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FIELD TRIPROUTE and DESCRIPTION of the STOPS

Day 1-29 September 2012, Saturday
Izmir, Manisa, Selendi, Giire, Usak, Giire, Kula, Salihli, Alasehir

The purpose of the first day is to have a detailed understanding of NE-SW-trending basins of the
Northern Menderes Massif. Stratigraphy and tectonics of these basins will be discussed at stops in
several keys outcrops of the basinal sediments. The contacts between the metamorphic basement
rocks and overlying sedimentary rocks will be examined in several locations. The Kula Volcanics
will be examined and their structural/tectonic importance will be discussed along several outcrops.
The field trip route and the stops are indicated on Figure 10.

The road Akhisar-Gordes and STOP-1:

Along this route, Early Miocene sedimentary succession of the Gordes Basin can be seen. From the
west to east, the basement rocks belong to Izmir-Ankara Zone can be traced. Further east, the
sedimentary features of the Early Miocne Kizildam and K&priibasi formations will be examined (see
also Figure 12). In the centre of the basin, the rhyolitic plugs cutting the basin fill will be examined
(Figures 40 and41) (STOP-1).

The road Gordes-Borlu and STOP-2:

This road section presents the metamorphic rocks of the Menderes Massif between the Gordes and
Demirci basins (Figure 10). The middle Miocene Borlu and Kopriibast formations will be traced
(STOP-2).

The road Borlu-Demirci and STOP-3:

Along this route, faciess characteristics of the Inay Group in the Demirci Basin can be traced. Also,
the left-lateral srike-slip fault segments of the Gilinesli fault zone cutting the Asitepe volcanics can be
examined (See Figure 35) (STOP-3).

The road Demirci-Simav and STOP-4 and STOP-5:

To the north of the Demirci, the unconformable contact between the Inay Group and Hacibekir
Group will be examined (see Figure 14a) (STOP-4). Here, the southern margin of the Simav half-
graben, cutting the Neogene sewuence of the Demirci basin can be well traced (Figure 36). Along the
road, the facies characteristics of the Hacibekir Group will be examined. In the NW-margin of the
Demirci Basin, the Simav detachment fault between the Lower Miocene Hacibekir Group and the
metamorphic rocks of the Menderes Massif can be seen (Figure 28) (STOP-5).

The road Simav-Giire and STOP-6:

This road section presents the well-preserved outcrops of the Yenikdy Formation of the Hacibekir
Group in the north of the Giire Basin. To the south along this route, the Inay Group can also be seen.
Araund the Yenikent village, the Inay Group is cut by tha Yenikdy dikes of the Payamtepe volcanics
(STOP®6).

The road Giire-Kula and STOP-7:

Along this route, the lamproitic outcrops of the Payamtepe volcanics (the Giire lamproite) can be
seen.
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The road Giire-Kula and STOP-8 and STOP-9:

Along this road section, the facies characteristics of the Inay Group in the Selendi basin can be
examined. At the Gediz Bridge on the Izmir-Ankara road, the contact tectonic between the silicified
ophiolitic rocks of the izmir-Ankara zone and the metamorphic rocks of the Menderes Massif will be
examined (See Figure 19) (STOP-8). Here, the tectonic contact is unconformably overlain by the
Middle Miocene Inay Group. The cinder cones of the Kula volcanics will also be seen around the Kula
(STOP-9).

Day 2-30 September 2012, Sunday
Alagehir, Buldan, Denizli, Pamukoren, Bascayir, Aydin

Alasehir detachment and associated structures will be examined in several locations along the
southern Margin of the Alasehir Graben. The Basinal sediments of the Alagehir Graben will be
compared to the sediments in the NE-Trending basins and in the Denizli basin. The Turgutlu and
Salihli Granodiorites will be examined. The Horzum Turtleback fault surface will be visited and its
importance in the tectonics of Western Turkey will be discussed. The Biiyiik Menderes Detachment
surface will also be examined along several outcrops north of the Village of Bas¢ayir. Back to Izmir.

STOP-1. View Of The Alasehir Detachment Fault Along ~N'W-SE-Trending (Basin-Parallel) Salihli-
Alasehir Main Road

Menderes metamorphic
core complex

Alasehir detachment

General view of the N-Dipping, low-angle Alasehir detachment fault along the NW-SE direction.

The detachment fault surface is usually dipping to the NE or NW. It forms dome-shape morphology
at the surface defined as turtle-back fault surfaces. Drainage system in the Alasehir
supradetachment basin above the Alasehir detachment is mainly controlled by intrabasinal
extensional fault generations and main stream valleys occur in E-W and N-S- direction due to
extension-perpendicular and extension-parallel structure forming since Early Miocene continues
extension. Approximately N-S-trending valleys cross-cutting the detachment surface define the
deep incisions in the morphology, representing extension-parallel hinge structures. Some of these
structures are well defined oblique rotational faults and accommodate differential uplift and
extension rates throughout the entire basin and continue to the north. They display a significantrole
on the intrabasinal fault kinematics and the depositional processes due to vertical-axis rotation and
differential uplift in their fault blocks, controlling the formation of local unconformities during the
sedimentation in the Alasehir Basin.
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STOP-2. View Of The Alasehir Detachment, Basin-Prependicular Faults, Supradetachment
Basin Strata Along ~NE-SW-Trending (Basin Perpendicular) Yesilkavak-Degirmendere Road.

Menderes metamorphic
core complex

Plio-Quternary
Yenipazar Fm

Along the road going up to higher elevations on the footwall of the detachment fault, we can have
another closer view of the Alasehir detachment and extension-parallel hinge faults and extension-
perpendicular high-angle normal faults. Buff-color, alluvial/fluvial clastic sediments represent the
younger units of the basinal strata and unconformably overlie the older, red-colored Early-Middle
Miocene units. This angular unconformity is a result of rotational deformation due to synchronous
activity of different type of extensional faults, i.e. ~E-W-striking, high-angle normal faults
(resulting in horizontal axis rotation, back-tilting), ~N-S-striking, rotational oblique faults
(resulting in vertical axis rotation and changes in strike and dip orientations in the E-W direction). At
this stop, we can see one of the main high-angle normal faults, representing the tectonic contact
between Plio-Quaternary Yenipazar-Asartepe formations and Early Miocene Acidere formation.
These high-angle normal faults get progressively younger towards north and form step-like
structure in the basin.

Plio-Quternary Yenipazar
Asartepe Fms

Middle Miocene
~Acidere Fm
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STOP-3 General View Of The Alasehir Basin Along ~N-S View Around The Cakaldogan Village
Road (Optional)

Late Cerlozoic Alaséhir-supradetachment basin

e S

.Cataclastic zone of the = vy
. Alasehirdetachment fault =
B P u S

Along the Cakaldogan village road, we can see the Alasehir basin in ~N-S view and main high-angle
normal faults occurred as basin-parallel. Modern Alasehir graben is observable at the further north
and its boundary with Plio-Quaternary Yenipazar-Asartepe formations is defined by the seismically
active, Alasehir-Derekoy-Yenipazar fault (most recent EQ activity 1969 Alasehir Earthquake of 6.5
magnitude). Buff-colored, alluvial-fluvial Yenipazar and Asartepe units represent depositional
environment change from local lacustrine to axial alluvial fan environment in this time period. Red-
colored Acidere and Gobekli formations characterize alluvio-fluvial depositional environment and
occurrence of debris flow deposits due to accelerated seismic activity on high-angle normal faults in
Early Miocene- Early Pliocene times. The wide stream valley trending in N-S direction (towards us
on the picture) is most likely one of the high-angle, rotational hinge faults extending within the basin
strata and into the Menderes massif. These transverse drainage systems were the main transporter of
the sedimentary material sourced from the uplifting footwall of the Alasehir detachment fault. The
bluish, altered rocks seen at the bottom of the photo are cataclastic rocks covering ~100 m zone above
the detachment fault. At this stop, various footwall rocks such as cataclasite, mylonite, ultramylonite
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STOP-4. View Of Dome-Shaped Geometry Of The Alasehir Detachment And Extensional
Structures Around Horzumalayaka (Or Karadut)

The fault plane and slickenline measurements from the footwall of the Alasehir detachment fault
show that the dip direction of the detachment surface is mainly northeast, indicating large-scale
dome-shaped morphological feature. The oldest basin strata dipping southerlyy towards the
detachment fault, indicating fault movement during and after sedimentation.

STOP-5. General View Of The Alasehir Supradetachment Basin and the Alasehir Detachment
Fault From The South Of Kurudere Town Near Alasehir.

This is one of the best spots to see syn-extensional sedimentary rocks dipping into the detachment
fault surface at the south of the basin and high-angle normal faults cutting the intrabasinal rocks in the
~E-W direction and result in back-tilting and rotation. The plain in the right-hand side of the image is
the modern Alasehir graben, which is bounded to the south by the youngest and seismically active,
high-angle normal fault, capable of generating earthquake of M=7 or bigger.

1. Introduction

Since the early 1900's, western Anatolia and the Aegean region have been recognized as being
formed by crustal extension. High-angle crustal penetrating, normal faults were discovered and
documented in the region throughout the early and middle parts of the 20th Century (e.g., Phillipson,
1910-1915; Erinc, 1955). The discovery of low-angle normal faults (e.g., Wright and Troxel, 1973;
Wernicke, 1981) and recognition of metamorphic core complexes in the Basins and Ranges province
of North America (e.g., Davis, 1980) changed our understanding of the geometry and evolution of
extensional features worldwide and assisted modern geological studies in extended terranes.
Although the metamorphic core complex origin of the Central Menderes Massif has been generally
accepted today (e.g., Bozkurt and Park, 1994; Hetzel et al., 1995a, 1995b; Emre and S6zbilir, 1997;
Gessner et al., 2001; Ring and Collins 2005), the origin, timing of initiation, geometry, and evolution
of'the major extensional features in western Anatolia remain controversial.
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Models proposed for the origin of extension in western Anatolia include (1) tectonic escape (e.g.,
Dewey and Sengor, 1979; Sengor, 1979, Sengdr and Yilmaz, 1981, Sengor et al., 1985) and its
modification, the lateral extrusion (Cemen et al., 1993, 1999), (2) back-arc extension (e.g.,
McKenzie, 1978; Le Pichon and Angelier, 1979; 1981) in response to subduction roll back (e.g.,
Meulenkamp et al., 1988; Spakman et al., 1988), and (3) orogenic collapse (e.g., Dewey, 1988;
Seyitoglu and Scott, 1996; Dilek and Whitney, 2000). These models imply different timing for
initiation of extension in western Anatolia. Tectonic escape models require initiation of extension in
the Tortonian (Late Miocene) commensurate with westward movement of the Anatolian plate along
the North Anatolian Fault System (Figure 1), whereas back-arc extension and subduction roll back
models suggest that the extension started in Early Miocene as subduction along the Hellenic arc
shifted southwest. The orogenic collapse model suggests that extension might have started as early as
the Oligocene after Eocene thickening subsided.

Radiometric age determinations have been used in attempts to solve this controversy. Hetzel et al.
(1995a,b) proposed that extension along the Alasehir (or Gediz) Detachment began in the Early
Miocene (19.5+1.4 Ma) based on the “Ar/” Ar amphibole age from a “syn-extensional” granodiorite
that they interpreted as intruding prior to brittle deformation along the detachment surface. This
widely cited age (e.g., Hetzel et al., 1995b; Seyitoglu and Scott, 1996; Gessner et al., 2001a; Lips et
al., 2001) is the sole evidence for Early Miocene extension. However, the extensional origin of the
granodiorite is controversial. Yilmaz et al. (2000) interpreted it as the product of crustal thickening
during the formation of the Izmir-Ankara suture zone. In addition, the age spectrum and correlation
diagram show that the amphibole is affected by excess argon, so its apparent age may be spuriously
old, implying a younger age for initial extension.

24" 28" 32°

2 = Black Sea

ohAnkara

1] 50 100km .
e Mediterranean Sea

Figure 1. The simplified map of the Aegean extensional province showing major tectonic features
and metamorphic massifs (From Cemen et al., 2006).

A bivergent rolling hinge model for the Central Menderes Massif was developed based on the two
oppositely dipping Alasehir and Biiylik Menderes Detachments (Figure 2) (Gessner et al., 2001a). In
this model, the two detachments developed as high normal faults in Early Miocene. The Alasehir
Graben of the Central Menderes Massif may have formed by a process similar to the rolling
hinge/flexural bending model of extension proposed for the Death Valley Graben of the Basins and
Range province (see Seyitoglu et al., 2002; e.g., Hamilton, 1988; Wernicke et al., 1988; Wernicke,
1988; Holmetal., 1992; Wernicke, 1992).
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Ring et al., (2003) proposed that extension in western Anatolia has been initiated in the Late
Oligocene, along two oppositely dipping symmetric, deep-seated detachment surfaces that unroofed
the high-grade metamorphic rocks of the Menderes Massif in the Late Miocene, similar to the
flexural rotation-deep seated normal fault model processes (e.g. Buck, 1988). They also proposed
that a second episode of extension started around the Miocene-Pliocene boundary, again along two
oppositely dipping symmetric, deep-seated high-angle normal faults. Alternatively, extension in the
Menderes Massif may have initiated by a north-dipping listric main breakaway in the Late Oligocene
as proposed by Seyitoglu et al., (2004). In this scenario, the Alasehir and Biiyiilk Menderes
Detachments initiated in the Early Miocene as high-angle normal faults and became low angle
normal faults in response to footwall rotation as Cenozoic extension has continued (Seyitoglu et al.,
2002 and 2004). Based on their Monazite ages, Catlos and Cemen (2005) also proposed that
extension in western Anatolia may have occurred in two uninterrupted, continuous stages. The first
stage started in the Oligocene and lasted until the Early Miocene. The second stage started in the
Early Miocene and continues at present.

Purvis and Robertson (2004) proposed a “pulsed extension” model for western Turkey. This model
suggests that the Cenozoic extension in western Turkey has been produced in three phases. They
related the first two-phases to rollback of the Aegean subduction zone and the third phase to the
tectonic escape of Anatolia.

Mediterranean

z = w E

Figure 2. Simplified geologic map illustrating major tectonic features and lithostratigraphic units in
western Anatolia, (from Cemen et al., 2006).
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2. Tectonic Setting of The Western Anatolia

The geology of Western Anatolia is characterized by late Tertiary volcano-sedimentary deposits
covering a basement that includes several continental fragments and suture zones. The basement
units comprise; (1) the Menderes and Cycladic massifs, (2) the [zmir-Ankara Zone (comprising; (a)
the Bornova flysch zone, (b) the Afyon zone, and (c) the Tavsanli zone, (3) the rocks of the Sakarya
Continent to the north, and (4) the Lycian Nappes to the south (e.g., Sengér and Yilmaz, 1981;
Figures 1 and 2). The izmir-Ankara zone was formed by late Paleocene to early Eocene closure of the
northern branch of the Neo-Tethys Ocean between the Sakarya continent and the Anatolide block,
with the latter including the Menderes Massif and the Lycian Nappes (e.g., Sengdr and Yilmaz, 1981;
Okayetal.,2001).

