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ABSTRACT 

The Central Menderes Metamorphic Core complex of Western Anatolia, Turkey is 

bordered by two major approximately E-W trending seismically active grabens: the Alasehir and 

Büyük Menderes Grabens (BMG). Seven depth-converted 2-D seismic reflection profiles and 

well log data from one well are used to delineate the geometry of the subsurface structural 

features and the Cenozoic stratigraphy of the eastern part of the BMG.  

Depth converted seismic profiles indicate ~2100 meters (m) thickness of Early Miocene 

to recent sedimentary rock units in the BMG. The south-dipping Graben Bounding Fault (GBF) 

along the northern margin of the BMG has been active probably since Miocene sedimentation in 

the basin. Miocene to Pliocene (Neogene) sedimentary units show thickness variations along the 

three N-S cross-sections constructed based on the structural interpretation of the seismic data. 

The Neogene units are thickest in the center of the graben, and illustrate a wedge-shaped 

geometry towards the north and south-dipping graben bounding faults flanking the graben. Due 

to this geometry, syn-sedimentary extension in the graben has not formed a rollover structure and 

associate extensional folds and faults.  
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 The subsurface structural geometry of the BMG contrasts with the structural geometry of 

the Neogene sedimentary units in the Alasehir Graben (AG). The AG contains a thicker (3000 

m) Neogene sedimentary succession (Çiftçi and Bozkurt, 2009, 2010), a rollover structure and a 

supradetachment basin were interpreted by (Çemen et al., 2006; Çiftçi and Bozkurt, 2009, 2010). 

Although the AG and BMG may have started to form simultaneously in Early Miocene time 

during the Cenozoic extensional phase in the region, they do not contain symmetrical structural 

features. 
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1. INTRODUCTION 
 

Western Anatolia, Turkey is a part of the Alpine-Himalayan belt where large scale 

continental Cenozoic extension occurred during the Cretaceous to Eocene Alpine collision that 

produced the Izmir-Ankara-Erzincan suture zone (Figure 1) (Şengör and Yılmaz, 1981; Tankut 

et al., 1998; Dilek et al., 1999; Stampfli, 2000). Although there is overwhelming evidence for 

Cenozoic post-collisional extensional tectonics, the timing of initiation and cause of the 

extension remain controversial (Dewey and Şengör, 1979; Şengör et al., 1985; Le Pichon and 

Angelier, 1979; Seyitoğlu and Scott, 1996; Bozkurt and Park, 1997; Çemen et al., 2006; Çemen, 

2010).  

The Central Menderes Metamorphic Core complex of Western Anatolia, Turkey is 

bordered by two major approximately E-W trending seismically active grabens: the Alasehir and 

Büyük Menderes Grabens (Figure 1). During the last decade, structural evolution of the Alasehir 

Graben has been studied by several researchers (Seyitoğlu et al., 2000, 2002; Catlos and Çemen, 

2005; Çemen et al., 2006; Çiftçi and Bozkurt, 2009, 2010). However, the structural evolution of 

the Büyük Menderes Graben (BMG) remains relatively unstudied. Consequently, structural 

relationships between the Alasehir and Büyük Menderes Grabens and stratigraphic correlation 

between the sedimentary rock units in the two grabens remain in question. 
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Figure 1- Generalized map of the Aegean region showing the location of major tectonic features 

and Alpine metamorphic core complexes, in pink. Abbreviations: NMM: Northern Menderes 

Massif; CMM: Central Menderes Massif; SMM: Southern Menderes Massif; HA: Hellenic arc; 

IAS: Izmir-Ankara suture zone; IPS: Intra-Pontide suture zone; LN: Lycian nappes; NAFZ: 

North Anatolian fault zone; DF: Datca Fault; AG: Alasehir Graben; BMG: Büyük Menderes 

Graben; WAET: Western Anatolia Extended Terrane. The red box outlines the WAET which 

contains the Menders Massif (from Çemen et al., 2006). 
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The Alasehir Graben contains about 3000 meters of lower Miocene to recent sedimentary 

rocks, and is bounded by a north-dipping detachment surface along its southern margin 

(Seyitoğlu et al., 2000; Çemen et al., 2006; Çiftçi and Bozkurt, 2009, 2010). The graben is 

bonded by the north-dipping low-angle (<45
0
) Alasehir detachment surface to the south and a 

high-angle normal fault to the north (Figures 1 and 2). 

The BMG is located to the south of the Central Menderes Metamorphic Core Complex, 

connects with the Denizli Graben to the east, and extends to the Aegean Sea to the west. The 

graben is ~160 km in length, and ranges from 4 to 14 km in width.  It is bounded by the Central 

Menderes Metamorphic Core Complex to the north and the Southern Menderes Metamorphic 

Core Complex to the south (Figures 1 and 2). The graben contains Cenozoic rock successions 

above the high-grade metamorphic gneiss. The Cenozoic rock units include polygenetic 

conglomerate, sandstone, mudstone, limestone, and coal (Paton, 1992; Hakyemez et al., 1999; 

Bozkurt, 2000; Göğüş, 2004; Çemen et al., 2006; Şen and Seyitoğlu, 2009; Çiftçi and Bozkurt, 

2009; Çifçi et al., 2011). Seyitoğlu et al. (2000), Gessner et al. (2001), Göğüş (2004), Çemen et 

al. (2006) and Gessner et al. (2013) suggested that the northern margin of the graben is bounded 

by the Büyük Menderes Detachment, a south-dipping low-angle fault . They also proposed that 

the low angle fault controls the structural evolution and Cenozoic stratigraphy of the graben. The 

surface trace of the fault strikes approximately E-W and is well mapped (Figure 2). However, the 

subsurface geometry of the fault and its structural control on the sedimentary rock accumulations 

bordering the fault zone are poorly understood. To date, there is no published subsurface 

structural study in the BMG. 
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1.1 Statement of Problem 

 

This study aims to delineate the geometry of the structural features in the eastern part of 

the BMG, and also compares these structural features with the Alasehir Graben.  The main 

objectives of this thesis are; 

• To delineate geometry of structural features and sedimentary rock thicknesses in the 

BMG based on interpretation of available seismic reflection profiles. 

• To develop a model for the structural evolution of the eastern part of the BMG. 

• To compare the structural evolution of the BMG with the structural evolution of the 

Alasehir Graben. This will provide a test for the three-stage extension model proposed by 

Çemen et al. (2006), Gessner et al. (2013) and Ersoy et al. (2014). These models propose 

that the Alasehir and Büyük Menderes Grabens are symmetrically formed in Early 

Miocene time and contain similar sedimentary rock units and structural features.   

