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Abstract. The Fethiye-Burdur fault zone is not a single line. Still, it consists of
discontinuous northeasterly trending fault segments developed parallel to each
other between the Gulf of Fethiye and Burdur Lake. The NE-trending and left-
lateral oblique-slip Fethiye-Burdur fault zone bounds the Isparta Angle to the
west and is probably a continuation of the Pliny fault zone of the Hellenic arc.
Year 1914, 1957, and 1971 earthquakes occurred in the Fethiye-Burdur fault
zone, with magnitudes of 7.1, 7.0, and 6.1, respectively. The epicenter distribu-
tion of the earthquakes of the last century indicates the continuation of the Fet-
hiye-Burdur fault zone under the Gulf of Fethiye, probably to Rhodos Island.
According to GPS measurements, the Fethiye-Burdur fault zone is the southern
limit of the Aegean extensional region. The Aegean region is characterized by
coherent motion toward the SW at 30 mm/yr relative to the Eurasian plate.
Field observations and fault plane solutions of recent earthquakes in and
around the Burdur Lake region reflect normal and left-lateral oblique faulting
considering the NE extension of the fault zone.

According to the proposed kinematic model, the different seismotectonic be-
haviors of the Fethiye-Burdur fault zone originate in the rigid influence of Ye-
silova peridotite massif of the Lycian nappes that occur to the SW of Burdur
Lake. The kinematic interactions between the mainly NE-trending enechelon
fault constituents of the Fethiye-Burdur fault zone result in different seismo-
tectonic characteristics. Consequently, a new kinematic model is obtained for
Burdur Lake and its surroundings.

AncrpaxkT. Pacegna 3oHa Fethiye-Burdur He npezcrasba jefjan pacen Beh ce
CaCToju OJf AUCKOHTUHYUPAHUX paceJHUX CerMeHaTa ca CeBepOMCTOYHOM
BepreHLOM Koju cy GOpMUpPaHU NapasiesHo jeflaH ca JpyruM usMebhy 3aivBa
Fethiye u jesepa Burdur. Fethiye-Burdur pacesna 30Ha ca ceBepoUCTOYHUM
TPEeH/J|0M Y JIEBUM OOYHHUM KOCHMM KpeTameM orpaHudyaBa Isparta Angle Ha
3ama/ly ¥ BepoBaTHO Npe/icTaB/ba HACTaBaK pacesHe 30He [l1MHUje y xeseH-
CKOM JIyKy. 3eMsboTpecu U3 1914., 1957. u 1971. rofuHe AOTOAUIU CY Ce Y
pacenHoj 3ouu Fethiye-Burdur, ca marautygom oz 7,1, 7,0 u 6,1. luctpubynuja
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K/by4He peumn:
PacedHa 30Ha Fethiye-Burdur,
ceusmMuyHocm, Modeau pacedHux

elnuiieHTapa 3eM/bOTpeca U3 NMPOILJIOT BeKa YKa3yje Ha HaCTaBaK pace/iHe 30He
Fethiye-Burdur ucnog ®eTtujeckor 3an1uBa, BepoBaTHO A0 ocTpBa Pozoc.
[Ipema GPS mepewuma, pacesiHa 30Ha Fethiye-Burdur npeacraBsba jyxHY
IpaHUILy erejcke eKCTeH3HMOoHe 06Js1acTy. Erejcku peruoH ce KapakTepHIle
yjeAHaYeHUM KpeTameM lpeMa jyrosanaay 6psuHom of 30 mm/god. y ogHoCy
Ha EBpoasujcky miouy. TepeHcka ocMaTpamwa U MOJieIM paceHUX MOBPLIX
He/laBHUX 3eMJbOTpECa, YHYTap U OKO o6sacTH jedepa Burdur, onpakasajy
HOPMaJIHO U JIeBO-60YHO KOCO pacefame uMajyhu y Bugy CH excreHsujy
pacesiHe 30He.

[Ipema npeaJiokeHOM KHHEMATCKOM MOJeJly, Pa3JIMuUTa CEU3MOTEKTOHCKA
MoHalama pacesse 3oHe Fethiye-Burdur motudy o puruaHor ytuiaja Yesilova
MepUA0TUTCKOT MacuBa HaBJlake Lycian, a Koja ce AelaBajy Ha jyro3anaay
jesepa Burdur. KunemaTcke uHTepakiyje, usmehy yrsiaBHoM CH BepreHTHHUX
napaJieJIHUX paceHux cerMeHaTa Fethiye-Burdur pacesHe 3one, pe3yntupajy
Pa3/IMYUTHM CEM3MOTEKTOHCKHMM KapaKTepucTHKaMa. CX0HO TOMe, A06ujeH

nospuu, ceusmMomeKmoHUuKa.

je HOBM KMHEMAaTCKHU Mo/ieJ1 3a jesepo Burdur v k-eroBy OKOJIMHY.