2.1. Menderes Massif

The Menderes Massif is a large metamorphic massif with an exhumed ellipsoidal shape. The massif
has traditionally been divided into two sequences: a “core” composed of augen gneisses,
metagranites, schists, paragneisses and metagabbros; and a “cover” composed of schists, quartzites,
amphibolites, phyllites and marbles (Akkdk, 1983; Sengor et al., 1984; Candan et al., 1997, 2001;
2011). The core of high-grade metamorphic rocks was thought to have deformed during the Pan-
African orogeny (Cambro-Ordovician; Sengor et al., 1984), whereas the cover contains Paleozoic
schist and Mesozoic-Cenozoic marble that experienced regional metamorphism during the Alpine
orogeny (Sengor et al., 1984). More recent field studies document the presence of nappes that formed
during the formation of the Izmir-Ankara suture zone (see Ring et al., 1999; Gessner et al., 2001b).
The Bayindir nappe is structurally lowest, and consists of Paleozoic-Mesozoic rocks, deformed and
metamorphosed at least once in the Cenozoic. This metamorphism, often referred to as the “Main
Menderes Metamorphism,” is commonly assumed to be Paleocene-Eocene in age and to have been
pervasive throughout the massif. The overlying Bozdag nappe is composed of metapelite with
intercalated amphibolite, eclogite, and marble lenses. The Cine nappe is made up of orthogneiss and
paragneiss with intercalated metabasite. The Selimiye nappe, Cycladic blueschists, and Lycian
nappes overlie the Cine and Bozdag nappes and contain high-P, low-T assemblages (e.g., Mg-
carpholite) (e.g., Oberhinsli et al., 1998). The Menderes Massif is tectonically overlain by several
nappes of the Izmir-Ankara Zone to the west and north, and by the Lycian nappes mainly to the south
and east. In the west, the nappes are generally composed of graywackes and limestones with
ophiolitic rocks of the Bornova flysch zone, while to the northeast, they are metaclastics,
metabasites, and recrystallized limestones of the Afyon zone (Figures 1 and 2).

In the following sections, we summarize the previous work done to understand the geologic history
of the Menderes Massif via geochronology, thermobarometry, and field observations. Other
structural, metamorphic, and geochronologic summaries include: Bozkurt and Oberhansli (2001),
Gessneretal. (2001b), Regnieretal. (2003), and Rimmele etal. (2003).

2.1.1. Geochronology and Thermobarometry

In the Northern Menderes Massif, rocks experienced peak metamorphic conditions of ~5.3 kbar to
~9.2 kbar and ~572°C to ~712°C, which have been correlated to metamorphism during the Pan
African orogeny (Candan et al., 2001), or perhaps, corresponding to the closure of the northern
Karakaya marginal basin (e.g., Akkok, 1983). The presence of Late Cambrian metamorphism or
magmatism in the Northern Menderes Massif are based on six whole rock Rb-Sr analyses which
yield 471+9 Ma (Satir and Friedrichsen, 1986) and in situ ion microprobe *’Pb-"*Pb zircon ages that
average 508+92 Ma (Catlos and Cemen, 2005) (Table 1). However, the pressure-temperature (P-T)
conditions could record more recent metamorphism, as Th-Pb ion microprobe ages of monazites
from the Bozdag and Cine nappes in the Northern Menderes Massif range from 52.9+5.7 Ma to

26.9+0.6 Ma (Table 2; Catlos and Cemen, 2005). K-Ar and “Ar/” Ar ages of muscovite and biotite are

10



International Earth Science Colloquium on the Aegean Region, IESCA-2012
1-5 October 2012, Izmir, Turkey

are Early to Middle Miocene, which have been typically related to regional metamorphism. Apatite
and zircon fission track ages in the Northern Menderes Massif average 19.5+1.3 Ma (Gessner et al.,
2001a; Ringetal., 2003), suggesting that the rocks were near the surface by the Early Miocene.

Table 1. Matrix 207Pb-206Pb ion microprobe zirzon age data from Gordes massif
(Catlos and Cemen, 2005).

Grain_spot® Age® (Ma) (£ 1a) %7"5Ph*° (= 15)
] 558 (62) 96.8 (0.1)
4 1 499 (134) 98.5 (0.3)
31 493 (79) 99.5 (0.2)
21 481 (78) 99.5 (0.2)

The Central Menderes Massif consists largely of three major lithological units: gneiss, schist, and
marble (e.g., Akkok, 1983; Gessner et al., 2001a). The gneiss underlies the schist and marble, and is
composed of porphyroblastic and augen gneisses with minor amounts of banded gneiss and massive
granite gneisses, whereas the schist contains garnet-mica schist, quartzite, and augen schist, and is
intruded by the Dede Dag1 granite which contains lenses of serpentinite (e.g., Akkok, 1983). The
northern segment of the Central Menderes Massif may have experienced a more complicated history
than the southern segment due to its proximity to the Pontides and Anatolide-Tauride platform. The
schist and marble in the north have been speculated to have experienced three major phases of
metamorphism (Akkok, 1983).

The first major phase which occurred during the Cambro-Ordovician (Pan African) is recorded by U-
Pb zircon and Th-Pb monazite ages (Hetzel et al., 1998; Catlos and Cemen, 2005). During this time,
rocks from the massif may have reached eclogite conditions as high as ~730°C and ~15.1 kbar
(Candan et al., 2001; Ring et al., 2001). However, depending on location, this event may have also

resulted in more moderate greenschist facies as low as ~4.9 kbar and ~512°C (Candan et al., 2001).

Table 2. Monazite age data from Gordes massif (Catlos and Cemen, 2005).

Grain-spot® Location” Th-Pb age (= 1s) (Ma) ThOS /Th™¢ (£ 1a) %2 Ph*d (£ 1) 208Pb* Th™° (= 1g)
59-19-124b

4-1 i 39.7 (0.9) 3.339 (0.020) 95.1 (1.0 1.966E-03 (4.488E-05)
5-1 i 37.9 (1.1) 3.047 (0.023) 96.5 (0.6) 1.877E-03 (5.406E-05)
3-1 i 36.1 (0.8) 3.447 (0.034) 95.7 (0.7) |.788E-03 (4.033E-05)
1-1 m 32.8 (0.5) 3.864 (0.020) 96.8 (0.5) 1.625E-03 (2.286E-05)
01-26

11 i 36.0 (0.6) 4,130 (0.011) 96.8 (0.5) 1.784E-03 (3.170E-05)
32 m 41.4(1.3) 3.007 (0.013) 92.4 (0.9) 2.050E-03 (6.568E-05)
21 m 38.4 (0.8) 3.499 (0.048) 92.3 (1.0) 1.903E-03 (4.086E-05)
31 m 33.6 (0.7) 3.873 (0.023) 90.9 (1.2) 1.664E-03 (3.356E-05)
51 m 33.6 (0.8) 3.364 (0.007) 95.8 (0.6) |.662E-03 (3.879E-05)
51 m 33.0 (0.5) 2.487 (0.006) 91.5 (0.9) 1.444E-03 (1.685E0-35)
41 m 29.6 (1.1) 3.416 (0.021) 74.5 (2.4) 1.463E-03 (5.458E-05)
62 m 29.2 (0.3) 2.913 (0.006) 91.8 (0.7) 1.444E-03 (1.685E-05)
6 1 m 28.2 (0.4) 2.814 (0.009) 86.9 (0.9) 1.398E-03 (1.806E-05)
30

51 m 52.9 (5.7) 2.395 (0.016) 88.2 (1.4) 2.619E-03 (2.823E-04)
4| m 43.2 (3.6) 2.558 (0.019) 91.0 (1.1) 2.140E-03 (1.767E-04)
21 m 42.7 (0.9) 3.453 (0.010) 93.4 (0.7) 2.116E-03 (4.318E-05)
31 m 41.4 (1.7) 3.007 (0.010) 94.2 (0.7) 2.050E-03 (8.273E-05)
11 m 40.1 (0.9) 3.400 (0.011) 96.0 (0.8) 1.985E-03 (4.534E-05)
63 m 35.1 (0.3) 2.424 (0.005) 93.5 (0.4) 1.739E-03 (1.702E-05)
52 m 27.9 (1.0) 4.824 (0.058) 759 (1.7) 1.380E-03 (4.880E-05)
62 26.9 (0.6) 4.420 (0.015) 86.4 (0.9) 1.330E-03 (3.114E-05)

m
Calibration: y=(0.078=0.002)x+ 1.196 =0.045, /" =0.988, ThO; /Th™ =2.720=0.014

11
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The second phase occurred during Late Cretaceous-Early Eocene (Alpine) regional metamorphism
(Akkok, 1983; Ring et al., 2001). Blueschist metamorphism occurred at 39.6+0.4 Ma (Okay et al.,
1998) along the western peninsula of the Menderes Massif, in which rocks experienced ~10 kbar and
<470°C (Candanetal., 1997).

The third phase, which occurred during the Early to Late Miocene, is a retrograde metamorphic event
(e.g., Akkdk, 1983). Muscovite “Ar/”Ar ages of a rock from the north dipping Alasehir Detachment of
the Central Menderes Massif yields 71 Ma indicating the reactivation of the detachment fault,
whereas the south-dipping Biiyiik Menderes Detachment muscovite grains record “’Ar/”Ar ages that
are Oligocene to Early Miocene (Gessner et al., 2001a; Lips et al., 2001; Ring et al., 2003). Other
granodiorites from the northern massif yield Late Miocene ages (Gessner et al., 2001a; Ring et al.,
2003).

As with the Central and Northern Menderes Massifs, the Southern Menderes Massif contains evidence
of a Cambro-Ordovician, Eocene-Oligocene to Late Miocene geologic history. Peak P-T conditions
ascribed to the Pan African orogeny range from ~8 kbar to ~12 kbar at ~440°C to ~643°C (Candan et
al.,2001; Regnier et al., 2003; Rimmele et al., 2003). However, these conditions are no different than
those that have been ascribed to Late Cretaceous-Early Eocene regional metamorphism (~4 kbar to
~12 kbar and ~430°C to ~675°C; Whitney and Bozkurt, 2002; Regnier et al., 2003). Oxygen isotope
temperatures of ~514°C to ~529°C have been reported from the range (Satir and Taubald, 2001),
although the origin of the event that created these conditions remains unknown.

The difficulty in ascribing peak P-T conditions achieved by rocks within the Menderes Massif to
specific events underscores the region's complicated tectonometamorphic history. Catlos and Cemen
(2005) report both Cambro-Ordovician and Eocene-Oligocene monazite inclusions in Menderes
Massif garnets, indicating that garnet growth events occurred during both the Pan African and Alpine
orogenies. Garnet-based thermobarometric methods are typically used to generate the P-T estimations
(e.g., Ashworth and Evirgen, 1984; 1985), and rocks in the massif may have experienced multiple
episodes of deformation (Catlos and Cemen, 2005), which can affect mineral compositions and thus,
the reported P-T conditions.

2.1.2. Structural Geology

The tectonic contacts between the tectono-stratigraphic units, described above, have long been
interpreted as thrusts. However, after the discovery of low-angle normal faults between; (a) the core
and the cover rocks of the Menderes Massif (Bozkurt and Park, 1994); (b) the metamorphic rocks of
the Menderes Massif and the non-metamorphic rocks of the Izmir-Ankara zone (Lips et al., 2001; Isik
and Tekeli, 2001); and (c) the metamorphic rocks of the Menderes Massif and the Neogene volcano-
sedimentary units (Hetzel et al., 1995; Emre, 1996; Emre and Sozbilir, 1997; Purvis and Robertson,
2004; Ersoy et al., 2010), it is now widely accepted that the massif was exhumed along low-angle
normal detachment faults or shear zones. Field studies in the Northern, Central and Southern
Menderes Massif document the presence of four low-angle detachment surfaces (Figure 2). They are,
from north to south, the Simav detachment fault (SDF, Isik and Tekeli, 2001; Isik et al., 2003), Alasehir
(Gediz or Kuzey) Gediz detachment fault (GDF; Emre, 1996; Ring etal., 1999a; Ring et al., 2003; Lips
etal., 2001; Gessner et al., 2001b; Bozkurt and So6zbilir, 2004; Seyitoglu et al., 2000; 2002 and 2004;
Ciftei and Bozkurt, 2009), Biiyiik Menderes (Giiney) detachment fault (Emre and Sozbilir 1997; Lips
et al., 2001; Gessner et al., 2001a,b), and Kayabiikii detachment fault or Selimiye shear zone (SSZ;
Bozkurt and Park, 1994; Régnier et al., 2003, 2007; Bozkurt, 2007). In this section, we describe the
geometry and shear-sense indicators of these structural features.

The Simav Detachment Fault lies in the northern part of the Menderes Massif (Isik and Tekeli, 2001;
Isik et al., 2003, 2004; Ersoy et al., 2010; Figure 2). The Simav Detachment Fault separates Pan-
African—Paleozoic rocks containing migmatitic banded gneiss, biotite gneiss, high-grade schist,

marble, and amphibolite in its footwall from low-grade Upper Paleozoic metamorphic rocks,
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Mesozoic limestone, and ophiolitic mélange in its hanging wall. The footwall rocks experienced
low to medium greenschist-facies conditions. Kinematic indicators that developed during cooling
and uplift of the footwall indicate top to the north-northeast shear sense (Isik et al., 2003). Mylonitic
stretching lineations consistently indicate top to the north shear-sense direction. Kinematic data also
show that trends of the lineations range from N10°E to N30°E. Considering that mylonitic lineations
form parallel to the direction of extension, the measurements define well-developed N10°E to
N30°E directed extension (see Cemen etal., 2006).

Systematic strike and dip measurements of foliation surfaces in the Northern Menderes Massif
indicate the presence of major antiformal and synformal structures. Cemen et al (2006) mapped
these antiformal and synformal structures in the Usak area (Figures 3, 4 and 5) and determined that
their axial surface traces have a northeastward trend. In the Northern Menderes Massif, the hinge
lines of mesoscopic folds have a trend parallel to the axial surfaces of the major folds. The hinge
lines of the major and minor folds trend between N10°E to N30°E (Figure 5) and are parallel to the
trend of the stretching lineations (Figure 5). This geometry suggests a genetic relationship between
the stretching lineations and small and large folds. These folds were probably formed by the
contractional component of the N30E directed extension since their axes are parallel to the extension
direction. Footwall rocks of the Simav Detachment are intruded by the syn-extensional Koyunoba
and Egrigdz granodiorites during early stages of extension in the Early Miocene (Isik et al., 2003b;
2004;Ringetal.,2003).
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Figure 3. Simplified Basement structure map of the Usak-Giire areca showing large
antiforms and synforms trending N10°E to N30°E.
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Figure 4. Field photo showing an extension parallel antiform and synform pair to the north
of the town of Kula, looking northward. The hinge lines of the antiform and synform trend
about N30E parallel to small scale anform and synforms superimposed onto the large folds.
The ductile stretching lineation direction (~N30°E) is parallel to the hinge lines of these
folds.
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Figure 5. (A) 1 % contouring of the poles to the foliation planes of small scale folds in the
Northern Menderes Massif. The fold axes are striking approximately N30E. (B) 1 % contouring
oftrend and plunge of the extensional stretching lineations in the Northern Menderes Massif. The
trend of the lineations is also about N30E, parallel to the fold axes, indicating that they are formed
in the same stress field (See text for explanation).