 

 

 

 

 

 

 



5 
 

1.2 Methodology  

 

 The Turkish Petroleum Corporation (TPAO) acquired 2-D seismic reflection profiles 

throughout the BMG. Seven of these profiles are used for this project (Figure 3), including MUD 

201, MUD 202, MUD 204, MUD 205, MUD 206, MUD 207, and MUD 208. A Petrel project 

using these seismic reflection lines was created. TPAO drilled a wildcat well, Nazilli-1 (Figure 

3), which provides stratigraphic control for the Cenozoic sedimentary succession. A synthetic 

seismogram provided correlation between formation tops and time horizons on the seismic 

reflection. The area covered by the seismic lines in the eastern part of the BMG is nearly 16 km 

long and 10 km wide (Figure 3). 

The stratigraphy along the seismic lines was interpreted using the stratigraphy of the 

Nazilli-1 well. The seismic lines MUD 201, MUD 202, MUD 204, MUD 205, MUD 206, MUD 

207, and MUD 208 were depth converted using a velocity model based on the velocity data from 

Nazilli-1 well. Log interpretation, synthetic seismogram construction, well-seismic tie, velocity 

modeling, time-to-depth conversion, and seismic interpretation were completed using Petrel. 

These efforts delineated the basin geometry, stratigraphy and the structural evolution of the 

eastern part of the BMG. This geometry, stratigraphy and evolution then were compared with the 

stratigraphy, structural geometry and structural evolution of the eastern part of the Alasehir 

Graben.   
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Figure 2 – Simplified geologic overlain on Google Earth illustrates prominent structural features 

and rock units of western and central Anatolia. AG: Alasehir Graben; BMG: Büyük Menderes 

Graben; KMG: Küçük Menderes Graben; NAF: North Anatolian Fault; VIAS: Vardar–İzmir–

Ankara Suture Zone (from Ersoy et al., 2014). 
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Figure 3 - Location of the seven seismic profiles interpreted during this study. The profile 

locations are shown by blue lines (MUD 201, MUD 202, MUD 204, MUD 205, MUD 206, 

MUD 207, and MUD 208). The Nazilli-1 well is shown with green circle on the blue colored 

seismic lines. S-10 at the upper section of the figure is the N-S oriented seismic profile, MUD 

206. Abbreviations: AG: Alasehir Graben; BMG: Büyük Menderes Graben (from 

http://yerbilimleri.mta.gov.tr).
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2. GEOLOGIC OVERVIEW OF THE BÜYÜK MENDERES GRABEN 

2.1 Regional Geology 

Western Turkey contains several prominent structural features resulting from the large 

scale Cenozoic extensional tectonics. One of these features, the Menderes Metamorphic Core 

Complex, is one of the best examples of a metamorphic core complex in the world. The complex 

is bordered by the Izmir-Ankara Suture Zone to the north and the Lycian Nappes to the south and 

is separated into the northern, central and southern segments (Hetzel et al., 1995) by two east-

west trending grabens; the Alasehir and Büyük Menderes Grabens (Figures 1, 2 and 3). 

Although it has been widely accepted that Western Turkey has been experiencing N-S 

extension during the Cenozoic era, the cause, initiation and exact age of the Cenozoic 

extensional tectonics and associated E-W trending grabens are controversial among researchers. 

Four models have been proposed:  

1) The tectonic escape model:  

This model proposes that Cenozoic extension in Western Turkey is the result of the 

westward escape of the Anatolian micro-plate through dextral motion on the North Anatolian 

Fault Zone (NAFZ) and sinistral motion on the East Anatolian Fault Zone (EAFZ) (Dewey and 

Şengör, 1979; Şengör et al., 1985; Çemen et al., 1999) (Figures 1, 2 and 3). In this model, 

initiation of extension in Western Turkey coincides with the formation of the NAFZ about 5 Ma 

ago. 
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2) Back-arc spreading model: 

This model suggests that the back-arc extension related to the Hellenic-Cyprian Trench 

system initiated the Cenozoic extensional tectonics in Early Miocene time (McKenzie, 1978; Le 

Pichon and Angelier, 1979, 1981) (Figure 3). 

3) Orogenic collapse model:  

This model proposes that regional extension was initiated by the spreading and thinning 

of over-thickened crust during Late Oligocene- Early Miocene time. This followed the Late 

Paleocene- Early Eocene Alpine collision across northern Neotethys, which produced the Izmir-

Ankara suture zone (Figures 1 and 2) (Dewey, 1988; Seyitoğlu and Scott, 1996; Dilek and 

Whitney, 2000 McClusky et al., 2000). 

4) Three-stage extension model:  

This model combines three different extensional models into one model and suggests a 

successive-uninterrupted three-stage continuous extension in Western Turkey. The first stage is 

caused through the north-dipping Southwest Anatolian Shear Zone in Late Oligocene time and 

formed extensional basins along the shear zone. The model proposes that the second stage 

produced the north-dipping Alasehir and south-dipping Büyük Menderes Detachments, which 

were initiated in Early Miocene time. This stage was responsible for the formation of the grabens 

as symmetrical basins on the north and south sides of the Central Menderes Metamorphic Core 

complex (Figures 1 and 2). The third stage initiated about 5 million years ago as a result of the 

westward escape of the Anatolian Plate along the North Anatolian Fault Zone (Çemen et al., 

2006; Gessner et al., 2013; Ersoy et al., 2014). 
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The first three models propose different timing for the initiation of the Cenozoic 

extension in Western Turkey. While tectonic escape models postulate that extension begins in 

Pliocene time, back-arc spreading models propose its initiation in Early Miocene time, and the 

orogenic collapse model indicates it started in Late Oligocene- Early Miocene time. The three-

stage extension model combines these mechanisms into a continuous extension effecting 

Western Anatolia since Late Oligocene time (Figure 4).  
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Figure 4 – 3D cartoons and related schematic cross-sections (modified from Seyitoğlu et al., 

2004) displaying the proposed three-stage extensional model of the Cenozoic evolution of 

Western Turkey in A) Eocene; B) Late Oligocene; C) Early to Middle- Miocene; and D) Late 

Miocene-Pliocene to present (not to scale). Abbreviations: AG: Alasehir Graben; BMG: Büyük 

Menderes Graben; OB/KTB: Ören and Kale-Tavas basins; KMG: Kucuk Menderes Graben; 

LN: Lycian nappes; LP: lower plate; SG: Simav graben; SWASZ: Southwest Anatolian shear 

zone; UP: upper plate (from Çemen et al., 2006). 
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The three-stage extension model (Çemen et al., 2006) and other similar models 

(Seyitoğlu et al., 2004; Şen and Seyitoğlu, 2009; Gessner et al., 2013; Ersoy et al., 2014) 

consider the Alasehir and Büyük Menderes Grabens symmetrical grabens formed within the 

second stage of the Cenozoic extension in Early Miocene time (Figures 4 and 5). Therefore, the 

two grabens should have similar sedimentary rock units and similar structural features.  