Introduction

The boundary between the African and Eurasian
plates in the eastern Mediterranean region is cha-
racterized by the Hellenic arc and Pliny-Strabo
trench in the west (Fig. 1) and Cyprus and related
fault systems in the east (McKENziE, 1978; ROSTREIN,
1984; DiLEK & MOORES, 1990; ANASTAKIS & KELLING,
1991; Tavmaz et al,, 1991). The NE-trending and left
lateral oblique-slip Fethiye-Burdur fault zone
(FBFZ) bounds the Isparta Angle to the west and is
probably the continuation of the Pliny fault zone of
the Hellenic arc (BArka et al., 1995; YAGMURLU et
al,,2005; Bozcu et al., 2007). Most of the researchers
who investigated the region stated that the fault
systems in the FBFZ may be faults accompanying a
shear zone (OcaxoGLY, 2012; OzBAKIR et al., 2013; HALL
et al,, 2014; ELITEZ et al.,, 2016; ELITEZ & YALTIRAK,
2016). As stated by all the authors who researched
the region, the Fethiye-Burdur fault zone is not a sin-
gle line. Still, it consists of discontinuous northeas-
terly trending fault segments developed parallel to
each other between the Gulf of Fethiye and Burdur
Lake.

In recent studies in the region by DoLMAz (2007),
who stated that the contours in the Bouguer anomaly
map generally extend NE-SW and NW-SE in the west
of the study area and NW-SE in the east, these con-
tours are in good agreement with the aeromagnetic
anomalies and general geological directions. The
crust in SW Anatolia had a thickness between 33 and
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37.5 km obtained from the Bouguer gravity data.
OxksuM et al. (2019) state that the modeled graben
structure obtained from the interpretation of gravity
anomalies along the regional direction of the Burdur
Basin emphasizes a half-graben geometry and that
the basin is deeper in the south and shallower in the
North. They also explained that the deepest part of
the depression is in the south of Burdur Lake at a
depth of about 3.2 km. ELiTEZ et al. (2016) stated that
the Burdur-Fethiye Shear Zone started where the late
Tortonian-early Pliocene age carbonate lakes were
found in the Middle Miocene. They emphasized that
this zone, claimed by new radiometric ages, previous
studies, and geological maps, is in stark contrast with
the Late Pliocene-early Pleistocene period.

Apart from these studies, ErRDoGANet al. (2008)
determined the tectonic movements of the Fethiye-
Burdur fault zone with GPS. CoSKUNER & AKSOY
(2020) investigated the Northeastern section of the
Fethiye-Burdur Fault Zone from a geomorphological
point of view.

Year 1914, 1957, and 1971 earthquakes occur-
red within the Fethiye-Burdur fault zone, with
magnitudes of 7.1, 7.0, and 6.1, respectively. The
epicenter distribution of the last century of earth-
quakes delineates the continuation of the Fethiye-
Burdur fault zone under the Aegean Sea to the
Rhodos island (BArka et al., 1995; YaGMurLy, 2000).

This study aims to (1) review the geological set-
ting of the Fethiye-Burdur fault zone within the SW-
Anatolian structure, (2) demonstrate the relationship
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Fig. 1. The distribution of major fault systems in Western Anatolia and surroundings and the geological setting of the Fethiye-Burdur
Fault Zone (modified from GLOVER & ROBERTSON, 1998; Bozcu et al, 2007). It is shown in this figure that the FBFZ is also a discontinuity

separating the Cyprus and Hellenic arcs.

between the seismic character of the Fethiye-Burdur
fault zone and regional geological structure in the
SW-Anatolia and surroundings, and (3) present paleo-
seismological evidence based on trench studies and
fault-plane solutions of recent small to moderate earth-
quakes.

Present tectonic structures of Western
Anatolia

Western Anatolia is characterized by a N-S and
SW-NE oriented extensional neotectonic regime and
with E-W, NE and NW-trending depression fields
(McKEenzig, 1970; SENGOR, 1987; SENGOR et al., 1985;
DuMoNT et al.,, 1979; KocyiGiT, 1984; SEYITOGLU & SCOTT,
1991, 1992; PRricE&ScoTT, 1991; ZANCcHI et al., 1990;
BARkA et al,, 1995; Tewmiz et al., 1997). According to
YiLMAz (2000), the Aegean region has been subjec-
ted to active N-S extensional tectonics under the
control of the westward movement of the Anatolia
plate bounded by the North Anatolian and East Ana-
tolian faults. The last measurements in and around
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Turkey reveal a coherent motion of the central and
southern Aegean region toward SW at 30+1 mm/yr
relative to Eurasia (Fig. 2) (McCLusky et al., 2000).

