the geomorphological features and drainage pattern generated 
by active normal faulting in (a) resistant lithology, i.e. Mesozoic limestone (after Goldsworthy and Jackson, 2000; Jackson 
and Leeder, 1994) and (b) less-resistant lithology, i.e. Neogene deposits (after Burbank and Anderson, 2001; Goldsworthy 

and Jackson, 2000).

a

b
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by upstream  incision hundreds of metres to a few km from 
the fault (Figure 13b) (Goldsworthy and Jackson, 2000). 
These stream systems are often more prominent on satellite 
images and topography than the fault scarp itself. These 
characteristic features can also be observed on a fault in 
the footwall of the Dinar fault, NE of Dinar (Figure 14). 
The most useful characteristic of half-graben basins are the 
relatively low-gradient hanging wall dip-slope with broad 
alluvial cones and the relatively high-gradient footwall scarp 
slope, which sources small alluvial fans whose depositional 
loci occur at the foot of the scarp on the lower hanging 
wall dip slope (Figure 15) (Leeder and Gawthorpe, 1987; 
Leeder and Jackson, 1993). Where basement lithology is 
invariant, footwall catchments are generally smaller, shorter 
and steeper than those of the hanging wall. As noted previ-
ously, large drainage systems frequently take advantage of 
areas between en-echelon fault terminations so that lager-than 
average cones may preferentially form in such locations. 
Basement geology may infl uence relative catchment size 
in the footwall block, e.g. larger catchments in more ero-
sion-sensible portions of the footwall uplands. When local 
climatic conditions allow, permanent or playa lake bodies 
will form in the basin as close to the locus of maximum 
subsidence as the footwall-sourced fans allow. Axial riv-
ers react to episodes of tectonic tilting, which infl uences 
river migration. Periodic abrupt channel movements, i.e. 
avulsions, cause the ‘low-seeking’ channel to persistently 
reoccupy the axis of maximum subsidence, leaving behind 
a abandoned meander belt.

As faults are weak zones, rivers tend to follow these lines. 
Hence, straight segments of a river can coincide with a fault 
line and the abrupt diversion of the course of a river can 
be caused by a fault. This is most likely the case along 
one of the Burdur fault segments where the NW-fl owing 
Bügdüz Çayı, once a 150 m wide braided river forming 
the major connection between Sagalassos and its estates 
in the plain of Burdur (Waelkens et al., 2000), makes a 
sharp 90° bend and fl ows for several kilometres SW before 
entering the Burdur basin again after a second 90° bend 
(Figure 11a).

We focused in this paper on the geomorphological expres-
sion of the known active normal faults and their associated 
basins in the Burdur-Isparta region. These faults display a 
set of diagnostic characteristics, enabling their identifi cation 
on remote sensing images. The key features associated with 
normal faults in hard limestone turn out to be different than 
those associated with faults in relatively soft sediments. 
Moreover, the region is characterized by an extensional 
half-graben/tilt-block system. The predictable surface effects 
of such a system can provide supplementary criteria for 

the identifi cation of active normal faults. All features dis-
cussed are well-known characteristics described in literature 
for active normal faults in the Basin and Range (western 
United Sates) and the Aegean region (Goldsworthy and 
Jackson, 2000; Leeder and Gawthorpe, 1987; Leeder and 
Jackson, 1993). These diagnostic criteria with respect to the 
geomorphology and drainage patterns of the known active 
normal faults will subsequently be used as a guideline in 
a remote sensing analysis of the direct surroundings of the 
ancient city of Sagalassos to identify previously unknown 
active normal faults (Similox-Tohon et al., this volume b). 
The presence of such (a) fault(s) is indeed suggested 
by archaeoseismological studies (Sintubin et al., 2003). 
These faults may potentially be hazardous and are possible 
candidates to be the causative fault(s) for the Sagalas-
sos earthquake(s) in the 6th to 7th century AD (Waelkens 
et al., 2000a).
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Figure 14: Landsat 7 Enhanced Thematic Mapper + image with a combination of bands 4, 5 and 7 for red, green and blue 
respectively, of the footwall area of the Dinar fault, NE of Dinar. It shows the abrupt change of the drainage from incision 
to deposition along a linear N-S trending scarp bounding a topography typical for active normal faults in a less-resistant 

lithology. Projection is UTM Zone 36, Northern Hemisphere (WGS 84). See fi gure 2 for location.
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