Seyitoğlu et al. (2002) proposed that a high-angle normal fault was responsible for the opening 

of the Alasehir Graben in Early Miocene time. The fault rotated to a low angle detachment 

surface during Pliocene and Quaternary time which caused the formation of rollover anticlines in 

the lower Miocene to recent sedimentary succession in the Alasehir Graben (Figure 5). Seyitoğlu 

et al. (2000, 2002) mapped rollover structures in the field. The structures were later identified in 

seismic reflection profiles by Çiftçi and Bozkurt (2009, 2010).  
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Figure 5 – Evolution model of the Alasehir Graben from the Early Miocene to Quaternary times 

(not to scale). Stages A, B and C represent the tectonic development of the graben with the faults 

I, II, and III forming as high angle normal faults and then rotating to low angles through time. 

Stage D shows the fault IVs forming as second order high angle faults (from Seyitoğlu et al., 

2002). 
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2.2 Stratigraphy 

The rock units in the BMG can be divided into three main groups: Pre-Neogene basement 

rocks, Neogene sedimentary units and Quaternary deposits (Cohen et al., 1995; Emre and 

Sözbilir, 1997; Bozkurt, 2000; Çemen et al., 2006; Şen and Seyitoğlu, 2009; Kazancı et al., 

2009). Pre-Neogene basement contains metamorphic rocks such as marble, gneiss, and schist 

(Yılmaz et al., 2000; Bozkurt, 2000, 2003). Neogene sedimentary successions uncomfortably 

overlie the metamorphic basement, and are mostly composed of fluvial and lacustrine deposits of 

the Early-Middle Miocene Bascayir, Late Miocene Aydin, and the Pliocene Huseyinciler 

formations. The Quaternary units unconformably overly the Cenozoic units and are represented 

by the Hamzali formation (Yazman et al., 2004) (Figure 6). 

This study is primarily concerned with the Neogene sedimentary rock units. Therefore, 

the Neogene stratigraphy and sedimentary environments will be briefly summarized. For a 

detailed discussion on the stratigraphy and metamorphic history of the basement rocks, refer to 

Konak (1982), Bozkurt and Park (1994) and Gessner et al. (2001). 

2.2.1 Neogene Rock Units 

2.2.1.1 Bascayir formation 

The Early-Middle Miocene Bascayir formation is the oldest syn-extensional sedimentary 

succession in the BMG (Yazman et al., 2004; Göğüş, 2004). It unconformably overlies the 

metamorphic rocks of the Central Menderes Massif. This sequence (Figure 6) is a shale-

dominated succession and contains alluvial fans and lacustrine deposits (Sözbilir and Emre, 

1990; Cohen et al., 1995). The south-dipping detachment fault controls the deposition of this unit 

along the northern margin of the BMG (Göğüş, 2004; Çemen et al., 2006; Şen and Seyitoğlu, 
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2009). The unit is composed of sandstone, limestone, siltstone, mudstone, claystone, shale 

alternations, and lenses of coal (Cohen et al., 1995; Hakyemez et al., 1999; Paton, 1992; Bozkurt, 

2000; Çemen et al., 2006). It is unconformably overlain by the Aydin formation (Figure 6). 

2.2.1.2 Aydin formation 

The Late Miocene Aydin formation unconformably overlays the Bascayir formation and 

is interpreted as alluvial fan deposits and fluvial clastic sedimentary rocks (Bozkurt, 2000; 

Yazman et al., 2004; Şen and Seyitoğlu, 2009). The unit contains coarse-grained polygenetic 

conglomerate, sandstone, mudstone, marl, siltstone, claystone and clayey limestone (Paton, 

1992; Cohen et al., 1995; Hakyemez et al., 1999; Bozkurt, 2000). It is derived from underlying 

metamorphic rocks and Bascayir sedimentary rocks (Emre and Sözbilir, 1997; Şen and 

Seyitoğlu, 2009). The Aydin formation is unconformably overlain by the Huseyinciler formation. 

2.2.1.3 Huseyinciler formation 

 The Pliocene Huseyinciler formation is composed of both alluvial and fluvial clastic 

rocks formed in a high-energy depositional environment. It mainly comprises poorly-sorted and 

bedded conglomerate in a clay matrix with alternations of sandstone and mudstone (Yılmaz et 

al., 2000; Yazman et al., 2004; Gürer et al., 2009). It is unconformably overlain by Quaternary 

Hamzali formation alluvium (Yazman et al., 2004). 
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Figure 6 – Generalized stratigraphic column of the Büyük Menderes Graben. Modified from 

Yılmaz et al. (2000), Yazman et al. (2004), and Kazancı et al. (2009). 
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2.2.2 Quaternary alluvium (Hamzali formation) 

The Quaternary Hamzali formation consists of lateral alluvial fan deposits and present-

day graben clastic sediments commonly located along the northern margin of the BMG. The 

Büyük Menderes River carries the clastic sediments in the BMG. This succession mainly 

contains mud and muddy sand and its thickness decreases toward the east (Kazancı et al., 2009). 

2.3 Structural Geology 

BMG is the largest active graben in the Western Anatolia. Göğüş (2004), Çemen et al. 

(2006), and Şen and Seyitoğlu (2009) proposed that the BMG opened by motion along the south-

dipping Büyük Menderes Detachment along its northern side. Motion along the proposed 

detachment was considered as responsible for the deposition of syn-extensional sedimentary 

rocks in the grabens (Yılmaz et al., 2000; Seyitoğlu et al., 2000, 2002; Çemen et al., 2006; Şen 

and Seyitoğlu, 2009). The BMG contains an extensional fault system along the northern and 

southern flanks that separates the Neogene sedimentary rocks from the exhumed metamorphic 

rocks and the basement (Seyitoğlu et al., 2000; Gessner et al., 2001; Göğüş, 2004; Çemen et al., 

2006; Gürer et al., 2009; Gessner et al., 2013). 