The southeastern Aegean region deviates signi-
ficantly from this coherent motion, rotating counter-
clockwise and moving SW towards the Hellenic
trench at 10+1 mm/yr relative to the southwestern
Aegean (BArka et al,, 1995; McCLusky et al.,, 2000).

The above kinematic model, supported by GPS
data for Anatolia and the Aegean Sea region
(McCrusky et al.,, 2000), is very similar to that initially
proposed by McKenziE (1970).

According to the studies mentioned above, the
extensional velocity of the SW Aegean-Peloponnisos
plate is approximately 301 mm/yr relative to the
I[sparta Angle. This differential extensional rate bet-
ween the Aegean and Isparta Angle resulted in the
NE-trending and left lateral oblique-slip Fethiye-
Burdur fault zone within SW-Anatolia.

Regional geology of SW-Anatolia

The Isparta Angle is one of the most prominent neo-
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Fig. 2. GPS horizontal velocities in Western Anatolia and surrounding area for period 1988-1997. There is a slight motion in the Isparta
Angle (modified from BArka et al., 1995; McCLusky et al., 2000). Accordingly, the FBFZ also forms the southern border of the Aegean ex-

tensional region.

tectonic structures within SW-Anatolia in the northern
region of Antalya Gulf (Fig. 3). The NE-trending Fet-
hiye-Burdur fault zone and NW-trending Aksehir
fault limit the Isparta Angle from the west and east,
respectively. The Isparta Angle province contains two
Mesozoic carbonate platforms, the Beydaglar1 west of
the Gulf of Antalya and Akseki-Anamas to the east
(YaGMuRrLU et al,,2005). The platforms are separated
and tectonically overlain by the allochthonous nappe
systems of the Antalya ophiolitic complex in the south
(DiLEK & MOoORES, 1990; DiLEK & RowLAND, 1993).
DiLEK & RowLAND (1993) suggested that a NE-
trending rift zone developed between the Beydaglari
and Anamas-Akseki carbonate platforms during the
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Early Triassic-Jurassic and that rift assemblages and
oceanic crust constituents formed in this triangular-
shaped rift zone. This ocean probably started to close
by E-W compression during the Late Maastrichtian-
Early Paleocene period. The rift sediments and
ophiolites were thrust over the Beydaglar1 and
Anamas-Akseki carbonate platforms in the west
and east, forming the Antalya nappes (Fig. 3).

The Lycian and Beysehir-Hoyran ophiolitic nap-
pes are thrust over the Isparta Angle to the west and
east, respectively. According to previous studies
(HaywARD & ROBERTSON, 1982; DiLEK & MOORES, 1990;
PoissoN et al.,, 2003), both the Lycian and Beysehir-
Hoyran nappes were emplaced from North to South

Geol. an. Balk. poluos., 2023, 84 (2), 117-131
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Fig. 3. Simplified geological map of the Isparta Angle and surro-
unding areas (modified from GLOVER & ROBERTSON, 1998; YAGMURLU
et al, 2005). 1. Paleozoic metamorphic rocks; 2. Platform-type
Mesozoic carbonate sequence; 3. Antalya nappes; 4. Lycian nappe
complex; 5. Beysehir-Hoyran nappes; 6. Marine Tertiary sedi-
ments; 7. Continental Neogene sediments; 8. Neogene volcanic
rocks; 9. Antalya travertines; 10. Normal faults; 11. Overthrusts.

on the Mesozoic carbonate platforms during the
Middle to Late Tertiary. The Lycian ophiolitic nappes
are thrust over the Menderes metamorphic massif
to the North along the Mugla-Denizli line.

The Lycian nappes between Lake Burdur and
the Gulf of Fethiye region consist mainly of chert,
radiolarite, diabase, serpentinite, and limestone
blocks within a turbiditic matrix. Also, there are
some giant peridotite nappes such as Yesilova and
Fethiye-Gocek peridotite massifs in this region.
Further to the southwest of the Burdur Lake area,
local chromite-bearing Yesilova peridotites cover
about 100 square kilometers and occur within the
NE-trending Fethiye-Burdur fault zone (Fig. 4). The
NE-trending fault segments cut the Yesilova peri-
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dotite massif in several places. Also, the Yesilova
peridotites are limited by the NW-trending Acipa-
yam graben faults to the southwest.