Field-oriented geological studies in the Central Menderes Massif indicate the presence of the north-
dipping Alasehir and the south-dipping low-angle Biiyiilk Menderes Detachment surfaces on the
northern and southern margin of the Central Menderes Massif, respectively (Figure 2) (e.g., Hetzel,
1995a; Emre, 1996, Seyitoglu et al., 2000; Gessner et al., 2001). In the Central Menderes Massif,
Hetzel et al. (1995b) and Gessner et al. (2001b) reported the presence of an overall dome-shaped
foliation pattern and north-northeast trending stretching lineations parallel to the stretching

lineations of the Northern Menderes Massif. The asymmetry of shear bands and quartz c-axis
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fabrics on either side of the structural dome record a top to the north-northeast shear sense across the
Alasehir Detachment and a top to the north and south-southwest shear sense along the Biiyiik
Menderes Detachment surface, although top to the NE shear sense indicators along the Biiyiik
Menderes Detachment are also present (see Hetzel et al., 1995b; Gessner, 2001b). Based primarily
on the presence of a north-dipping detachment surface with top to the north-northeast shear
indicators and a south-dipping detachment surface containing both top to the north and top to the
south shear sense indicators, Gessner et al. (2001a) proposed a bivergent rolling hinge detachment
system as a mechanism of exhumation of the Central Menderes Massif in western Turkey.

The footwall of the Alagehir Detachment is composed of gneiss, schist, quartzite marble intruded by
synextensional Salihli and Turgutlu granitoids (Hetzel et al., 1995b). The Alasehir supradetachment
basin, developed in the hanging wall of the Alasehir Detachment contains Neogene sediments.
Ductile deformation in the footwall of the detachment produced mylonitic foliation and stretching
lineations. Kinematic indicators include mesoscopic and microscopic features, such as mica fish, S-
C, and C' fabric, oblique foliation, and fractured and displaced grains. A brittle deformational stage
ofthe shear zone is defined by development of cataclastic rocks (Isik etal., 2003a).

The footwalls of both the Simav and Alasehir Detachments contain well developed ductilely
deformed fault rocks displaying top to the north ductile shear sense indicators that are progressively
overprinted by top-to-the NNE brittle deformation (Emre, 1996; Kocyigit et al., 1999; Sozbilir,
2001; Isik et al., 2003a, Oner et al., 2009). The granitoids show a gradual change structurally upward
from undeformed granodiorite to protomylonite, mylonite, and ultramylonite with extensional
mylonitic foliation and lineation. The metamorphic rocks are also mylonitized structurally upward.
The deformed granitoid, in turn, grades into a cataclastic zone with the uppermost part composed of
the brittlely deformed rocks of the Alasehir Detachment. This gradual upward change from the
undeformed granitoid to brittlely deformed detachment surface suggests that the Cenozoic extension
resulted in a ductile deformation at depth and, as the crust adjusted to the removal of rocks in the
hanging wall of the detachment, ductility deformed rocks were brought to shallower depths where
they were brittlely deformed (Isik et al., 2003a). Both ductile and brittle shear sense indicators along
the Alasehir Detachment surface show top to the north-northeast shearing, suggesting that the
northeasterly directed Cenozoic extension produced a large regional extensional shear zone at depth.

The southern margin of the Alasehir Graben (Figure 2) is locally bounded by a turtleback fault
surface known as the Horzum Turtleback (Cemen et al., 2005). The turtleback is a part of the Alasehir
Detachment, which contains mylonitic lineations trending between N10°E to N30°E. Striations
along the detachment surface also trend between N10°E to N30°E and overprint the mylonitic
lineations. These observations suggest a structural relationship between the Alagehir Detachment,
which contains the Horzum Turtleback in its footwall, and the Simav Detachment surface, which
contains large-scale antiformal structures of the Northern Menderes Massif'in its footwall (Figure 1).
Cemen et al. (2005) suggest that the Horzum Turtleback is a large-scale, extension-perpendicular
antiformal fold similar in origin to the Death Valley turtlebacks.

The Biiyliik Menderes Detachment surface is well exposed along the northern margin of the Biiyiik
Menderes Graben. The fault generally strikes NSO°E to N50°W and dips about 15° to 30° southward.
It separates a sequence of high-grade metamorphic gneisses and a Lower-Miocene sedimentary rock
succession in its hanging wall from marble intercalated, mylonitized schists in its footwall (Gogiis et
al.,2003 and Gogiis, 2004).

The hanging wall of the Biiylik Menderes Detachment consists of quartzofeldspathic gneiss and
Early-Miocene sedimentary rocks of the Haskoy formation. The gneiss has an assemblage of K-
feldspar + quartz + plagioclase + muscovite + biotite + garnet. Quartz grains typically form elongate
domains and polycrystalline ribbons suggesting that they experienced ductile conditions. Feldspars
commonly have reaction rims of biotite and muscovite, and plagioclase is altered into sericite.
Biotite is typically altered to foliation parallel chlorite. Foliations in the gneiss sequence are
characterized by recrystallized quartz, feldspar and biotite (Gogiis, 2004).
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The presence of high-grade metamorphic gneiss in the hanging wall of the Biiyiikk Menderes
detachment has been problematic. The detachment was first mapped by Emre and S6zbilir (1997) as a
normal fault surface. They named it as the Bas¢ayir Detachment because it is well exposed in the
vicinity of the Bascayir village. Gessner et al (2001) also interpreted this surface as a low angle
normal fault. Okay (2001) mapped the Biiyliik Menderes Detachment surface as a thrust fault based on
the apparent older over younger field relationship. He proposed the presence of a large recumbent
fold (the Menderes Fold) formed during pre-extension tectonism in the region. Okay, (2001 and
2002) suggested that the high-grade gneiss were brought over the marble intercalated mylonitized
schists by a low angle thrust fault during the Eocene contractional tectonics in the region. However,
Gessner et al. (2002) pointed out that within a structure similar to the Menderes massif fold-thrust
fault and low-angle normal fault geometries can be found together. Consequently, a low angle normal
fault can show older over younger geometry. Moreover, the presence of a) extensional stretching
lineations along the detachment surface; and b) Miocene sedimentary rocks overlying the high-grade
metamorphic gneiss in the hanging wall of the Bliyiilk Menderes Detachment suggest extensional low
angle faulting.

The Biiylik Menderes Detachment surface is typically marked by cataclastic rocks and is well-
exposed in the vicinity of the Bascayir Village (Figures 6 and 7). Cataclastic zones are commonly
more than 1 m thick and grade into fractured rock adjacent to the fault. Most of the cataclastic rocks
are composed of fractured marble, which is derived from the non-mylonitic marble-intercalated
schists of the footwall (Figure 7).
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Figure 6. Geologic map of the Biiyiikk Menderes Detachment area in the
vicinity of Bascayir village. Cross-section is given in Figure 7 (from Gogiis,
2004).

At structurally lower levels, the fault rocks are ductilely deformed and display S-C and S-C
asymmetric structures, schistosity, asymmetric mica fish, isoclinal folds, and asymmetric
porphyroclasts. These features suggest top to the north sense of shear. Northward directed ductile
shear sense indicators are overprinted by southward-directed ductile shear sense indicators, such as
asymmetric porphyroclasts, mica fish, and asymmetric quartzite. These ductile features are
overprinted by top to the-south brittle shear sense indicators, including Riedel shears (Figure 7).

These findings suggest that the Biliyiik Menderes Detachment may have developed in more than one
stage; earlier ductile extension with top to the north sense of tectonic transport, overprinted by top to
the south tectonic transport again under ductile conditions. The top to the south tectonic transport
must have continued as the footwall rocks reached the higher crustal levels to produce brittle top to the
south shear sense indicators (G6giis et al., 2003 and Gogiis, 2004). The footwall rocks are made of
foliated micaschists and marbles (Figure 7), with micas showing undulose extinction, indicative of

intracrystalline cataclasis.
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Figure 7. Geologic cross-section along line A-A' and two photomicrographs showing top to the north ductile shear sense
indicators, overprinted by top to the south ductile and brittle shear sense indicators (from Gogiis, 2004).

In the Southern Menderes Massif, coarse-grained augen gneisses are separated from pelitic schists by
amajor extensional shear zone, termed the Kayabiikii Shear Zone, that exhibits a moderately dipping
mylonitic foliation and a north-northeast to south-southwest trending mineral lineations (Bozkurt and
Park, 1994; Hetzel and Reischmann, 1996; Isik et al., 2003b). The augen gneisses display various
kinematic indicators (e.g. S-C fabric, extensional shear cleavage, asymmetric feldspar
porphyroclasts, and oblique quartz grain-shape foliation) suggesting top to the south, down-dip sense
of shearing (e.g., Bozkurt and Park, 1994).

Preliminary investigation and data collection along the Kayabuku Deatchment surface suggest that
the surface is characterized by mostly top to the north ductile shear-sense indicators (Isik et al.,
2003b). The detachment surface also contains secondary top to south shear sense indicators that
overprinted the top to the north shear indicators (Isik et al., 2003b) that may have formed during the
back-slippage along the shear zone. However, further systematic analyses of shear-sense indicators
along the Kayabiikii Detachments are necessary to ascertain the validity of this hypothesis.

3.Ne—Sw-Trending Basins

3.1. Stratigraphy

The late Tertiary volcano-sedimentary basins in Western Anatolia (the eastern part of the Aegean
Extensional Province) can be grouped as follows: (a) the Oligocene—Miocene molasse basins
(So6zbilir, 2002, Cemen et al., 2006); (b) the Neogene volcano-sedimentary basins (Ercan et al., 1978;
Sengor, 1987; Seyitoglu and Scott, 1991, 1994a; Helvaci, 1995; Helvaci and Yagmurlu, 1995;
Seyitoglu, 1997a; Helvaci and Alonso, 2000; Y1lmaz et al., 2000; Purvis and Robertson, 2004; Ersoy
etal., 2010; 2011); and (c) the Pliocene-Quaternary E-W-trending grabens (e.g., Cohen et al., 1995;
Emre, 1996; Hakyemezetal., 1999; Bozkurt and S6zbilir, 2004; Cift¢ci and Bozkurt, 2009).
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Figure 8. Generalized geological map of western Anatolia, showing the main tectono-stratigraphic units and tectonic
elements (modified from Geological Map of Turkey (1:500000), 2002). NAFZ-North Anatolian Fault Zone, EAFZ-East
Anatolian Fault Zone, SDF-Simav detachment fault, GDF-Gediz detachment fault, BMDF-Biiyiik Menderes detachment
fault, SSZ-Selimiye shear zone (from Ersoy etal., 2011).

The Neogene volcano-sedimentary deposits, which are located on the northern part of the Menderes
Massif, were mainly developed in NE-SW-trending basins that are cut and displaced by nearly E-W-
trending active high-angle normal faults bounding the Pliocene-Quaternary grabens. The NE-SW-
trending Miocene basins in the region are, from west to east, the Bigadi¢ (Helvaci, 1995; Helvaci and
Yagmurlu, 1995; Erkiil et al., 2005a,b), Soma (inci, 1998; Ersoy et al., 2012b), Gérdes (Seyitoglu and
Scott, 1994a,b; Purvis and Robertson, 2004), Demirci (Yilmaz et al., 2000), Akdere (Seyitoglu,
1997b); Emet (Helvaci, 1986; Seyitoglu et al., 1997); Selendi (Ercan et al., 1983; Seyitoglu, 1997a;
Westaway et al., 2004; Purvis and Robertson 2004; Ersoy and Helvaci, 2007; Ersoy et al., 2010) and
Usak-Giire basins (Ercan et al., 1978; Seyitoglu, 1997a; Westaway et al., 2004; Seyitoglu et al., 2009;
Karaoglu et al., 2010; Karaoglu and Helvaci, 2012a,b). The E-W-trending Pliocene-Quaternary
grabens include, the Simav half-graben (Seyitoglu, 1997b), and the Gediz (Cohen et al., 1995; Emre,
1996; Hakyemez et al., 1999; Bozkurt and Sozbilir, 2004; Cift¢ci and Bozkurt, 2009), Kii¢iik
Menderes (Rojay et al., 2005; Emre and Sozbilir, 2007), and Biiyilk Menderes (Hakyemez et al.,
1999) grabens which are actively deformed by basin-facing normal faults (Figures 1, 2 and 8).
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Figure 9. Generalized stratigraphic columnar sections of the NE-SW-trending Gordes, Demirci,
Selendi and Usak-Giire basins (from Ersoy etal.,2011).
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Figure 10. Generalized geological map of the NE-SW-trending Neogene basins (Compiled from Geological Map of
Turkey (1:500000), 2002; Okay and Tiiysiiz, 1999; Kogyigit et al., 1999; Sozbilir, 2001; Isik and Tekeli, 2001; Ersoy et
al.,2010). EG-Egrigoz granitoid, KG-Koyunoba granitoid, AG-Alagam granitoid, SG-Salihli granitoids, KFZ-Kizildam
fault zone, GFZ-Giinesli fault zone, OFZ-Oren fault zone, EFZ-Eskin fault zone. Also shown are the locations of the
detailed geological maps given below (from Ersoy et al., 2011). The field trip route for the first day (from Akhisar to
Alagehir) is indicated by blue-black line. The stops along this route are indicated by numbers in circles.
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3.1.1. Gordes Basin

Gordes basin is confined by the Menderes Massif to the east and by ophiolitic mélange units of the
Bornova flysch zone to the west (Figure 9), and has been studied by Nebert (1961), Yagmurlu (1984),
Seyitoglu and Scott (1994a,b) and Purvis and Robertson (2004, 2005) and Ersoy et al. (2011). The
stratigraphy of the basin begins with Kizildam Formation which is conformably overlain by the
Kuslukkdyii Formation. The Kuslukkdyii Formation interfingers with the Glinesli Volcanics and are
also cut by the Kayacik Volcanics in the center of the basin (Figures 10 and 11). These units are

unconformably overlain by the Gokgeler Formation and late Miocene to Recent sediments.

: ST ) =
g L T .
2 : AW 4 Radiomeric age
e 2 i locations
A :
e o M- SI858
alluvium
. Ao | " £
Middle ‘neonfrmin

Micists Gokgeler Formation

Unconfarminy

f & Bedding planes
=+ Horizontal bedding
}41 Foliation planes

Kayacik Volcanies (dacite o el ) =

Vertieal foliation
planes

= E Gunegli Voleanics (dyiite) —4— Synform axis
=
] 1 g ion =0z o fessTTTe= s
l:l Kizildam Formation
e Unconformity Strike- to oblique-
2 zmir-Ankara zone 62 ship faults with shp
E-, § 28 rocks (greywackes and fimerones )
= Menderes Massif Dip-slip

normal faults

{meisses, sehisis, marbles and migmatites)

Figure 11. Detailed geological map of the NE-SW-trending Gordes basins (from Ersoy et al., 2011).