Another E-W trending graben in Western Turkey is the Alasehir Graben, which hosts the 

thickest sedimentary successions in Western Turkey with great displacement rates on their 

boundary faults (Gürer et al., 2009; Çiftçi and Bozkurt, 2009). Seyitoğlu et al. (2000) studied the 

Cenozoic rock units exposed along the Alasehir Graben and determined that they contain 

extensional folding as rollover structures (Figures 5 and 7). The main evidence for rollover is the 

presence of Cenozoic rock units along the Alasehir Detachment that dip towards the fault plane 

as much as 35⁰ to 40⁰ (Figure 7). 
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Figure 7 – Two transverse cross-sections display rollover structures in the Alasehir Graben 

(from Seyitoğlu et al., 2000). 

 

Çiftçi and Bozkurt (2009) constructed a series of structural cross-sections across the 

Alasehir Graben using seismic reflection profiles provided by TPAO. They determined that a 

rollover structure is present along the N-S seismic profiles in the Alasehir Graben (Figures 8 and 

9). The N-S oriented seismic reflection profile along the Alasehir Graben shows the Neogene 

sedimentary units in the basin. One of these profiles, S-10, is shown in Figure 9. The Neogene 

units are divided into two main groups. The first group includes the Miocene Alasehir, Caltilik 

and Gediz formations that contain coarse grained clastic rocks at the southern flank, and change 

to fluvial-lacustrine deposits along the northern flank. The second group unconformably overlays 

the first group and represented by Pliocene Kaletepe and Bintepeler formations which are 

composed of alluvial conglomerate and coarse grained sedimentary rocks, respectively. The 

Quaternary alluvium comprises fluvial sediments (Çiftçi and Bozkurt, 2009, 2010).  
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Figure 8 – Generalized geologic map of the Alasehir Graben, Western Turkey showing location 

of the seismic profiles interpreted by Çiftçi and Bozkurt (2009). Abbreviations: MGBF: Master 

graben bounding fault; BH: Borehole (from Çiftçi and Bozkurt, 2009). 
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Figure 9 – Uninterpreted (A) and Interpreted (B) 2-D seismic reflection profile S-10 of Çiftçi 

and Bozkurt (2009). The profile shows a rollover structure in the hanging-wall of the Alasehir 

Detachment surface bounding the southern margin of the Alasehir Graben. SSU-I, II, IIIa, and 

IIIb indicate Neogene rock units of the graben. A borehole is overlain (from Çiftçi and Bozkurt, 

2009). 
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3. INTERPRETATION OF SUBSURFACE DATA AND METHODS 

 Seven seismic reflection profiles (Figure 3) provided by TPAO have been interpreted to 

determine subsurface structural geometry in the eastern part of the BMG. Neogene stratigraphy 

is based on the wireline log of the Nazilli-1 well (Figures 1, 2 and 3). 

3.1 Wireline Logging 

 The Nazilli-1 well was drilled by TPAO along on the NW-SE oriented seismic profile 

(Figure 3). The dry well is the only wildcat well drilled in the BMG. The sonic velocity log from 

the well was used to determine the velocities of Neogene sedimentary units in the eastern part of 

the BMG.   

The Nazilli-1 well entered the Hamzali formation at the surface, penetrated the 

Huseyinciler, Aydin, and Bascayir formations, and reached the metamorphic basement at 950 

meters below surface. The well penetrated 15 meters of metamorphic rocks before it reached a 

total depth of 965 meters. 
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 Figure 10 shows the generalized stratigraphic column of the Nazilli-1 well based on 

wireline logs and the well completion report. It displays stratigraphy and the formation 

thicknesses of the eastern BMG. Continuous measurements of spontaneous potentials (SP), 

Gamma-ray (GR), caliper, and sonic velocity logs (DT) are available from all formations. 

Resistivity, density, and neutron porosity logs are only available for the lower parts of Aydin and 

Bascayir formations (Figure 11) over the interval 560-965 m. 
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Figure 10 – Generalized stratigraphy of the eastern part of the Büyük Menderes Graben based 

on data from the Nazilli-1 well. 
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Figure 11 - Geophysical logs from the Nazilli-1 well displaying gamma and caliper logs (A); 

shallow and deep resistivity logs (B); neutron porosity and bulk density logs (C); and sonic log 

(D). Formation tops are shown to the right. 
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3.2 Seismic Reflection Data 

Seven 2-D seismic reflection profiles were loaded into Petrel in SEG-Y format. The trace 

header was checked to ensure that trace sequence number, sample interval, common depth point 

(CDP), x and y coordinates of the trace and shot point number were present. 

 Due to the lack of the accurate coordinate information in the seismic headers, the x and y 

coordinates of the shot points were input separately. The shot point and trace date were merged 

with the assumption that there are two traces (CDPs) for each shot point. Additional shot points 

at the start and end of the line were eliminated. Each seismic profile has a record length of 5 

seconds with the first 1.5-2.25 seconds providing good resolution for seismic interpretation.  

3.3 Synthetic Seismogram 

 A synthetic seismogram was created using the sonic and density logs from Nazilli-1 well. 

The caliper log was checked to evaluate the quality of the sonic log (DT). Median filtering was 

used to remove spurious readings on both the sonic and density logs. Acoustic impedance (AI) 

was calculated by multiplying density and sonic log values. In general highly competent rocks 

yield high values of AI. If there is sufficient AI contrast between two rock units energy is 

reflected from the interface in greater proportion to that transmitted (Kearey et al., 2002). The 

ratio of the amplitude of the reflected to transmitted energy is given by the reflection coefficient 

(RC) at the boundary of the two rock units: 

RC = (AIn+1 – AIn)/ (AIn+1 + AIn) 

 AIn+1 = AI of the lower layer. AIn = AI of the upper layer. 
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 The RC is calculated where AI is available to create a reflectivity series (Figure 12). The 

synthetic seismic is the result of the convolution of the RC with a wavelet extracted from seismic 

data (Figure 13). 
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Figure 12 – Synthetic seismogram of the Nazilli-1 well. The synthetic is shown with the sonic 

log, acoustic impedance, reflection coefficient, and seismic image of trace 174 where the well 

was drilled.   
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 The synthetic seismogram was calibrated by aligning the strongest reflectors in the 

synthetic seismogram with the stronger reflectors in the seismic data (Figure 12). Therefore, 

Bascayir formation and one of the strong continues reflector within the formation were chosen 

for the ties. The synthetic was shifted and squeezed for a successful tie of the well and seismic 

reflections.  The Bascayir formation was shifted from -505 milliseconds (ms) to -572 ms in TWT 

while the other strong reflector was shifted from 572 ms to -582 ms. The greatest change in 

velocity is ~3%. The synthetic provides a strong correlation between formation tops in the well 

and time horizons in the seismic reflection line. 
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Figure 13 – Parameters of the extracted wavelet used for synthetic seismogram construction. A) 

Power spectrum in decibels (db) of the signal. B) Extracted wavelet in time domain. C) Phase 

spectrum of the wavelet.  
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3.4 Time to Depth Conversion of Seismic Data 

 Seismic reflection profiles in time do not accurately portray the dips of sedimentary rock 

units and fault planes in depth. Structural interpretation requires conversion from TWT to depth. 