Paleomagnetic studies (KisstL et al., 1993) indi-
cate that the Lycian block west of the Isparta Angle
was rotated anticlockwise. In contrast, the Anamas-
Akseki platform on the eastern side of the Isparta
Angle rotated clockwise by about 40° since the
Eocene due to the Aegean’s N-S extension and the
Anatolian block’s westward motion.

Recent geodynamic analysis (BARKA et al., 1995;
McCLusky et al., 2000) suggests that the Isparta
Angle has very little motion relative to Eurasia. In
contrast, central Anatolia moves SW at about 30
mm/yr. For this reason, the NE-trending enechelon
Fethiye-Burdur fault zone, which limits Western
Anatolia to the south, is left lateral oblique in cha-
racter and exposed for 400 km in SW-Anatolia
(Figs. 1-3). Locally the fault bounds several Plio-
Quaternary basins within the Fethiye-Burdur fault
zone, developed between the Gulf of Fethiye and
the Burdur region, such as Burdur Lake.

The Fethiye-Burdur fault zone contains four
main structural segments more than 40 km long
(Fig. 4). From SW to NE, the main FBFZ segments
are the Fethiye segment (indefinite length, ruptured
in 1958 earthquake), Golhisar segment (50 km, rup-
tured in antic period), Tefenni segment (40 km), and
Burdur segment (more than 50 km, ruptured in
1914 and 1971).

NE-trending normal and left-lateral fault systems
forming the FBFZ around Burdur Lake are mostly
observable between recent alluvium and weakly
consolidated Neogene lacustrine sediments. For
this reason, fault surfaces of the FBFZ can be found
very rarely around Burdur Lake. These faults, which
feature a stepped structure, developed parallel to
each other and cut the recent lacustrine sediments
and coarse-grained slope deposits in most places.
Therefore, the stepped topographic structure is con-
trolled by faults typically observed around Burdur
Lake and in the city center of Burdur. In addition, the
folding and dipping of the Quaternary sedimentary la-
yers, sand and mud dykes, and discharges of H,S gas
can be seen locally along the fault zone (Figs. 5, 6).

On the other hand, Burdur Lake and the surroun-
ding area have different seismotectonic characters,
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Fig. 4. Distribution and locations of major fault systems and segments in the Fethiye-Burdur fault zone. Accordingly, the FBFZ, which
dominantly extends NE, is divided into four segments by faults striking NW between Burdur Lake and Fethiye Bay (YaGMuRrLU et al., 2005).

The red line indicates the geological cross-section.
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Fig. 5. A geological cross-section showing the tectonic settings of
the stepwise fault branches in the south of Burdur Lake within
the Fethiye-Burdur fault zone (YAGMURLU et al, 2005). There are
syntectonic deformation structures (such as dipping of beds,
muddy-dykes, and surface rupture fills) in the Plio-Quaternary
lacustrine sediments and recent slope deposits along the fault

zone.

122

Fig. 6. The fault plane within the Burdur segment of the FBFZ in

an outcrop. This fault plane, which cuts the current soil cover and
slope debris in the region, must have been a hereditary surface
rupture from the 1914 earthquake (Burdur Kum Ocaklart loca-
tion).

Geol. an. Balk. poluos., 2023, 84 (2), 117-131



Paleoseismological features and tectonic setting of the Fethiye-Burdur Fault Zone (SW Turkey)

mainly indicating normal and left lateral oblique In addition to field observations of these fault sur-
faulting. Field investigations in the southern part of ~ faces, stereographic analyses are essential to show
Burdur Lake also show normal and left lateral obli-  that the faults in the region are primarily normal
que faulting characteristics on several fault scarps. and left oblique-slip (Figs. 7, 8). The stereographic

B IA:G‘ * =0 .:zCFI

Fig. 7. A) The fault scarp and slip-strike stereographic plots of normal fault plane measurements and B) direction of main stress (max.,

sy, average, Sy; and min., s3), Pinarbasgi-Tefenni location, (YaéMUurLU et al., 2005).
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Fig. 8. A) Fault scarp and their slip-strike (above), stereographic plots of left lateral oblique fault plane measurements and B) direction

of main stress (max., sy; average, s,; and min., s3), near Yassigiime location, (YAGMURLU et al,, 2005).

analysis results of the fault surfaces reveal that NW-
SE and NW-SSE extensional forces have affected the
region. These results are consistent with the regio-
nal geological and tectonic structure of the Aegean-
Peloponnisos plate north of the FBFZ.
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Paleoseismological characteristics of
the Fethiye-Burdur fault zone

The Fethiye-Burdur fault zone is one of the most
essential active tectonic lineaments in SW-Anatolia.

Geol. an. Balk. poluos., 2023, 84 (2), 117-131
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Table 1. Destructive earthquakes and their magnitudes and lo-
cations within the last century between the Burdur and Fethiye

regions (after DEMIRTAS et al., 2000).