The Kizildam Formation crops out along the basin-bounding faults in G6rdes basin. In the eastern
margin of Gordes basin, the Kizildam Formation is made up of reddish-brown conglomerates of
alluvial fan origin, which are mainly derived from the underlying metamorphic rocks of the
Menderes Massif (Seyitoglu and Scott, 1994a,b; Ersoy et al., 2011). Here, the Kizildam Formation
unconformably overlies the metamorphic rocks. In the western part of Gordes basin, the Kizildam
Formation starts with well-lithified carbonate-cemented conglomerates with mainly limestone-
dominated clasts derived from the rocks of the Izmir-Ankara suture zone (Figure 12a). The
Kuslukkdéy Formation (Seyitoglu and Scott, 1994a,b; Ersoy et al., 2011) crops out in a large area
throughout the Gordes basin and is composed of conglomerate—sandstone and sandstone—claystone
alternations of fluvio-lacustrine origin (Figure 12b). The upper section of the Kuslukkdy Formation
is represented by marl and limestone to the north of the Korubasi village. The Giinesli Volcanics
cover a large area to the north of the basin and are cut by the E-W-trending oblique-slip normal faults
of the Simav half-graben. This unit is composed of several pink to white colored rhyolitic dykes and
lava flows and associated rhyolitic pyroclastic rocks to the north of the Gordes basin. The Kayacik
Volcanics crop out in the center of Gordes basin. They are composed of mainly green colored dacitic
to rhyolitic volcanic necks and associated lava flows and minor pyroclastic rocks interfingering with
the Kuslukkdy Formation.
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Kuglukkoy,

Figure 12. Field photographs from Gdordes basin: (a) the Kizildam Formation composed of well-lithified conglomerates
derived mainly from limestone rocks of the Izmir-Ankara zone at the western margin of the basin; sandstone-mudstone
alternations (b) and tuffaceous sandstone—siltstone (c) alternations of the Kuslukkdy Formation, (d)
pebblestone—sandstone alternations of the Gokgeler Formation (from Ersoy etal.,2011).

The Gokgeler Formation crops out in a limited area at the western margin of Gordes basin. The unit is
best observed along the road-section from Gokgeler to Kayacik village. The unit is composed of
conglomerates, pebblestones, sandstones, siltstones and marls which have a fluvio-lacustrine origin
(Figure 12d). The conglomerates at the base of the unit include several conglomerate blocks derived
from the underlying Kizildam Formation (Ersoy etal.,2011).

3.1.2. Demirci Basin

The Demirci Basin is located to the east of the Gordes Basin (Figures 8, 9 and 13) and is cut into two
sub-basins by the Plio-Quaternary Simav half-graben (Inci, 1984; Y1lmaz et al., 2000; Ersoy et al.,
2011). The stratigraphy of the Demirci basin contains two distinct units separated by a basin-wide
angular unconformity (Inci, 1984; Ersoy et al., 2011). The older one is correlated with the Hacibekir
Group in the adjacent Selendi and Usak-Giire basins (Ercan et al., 1978, 1983), and the younger
volcano-sedimentary unit unconformably overlies the Hacibekir Group and can be correlated with the
Inay Group in the adjacent Selendi basin (Ersoy et al., 2010; 2011). The Hacibekir Group in Demirci
basin is composed of the Kiirtkoyii and Yenikdy formations and the rhyolitic volcanic rocks of
Sevingler Volcanics. The Inay Group comprises the Akdere pyroclastics, sedimentary rocks of the
Borlu, Kopriibasi, and Demirci formations which are interfingered by andesitic—dacitic Asitepe
Volcanics and the Nasa basalt to the northern part of the basin (Figure 10).

The Kiirtkoyii Formation crops out in the northern part of Demirci basin, and is composed of reddish-
brown to pale yellow boulder conglomerates (with blocks of up to 1 m), pebblestones, cobblestones
and sandstones mainly derived from the Menderes Massif metamorphics and the Egrigdz granitoid.

The conglomerates of the unit overlie the metamorphic rocks along a low-angle tectonic contact,
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similar to that observed in Selendi basin (Ersoy et al., 2010). The Yenikdy Formation is composed of
yellowish sandstones and mudstones with local laminated limestone and marls, and mainly crop out
in the north of Demirci basin. The contact relationship between the Yenikdy and Kiirtkdyii formations
is best traced along the Demirci-Simav road-section. The Yenikdy Formation is cut by
dacitic—rhyolitic dykes and volcanic necks and is also conformably overlain by rhyolitic pyroclastics
and lava flows of the Sevingler Volcanics. Stratigraphic and geochemical data from the
dacitic—rhyolitic lavas of the Sevingler Volcanics indicate that they are correlated with the Lower
Miocene Egreltidag Volcanics that crops out in the northern part of the Selendi basin (Ersoy and
Helvaci, 2007; Ersoy etal.,2010).

In Demirci basin, the Inay Group is composed of Akdere pyroclastics, conglomerates of the Borlu
Formation, sandstone-siltstone alternations of the Kd&priibasi Formation, and shales, marls and
limestones of the Demirci Formation. These sedimentary rocks are interfingered with the
andesitic—dacitic lava flows and pyroclastics of the Asitepe Volcanics. In the northern flank of the
Simav half-graben, the Inay Group consists of Akdere pyroclastics, conglomerates and sandstones of
the Borlu and K&priibasi formations, and the Nasa basalt.
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Figure 13. Detailed geological map of the Demirci basin (from Ersoy et al., 2011).
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The Borlu Formation of the Inay Group is composed of boulder conglomerates (mainly derived from
the Menderes Massif) with sandstone intercalations of alluvial fan origin. The unit has well-preserved
outcrops at the eastern and western margin of Demirci basin. The inay Group unconformably overlies
the Menderes Massif along an erosional surface in both sectors of Demirci basin (Figure 7b). Towards
the centre of the basin, the conglomerates pass laterally into grey to green colored semi-lithified
sandstone-claystone alterations of the Kopriibagi Formation that also includes locally developed marl
and limestone lenses. The Kdpriibas1 Formation is conformably overlain by the Asitepe Volcanics in
the eastern margin of Demirci basin (Ersoy etal., 2011).

Kauslulkeoyt
FHorniation

omerate
Koprii
Formation

Formation

U=lithifi

Figure 14. Field photographs from Demirci basin: (a) unconformity between the Yenikdy Formation and the inay Group,
(b) unconformity between the well-lithified conglomerates of the Borlu Formation and the metamorphic rocks of the
Menderes Massif, and (c) syn-depositional deformation structures (slumps) in the Kopriibagt Formation, which were
developed close to the basin-bounding faults (from Ersoy etal., 2011)

Figure 15. Field photograph of the Demirci Formation with partly silicified limestones, marls and claystones.

In Demirci basin, the Kpriibas: Formation passes transitionally into the marls, bituminous shales and
limestones (with claystone and sandstone intercalations) of the Demirci Formation (Figure 15; Inci,
1984), which can be correlated with the Ulubey Formation in Selendi basin (Seyitoglu, 1997a, Ersoy et
al., 2010). Small basaltic outcrops on the eastern margin of Demirci basin, the Tagokcular basalt, are
also described (Ersoy etal., 2011).
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3.1.3. Selendi Basin

The Selendi basin is located between the Gediz graben to the south, the Simav graben to the north, the
Demirci basin to the west, and the Usak-Gire basins to the east (Figures 8, 10 and 16). The Neogene
stratigraphy of the Selendi basin is characterized by two main volcano-sedimentary successions,
namely the Hacibekir and Inay groups. These rock units are unconformably overlain by the Kocakuz
formation, the Kabaklar basalt, Plio—Quaternary sediments and the Kula volcanics (Ercan etal., 1983;
Seyitoglu, 1997a; Ersoy etal.,2010; Figure 16).

The early Miocene Hacibekir group is divided into the interfingering Kiirtkdyii and Yenikdy
formations, where the latter is intercalated with the Egreltidag volcanics and the Kuzayir lamproite
(Figure 9; Ersoy and Helvaci, 2007). The early Miocene Kiirtkoyti formation is exposed southeast of
Selendi town, and is composed of grey, reddish brown and yellow conglomerates with sandstone and
local mudstone and limestone intercalations. The conglomerates at the bottom of the formation are
unsorted and composed mainly of subrounded metamorphic clasts of variable sizes. In the Selendi
basin, ophiolitic and cherty limestone bodies occur as local olistolites in the Kiirtkoyii formation. The
clastic matrix of the Kiirtkdyii formation intruded into the cracks of the olistoliths, indicating that the
olistolites were transported into the basin during the deposition of Kiirtkdyii formation (Figure 17).
The early Miocene Yenikdy formation widely crops out in the north of the Selendi basin (Figures 16
and 18). It is mainly composed of brownish-yellowish sandstones with local mudstone, claystone and
limestone lenses and coal occurrences. The sandstones are turbiditic and represent Bouma sequences
with an ungraded coarse-sandy part at the bottom [Ta], parallel laminations [Tb], and cross-
laminations at the top [Tc]. The sandstone beds also contain sedimentary structures such as ripple-
marks, mud-cracks, flute casts, and normal- and reverse-gradations. The contact between the Yenikoy
formation and the Menderes metamorphic rocks is a low-angle normal fault (N40—50°E/20—35°NW)
that can easily be traced in the Eskin-Cakirlar-Tepekdy area. The beds of the Yenikdy formation are
cut and displaced along the fault. The Yenikdy formation is intercalated with the early Miocene
Egreltidag volcanics and the Kuzayir lamproite (Ersoy and Helvaci, 2007). The early Miocene
Egreltidag volcanics widely crops out in the northern part of the Selendi basin. They are represented
by dacitic-rhyolitic domes and lava flows and associated wide-spread pyroclastic rocks. The early
Miocene Kuzayir lamproite is represented by a small-volume lava flow that covers an area of about 1
km’. The lavas interfinger with the Yenikdy formation and this relationship is well exposed in the
vicinity of Kuzayir village and Orhanlar-Kusukdy area to the north of the Selendi (Ersoy and Helvaci,
2007).
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Figure 16. Generalized geological map of the Selendi Basin (from Ersoy et al., 2010).
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Figure 17. (c and d ) Limestone blocks from the ophiolitic mélange rocks of the Izmir-Ankara zone (IAZ) embedded in
the clastic matrix of the Kiirtkdyii formation of the Hacibekir group (Kf). The block contacts are characterized by
injections of clastic matrix of the Kf (from Ersoy etal., 2010).

The middle Miocene Inay group is well-exposed in the south of the Selendi basin but small outcrops
can be followed throughout the northern parts as well. The Inay group unconformably overlies the
older units. The Inay group can easily be recognized by its white or pale green colour and its nearly
horizontal bedding (where it has not been affected from the late Miocene or younger faults). It is
represented by a fining-upward sequence with two sedimentary packages (middle Miocene
Ahmetler and Ulubey formations) and intercalated with two volcanic rock units (middle Miocene
Yagcidag volcanics and Orhanlar basalt). The Ahmetler formation is made up of basal
conglomerates, fluvial sandstones and siltstones (Ercan et al., 1983; Seyitoglu, 1997a). The green
claystone horizons also include altered borate occurrences within pale white tuffaceous levels
(compacted ash-fall deposits) in some parts of the Ahmetler formation, similar to those of the Emet
and Bigadic basins (Helvaci, 1984; 1995; Helvaci and Alonso, 2000). The formation grades into the
Ulubey formation and the Yagcidag volcanics. The Ulubey formation (Ercan et al., 1983; Seyitoglu,
1997a) is composed mainly of nearly horizontal carbonate-dominated lacustrine sediments. In the
Orhanlar-Kusukdy area, the formation interfingers with basaltic lava flows of the middle Miocene
Orhanlar basalt.
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Figure 18. Detailed geological map of the Eskin-Cakirlar-Tepekoy area (the eastern margin of the Selendi Basin;
from Ersoy et al., 2010).

The middle Miocene Yagcidag volcanics cover an area of 350 km” and are represented by dacitic lava
flows, dykes and volcanic necks and associated pyroclastic rocks. The volcanic rocks occur around
Yagcidag volcanic centre located in the centre of the Selendi basin (Figure 16). The ignimbrites of the
Yagcidag volcanics wedge out between the Ahmetler and the Ulubey formations. The middle
Miocene Orhanlar basalt is represented by basaltic lava flows in the Orhanlar-Kusukdy area in the
northeastern part of the Selendi basin. Well-exposed volcanic centres aligned in a NE-SW-direction
have been mapped to the north of Orhanlar village. The unit is composed of 10-20-m-thick greyish
black massive basaltic lava flows. The lavas flowed onto the carbonate rocks of the Ulubey
formation. They also show local interfingering relationships. Peperitic textures are characteristic
features of the contact between the middle Miocene Ulubey formation and the middle Miocene
Orhanlar basalt.

The Kocakuz formation is composed of reddish boulder conglomerates, and minor sandstone
intercalations with locally laminated limestone lenses that unconformably overlie the Inay group.
The conglomerates are composed mainly of metamorphic clasts with minor limestone and volcanic
clasts. This unit is well-exposed in the Kabaklar-Kocakuz area, cropping out in the hanging wall of
the NE-SW-trending dextral oblique- to strike-slip and NW—-SE-trending normal fault (Melek fault
zone; Figure 17). The continental deposits have been mapped previously as the Quaternary Asartepe
formation by Ercan et al. (1983), Seyitoglu (1997a) and Westaway et al. (2004), assuming that the
overlying basaltic lava flows are Quaternary in age. However, these basalts are late Miocene in age
(Ercanetal., 1996; Innocenti etal., 2005).

The Kula volcanics crop out in an area of ~300 km’ located along the northern shoulder of the active
Gediz graben. They belong to the late Pliocene to late Quaternary alkaline volcanic activity (Ercan
and Oztunali, 1983; Ercan et al., 1983, Richardson, 1996; Innocenti et al., 2005; Alici et al., 2002;
Aldanmaz, 2002; Westaway et al., 2004). The Kula volcanics are represented by cinder or spatter

cones, maars, lava flows and tephra deposits of basanite, phonolitic tephrite and trachybasalt in
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composition. The eruption centres follow a WNW—ESE trend on the northern shoulder of the Gediz
graben. The Kula basaltic volcanism developed in three different phases from the late Pliocene to
historical times. Richardson (1996) reported 1.9440.16 and 0.13+0.05 Ma 40Ar/39Ar ages from the
Kula lavas. Recently, Westaway et al. (2004) have obtained 1264 ka and ~60 ka ages from the late

stage Kula volcanics.
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Figure 19. Detailed geological map of the Ortabag area (to the south of the Selendi Basin;
from Ersoy et al., 2010).
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Figure 20. Detailed geological map of the Orhanlar-Kusukdy area (to the north of the Selendi Basin;
from Ersoy et al., 2010).