Depth conversion used the calibrated interval velocity function derived for the synthetic 

seismogram for the Nazilli-1 well. Depth conversion was done by using interval velocities (from 

DT) calculated for units from the Nazilli-1 and converting these to one-way vertical travel time. 

 Fault and horizon interpretations of seven 2-D seismic profiles were first carried on time 

sections. The surfaces defining the tops of the Aydin formation, Bascayir formation and the 

basement were created and traced in the seismic profiles. 

Depth conversion was initially carried out on MUD 206, which goes through the Nazilli-

1 well. Interval velocities for each formation were assigned based on the calibrated the sonic 

velocity date. These interval velocities for the MUD 206 seismic section are as follows: 

Huseyinciler formation = 1880 m/s,  

Aydin formation = 1960 m/s  

Bascayir formation = 2177 m/s  

Basement = 3024 m/s (Figure 14). 

These interval velocities and associated surfaces were modeled to create velocity 

structures for each zone using the Adlinvel equation: 

V=V0+K*(Z-Z0) 
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Where V = final velocity, V0 = the initial velocity of the surface, K = a constant value for 

each zone which changes by velocity varieties in the vertical direction, and (Z - Z0) = the depth 

and the top of the surface. 

Interpreted seismic horizons, fault surfaces, points, and seismic data were all depth 

converted using Petrel. The depth converted data were interpreted to delineate proper structural 

geometries. The reliability and the consistency of the conversions were checked based on the 

data from the Nazilli-1 well. 
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Figure 14 - Showing the velocity values used for each unit during the depth conversion along the seismic reflection profile MUD 206, 

which contains the Nazilli-1 wildcat well.
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4. STRUCTURAL GEOLOGY OF THE BÜYÜK MENDERES GRABEN 

 Seven 2-D seismic profiles (Figure 15) were depth converted using the velocity model 

created from the NW-SE trending seismic profile 206, which contains the only well, Nazilli-1 

(Figure 15). North-south trending seismic profiles, MUD 202, MUD 204 and MUD 208, form 

dip profiles across the structural features of the graben. The western portions of the MUD 201 

and MUD 205, and the southern portion of the reflection seismic profile MUD 204 are excluded 

from the interpretation as they lie outside of study area. Both uninterpreted and interpreted time 

and depth domain seismic profiles and the structural cross-sections constructed based on the data 

from these profiles are shown in Figures 16 through 36.   

 In the section below, first N-S trending seismic (in lines) profiles then E-W trending 

profiles will be discussed to explain structural geometry of the eastern part of the BMG. 
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Figure 15 - Location of the seven seismic profiles interpreted during this study. The Nazilli-1 

well is shown on seismic line MUD 206 (from http://yerbilimleri.mta.gov.tr). 

 

 

 

 

 

 

 

 

 

 

 

http://yerbilimleri.mta.gov.tr/
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4.1 Seismic Profile 208 

The N-S trending seismic profile 208 is ~10.1 km in length (Figures 15 and 16). Depth 

converted seismic profile 208 displays the thickest Neogene sedimentary succession in center of 

the graben where sedimentary rocks are ~2100 meters thick (Figure 16). 

Along the seismic profile 208, the south-dipping Graben Bounding Fault (GBF) reaches 

more than 3500 meters below sea level. Previous work by Seyitoğlu et al. (2004), Çemen et al. 

(2006) and Gessner et al. (2013) based on filed mapping in the BMG suggested that this fault  

becomes listric at depth. However, structural interpretation of available seismic profiles for this 

study suggests that the fault may continue with a high angle for a considerable depth. The quality 

of the 2-D seismic profile is not good enough to determine the dip angle of the south-dipping 

GBF at depth.  The synthetic and antithetic faults to the south-dipping GBF are better imaged 

along the seismic profile because they displace sedimentary rocks. The faults dip at about 75⁰- 

60⁰ at the center of the graben. Due to continuous extension in the graben, normal faults rotate 

towards the northern and southern flanks and start to dip less steeply. South-dipping normal 

faults at the northern flank dip shallower (~50⁰) than the north-dipping normal faults at the 

southern flank (~55 - 65⁰). These faults are interpreted as growth faults because of the presence 

of the thicker sediments on the downthrown side of each of these faults. The Neogene 

sedimentary rock units and the metamorphic basement get progressively higher in elevation at 

depth toward the northern and southern edges of the graben. The overlying sedimentary 

succession becomes thinner towards the edges of the graben. 

Two lines of evidence exist to suggest that the south-dipping GBF and some of its 

synthetic faults formed earlier than the fault along the southern flank of the graben. They are 1) 

the Neogene sedimentary succession is thickest in the center of the graben and gets thinner in 
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general towards the northern and southern edges of the graben; and 2) the normal faults at the 

northern flank show more rotation than the ones in the southern flank. This seismic profile 

delineates that the depocenter is closer to the southern flank, indicating that more 

accommodation space was available along the northern flank of the graben than the southern 

flank due to the slightly asymmetric geometry of the graben (Figures 17 and 18). 

The Early to Middle Miocene Bascayir formation has strong reflectors along the seismic 

profile, while the weak-transparent reflectors at the top of the profile are interpreted as 

Quaternary alluvium (Figure 17). The tops of the Aydin and Bascayir formations are seen as 

strong reflectors identified based on their correlation with synthetic seismogram of the Nazilli–1 

well. Therefore, the section above the Aydin formation is considered as one sedimentary package 

containing the Huseyinciler formation and Quaternary rock units. The Bascayir and Aydin 

formations have lens-shaped reflectors that point out the thickening of the Neogene sedimentary 

rock units towards the center of the graben. 