DATE LOCATION | MAGNITUDE (M)
03.10.1914 BURDUR 71
07.08.1925 Dinar/AFYON 5.9
08.02.1926 Milas/MUGLA 4.7
23.05.1941 MUGLA 6.0
13.12.1941 MUGLA 5.7
25.04.1957 | Fethiye/MUGLA 7.1
25.04.1959 | Kéycegiz/MUGLA 5.7
14.01.1969 | Fethiye/MUGLA 6.2
12.05.1971 BURDUR 6.2
01.10.1995 Dinar/AFYON 5.9
15.12.2000 |Sultandagi/AFYON 5.8
03.02.2002 Cay/AFYON 6.4

The epicenters of 1914, 1957, and 1971 destructive
earthquakes arewithin the Fethiye-Burdur fault zone,
with magnitudes of 7.1, 7.0, and 6.1, respectively. The
location of these significantevents is an obvious ma-
nifestation of the NE-SW extent of the FBFZ zone,
which continues under the Meditteranean Sea to-
ward Rhodos (BARrkaA et al., 1995; YagmurLy, 2000).
The fault plane solutions of more minor recent earth-
quakes (Mw>3.0) from 1997-2023 within Burdur
Lake and its surrounding area are given in Tables 1
and 2 (Kamaci et al,, 2005).

Bozcu et al. (2007) stated that the FBFZ is one of
the essential active faults of SW Anatolia and is do-
minated by NE-trending fault systems developed
parallel to each other. Based on field data, the same
authors pointed out that NE trending fault systems
within the FBFZ are mostly left oblique-slip normal
in character and are locally interrupted by NW trending

Table 2. Focal mechanism parameters and fault plane solutions for earthquakes between 1997 and 2023 (after Kamaci et al, 2005).

No Date Time | Lat (N) | Long (E) | Strike (deg) | Dip (deg) | Rake (deg)| Mw | Depth (km)| VR (%)
1 [14-06-1997 | 02:21 | 37.91 30.26 101 23 62 3.3 6 93
2 [17-04-1998 | 10:36 | 37.78 30.48 52 70 -26 4.0 15 86
3 [17-04-1998 | 10:38 | 37.78 30.48 48 69 -34 3.7 15 76
4 117-04-1998 | 16:16 | 37.78 30.48 46 70 -32 4.2 15 81
5 [17-04-1998 | 16:24 | 37.78 30.50 49 75 -18 4.4 15 80
6 |24-04-1998 | 05:23 | 37.80 30.50 52 71 -20 4.2 15 75
7 126-04-1998 | 12:12 | 37.80 30.50 49 75 -18 3.7 15 84
8 [29-06-1999 | 00:54 | 37.70 30.90 4 22 -54 4.2 6 95
9 |06-07-1999 | 18:45| 37.68 30.84 336 13 -71 3.3 6 88