3.1.4. Usak-Giire Basins

The Usak-Giire basin is a 65 km by 55 km NE-SW-trending basin located on the eastern margin of
the NE-SW-trending Neogene volcano-sedimentary basins in the western Anatolia (Ercan et al.,
1978; Seyitoglu et al., 1997; Cemen et al., 2006; Karaoglu et al., 2010; Karaoglu and Helvaci,
2012a,b; Figure 21). The basement units are made up of the Menderes Massif, represented by
metagranite, schist and marble, and the structurally overlying upper Cretaceous ophiolitic mélange
rocks of the Izmir-Ankara zone. Dominant foliation trending of the schist and gneiss is in NE-SW
direction (017°-054°), nevertheless dip direction of the rocks vary rest on NE-SW-trending antiform
and synform geometries of the metamorphic rocks. Large-scale asymmetric folds and associated
crenulations, and cleavage commonly described in Menderes Metamorphic rocks. These large
antiforms and synforms are first identified by Ercan et al. (1978), and after that are detailed by Cemen
etal. (2006) which have NE-SW oriented axes. The mélange is mainly made up of unmetamorphosed

ultramafic rocks, radiolarites and highly altered silicic rocks.
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Figure 21. Geological map of the Usak—Gure basin including radiometric age data from the volcanic rocks and a
mammalian age from the Asartepe Formation (modified from Karaoglu et al. 2010. References: (1) Karaoglu et al.
(2010); (2) Ercanetal. (1996); (3) Innocenti et al. (2005); (4) Seyitoglu (1997a); (5) Seyitoglu etal. (2009).

The Usak-Giire basin contains a detailed record of early to late Miocene syn-extensional
sedimentation and volcanism that accompanied exhumation of the metamorphic core complex
(Menderes Massif). The basin is filled by fluvio-lacustrine deposits assigned to three unconformity-
bounded sequences: (1) Hacibekir Group; (2) Inay Group; and (3) Asartepe Formation. The
Hacibekir Group is exposed north of the Giire-Usak-Banaz trend in respectively and laterally
variable, subdivided into interfingered Kiirtkdyli and Yenikdy formation (Ercan et al., 1978;
Seyitogluetal., 1997; Cemenetal., 2006; Karaoglu etal.,2010; Karaoglu and Helvaci, 2012a,b).

The Lower Miocene Hacibekir Group is composed of Kiirtkdyli and Yenitkdy Formations. The
thickness of the Hacibekir Group in the study area also is not well constrained. Measured sections up

to ~800 m thick have been mapped within fault blocks of the northern side of the Usak-Giire basin
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(e.g. Ercanetal., 1978), but the whole formation is probably considerably thicker than that and may be
more than 1000 m thick. The type locality of the formation is in the vicinity of Kiirtkoyti village. There
the formation structurally overlies the rocks of the ophiolitic mélange along a sheared contact (see
below). The Kiirtkdyii formation mostly crops out in the vicinity of Kiirtkdytii (the type locality),
Baltali and Cukuragil villages (Figure 21) and consists of monolithic grey, reddish brown boulder
conglomerates. The boulder conglomerates are composed of moderately to poorly sorted and coarse
clast size. The Kiirtkoyii formation also consists of thin-bedded massive conglomerate with
moderately to well-rounded clasts of ultramafic (harzburgites and pyroxenites) ranging from pebble to
boulder grade and minor unmetamorphic clasts of the Lycian rocks. The Kiirtkdyli formation passes
laterally and vertically into the Yenikdy formation in the Usak-Giire basin.

The Yenikdy formation contains sedimentary structures such as tabular cross-beddings, channel
structures, ball and pillow, ripple, flaser beddings (Figure 22). The early Miocene Yenikdy formation is
composed of three fabric and architecture sequences: 1) parallel laminated bedsets; 2) tabular cross-
stratified bedsets; 3) architecture of parallel-laminated and cross-stratified sandstone and
conglomerate. All of the sequences are dominantly made up sandstone, claystone, mudstone,
limestone and coal lenses. Medium-grained, yellow-brown sandstone with occasional pebble lenses
dominate much of the section; thin, lenticular grey mudstones and siltstone are also common. Coal
lenses are especially observed in the transition zone of Kiirtkdyii formation to Yenikdy formation.

The unconformably overlying Inay group is composed of conglomerate, sandstone, tuff, mudstone
marl and limestone of fluvio-lacustrine setting, and is accompanied by volcanic rocks (Figure 23).
According to Seyitoglu (1997a), the volcano-sedimentary succession of the Inay group was deposited
during the early-middle Miocene. The Inay group was deposited under the control of NE-SW-trending
strike- to oblique-slip faults (Seyitoglu, 1997a; Ersoy et al., 2010). Seyitoglu (1997a) proposed that the
volcanic rocks of the Usak-Giire basin are intercalated with the inay group based on their stratigraphic
position and the radiometric age of the volcanic rocks (dated as 15.5+0.4 to 14.9+0.6 Ma, K/Ar ages).
Bingol (1977) also noted that the K-Ar dates of the Muratdagi volcanic rocks which are located in the
NE edge of the basin, lie between 16.9+£0.2 and 20.9+0.5 Ma. Karaoglu et al. (2010) presented new
“Ar/” Ar ages from the Beydag and Payamtepe volcanic units and proposed that Cenozoic volcanism in
the Usak—Gure basin started (at 17.29 Ma) with the Beydag1 volcanic unit, which is located in the
northern part of the basin. The data indicate that volcanism has been active since the late early Miocene
(Burdigalian). The youngest radiometric age from the Beydagi volcanic unit is from the Beydagi
stratovolcano (12.15+0.15 Ma) in the south. Also, the “’Ar/”Ar dates of the Payamtepe volcanic unit
restrict it to a period between 16.01+0.08 and 15.934+0.08 Ma. The internal characteristics of the Inay
Group have much in common with alluvial fans dominated by sediment gravity flow (e.g., debris flow,
rock avalanche, rock slide facies, Merdivenlikuyu member); fluvial and lacustrine deposits
(Balciklidere member) and fluvial deposits (Gedikler member), also are interstratified with volcanic
rocks of Usak-Giire basin.
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Figure 22. Field photographs of Yenikdy formation. (a) Planar cross bedding in pebbly sandstones of Yenikdy Formation
near YenikOy town. (b) Channel slightly incised fill conglomerate (c) Ball and pillow structures. (d) Plan view of
oscillation (wave generated) ripples on the upper surface of a fine grained sandstone bed, north of Usak. Individual
lamination sets exceed 7-8 cm in thickness. (¢) Flaser bedding in sandstone, near Asagikaracahisar village. (f) Coal

bearing sandstone, near Kiirtkdyii village.
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Figure 23. Three distinct members of the Ahmetler formation. (a) Photograph showing matrix-
supported Merdivenlikuyu member in the western margin of the Gtire basin. (b) Close-up view of
Merdivenlikuyu member showing subordinate matrix-supported metamorphic breccias and
blocks, near the western margin. (c) Balgiklidere member with siltstone and mudstone horizontal
bedding, near Kiran village-western side of the basins. (d) Close-up view of Balgiklidere member,
western side of the Beydagi volcano, showing fine-grained sandstone within horizontal bedding
and small scale channel structures. (¢) Pumice bearing sandstone demonstrating syndeposition of
Balgiklidere member-Inay Group with explosive eruptions within Usak-Giire basin. (f) Gedikler
member is characterised with matrix-supported volcanic conglemarate bearing mainly andesitic
blocks which most probably originated from Beydag1 volcanic unit. (g) Volcanic blocks from
Gedikler member.
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The Asartepe Formation is mainly characterized by volcanic successions with minor metamorphic
rocks on the Beydagi stratovolcano, and metamorphic and volcanic clasts are observed on the
Itecektepe stratovolcano. The Asartepe Formation displays rapid lateral fining away from the Usak
margin faults in the north and the NW—SE-trending fault at Beydagi in the south of the basin (Fig. 2).
The thickness of the red-beds sequence is estimated from map relationships and crosssections as c.
300-350 m. Sen et al. (1994) and Seyitoglu et al. (2009) documented a biostratigraphic and
magnetostratigraphic age of 7.38 £ 0.1 Ma for the Asartepe Formation in the Usak—Gure basin.The
Asartepe Formation in the Usak—Gure basin is well correlated with the Upper Miocene Kocakuz
Formation, which is overlain by the 8.37-8.5 Ma Kabaklar basalt in the adjacent Selendi basin
(Ercanetal., 1996; Innocenti etal., 2005; Ersoy & Helvaci, 2007).

The Beydagi volcanic unit occurs in three different NE-SW-trending volcanic centers (Karaoglu et
al., 2010). These are the high-K calc-alkaline to shoshonitic Beydag:, Itecektepe, and Elmadag
calderas from southwest to northeast respectively. The Beydagi caldera is approximately 16x9 km in
diameter and is represented by voluminous, block and ash flows, ignimbrites which are associated
with onset of the caldera collapse, debris flows and overlying lava flows. The Itecektepe caldera is ~
5x6 km in diameter and extensive dacitic ignimbrites were associated with the collapse of the
Itecektepe caldera. Subsequent uplift of the caldera floor led to the exposure of metamorphic
basement in the middle of the caldera. The eastern half of the Elmadag caldera is preserved and the
half-deformed caldera size is ~ 5x9 km in diameter. Dacitic ignimbrites were formed during the
collapse of the Elmadag caldera. The oldest radiometric ages from the Beydagi volcanic unit were
obtained from the Elmadag volcanic centre in the north, and range between 17 and 16 Ma. The data
indicate that volcanism was active since the late early Miocene (Burdigalian). The youngest
radiometric age from the Beydagi volcanic unit was obtained from the Beydagi caldera (12.15+0.15
Ma) in the south. These data indicate that Beydagi volcanism was active until the late middle
Miocene, and that activity migrated from north to the south with time. The volcanic products of the
Beydag volcanic unit interfinger with the fluvio-lacustrine sediments of the inay Group.

The Payamtepe volcanic unit consists of several lava flows and dikes. These are the shoshonitic
Kiran rocks, Yenikdy latite dikes, ultrapotassic Giire lavas and Karabacaklar lava flows. The lava
flows and locally developed dykes of the Payamtepe volcanic unit were emplaced along NE-SW-
trending oblique-slip faults and are most abundant in the northeastern part of the Giire region. The
Payamtepe volcanic unit also interfingers with the fluvio-lacustrine sedimentary rocks of the Inay
group. The Karaagac latite/andesite dikes were emplaced along a NE-SW- direction and cut the late
Miocene Asartepe formation (Karaogluetal., 2010).

3.2. Tectonic Evolution

Both the western and eastern margins of Gordes basin are bounded by NNE-SSW-trending right-
lateral strike-slip faults, along which the early Miocene sedimentary rocks (the Kizildam Formation)
were deposited (Ersoy et al., 2011; Figure 10). In the eastern margin of Gordes basin several fault
planes of the Kizildam fault zone have been measured with a strike of 18-35°, a dip of 62—70° to the
NW, and a rake of 17-27°N (Figure 24). The boulder conglomerates of the Kizildam Formation was
also deposited on an E-W-trending dip-slip normal fault zone (Borez fault Zone) in the Borez-Salur
districts where a fault plane strikes nearly E-W and dips ~85-89°S with a rake of ~90°. In the western
margin of Gordes basin, N-S- to NE-SW-trending right-lateral strike-slip faults (the Gocek fault
zone,) controlled the deposition of the Kizildam Formation (Figure 25). Here, a right-lateral strike-
slip fault plane of the Gocek fault zone is defined by strikes between 05-20° and dips ~85°SE with a
rake of ~0°. These data indicate that Gordes basin formed under the control of NE-SW-
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trending strike-slip faults and E-W-trending dip-slip normal faults where the N—S extension is
slightly oblique to the margins that bounded the basin during the early Miocene (see also Ersoy
etal.,2011). Reactivation of these faults may be responsible for deposition of the middle Miocene(?)
Gokgeler Formation to the western margin of the basin.

(a)
Menderes Massif SE

NW  Kuglukkiny Critnesli volenaics Kuglukkay
850 formation (pyroclastic flows) formation

Kizildam formation g o @@

Figure 24. (a) A-B geological cross-section on the eastern margin of the Gordes basin and (b-¢) related field photos from
the key locations (see Figure 4 for location). The fine grained tuffaceous sediments of the Kuglukkdy formation in the
centre of the basin (b) are wedged by conglomerates of the Kizildam formation to the east (b). The reddish conglomerates
of the Kizildam formation (c) were deposited along the NE-SW-trending right-lateral strike-slip fault zone in the eastern

margin of the basin (e) (from Ersoy etal., 2011).
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Figure 25. (a) C-D geological cross-section on the western margin of the Gérdes basin and (b-d) related field photos from
the key locations (see Figure 6 for location). The well-lithified reddish brown conglomerates of the Kizildam formation
(b) occur along the nearly N—S-trending right-lateral strike-slip fault zone in the western part of the basin. Pale yellow to
greenish grey colored conglomerate-sandstone alternation of the Gokgeler formation (c) ubconformably overly the
yellowish brown sandstone-mudstone alternation of the Kuslukkdy formation (d) (from Ersoy etal.,2011).
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In the northeastern part of Demirci basin, to the southeast of Sevingler village, the contact
relationship between the Lower Miocene Hacibekir Group (the Kiirtkdyii and Yenikdy formations)
and the tectonically underlying Menderes Massif is well-exposed (Ersoy et al., 2011; Figures 26 and
27). The reddish conglomerates of the Kiirtkdyli Formation are underlain by metamorphic rocks and
separated by a low-angle fault, along which the metamorphic rocks were progressively deformedina
~70 m shear zone which is characterized by ductile deformation overprinted by cataclasites (Figure
27). The transition from ductile to brittle deformation, with top to the N-NE sense of shear, indicates
that the low-angle fault is normal in character. The low-angle normal-faulted contact relationship
between the Kiirtkdyli Formation and the metamorphic basement is also observed in the
northwestern part of Demirci basin, where conglomerates of the Kiirtkdyili Formation are separated
from the augen gneisses of the Menderes Massif by a low-angle (~30°) fault plane (Figure 28).
Mylonitic augen gneisses show progressive deformational features towards the fault plane, as they
become cataclastized. The fault surface is marked by brownish and reddish fine-grained cataclastics.
The ductile deformed mylonitic rocks were also overprinted by a brittle deformation that is
characterized by micro-scale faults and fragmented crystals of quartz and feldspar. The

deformational textures also indicate a top to N-NE sense of shear.
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Figure 26. Detailed geological map of the northeastern part of the Demirci basin, where the older
detachment surface are cut and displaced by (a) nearly N-S-trending right-lateral, and (b) NW—SE-

trending left-lateral oblique- to strike-slip faults.
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Figure 27. (b) G-F geological ross section, (b) related field photos, and (c) thin sections of the
metamorphic rocks along the cross-section that marked on the Figure 19.
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Figure 28. (a) Field photo from the northwestern margin of the Demirci basin, looking from
the graben-floor of the Simav graben to the south. Note that the metamorphic rocks of the
Menderes massif underlie the early Miocene Hacibekir group along a low angle normal
fault. The red arrows indicate the slickenlines on the fault surface. (b) Field and (c)
microscope view of cataclatised gneisses (sample D11) just below the low-angle normal
fault. (d) Microscope view of the ductilely deformed gneisses (sample D10).
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In the Selendi Basin, low angle detachment fault juxtaposes the Yenikdy formation (Hacibekir
group) and the mélange rocks of the Izmir-Ankara zone in the hanging wall against the metamorphic
rocks of the Menderes metamorphic rocks in the footwall during the early Miocene (Ersoy et al.,
2010; Figures 18 and 29). The detachment fault can be traced in the Ortabag (~ 5—6 km) and the
Eskin-Cakirlar-Tepekdy (~ 500 to 2000 m) areas (Figures 18, 19 and 30). This fault has only limited
outcrops in the Eskin-Cakirlar-Tepekdy area, mainly because of younger NE-SW-trending high-
angle faults cutting and displacing the older structural elements in the region (Figure 18 inset map
and Figure 30). The footwall rocks of the detachment fault were intruded by the Rahmanlar granite in
the Eskin-Cakirlar-Tepekdy area. In the Ortabag area, the detachment fault seems to be folded with a
NE-SW-trending fold-axis as well as the underlying regional gneissic foliations and is
unconformably overlain by the horizontal beds of the middle Miocene Inay group (Figure 19).
Hence, the detachment faulting in the region occurred by the early Miocene at the latest, as the
detachment fault cuts the beds of the early Miocene Yenikdy Formation. Moreover, the fault is
unconformably overlain by the middle Miocene inay Group in the vicinity of the Kula, and hence,

the detachment faulting must have ceased by the middle Miocene (Ersoy etal., 2010).