The south-dipping GBF may extend with a higher angle at depth than shown on the cross 

section (Figure 18). This geometry is similar to narrow rift type of extension suggested by Buck 

(1988, 1991). This possibility has been shown as two interpretations along the N-S seismic 

profiles and the structural cross-sections.  
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Figure 16 – Transverse MUD 208 seismic reflection profile and its interpreted section in two-way-time (twt). Color codes indicate 

formation tops (Pink=top basement; Blue=top Bascayir; Orange= top Aydin). Faults are in red.
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Figure 17 – Transverse MUD 208 seismic reflection profile and its interpreted section in depth 

(meters). Color codes indicate formation tops (Pink=top basement; Blue=top Bascayir; Orange= 

top Aydin). Faults are in red. 
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Figure 18– Interpretation of the MUD 208 transverse seismic profile showing the sequence of 

Neogene units. 
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4.2 Seismic Profile 202 

N-S trending seismic profile 202 is about ~8.5 km in length across the graben at the 

eastern BMG (Figures 15 and 19). The depth converted seismic profile displays the maximum 

thickness for the Neogene sedimentary rock units as ~1800 m near the center of the graben 

(Figure 20). 

This seismic profile exhibits similar geometry to the profile 208. The Neogene 

sedimentary units are thickened towards the center of the graben. This indicates that extension 

was continuing during the sedimentation. Thickening of the sediments on the downthrown side 

of the synthetic and antithetic faults along the section suggest growth faulting and syn-

extensional sedimentation. As in the seismic profile 208, the sedimentary packages thin towards 

the south-dipping GBF to the north and the north-dipping GBF to the south. This geometry 

indicates that faults were syn-extensional. However, the rotation in the center of the basin may 

be greater than the rotation in the flanks of the basin because the basin bounding faults have been 

moving much compared to the center of the basin. 

As in seismic profile 208 and the third N-S trending seismic profile 204, the south-

dipping GBF is interpreted as a low-angle normal fault (<45
0
). However, the N-S trending 

seismic profiles are not conclusive in regards to this geometry in the subsurface because there are 

only weak basement reflectors. Interpretation of the south-dipping GBF at depth is ambiguous at 

best. Therefore, the fault may dip at a high angle (>45
0
) for a considerable depth into the 

basement. Metamorphic basement is elevated towards to the surface in the hanging wall of the 

BF at the southern flank because of the footwall uplift along the fault. Therefore, the detachment 

fault interpretation along the northern flank of the BMG by Seyitoğlu et al. (2004), Çemen et al. 



44 
 

(2006) and Gessner et al. (2013) should be questioned and perhaps abandoned in favor of a high-

angle normal fault interpretation. 

The Quaternary Hamzali formation could not be traced in the seismic profiles because it 

does not have a good reflector. As in seismic line 208, the top of the Bascayir formation displays 

a strong reflector along the northern and southern flanks because of a high acoustic impedance 

contrast with the coarse grained clastic rocks in the formation (Figures 20 and 21). 

In the center of the BMG, the synthetic and antithetic faults of the south-dipping GBF dip 

with high angles (75⁰- 65⁰). Because of the continuous extension at the graben, the normal faults 

rotate towards the northern and southern flanks (Buck, 1988, 1991). This implies that the faults 

on the edges of the graben formed first and continuous extension caused them to rotate and dip 

less steeply towards the margins. The sedimentary rocks thicken on the hanging wall side of each 

fault in the basin indicating growth faulting during sedimentation. The synthetic normal faults at 

the northern flank dip shallower (55⁰- 50⁰), while the faults on the southern flank dip less steeply 

(70⁰- 65⁰) than the faults at the center of the graben. As pointed out earlier during the discussion 

of seismic line 208, this difference suggests that the south-dipping GBF and its synthetics were 

probably formed first along the northern flank of the graben. Then, the north-dipping GBF and 

its synthetics formed to create a slightly asymmetrical graben geometry without a rollover 

structure towards the south-dipping GBF.   
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Figure 19 – Transverse MUD 202 seismic reflection profile and its interpreted section in two-way-time (twt). Color codes indicate 

formation tops (Pink=top basement; Blue=top Bascayir; Orange= top Aydin). Faults are in red. 
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Figure 20 – Transverse MUD 202 seismic reflection profile and its interpreted section in depth 

(meters). Color codes indicate formation tops (Pink=top basement; Blue=top Bascayir; Orange= 

top Aydin). Faults are in red. 
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Figure 21 – Interpretation of the MUD 202 transverse seismic profile showing the sequence of 

Neogene units. 
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4.3 Seismic Profile 204 

The N-S trending seismic profile 204 is the transverse profile with the total length of 

~11.0 km, with the ~5.7 km long northern part is located in the BMG. The remaining part of the 

profile extends into the N-S trending Bozdogan Graben (Figures 15 and 22).  

The seismic profile exhibits a similar geometry with lines 208 and 202. The Neogene 

sedimentary succession is the thickest in the center of the graben and gets thinner towards the 

flanks of the graben. This geometry suggests that both the northern south-dipping and the 

southern north-dipping Graben Bounding Faults experienced basement uplift and received 

sediments both from the northern and southern margins of the basin as the graben opened by the 

Cenozoic extensional tectonics.  

The Bascayir formation presents strong reflectors because of a high acoustic impedance 

change due to the coarse grained clastic rocks present in the formation. The Aydin and 

Huseyinciler formations also have strong continuous reflectors indicating presence of coarse 

clastic rocks within the formations and also outlining unconformities between units’ base and 

tops. The transparent reflectors above the Huseyinciler formation refer the Quaternary Hamzali 

formation (Figures 23 and 24). 

Structurally this seismic line is similar to the 202 and 208 N-S trending lines. The south-

dipping GBF is interpreted as becoming low angle normal fault. However seismic quality is not 

conclusive enough to interpret the geometry of the fault at depth. The fault may continue as high 

angle normal fault for a considerable depth in the subsurface as shown as the second 

interpretation in Figure 24. The synthetic normal faults along the northern part of this seismic 
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line are not seen. However, the normal faults along the southern flank dip about 65⁰ to 75⁰ 

similar to the southern part of the other seismic profiles.  
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Figure 22 – Transverse MUD 204 seismic reflection profile and its interpreted section in two-

way-time (twt). Color codes indicate formation tops (Pink=top basement; Blue=top Bascayir; 

Orange= top Aydin). Faults are in red. 
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Figure 23 – Transverse MUD 204 seismic reflection profile and its interpreted section in depth 

(meters). Color codes indicate formation tops (Pink=top basement; Blue=top Bascayir; Orange= 

top Aydin). Faults are in red
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Figure 24 – Interpretation of the MUD 204 transverse seismic profile showing the sequence of 

Neogene units. 
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4.4 Seismic Profile 207 

MUD 207 is a strike profile and is the northernmost of the east-west trending seismic 

profiles. It is about ~9.5 km in length and is intersected by the 202, 204 and 208 N-S seismic 

profiles (Figures 15 and 25). 