10 |26-08-1999 | 05:37 | 37.85 31.00 18 49 -92 4.1 6 85

11 |02-02-2001 | 09:51 | 37.64 30.19 252 49 -78 4.5 6 86

12 | 03-04-2002 | 22:57 | 37.71 30.26 234 57 -78 4.0 3 81

13 |05-04-2002 | 07:38 | 37.61 30.25 245 53 -75 3.9 6 82

14 [19-11-2002 | 19:12 | 37.79 30.41 82 68 -89 3.8 6 93

15 |06-03-2003 | 01:22 | 37.98 30.50 218 57 -42 3.4 14 82

16 [08-04-2003 | 10:41 | 37.99 30.98 63 75 -78 3.9 3 81

17 |06-06-2003 | 02:54 | 37.74 29.89 73 12 -116 3.4 3 87

18 |26-02-2004 | 18:31 | 37.77 30.97 40 48 26 3.3 20 62

19 |14-05-2004 | 16:34 | 37.50 29.58 222 71 -100 4.5 6 81

20 [10-04-2005 | 20:03 | 37.60 29.99 187 24 -125 3.9 7.9 87

21 |30-03-2007 | 21:22 | 37.99 30.90 221 46 -82 4.0 5.0 94

22 |17-04-2010 | 12:40 | 37.89 30.64 65 76 -42 3.9 6.5 91

23 [17-04-2014 | 19:34 | 37.77 30.88 214 39 -69 3.8 13.72 88

24 |24-08-2014 | 19:43 | 37.64 30.63 238 50 -77 4.8 7.58 95

25 [23-07-2018 | 02:40 | 37.53 29.84 160 16 -133 4.6 17.58 93

26 |08-08-2019 | 14:19 | 37.82 29.61 100 48 -83 4.2 17.70 89

27 |26-11-2019 | 20:03 | 37.84 29.61 308 50 -92 4.0 7.0 91

28 |07-09-2021 | 09:42 | 37.79 29.63 286 38 -87 3.9 15.22 90

29 |27-01-2022 | 06:38 | 37.79 30.85 12 34 -46 3.2 6.9 84
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grabens and normal faults (for example, Acipayam
and Oren faults). On the other hand, these investi-
gations pointed out that the FBFZ continues to the
SW under the sea, south of Rhodos Island, up to
the Pliny trench. In these articles, the authors
emphasize that the FBFZ also meets the continuation
of the fault systems limiting the Pliny trench in SW-
Anatolia. According to the authors, the FBFZ and its
submarine continuation in the Pliny fault system
have the characteristics of a transform fault, as it
separates the Cyprus and Hellenic trenches.

After Bozcu et al. (2007) evaluated the FBFZ,
geological investigations of the SW-Anatolia region
gained momentum. Some authors (OcakoéLu, 2012;
OzBAKIR et al., 2013; HALL et al.,2014; ELiTEZ & YALTI-
RAK, 2016; ELITEZ et al., 2016) stated that the FBFZ
is a continuation of the Pliny and Strabo trenches on
land and forms a shear zone, based on field obser-
vations and geophysical data. The authors empha-
sized that this shear zone corresponds to a tran-
sform zone separating the Hellenic and Cyprus
trenches. This result was used by Bozcu et al. (2007)
to confirm the tectonic model related to FBFZ.

The fault plane solutions and the present-day
earthquake activity within SW-Anatolia are given in
Fig. 9. The alignment of epicenters of recent earth-
quakes is generally parallel to the FBFZ and mainly
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Fig. 9. Faulting mechanism distribution of earthquakes occurring
along Southwest Anatolia and the FBFZ (CanBay, 2009). The NE
direction of earthquake epicenters in the region between Burdur
Lake and Rhodes Island on this map is essential in terms of sho-

wing that the FBFZ continues under the sea.
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extends to the NE. Fault solutions of these earth-
quakes are important in showing that normal and
left oblique faulting developed dominantly in the re-
gion.

The locations of damaging earthquakes that oc-
curred in Lake Burdur and its vicinity in the last cen-
tury and their fault-plane solutions, and the elon-
gation of the surface fractures are shown in Fig. 10.
As can be seen, most of the earthquakes represent
the activity of normal and left oblique-slip faults,
which predominantly extend NE in the region.

29°30' 30°00' 30°30'
38°00 38°00'

1971-1 1971-2
A 542002 342002 222001 c

3.10.1914

1971-3

37°30" 1914 FAULT ZONE 37°30
oY e :a®
29°30 30°00" 30°30

Fig. 10. Faulting mechanisms of some earthquakes in Burdur
Lake and its vicinity. The dates on the fault mechanism diagrams
reflect the earthquake dates. The solid grey ellipse shows possible
surface faulting for the 1914 earthquake. In the charts associated
with the 1971 Burdur earthquake, the earthquakes numbered
1971-1, 1971-2, and 1971-3 are the faulting mechanisms of the
largest foreshock, mainshock, and the largest aftershock, respec-

tively (EvipoGan et al., 1991).

Interpretation of gravity data of the
Burdur-Isparta-Antalya region

The study area is between the coordinates of
30.0-31.0 Eand 37.0-38.5 N (MTA, 1979), including
the Burdur, Isparta, and Antalya regions. Gravity
data were digitized from the Turkish Regional
Bouguer Gravity map prepared by MTA on the
1/500.000 scale. The sampling interval was set at 5
km, and the data were evaluated with 2-D and 3-D
data analysis methods.

The Bouguer gravity map (Fig. 11) indicates a
clear anomalous zone with low values between -75
and -85 mGal trending NE-SW near the Isparta-
Burdur region. This trend is closely related to the
Fethiye-Burdur fault zone and the Pliny Trench to
the SW of the fault. A negative anomaly is observed
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Fig. 11. A) Bouguer gravity anomaly map (contour interval 5 mGal), B) Bouguer gravity anomaly map 3-D Relief showing (contour in-

terval 5 mGal).

in the N-NE of the region where Neogene sediments
and Paleozoicmetasediments exist. Anomaly values
increase towards Antalya Bay gradually and reach
a maximum over the bay. The reason seems to be
the uplift of the brittle upper crust due to divergence
in Antalya Bay. The Fethiye-Burdur fault zone can be
observed in the 4th-degree residual trend map (Fig.
12) in the NE-SW direction. Besides, the N-S extend-
ing KovadaGraben, invisible in the Bouguer map, can
be traced clearly in the trend map.