Figure 29. (a and b) Field photo of the Simav detachment fault between the Yenikdy Formation (Yf) and the Menderes

Massif metamorphics (MM) (from the eastern margin of the Selendi basin) (from Ersoy etal.,2010).
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Figure 30. Cross-section throughout the Simav detachment fault showing the contact relationship between the
Rahmanlar granite and the hosting gneisses of the Menderes Massif (from Ersoy etal., 2010).
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Along the detachment fault, two deformational fabrics can be observed. The older S1 regional
gneissic foliation in the Menderes metamorphic rocks is cut by a mylonitic foliation S2 (C' shear
bands; Figures 31), which is associated with a slickenslide lineation (L2). The mylonitic foliation S2,
which affected the Menderes metamorphic rocks, commonly strikes NE-SW with dips towards the
NW (Ersoy et al., 2010). It is characterized by preferred alignment of micas and recrystallized and
elongated quartz. Asymmetrical porphyroclasts are predominantly composed of K-feldspar,
plagioclase, garnets and polymineralic aggregates of feldspar, quartz, muscovite and biotite, and are
common in the mylonitic gneisses and schists. These are similar to the o-type porphyroclasts having
narrow mantles and elongated tails composed of quartz, feldspar and micas. Mica fishes are inclined
with a narrow angle to the mylonitic foliation (Figure 31c). These micro-tectonic features, as a
whole, indicate a top-to-the-NE sense of shear. Well-developed C'-type shear band cleavages in
mylonitic gneisses also indicate top-to-NE sense of shear. The L2 mylonitic stretching lineation
trends N10-57° E and is oriented oblique to the strike of the foliation, with plunges mainly towards
the NE. Both S2 and L2 resulted from a deformation phase D2. Hence, the D2 deformation is
represented by a top-to-the-NE ductile deformation in the Menderes metamorphic rocks, forming the

S2 mylonitic foliation cutting and displacing the older S1 gneissic foliation (Ersoy etal., 2010).

Figure 31. (a and b) Field photographs of the metamorphic rocks of the Menderes Massif displaying S-C'
fabrics from the mylonitic gneisses in the eastern margin of Selendi basin. S (S1 foliation) and C' (S2 foliation)
planes are defined by feldspar porphyroclasts and aligned micas respectively. (c) thin section view showing
asymmetrical microstructures in the garnet mica schists (mica “fish” structure); (d) thin section view showing
older asymmetrical microstructures from the cataclastic gneisses in the eastern margin of the Selendi basin
indicating that the ductile textures are overprinted by brittle deformation. All photographs are parallel to the
stretching lineation and normal to the foliation. The fabrics are consistent with top-to-the-NE (dextral)
shearing (from Ersoy etal.,2010).

During the deformation phase D2, the Menderes metamorphic rocks also deformed under brittle

conditions, overprinting the early mylonitic fabrics in the vicinity of the detachment fault (Figure

31d). The brittle deformation under decreasing P-T conditions resulted in the formation of cataclastic
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fabrics in a zone of ca. 100 m (Ersoy et al., 2010; Figure 31d). The deformation along the detachment
fault in the Selendi basin is therefore characterized by a ductile-to-brittle transition. The orientations
of the mylonitic foliation S2 and associated mylonitic stretching lineation L2 are also concordant
with the kinematic indicators on the fault surface. These observations show that the D2 deformation
phase is related to an extensional event with a top to the NE sense of shear. This is evidenced by: (1)
displaced broken grains of feldspar in a ductile matrix, (2) obliquely elongate recrystallized grains
and subgrains of quartz with respect to the main foliation, (3) asymmetric mica “fish” structures, and
(4) ductile to brittle transition in the deformation towards the low-angle fault; all of which indicate a
top-to-the-NE normal sense of shear (Ersoy etal., 2010).

Similar to Demirci and Selendi basins, in the Usak-Giire Basins the low-angle detachment fault
between the Hacibekir Group and the Menderes Metamorphic rocks, as well as between the [zmir-
Ankara Zone ophiolitic mélange units and the Menderes Metamorphic rocks is well observed
(Cemen et al. 2006; Ersoy et al., 2010; Karaoglu and Helvaci 2012a). In the northwestern margin of
the Giire basin, the sandstones of the Yenikdy Formation are tectonically underlain by the
cataclatised metamorphic rocks of the Menderes Massif (Figure 32). In the vicinity of the Kiirtkoyii
village, the conglomerates of the Kiirtkdyii Formation unconformably overlie the ophiolitic rocks of
the Izmir-Ankara Zone. There, the basal parts of the Kiirtkdyii Formation include near-horizontal
shear zones indicating a top-to-NE movement (Figure 33).

Figure 32. Field photograph of the low-angle detachment fault between the
Yenikdy Formation and the Menderes Metamorphic rocks in the northwestern
margin of the Giire basin.

Taking into account the data from the Demirci, Selendi and Usak-Gire basins presented above, it is
concluded that (1) ophiolitic mélange units of the izmir-Ankara Zone (IAZ) overlie the Menderes
Massif along a low-angle top-to-NE detachment fault (the Simav detachment fault, SDF); (2) early
Miocene Hacibekir Group also juxtaposed with the metamorphic rocks along the SDF; (3) the
Hacibekir group include olitolites from the IAZ in the Selendi basin. These data indicate that the
Hacibekir Group was deposited in a supra-detachment basin comprising Demirci, Selendi and
Usak-Giire basins, under the control od the Simav Detachment Fault during the early Miocene
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Figure 33. Field photograph of the low-angle shear zones in the Kiirtkdyli Formation observed at the basal parts of the
unit (from the western margin of the Usak Basin, near Kiirtkoyti village).

The eastern margins of Demirci basin were deformed by nearly NE-SW-trending right-lateral strike-
to oblique-slip faults with a normal component (Figure 34). The middle Miocene volcano-
sediments, the Inay Group, partially overlap onto these faults. The Middle Miocene Asitepe
Volcanics and the Nasa basalt are also located on these NE-SW-trending faults. In contrast, the
western margin of these basins was deformed by left-lateral strike- to oblique-slip faults with a
normal component. The sedimentary facies of the Inay Group show a gradual change from coarse- to
fine-grained the clasts, from the margins of the basin to the centre, as well as from bottom to top. In
the eastern margin of Demirci basin, a NE-SW-trending fault zone is interpreted to have controlled
the deposition of the Middle Miocene Borlu Formation, because the coarser-grained sediments of the
unit are located on the hanging-wall of this fault and the sediment becomes finer-grained further
away from the fault. Several planes have been measured, which strike 16-55" and dip 48-90°'NW,
with two distinct rakes of 45-72°S and 70-86°N. In the western margin of Demirci basin, a dextral
fault plane is recognized striking at 25° and dipping at 55°SE, with a rake of 14-22°NE. These faults
juxtapose the Borlu Formation on the hanging wall with the Menderes Massif on the footwall (Ersoy
etal.,2011).

In some locations along the western margin of the Selendi basin, the deposition of the middle
Miocene Inay Group seems to have been controlled by NE-SW-trending sinistral faults (in the
vicinity of Hiidiik village see also Seyitoglu, 1997a). The alluvial fan deposits with boulder
conglomerates pass laterally into the fine-grained sedimentary rocks of the Inay Group, as well as in
the eastern margin of the Selendi basin. The relative amounts of the conglomerate intercalations and
their clast sizes systematically increase toward the eastern margin of the basin. Long-axis alignment
of the clasts suggests derivation from the eastern margin of the basin. Syn-sedimentary faults were
also developed within the Inay group throughout the Selendi basin. Several planes have been
measured, which strike N70°-85°W and N65°-87°E, and dip ~77°-81°W. These faults may be
indicative of the middle Miocene tectonics in the region, as they formed synchronously with
deposition of the Inay group. Such a relation is best observed along the western margin of the Giire
basin (Ersoy etal., 2010; Karaoglu et al., 2012a), where alluvial fans of the Ahmetler formation were
fed by this margin. Two basaltic extrusions (Kiran and Zahman basalts of the Payamtepe volcanics)
of Middle Miocene were also located along this tectonic line (Figures 16 and 21). All these data
indicate that the Middle Miocene inay Group was deposited in the Demirci, Selendi and Usak-
Giire basins which was bounded by NE-SW-trending strike- to oblique-slip high-angle faults
with a normal component in the middle Miocene.
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Figure 34. Field view of an oblique fault controlled the Inay Group in the
western margin of the Demirci basin. (from Ersoy et al., 2011)

In Demirci basin, the NW-SE-trending left-lateral fault zone cuts the Middle Miocene Asitepe
Volcanics and the K&priibasi Formation and the basement rocks (Giinesli fault zone; Figures 10, 13
and 35). Well-exposed fault planes show a dominant strike-slip component. The fault zone can be
traced outside Demirci basin, where it also cuts the metamorphic highs between the Demirci and
Gordes basins, and into the Giinesli district in the northern part of Gordes basin. NW—SE-trending
left-lateral faulting is also seen in the Oren fault zone (Figure 13), which cuts the metamorphic high
between the Demirci and Selendi basins, and the early Miocene volcano-sedimentary units in both
basins. These data indicate that the basin was deformed under the control of NW—SE-trending left-
lateral and NE-SW-trending right-lateral strike-slip faults during the late Miocene.

The NE-SW-trending sinistral Oren fault and the NW—SE-trending dextral strike-slip faults and
associated oblique- to dip-slip normal faults along the Eskin fault zones are formed during late
Miocene (Figure 10). The Eskin fault zone can be best followed along the eastern margin of the
Selendi basin where the pre- and middle Miocene units are cut and displaced along them. Dextral
slickenside striations occur on the NW—SE-trending normal faults of the fault zone which strike
N24°-33°E, and dip 54°-77°SW, and rake 60°—65°NW (in the vicinity of Melek village). Near
Kabaklar town, the beds of the late Miocene Kocakuz formation are also inclined as high as 65° and
are juxtaposed with volcaniclastic rocks of the middle Miocene Yagcidag volcanics along the
NE-SW-trending right-lateral strike-slip Eskin fault zone. The NE-SW-trending fault planes of the
Eskin fault system strike N65°—80°E and dip 80°—87°SE with a rake of 100—150N'W near the Kabaklar
village. It strikes N30°-37°E and dips 66°—75°SE with a rake of 10°~12°NW ~1 km west of the Eskin.
The Eskin fault zone forms the present-day border of the Selendi basin. These data indicate that the
region was deformed by NW-SE-trending left lateral and NE-SW-trending right lateral
strike-slip faults during the late Miocene, which controlled the deposition of the late Miocene
Kocakuz Formation and the emplacement of the late Miocene basalts.
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Figure 35. Field view of a segment of the Giinesli fault zone (cutting the
volcanic rocks of the Asitepe volcanics) (from Ersoy et al., 2011).

During the Plio-Quaternary, all the Miocene sedimentary units and tectonic elements of the NE-SW-
trending basins were cut by ~E-W-trending normal faults of the Simav half-graben and the Gediz
graben. The reader is referred to Cohen et al., (1995); Emre (1996), Seyitoglu (1997b), Ciftci and
Bozkurt (2009) for further information on the E-W-trending grabens. ~2 km south of Yenikoy
village a fault plane from the southern fault zone of the Simav half-graben strikes 80-85° and dips
~65—-84°NE, with a rake of 43—65°E, indicating that the fault has right-lateral strike-slip component.
The southern faults of the Simav half-graben (Figure 36) cut and displaced Demirci basin (Figure
10), with its northern part termed as the Akdere basin (Seyitoglu, 1997b). From this perspective,
Ersoy etal (2011) also suggest that Emet basin is the northward continuation of Selendi basin (Figure
10).