The eastern end of seismic profile is near the Kuyucak area where the Nazilli-1 well was 

drilled (Figure 3). This area displays the smallest sedimentary thickness due to the basement high 

toward the eastern edge of the BMG. The Neogene sedimentary succession gets thicker towards 

the west and reaches ~1900 m thickness close to middle part of the section where there are 

undulations in the Bascayir and Aydin formations, which have almost uniform thicknesses 

through the most of the profile. The Late Miocene Aydin and the Early- Middle Miocene 

Bascayir formations are ~400 and ~900 m thick, respectively. The formations are cut by normal 

faults, which might have formed syn-extensional structures during the sedimentation in the basin 

(Figures 25, 26 and 27). This indicates that the two formations show uniform thickness along 

strike of the graben. 

The south-dipping GBF is reached at ~3200 m at depth below sea level. The south-

dipping GBF and its synthetic splays are seen as practically horizontal because the seismic line is 

almost perpendicular to the extension direction. The normal faults may have been formed, under 

the same stresses, parallel to the extension direction. 
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Figure 25 – Longitudinal MUD 207 seismic reflection profile and its interpreted section in two-way-time (twt). Color codes indicate 

formation tops (Pink=top basement; Blue=top Bascayir; Orange= top Aydin). Faults are in red. 
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Figure 26 – Longitudinal MUD 207 seismic reflection profile and its interpreted section in depth 

(meters). Color codes indicate formation tops (Pink=top basement; Blue=top Bascayir; Orange= 

top Aydin). Faults are in red. 
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Figure 27 – Interpretation of the MUD 207 longitudinal seismic profile showing the sequence of 

Neogene units.  
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4.5 Seismic Profile 201 

 MUD 201 (Figure 15) is the longest east-west trending seismic profile and is ~34 km 

from the middle to the eastern part of the BMG.  It is the only 2-D seismic profile intersecting 

the NW-SE seismic profile, MUD 206 (Figure 15) where Nazilli–1 well was drilled. It also 

crosses the other three N-S seismic profiles. This study includes 10.5 km of this seismic profile 

on its eastern end. The remaining part of the section was cropped because it is outside of the 

study area (Figures 15 and 28). Depth converted section (Figure 29) shows the base of oldest 

sedimentary unit, the Bascayir formation, ~2000 meters at depth below sea level where N-S 

trending MUD 208 intersects the MUD 201 reflection seismic profile (Figure 29). 

 The profile shows similar undulations observed along the MUD 207 seismic profile in the 

Bascayir and Aydin formations. The Huseyinciler and Aydin formations have strong continuous 

reflectors while the Bascayir formation has discontinuous and almost chaotic reflectors in the 

center of the profile with disrupted and contorted reflectors. This may indicate presence of 

intense fracturing of the sedimentary rocks along this profile.  

The south-dipping GBF creates an undulating surface and is present at ~3300 m below 

sea level. Steeply dipping normal faults cut the Neogene units and the metamorphic basement 

(Figures 29 and 30). 
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Figure 28 – Longitudinal MUD 201 seismic reflection profile and its interpreted section in two-way-time (twt). Color codes indicate 

formation tops (Pink=top basement; Blue=top Bascayir; Orange= top Aydin). Faults are in red. 
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Figure 29 – Longitudinal MUD 201 seismic reflection profile and its interpreted section in depth 

(meters). Color codes indicate formation tops (Pink=top basement; Blue=top Bascayir; Orange= 

top Aydin). Faults are in red. 



60 
 

 

Figure 30 – Interpretation of the MUD 201 longitudinal seismic profile showing the sequence of 

Neogene units. 
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4.6 Seismic Profile 206 

Seismic profile 206 is oriented NW-SE and the only seismic section that intersects the 

Nazilli-1 well. It trends almost perpendicular to the extension direction near the eastern end of 

the BMG and has a total length of ~7.4 km (Figure 15).  

The well reached the oldest Neogene unit, Bascayir formation, at 644 m, the Aydin 

formation at 420 m, and the Huseyinciler formation at 180 m at depth below sea level. The top of 

the Huseyinciler formation and its continuation are poorly imaged. Therefore, Pliocene 

Huseyinciler and Quaternary units above were interpreted together above the Late Miocene 

Aydin formation.  

The oldest Neogene unit, the Bascayir formation and the metamorphic basement below 

are cut mostly by the faults at the middle part of the seismic section. The south-dipping GBF and 

north-dipping GBF are almost parallel to the strata. The metamorphic basement is truncated by 

the north-dipping GBF.  The south-dipping GBF was traced and interpreted using the character 

of the strong reflectors that separate the basement and Neogene units along the seismic profile 

and ties to intersecting profiles (Figures 31, 32 and 33). 

The Huseyinciler and Aydin formations mostly have laterally continuous reflectors while 

the Bascayir section is faulted and thins towards the middle where reflectors dip in both 

directions to form an anticlinal shape. Nazilli-1 was drilled to penetrate this structure (Figures 31 

and 32). 
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Figure 31 – NW-SE trending MUD 206 seismic reflection profile and its interpreted section in two-way-time (twt). Color codes 

indicate formation tops (Pink=top basement; Blue=top Bascayir; Orange= top Aydin). Faults are in red. 
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Figure 32 – NW-SE trending MUD 206 seismic reflection profile and its interpreted section in 

depth (meters). Color codes indicate formation tops (Pink=top basement; Blue=top Bascayir; 

Orange= top Aydin). Faults are in red. 
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Figure 33 – Interpretation of the MUD 206 NW-SE trending seismic profile showing the 

sequence of Neogene units.  
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4.7 Seismic Profile 205 

MUD 205 seismic profile is 12.4 km in length and is the southernmost longitudinal 

seismic profile. This reflection profile is intersected by all three north-south profiles (Figures 15 

and 34). 

 The north-dipping GBF intersects the sedimentary units and the basement at the east and 

west direction with the depth range from 1000 to 2000 meters. The Neogene section and the 

basement are cut by sub-vertical normal faults. Metamorphic basement is higher at the center of 

the section between N-S oriented MUD 202 and MUD 208 reflection profiles where the 

bounding fault plane cuts the hanging-wall metamorphic basement rocks (Figures 35 and 36). 