2-D inversion of gravity anomalies for the base-
ment structures was carried out according to pro-

Northing (deg)

29030 29050 30010 300 30 30050 31010
Easting (deg)

Fig. 12. Fourth degree trend map of gravity residual.
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cedures by MURTHY & Rao (1989). This procedure
determines depths to the top of the basement below
each point of gravity along a profile. The density
structure is equated to a series of juxtaposed
prisms, one below each anomaly point, and the
depths to their tops are determined. The 3-D inver-
sion scheme with variable densities developed by
Rao & BaBU (1991) was employed to determine the
base topography of the field from residual Bouguer-
anomaly maps. For this, a sedimentary basin may be
viewed as several vertical prisms of half-thickness
T and half-width W placed in juxtaposition at each
observation point. Each prism is assumed to be
placed just below the observation point, and Ax and
Ay are the station spacing in the x and y directions.
This method was used to calculate the basement to-
pography of a sedimentary basin using a constant
density value.

The depth of the base structure in the NE-SW di-
rection in the residual gravity anomaly map (Fig. 13)
was calculated as 20-24 km (for a density contrast of
-0.35 g/cm?). The base topography shows an evident
rise near Antalya Bay of up to 5-6 km. The depth of
the base of the BurdurBasin was determined to be
approximately 16 km by applying 2-D inversion to
the residual gravity data in the cross-section A-A’
using a sampling interval of 2.5 km (Fig. 14).

127



COSKUN SARI, ZUHEYR KAMACI, FuzuLi YAGMURLU, EMRE TiMUR, MURAT SENTURK & MUSTAFA Bozcu

Ch
3
T
=
o0
£
=
<
-
S
z

299 30 290 50 30010 300 30 300 50 31010
Easting (deg)

Fig. 13. Depth of subsurface topography by gravity inversion
using a constant density contrast of -0.35 g/cm? (contour inter-
val 2 km.).

O nw Profile A-A" SE
= 20— AAA"‘OL\AA e
[ a A
Q v a ,‘ANV‘A
E t \ A
> 0 O APOBnn0
2 A
H 4 B A A
g S Ay B“ o ©Observed
2= P BAAA a 4 Calculated
4 Bans
40 N L B e e e e e e e e B
Distance (km)
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
0 l 1 I 1 l 1 l 1 l Il I 1 l 1 l ' l 1 l 1 l 1 I 1 I 1 ]
Pl
£ B Ap=-0.35 griem®
£ 8
= i
o 12—
K3 i
16 —
o=

Fig. 14. Interpreted Bouguer gravity profile A-A’ by 2-D inversion
method (density contrast of -0.35 g/cm?).

Discussions and Conclusions

The FBFZ, which constitutes SW-Anatolia’s most
crucial active fault zone and limits the Isparta Angle
from the west, also forms the southern border of the
Aegean extensional zone. Most NE trending fault
systems within the FBFZ consist of normal and left
oblique-slip faults. The region’s geological, morpho-
logical and seismic data show that the FBFZ continues
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under the sea to the SW and up to the Pliny trench
south of Rhodos Island. Most regional researchers
have stated that the FBFZ and its submarine conti-
nuation as the Pliny fault system that separates the
Cyprus and Cretan trenches in the area have the
characteristics of a transform fault.

A geodynamic model has been developed and is
summarized in Fig. 15 to explain the normal and
left lateral oblique faulting mechanism shown in
present earthquakes in and around the Burdur
Lake area. As shown in Fig. 15, Burdur Lake and the
surrounding district are mainly influenced by two
tectonic forces, NE-SW, and NW-SE trending exten-
sions, due to the SW motion of West Turkey and the
development of the Aegean graben systems.

QUATERNARY
g ALLUVTUM
TERTIARY. .
- SEDIMENTS -
e CARDAK -

QU ATERNARY
ALLUVIUM

Fig. 15. Geodynamic model for the formation of normal and left-
lateral oblique faulting along the Fethiye-Burdur Fault Zone
(FBFZ) in Burdur Lake and the surrounding area (modified from
YaémurLu et al., 2005).