3.2.1. Summary

As a summary, the Demirci, Selendi, Usak-Giire basins have similar tectono-stratigraphic evolution
differing from the Gordes basin. Comparative Stratigraphic evolutions of the basins are summarized
in the Figure 37. In the Demirci, Selendi, Usak-Giire basins, the early Miocene volcano-sedimentary
succession, the Hacibekir Group, was deposited on a regionally corrugated low-angle normal
(detachment fault) which can be correlated with the Simav Detachment Fault (SDF). On the other
hand, the Gordes basin has separated from the Menderes Core Complex by NE-SW-trending strike-
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slip Kizildam Fault which controlled the deposition of the early Miocene Kizildam Formation. In
these respects, Ersoy et al. (2011) suggested that exhumation of the northern flank of the Menderes
Massif (controlling the deposition of the Hacibekir group) was accommodated by strike-slip faulting
on its western margin, along which Gordes basin is formed. They proposed that exhumation of the
Menderes Massif occurred by; (a) low-angle normal detachment faults to the northeast, on which
Neogene volcano sedimentary basins (Demirci, Selendi and Usak-Giire basins) developed, and (b)
dextral strike-slip shear zones to the west, along which Gordes basin was developed (Figure 38a).
Similarly, Cemen et al. (2006) suggested that the first exhumation of the massif along the low-angle
normal detachment faults may have been accommodated by steeply dipping oblique- to strike-slip
faults in the eastern margin of the massif. This zone is named as Usak-Mugla Transfer Zone by
Karaoglu and Helvaci (2012a). During the Middle Miocene strike- to oblique-slip faults deformed
the basins and controlled the deposition of the middle Miocene volcano-sedimentary units (Inay
Group). These faults remain in the hanging-wall of the Gediz Detachment Fault and can be explained
by a model proposed by Sengor (1987) (differential stretching in the hanging-wall of a low-angle
normal fault; Figures 37 and 38b). In the late Miocene, NW—SE-trending left-lateral (Giinesli and
Oren fault zones) and NE-SW-trending right-lateral (e.g., Eskin fault zone) strike-slip faults
deformed the NE-SW-trending basins (Figures 10, 37 and 38c). These faults cut the older units and
structures in all basins. The pattern of the late Miocene faults indicates that the region was deformed
under N—S-directed extension and E-W-directed compression under pure shear during late Miocene,
and the N-S-directed extension in the region was continuous. All basins are deformed and cut by
E—W-trending high angle normal faults in Plio-Quaternary (Figures 10 and 38d).
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Figure 37. Comparative tectono-stratigraphic sections of the NE-SW-trending basins. The Goérdes basin. 1 A-Kizildam
Fm.; 1B-Kopriibast Fm.; 1C-Giinesli and Kayacik volcanics; 2A and 2B-Kiirtkdyii and Yenikdy Fm.; 2C and 2D-early
Miocene felsic and mafic volcanics; 3A and 3B-Ahmetler and Ulubey Fm. 3C and 3D-middle Miocene felsic and mafic
volcanics; 4-Gokgeler Fm. 5A-late Miocene sediments; 5B-late Miocene basalts; 6A and 6b-plio-Quaternary volcanic
and sediments
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Figure 38. Cartoon showing the evolution of the NE-SW-trending Goérdes, Demirci, Selendi, Emet and Giire basins from
the early Miocene to Recent: (a) the early Miocene exhumation of the Menderes Massif along the Simav detachment fault
(SDF) caused formation of synclines on the SDF in which early Miocene sedimentary units were deposited. (b) Second-
stage collapse and formation of the Gediz detachment fault (GDF) during the middle Miocene. (c) Differential stretching
in the hanging wall of the corrugated GDF formed a number of NE-SW-trending oblique-slip accommodation faults that
controlled deposition of the middle Miocene Inay group. (d) Formation of late Miocene NE-SW-trending right-lateral
(Eskin fault zone, EFZ) and NW—-SE-trending left-lateral (Giinesli and Oren fault zones, GFZ and OFZ) strike-slip faults
that locally deposited the late Miocene volcano-sedimentary units. (¢) Last phase of the N—S extension (rift-mode) was
responsible for formation of the E-W-trending grabens (from Ersoy etal., 2011).

3.3. Volcanic Evolution

3.3.1. Gordes Basin

In the Gordes basin two felsic units are described which early Miocene are in age (Ersoy etal., 2011):
Glinesli and Kayacik volcanics (Figure 39a). The Giinesli Volcanics cover a large area to the north of
the basin. This unitis composed of thyolitic dykes and lava flows and associated rhyolitic pyroclastic
rocks to the north of the Gordes basin. The volcanic products are best observed around Giinesli
(Figure 11). The pyroclastic rocks of the unit interfinger with the fine-grained sedimentary rocks of
the Kuslukkoy Formation. The thickness of the tuff intercalations increases towards the northern part
of the basin (1-2 m in the south and ~30m to the north of the Gordes town) where rhyolitic volcanic
rocks crop out, suggesting that the pyroclastic flows in the basin fill deposits originated from the
rhyolitic volcanic centers to the north of the basin (Figure 11). These acidic volcanic rocks are
correlated with the dacitic to rhyolitic volcanic rocks of the Kayacik Volcanics in the centre of

Gordes basin and the Sevingler and Egreltidag volcanics in the Demirci and Selendi basins,
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respectively (Figure 39). Purvis et al. (2005) obtained 19.16+0.09 to 17.04+0.35 Ma biotite and
feldspar Ar/Ar ages from the pyroclastic rocks of the Giinesli Volcanics. Similarly, Ersoy et al.
(2012a) obtained 18.906+0.026 Ma (MSWD =1.90) and 18.763+0.890 Ma (MSWD =9.50) sanidine
Ar/Ar ages from the Giinesli volcanics (Table 3). The Giinesli volcanics are classified geochemically
as high-K calc-alkaline rhyolites (Ersoy etal., 2012a) (Figure 35).
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Figure 39. Stratigraphic correlation of the volcanic units in the NE-SW-trrending basins (from Ersoy et al., 2012a).

Table 3. Radiometric age data from the volcanic rocks in the NE-SW-trending basins.

Basin and Unit Sample Rock Type Radiometric age (Ma), material and reference

Gordes Basin
S1/36 Rhyodacite 17.60+0.10 (biotite, Ar/Ar) (Purvis et al., 2005)
S1/38 Rhyodacite 17.62+0.07 (biotite, Ar/Ar) (Purvis et al., 2005)
S2/5 Rhyodacite 20.86+0.08 (feldspar, Ar/Ar) (Purvis et al., 2005)

Kayacik volcanics S2/5 Rhyodacite 20.45+0.38 (feldspar, Ar/Ar) (Purvis et al., 2005)
S2/11 Acidic tuff 21.71+0.04 (biotite, Ar/Ar) (Purvis et al., 2005)
S2/11 Acidic tuff 20.49+0.09 (biotite, Ar/Ar) (Purvis et al., 2005)
S2/4 Acidic tuff 19.16+0.09 (biotite, Ar/Ar) (Purvis et al., 2005)
S2/68 Acidic tuff 17.04+£0.35 (biotite, Ar/Ar) (Purvis et al., 2005)

Giinesi volcanics S2/68 Acidic tuff 18.78+0.30 (biotite, Ar/Ar) (Purvis et al., 2005)
861 Rhyolite 18.91+0.03 (sanidine, Ar/Ar) (Ersoy et al., 2012a)
861 Rhyolite 18.76+0.09 (sanidine, Ar/Ar) (Ersoy et al., 2012a)
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Demirci Basin

721 Dacite 19.06+0.05 (plagioclase, Ar/Ar) (Ersoy et al., 2012a)

721 Dacite 19.75+0.07 (biotite, Ar/Ar) (Ersoy et al., 2012a)
Sevingler volcanics

721 Dacite 19.75+0.05 (biotite, Ar/Ar) (Ersoy et al., 2012a)

721 Dacite 19.56+0.04 (biotite, Ar/Ar) (Ersoy et al., 2012a)

0OD-50 Shoshonite 15.80+0.30(K-Ar) (Ercan et al., 1996)
Nasa basalt .

OD-52 Latite 15.20+0.30 (K-Ar) (Ercan et al., 1996)
Asitepe volcanics 717 Andesite 17.58+0.09 (plagioclase, Ar/Ar) (Ersoy et al., 2012a)
Tasokgular basalt 727 Shoshonite 10.46+0.03 (whole rock, Ar/Ar) (Ersoy et al., 2012a)
Selendi Basin

SE-1 Rhyolite 18.90+0.60 (biotite, K-Ar) (Seyitogu et al., 1997)
Egreltidag volcanics | 521 Dacite 18.90+0.10 (plagioclase, Ar/Ar) (Ersoy et al., 2008)

521 Acidic tuff 20.00+£0.20 (amphibole, Ar/Ar) (Ersoy et al., 2008)

518 Lamproite 17.90+0.20 (groundmass, Ar/Ar) (Ersoy et al., 2008)
Kuzayir lamproite : .

518 Lamproite 18.60+0.20 (phlogopite, Ar/Ar) (Ersoy et al., 2008)

SE-3 Trachydacite 14.90+0.60 (biotite, K-Ar) (Seyitoglu et al., 1997)

] S1/3 Acidic tuff 16.42+0.99 (feldspar, Ar/Ar) (Purvis et al., 2005)

Yagcidag volcanics

S1/3 Acidic tuff 16.61+0.14 (biotite, Ar/Ar) (Purvis et al., 2005)

YF-2 Dacite 16.43+0.32 (plagioclase, Ar/Ar age) (Ersoy et al., 2012a)
Orhanlar basalt Middle Miocene (Stratigraphic relations)

S-1 K-trachybasalt | 8.50+0.20 (K-Ar) (Ercan et al., 1996)
Kabaklar basalt

1Z-67 K-trachybasalt | 8.37+0.07 (Ar/Ar) (Innocenti et al., 2005)

[Z-41 Lamproite 15.87+0.13 (phlogopite, Ar/Ar) (Innocenti et al., 2005)

) 1Z-41 Lamproite 15.83£0.13 (groundmass, Ar/Ar) (Innocenti et al., 2005)

Ilcasu lamproite ) ) ]

051501 Lamproite 15.54+0.06 (phlogopite, Ar/Ar) (Prelevic et al., 2012)

051S03 Lamproite 15.77£0.09 (phlogopite, Ar/Ar) (Prelevic et al., 2012)
Usak-Giire Basin

U-31 Trachydacite 16.28+0.05 (biotite, Ar/Ar) (Karaoglu et al., 2010)

U-68 Pyroclastic 16.48+0.08 (biotite, Ar/Ar) (Karaoglu et al., 2010)
Elmadag volc. centre | U-70 Latite 16.44+0.07 (groundmass, Ar/Ar) (Karaoglu et al., 2010)

U-132 N/A 16.48+0.33 (biotite, Ar/Ar) (Karaoglu et al., 2010)

U-164 Trachytic dome | 17.29+0.13 (amphibole, Ar/Ar) (Karaoglu et al., 2010)
ftecektepe volcanic | UG-63 Dacite 14.60+0.30 (whole rock, K-Ar) (Seyitoglu et al., 1997)
centre U-159 Dacite dike 15.04+0.10 (biotite, Ar/Ar) (Karaoglu et al., 2010)
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Beydag volcanic U-2 dacite 13.1040.20 (K-Ar) (Ercan et al., 1996)
centre U-161 Dacitic dome 12.15+0.15 (biotite, Ar/Ar) (Karaoglu et al., 2010)
UG-58 Trachydacite 15.10+0.40 (whole rock, K-Ar) (Seyitoglu et al., 1997)
Yenikdy dikes
U-153 Trachyte 16.01£0.08 (sanidine, Ar/Ar) (Karaoglu et al., 2010)
UG-75 Trachyte 15.90£0.40 (whole rock, K-Ar) (Seyitoglu et al., 1997)
f(f‘[z’zzzzk]” UG-142 | Trachyte 15.200.60 (whole rock, K-Ar) (Seyitoglu et al., 1997)
U-144 Trachyte 15.93£0.08 (groundmass, Ar/Ar) (Karaoglu et al., 2010)
Kiran-Zahman basalt | UG-145 | Latite 15.5040.40 (whole rock, K-Ar) (Seyitoglu et al., 1997)
1Z-38 Lamproite 14.20£0.12 (groundmass, Ar/Ar) (Innocenti et al., 2005)
_ 0500y, | Lemprone 15.54+0.33 (groundmass, Ar/Ar) (Prelevic et al., 2012)
Giire lamproite " Lamproite
05GU02 15.67£0.29 (groundmass, Ar/Ar) (Prelevic et al., 2012)
05GU(Q2 | Lamproite 15.32+0.25 (groundmass, Ar/Ar) (Prelevic et al., 2012)

Karaagag dikes

Late Miocene (Stratigraphic relations)

The Kayacik Volcanics crop out in the centre of Gordes basin (Figure 11). They are composed of
mainly green colored dacitic to rhyolitic volcanic necks (Figures 40 and 41) and associated lava
flows and minor pyroclastic rocks interfingering with the Kuslukkdy Formation. The volcanic necks
cut and deform the sandstones of the Kuslukkdy Formation. These volcanic rocks have previously
been described as central volcanics (Seyitoglu and Scott, 1994a). The volcanic products of the unit
yielded 18.4+0.6 to 16.3+0.5 Ma K-Ar (Seyitoglu and Scott, 1994b) and 21.71+0.04 to 17.6+£0.1 Ma
Ar/Arages (Purvis etal., 2005) (Table 3). The geochemical data from the Kayacik volcanics indicate

that they are classified as medium- to high-K calc-alkaline dacite and rhyolite (Figure 42).

Figure 40. Field view of the rhyolitic necks of the Kayacik volcanics located in the centre of the Gérdes Basin.
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Figure 41. Field view of the rhyolitic necks of the Kayacik volcanics located in the centre of the Gordes Basin.

3.3.2. Demirci Basin

Neogene volcanic units in the Demirci basin are: (1) early Miocene Sevingler volcanics, (2) middle
Miocene(?) Akdere pyroclastics, (3) latest early Miocene - earliest Asitepe volcanics, (4) middle
Miocene Nasa basalt, (5) late Miocene Tasokgular basalt. The Plio-Quaternary Kula volcanics may
also be added into the Demirci basin (Figures 9, 13 and 39b).
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Figure 42. Total alkalis—silica (TAS) classification (Le-Maitre, 2002) of the Neogene
volcanic rocks in the NE-SW-trending Gordes, Demirci, Selendi and Usak-Giire
basins. T/B-tephrite/basanite, Pt-phonotephrite, K-Tb-K-trachybasalt, S-shoshonite,
L-latite, T/Td-trachyte/trachydacite, B-basalt, BA-basaltic andesite, D-dacite, R-
rhyolite.
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The Sevingler Volcanics, located to the northeastern part of the Demirci basin (Figure 13), is
composed dacitic-rhyolitic dykes, volcanic necks, rhyolitic pyroclastics and lava flows. Ersoy et al.
(2012a) obtained 19.057+0.045 Ma (MSWD =1.80) plagioclase and 19.748+0.047 Ma (MSWD
=2.10) biotite Ar/Ar ages (Table 3). Geochemical data from the Sevingler volcanics show that they
are composed of high-K calc-alkaline dacite and rhyolites (Figure 42). Stratigraphic and
geochemical data from the dacitic-rhyolitic lavas of the Sevingler Volcanics indicate that they are
correlated with the Lower Miocene Egreltidag Volcanics that crops out in the northern part of the
Selendi basin (Ersoy and Helvaci, 2007; Ersoy etal., 2010).

The Akdere pyroclastics occur along the base of the inay Group and cover the Hacibekir group along
an unconformity. They are seen especially to the north of the basin (Figure 13). The Akdere
pyroclastics are a key marker horizon linking the stratigraphy of the Demirci basin either side of the
Simav half-graben. The thickness of the Akdere pyroclastics decreases from the north (~50 m) to the
south (~1 m) within the Demirci basin, implying that they originated from a volcanic centre located
further north. However, this proposed centre is obscured by the normal to oblique slip faults of the
Plio-Quaternary Simav half-graben which cut and displaced the infill of Demirci basin. There is no
age and geochemical data from these rocks, but Stratigraphic relationships indicate that they are
probably latest early Miocene or earliest middle Miocene. The Akdere pyroclastics are conformably

overlain by the fine grained sediments of the Kopriibasi Formation (Figure 43).