The south-dipping GBF is traced and interpreted as dashed lines due to lack of convincing 

evidence below 3500 meters. 
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Figure 34 – Longitudinal MUD 205 seismic reflection profile and its interpreted section in two-way-time (twt). Color codes indicate 

formation tops (Pink=top basement; Blue=top Bascayir; Orange= top Aydin). Faults are in red. 
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Figure 35 – Longitudinal MUD 205 seismic reflection profile and its interpreted section in depth 

(meters). Color codes indicate formation tops (Pink=top basement; Blue=top Bascayir; Orange= 

top Aydin). Faults are in red. 
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Figure 36 – Interpretation of the MUD 205 longitudinal seismic profile showing the sequence of 

Neogene units. 
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5 DISCUSSIONS AND CONCLUSIONS 

The major differences between the Alasehir and Büyük Menderes Grabens are 

summarized as follows: 

1. The Alasehir Graben contains over 3000 m of Early Miocene to recent sedimentary 

rock units.  In the BMG, the Early Miocene to recent sedimentary rock thickness is 

less than 2200 meters.  

2. The southern margin of the Alasehir Graben contains a well-developed north-dipping 

low-angle detachment surface, which was formed as a high-angle normal fault and 

rotated to low angle in Miocene to recent times with flexural bending (Seyitoğlu et 

al., 2000, 2002) (Figure 5). This bending produced a rollover structure, which is 

present on the surface and in the subsurface (Figures 7 and 9) (Seyitoğlu et al., 2000, 

2002; Çiftçi and Bozkurt, 2009, 2010). These characteristics qualify the Alasehir 

Graben as a supradetachment basin. 
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3. This study suggests that both the south-dipping and north-dipping Graben Bounding 

Faults have been active during Miocene sedimentation in the basin. This is evidenced 

by a) Neogene sedimentary rock units being thicker on the downthrown side of the 

syn-extensional normal faults (i.e., growth faulting), and b) the wedge-shaped 

geometry of the Neogene Sedimentary rock units adjacent to the boundary faults on 

northern and southern flanks of the graben. However, syn-sedimentary extension in 

the graben has not formed a rollover structure and associate extensional folds and 

faults. This is in contrast to the structural geometry of the Neogene sedimentary units 

in the Alasehir Graben. Therefore, it can be suggested that the BMG may have been 

started to form simultaneously in Early Miocene time. However, they have not 

experienced similar structural evolution because they do not contain similar structural 

features. 

Seyitoğlu et al. (2004), Göğüş (2004) and Çemen et al. (2006) suggested that the 

sedimentation along the BMG was controlled by a low-angle detachment surface, which 

probably started as a high angle normal fault and rotated to a low-angle and became almost 

horizontal at depth. Although available seismic reflection profiles interpreted during this study 

are not conclusive to determine the exact geometry of this fault (Figure 37), it is very likely that 

this fault extends with a high angle at considerable depth as suggested in papers by Buck (1988, 

1991) in the narrow-rift type extension mode. This possibility has been shown along the N-S 

seismic profiles and the structural cross-sections (Figure 16 through 24). 
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Figure 37 – 3-D view of south-dipping GBF and north-dipping BF planes and their synthetic and 

antithetic splays with related formation tops’ horizons and the Neogene basement. 

 

Therefore, this thesis proposes a second interpretation for the geometry of the south-

dipping GBF (Figures 18, 21, and 24): 

The fault continues as a high angle normal fault at considerable depth below surface and 

do not flattened out within the vertical depth of available seismic profiles. This geometry is 

similar to the rifting mode of extension proposed by Buck (1988) and (1991) and (Figure 38). 

The mode 3 rifting, narrow rift mode, fits the features have been displayed in the BMG. These 

are 1) high angle boundary faults with synthetic and antithetic faults; 2) the sedimentary pattern 

indicating that the center of the basin was dropping down more than the edges, thinning towards 

the edges of the graben and showing a wedge geometry; 3) lack of the presence of a rollover 

structure. 



72 
 

 

Figure 38 – A) Sketch of the lithosphere in the narrow rift mode of continental extension 

(Crustal thickness is 30 km) (from Buck, 1991). B) An example of a narrow rift and the crustal 

section through the center of the Upper Rhine Graben (Associated numbers represent the p-wave 

velocities) (from Hinsken et al., 2011). 
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Figure 39 shows an evolutionary diagram of the eastern part the BMG based on the 

findings during this study. During T1 (Earliest Miocene time), basement rocks experienced 

extension and a south-dipping boundary fault at the north formed. Probably shortly after the 

formation of this fault, a north-dipping boundary fault at the southern margin of the graben 

formed. This faulting process was followed by the synthetic growth faults of the south-dipping 

boundary fault and north-dipping boundary fault, respectively, and caused the sediments to be 

accumulated in the basin. 

During T2 (Early to Middle Miocene), the boundary faults and associated synthetic 

growth faults were active and creating accommodation space for sedimentary rocks of the 

Bascayir formation.  The thickest sediments were accumulating at the center of the basin. In the 

northern part of the basin, both the south-dipping GBF and its synthetic faults rotated more than 

the north-dipping GBF and its synthetic faults because they were formed earlier. Therefore, the 

sedimentary rocks of the Early to Mid-Miocene Bascayir formation are thicker on the north flank 

with respect to the south. The formation is thickest at the center of the basin because of the 

subsidence in the depocenter and extensional growth faulting which created more 

accommodation space in the downthrown side of the faults in the basin. 

 During T3 (Late Miocene), the rotation of both the south-dipping GBF and north-dipping 

GBF continued. Their synthetics were rotated due to continuous extension in the basin. This 

extensional process enhanced the thinning at the flanks of the basin and the subsidence and 

thickening in the central part. Thus, the Aydin formation, which was accumulated during Late 

Miocene, is thinner at the flanks and thicker at the center of the basin. 
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During T4 (Pliocene), the rotation of the boundary faults and extension in the basin 

continued. The Pliocene, Huseyinciler formation was deposited. It is overlain by the Quaternary 

Hamzali formation. Both formations are thickest in the central part of the basin and get thinner 

towards the flanks of the basin.  

This model may be tested by restoring the cross-sections constructed to their position of 

pre Early Miocene extension in the BMG.  

In addition, the south-dipping sedimentary rocks along seismic profiles 202 and 208 may 

suggest that the north-dipping GBF is the main graben bounding fault. However, the seismic 

profile 204 displays dominantly north-dipping sedimentary rocks indicating that the south-

dipping GBF may be the main graben bounding fault in this location. Therefore, it can be 

suggested that the basin might be changing polarity from west to east. 
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Figure 39 – Evolutionary diagram of the eastern part of the BMG from Earliest Miocene to 

Present (not to scale).
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