Our proposed model is based on field observa-
tions, gravity, and focal mechanism data. The GPS
data in Fig. 2 show that SW Turkey moves uniformly
south-westward. The slip vectors of several signifi-
cant events in these regions coincide with these GPS
vectors’ azimuth. For example, the October 1, 1995,
earthquake occurred on an NW-SE extending nor-
mal fault where the hanging-wall block moved SW.
However, the field observations (Figs. 5-8) and the
focal mechanisms of the events (Figs. 9, 10) depict
the NW-SE sense of motion around Burdur Lake,
where the events in the southern part of the lake
show NW motion and the events to the north of the
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lake show motion to the SE. Although the SW Turkey
region moves SW on a regional scale, activity at the
local scale around Burdur Lake contradicts the regional
scale motion. This motion implies that the tectonic
driving forces acting in the Burdur Lake region are
different from the regional ones. It is evident from
the gravity data that the roots of the Lycian nappe
complex extend down to 16 km. This rigid mass
could be the obstacle causing NW-SE differential
motion. This rather exotic model needs to be tested
using GPS data. Unfortunately, the present-day GPS
network lacks stations in the regions of the NE and
SW of Burdur Lake. We, therefore, leave the testing
of our claims to further studies.
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Pe3ume

[laneocen3mosiomIKe KAPAKTEPUCTUKE U
TEKTOHCKO OKpPYKeke paceJHe 30He
Fethiye-Burdur (J3 Typcka)

['panuny usmeby Adppuuke u EBpoasujcke mio-
4e y UCTOYHOM MeauTepaHy KapaKTepully XeJleH-
cKU J1yK U Pliny-Strabo poB Ha 3anmaay, kao 1 Kunap
U ojrosapajyhu cucteMu pacesa Ha UCTOKY. Pa-
cegHa 30Ha Fethiye-Burdur orpanuuaBa Isparta
Angle Ha 3anma/ly ¥ BepoBaTHO Npe/CTaB/ba IPOAY-
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»keTtak Pliny pacesHe 30He u3 XesieHckor jiyka. OBaj
pajg uMa 3a 1usb Aa: (1) npukaxke reoJiolike Ka-
pakTepucTuke pacegHe 30He Fethiye-Burdur y
okBHUpY |3 AHajzonuje, (2) ykaxe Ha Be3y usmebhy
CEM3MHUYKOT KapakTepa pacesHe 30He Fethiye-Bur-
dur ¥ pervoHasIHUX TeOJIOLIKUX CTPYKTypa y |3
Anasionivju u okosIMHY, U (3) /1a TpeiCcTaBU Majeo-
Cer3MoJIOILIKe Jl0Ka3e 3aCHOBaHe Ha NpoyyaBamby
poBa M MoJiesiMMa pacefHUX MOBPLIM HeJJABHUX
MaJluX /10 YMepeHUX 3eMJbOTpeca.

Isparta Angle je jeqHa o1 HAjUCTAKHYTHjUX HEO-
TEeKTOHCKUX CTPYKTypa yHyTap J]3 AHajonuje y
CeBEpHOM Jiesty AHTa/IujcKor 3a1uBa. PacesgHa 30Ha
Fethiye-Burdur ca ceBeporcTO4YHOM BepreHL,oM U
pacen Aksehir ca ceBeposamaJJHOM BepreHIOM
orpaHuyaBajy Isparta Angle ca 3anaza 4 UCTOKa.
[IpoBuHLMja Isparta Angle je usrpabena oa aBe
Me3030jcke KapboHaTHe muatdopme. Beydaglari
Kap6oHaTHA miaTdopMa ce Hajsa3u 3aMaJHO Of
AHTanujckor 3a1uBa, a Akseki-Anamas kap6oHaTHa
miatdopma je Ha UCTOKY. [lnaTdopme cy pasaBo-
jeHe M IOKpHBEHE aJIOXTOHUM CUCTEMHUMA HaBJIaKa
AHTasnujckor oQUONUTCKOT KOMILJIEKCa Ha jyry.
PudTHa 30Ha ca CHU TpeHaoM ce pa3Busia usmehy
oBe /iBe KapO6oHaTHe MaTdopMe y MEePUOAY O/
paHor Tpujaca o0 jype. OkeaH je BepoOBaTHO [OYEO0
Jla ce 3aTBapa TOKOM KaCHOI MaCTPHUXTa-paHOT
naseoneHa. PUGTHU cefuMeHTH U 0PHOJUTH KOjU
Cy HaByYeHU IpeKo KapboHaTHUX MmIaTGOpMHU
Beydaglari u Akseki-Anamas Ha 3anajy 4 UCTOKY,
dopmupanu cy AHTaJIUjCKy HaBJIaKYy.

Ha ocHOBY npe/ij103keHOT reo/JUHaMUYKOT MO/ie-
Ja, jesepo Burdur ¥ okoJIMHA Cy YIJIaBHOM MOJ
yTHLajeM J1Be TeKTOHCKe cuje ca CU-]3 u C3-JU
eKCTEeH3UOHHUM TPEH/IOM, yCJie[l KpeTamwa 3anajHe
Typcke ka |3 1 pa3Boja erejckor rpabeHCcKor cucTeMa.
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