Figure 43. Field view of the volcanic centers of the Asitepe and Yagcidag volcanics (The photo has taken from a point to
the western margin of the Demirci basin towards southeast). The Akdere pyroclastics are also seen with near-horizontal
white colors to the centre of the picture.

The Asitepe volcanics are located on the eastern margin of the Demirci basin (Figure 13). These
volcanics are composed of pyroclastic rocks and andesitic lava flows, with field observations
showing that the pyroclastic rock intercalations (ignimbrites) flowed southward. The ignimbrites are
overlain by block-and-ash fall and finally andesitic-dacitic pink-colored plagioclase-phyric lavas.
The early lavas of the Asitepe volcanics contain plagicolas and orthopyroxene minerals while the
late-stage lavas composed of plagicoalse, amphibole and/or biotite with minor quartz. On a
geochemical base, the Asitepe volcanics are classified as high-K andesite and dacite. Ersoy et al.
(2012a) obtained 17.580+0.094 Ma (MSWD =0.52) Ar/Ar plagioclase age from the andesitic lavas
of the unit. The Asitepe Volcanics can be correlated with the Yagcidag Volcanics in the Selendi basin
(Ersoy et al., 2008; 2012a) on the basis of their stratigraphic positions, lithology and geochemistry.

The Naga basalts are located in the northern part of the Demirci basin (so-called Akdere basin) along
the northern edge of the Simav half-graben. The Nasa basalt (15.8+0.3 and 15.2+0.3 Ma K-Ar
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ages of Ercan et al., 1996; Table 3) is composed mainly of syn-sedimentary basaltic lava flows that
flowed over the sedimentary rocks of the Borlu Formation. On the basis of their geochemical
features, the Nasa basalt is classified as shoshonite and latite with high-MgO shoshonitic character
(Figure 42).

The Tasokgular basalt probably emplaced along the NW-SE trending Gtlinesli fault zone, in the
eastern margin of the Demirci basin (Figure 13). Tasokcular basalt is classified as shoshonite with
higg-K or shoshonitic character (Ersoy et al., 2012a). The unit has similar geochemical features to
the late Miocene basalts in Selendi basin. The youngest unit in Demirci basin is the basaltic lavas and
pyroclastics with cinder cones of the Kula volcanics that crop out to the south of the basin, on the
northern shoulder of the Pliocene-Quaternary Gediz graben.

3.3.3. Selendi Basin

Neogene volcanic units in the Demirci basin are: (1) early Miocene Egreltidag volcanics, (2) early
Miocene Kuzayir lamproite, (3) Yagcidag volcanics, (4) Orhanlar basalt and (5) Kabaklar volcanics
(Figures 9, 16 and 39c¢). The Ilicasu lamproite, located along the Simav half-graben in the present day
configuration of the basins can also be included into the Selendi basin, as the basin has been cut by
Plio-Quaternary Simav half-graben.

The Egreltidag volcanics, located to the northern part of the Selendi basin (Figure 16) are composed
of dacitic-rhyolitic lava flows, domes and wide-spread pyroclastic rocks. The pyroclastic rocks of
the unit interfinger with the sandstones of the Yenikdy Formation (Figure 44). The lava and
pyroclastic rock samples of this unit yielded Ar/Ar and K-Ar ages between 20.00+0.20 and
18.90+0.10 (Seyitoglu 1997a; Ersoy et al., 2008; Ersoy etal. 2012a; Table 3). Geochemical data from
the unit indicate that the Egreltidag volcanic unit is composed of high-K calc-alkaline dacite and
rhyolite. The Egreltidag volcanic unit is correlated with Sevingler volcanics in the Demirci basin
(Figure 42).

Figure 44. The conformable contact between Yenikdy Formation (Yf) and
Egreltidag volcanic unit (Ev) (from Ersoy and Helvaci, 2007).

The Kuzayir lamproite (Ersoy and Helvaci, 2007) has small outcrops to the northern part of the
Selendi basin (Figure 16). The lava flows of the unit are up to 5 m thick and cover an area up to 1 km.
In hand specimen, they are characterized by dark brown phlogopite minerals within a dark grey to

black matrix. The lower contact of the lava flows with the underlying sedimentary rocks display
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chilled and glassy margins with minor in-situ fragmentation and irregular columnar joints (Figure
45a). The sedimentary rocks, just below the lower contact of the lava flows were deformed during the
emplacement. On the other hand, the upper contact is very sharp and the Yenikdy Formation, just
above the lava flow, is undeformed (Figure 45b). The lava flows were sharply covered by the
mudstones and siltstones. The Kuzayir lamproite is especially important as it represents the first
lamproitic product in western Anatolia (Ersoy and Helvaci, 2007). The Kuzayir lamproite is
classified as ultrapotassic latite according to major element contents. Moreover, geochemical and
mineralogical data indicate that the unit is composed of lamproitic lava flows. The lava samples of
the unit yielded Ar/Ar ages between 17.18+0.23 and 18.60+0.20 (Ersoy et al., 2008; Ersoy et al.
2012a; Table 3).

The Yagcidag volcanic unit is located to the centre of the Selendi Basin (Figure 16). The Yagcidag
volcanic unit is composed of, from bottom to top, pyroclastic fall deposits, ignimbrites, block-and-
ash flow deposits and lava flows with dykes and domes. The Yagcidag volcanic unit interfingers
with, and conformably overlies, the Ahmetler Formation which is overlain by the Ulubey Formation.
The wide-spread pyroclastic flows can be traced from the Yagcidag volcanic centre towards
northeast (e.g., around the Eynehan village; Figure 46). The geochemical analyses from the fresh
lavas of the unit indicate that they are composed of high-K calc-alkaline andesite, dacite, latite and
trachydacite. Seyitoglu et al. (1997a) obtained 14.90+0.60 Ma K-Ar age from the Yagcidag volcanic
unit. Purvis et al. (2005) presented Ar/Ar age of 16.42+0.09 Ma. Similarly, Ersoy et al. (2012a) have
obtained 16.43+0.32 Ma (MSWD=5.10) Ar/Ar plagioclase age from the andesitic lavas of the unit
(Table 3).

Al : 20 T P,

Figure 45. (a) The upper and (b) the lower contact between the Yenikdy Formation (Y) and the overlying Kuzayir
lamproite (K1) (from Ersoy and Helvaci, 2007).

Figure 46. The pyroclastic rocks of the Yagcidag volcanics around Eynehan village
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The Orhanlar basalt croups out to the northeast of the Yagcidag volcanic centre (Figure 9). The
basaltic flows of the unit ingterfinger with the uppermost parts of the Inay Group. The Orhanlar
basalt is geochemically composed of shoshonite and latite with a clear shoshonitic to ultrapotassic
affinity (Figure 42).

The Kabaklar basalt emplaced along the NE-SW-trending zone of strike-slip deformation along the
eastern border of the Selendi Basin (Ercan et al., 1996; Ersoy and Helvac12007; Figures 16 and 47).
The basaltic lava flows of the unit are geochemically classified as K-trachybasalt and shoshonite
with high-K affinity.

Figure 47. Field view of the contact between the Kabaklar basalt and underlying Kocakuz Formation.

3.3.4. Usak-Giire Basin

The Beydag volcanics emplaced along 3 volcanic centres: Beydag, Itecektepe and Elmadag volcanic
centres. The Elmadag volcanic center lies 12 km NE of the city of Usak and covers approximately
210 km® (Figure 48). It is interpreted as a typical stratovolcano comprising a >700 m-thick
succession of predominantly subaerial calc-alkaline lavas. More than 15 lava flows show low paleo-
slope gradients (150-230) with the styles of blocky, columnar-jointed and a'a lava flows (Karaoglu et
al., 2010; Karaoglu and Helvacit 2012b). Central parts contain moderate-level trachytic and
lamproitic intrusions that have 35 and 30 meter depths respectively, and were affected by locally
pervasive hydrothermal alteration, particularly the potassic and argillic stages. Some marginal parts
interfinger with lacustrine sediments
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Figure 48. Field photographs from characteristic and well-exposed intrusions around the Elmadag volcano: (a)
ultrapotassic dikes cutting lacustrine sediments of the Inay group in the Giire basin; (b) columnar-jointed trachytic
intrusions at Davulkayasi; (¢) lamproitic dike within the Elmadag eroded structure; (d) micro-diorite intrusion, northern
Elmadag volcano; (e) trachytic dike west of Kartaltepe; (f) rhyolitic dome structures in the Eglence sector, northern part
of Elmadag; (g) uppermost rhyolitic rocks with “hydraulic breccias” (from Karaoglu and Helvaci 2012b).

The Itecektepe volcanic centre is located 11 km SW of the city of Usak, is a NE-SW-oriented 6x7 km
elliptical shape and has a 3x4 km diameter deformed-ring plain area (Figure 49). The volcano was
mainly constructed of andesite with minor latite and trachytes, with explosive products dominated
by pyroclastic flows (ignimbrites) (Karaoglu and Helvaci 2012b). The volcano has experienced
intense internal tectonic deformation and erosion related to tectonic uplift of basement rocks of the
Menderes Massif and Izmir-Ankara Zone, which crop out in the center of the volcano along reverse
faults that offset the volcano/basement contact. Radiometric dating yields ages of 14.6 Ma (K—Ar)
from the andesitic lavas, summit of Itecektepe (Seyitoglu, 1997a), and 15.04 Ma (" Ar—"Ar) from an
andesitic dike cutting the main cone lavas within the inferred vent area (Karaoglu etal., 2010).

Andesitic volcanic sequences dominate the Itecektepe volcanic center, with minor dacite, latite,
rhyolite and trachyte. Two phases have been identified: (1) lava flows and lava domes, including the
3.2 km-diameter lava dome from which the whole edifice takes its name; and (2) dike structures and
intrusive bodies piercing the effusive phase of the volcano (Karaoglu and Helvaci 2012b). The
Itecektepe dome (1249 m) show flow-banded lavas, thickness is ca. 250 m. Andesitic lava flow
sequences, some of which flowed up to 1.5 kmradially, drape the flanks of the dome structure.
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Figure 49. Geological cross-sections across the itecektepe volcanic center. See Figure 2 for localities (from Karaoglu
and Helvac12012b).

The Beydagi volcanic edifice covers an area of 16.5x9 km, and contains a central, 12.5x5.5 km area
of subsidence that displays a ~300 m elevation difference between the base and the top atc. 1170 m
(Figure 50) (Karaoglu and Helvaci 2012b). The northern and western outer flanks of the volcano
preserve its original cone shape (Fig. 56). Two different radiometric age data are available from the
southern summit area of the volcano: 12.15 Ma (*Ar/”Ar method by Karaoglu et al., 2010) and 13.1
Ma (K/Ar method by Seyitoglu, 1997a). Intense deformation since the middle Miocene has resulted
in dissection of the southern flank of the volcano by a NE-SW-striking oblique fault, causing
accumulation of the late Miocene Asartepe Formation that is made up of weakly cemented coarse-
grained conglomerates (Seyitoglu et al. 2009). Metamorphic basement was uplifted by several
oblique-slip normal faults within the subsidence area (Karaoglu and Helvaci, 2012b), resulting in its
exposure. Lacustrine sediments (Ahmetler Formation of Inay Group) occur within the subsidence
area, suggesting that the lake was present during the volcano's post-destructive phase. Multi-stage
intense hydrothermal alteration occurring at the margin of collapse structure are related to intrusive
bodies and dike swarms, and affect a range of volcanic rocks and pyroclastic deposits both inside and
outside of the subsidence zone.
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Figure 50. Geological cross-sections across the Beydagi volcanic center (from Karaoglu and Helvac1 2012b).

4. E-W-Trending Alasehir (Gediz) Graben

4.1. Stratigraphy

The Alasehir basin is a ~E-W-trending, 5-to-30-km wide, ~140 km long, Neogene depocenter
developed above low-angle Alasehir detachment fault during Late Cenozoic extensional
deformation in western Turkey (Figures 2 and 51). Two main sets of fault systems, WNW-ESE-
striking high-angle normal faults and NNE-SSW-striking high-angle oblique-slip hinge faults
control its internal structure and deposition (Figure 52). Occurrence of these main fault systems
result in segmented basin structure and variations in sedimentary thicknesses and sedimentary facies
along the basin (Oner and Dilek, 2011; Ciftci et al., 2011). Its structural and sedimentological
features indicate that the Alasehir basin can be defined as a supradetachment basin according to main
features of extensional basins described by Friedmann and Burbank (1995). Recent geophysical
studies show that the total sedimentary thickness in the Alasehir supradetachment basin ranges from
2000 to ~3000 meters in different segments from west to east (Sart and Salk, 2002; Ciftci and
Bozkurt, 2009; Ciftci et al, 2011; Oner and Dilek, 2011). Local unconformities are most likely
formed as a result of rotational deformation within the basinal strata and disappearance of some
sedimentary units may be related to primary sedimentological processes or fault-controlled
deposition in the basin.

The oldest sedimentary rocks of the Alasehir basin strata overlie the Alasehir detachment fault

around Alasehir and consist of red-color, lacustrine shale alternating with conglomerate, sandstone,
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mudstone at the bottom of the sequence (Gerentas formation, Agirbas, 2004; Oner and Dilek, 2011).
Relatively younger, upper levels includes lacustrine limestone alternating with clastic rocks
(Kaypaktepe formation, Agirbas, 2004; Oner and Dilek, 2011) conformably overlain by red-
colored, medium-to-thick bedded, poorly sorted conglomerate of Acidere formation (Emre, 1995;
Oner and Dilek, 2011). An early-middle Miocene age is assigned to these lacustrine rocks according
to palynological age from the lowermost part of the Alasehir basinal strata suggested by Ediger et al.
(1996). In some localities, volcanic intercalations within these units revealed an isotopic age of 20-
14 Ma (Bendaetal., 1974; Seyitoglu and Benda, 1998).

Poorly-sorted, polygenic conglomerate layers of the Acidere formation includes angular-to-
subangular, pebble-to-boulder-size clasts of metamorphic and igneous rocks exposed in the footwall
ofthe Alagehir detachment fault. The lowermost part of the Acidere formation is observed as directly
deposited on the low-angle detachment surface in western section of the basin, whereas it overlies the
older lacustrine formations in the eastern part. Polygenic conglomerate layers alternate with fine-to-
medium grain-sized, well-sorted, sandstone layers. Pebble imbrications in conglomerate layers, and
cross-bedding, graded-bedding, lamination in sandstone layers are primary sedimentary structures
in the Acidere formation. Erosional and undulatory contacts between coarse-grained and fine-
grained layers can be observed locally. The majority of bedding planes dip south-southwestward into
the detachment surface. Seyitoglu and Scott (1996) yielded middle-to-late Miocene palynological
age from Eskihisar sporomorph association in the lowermost part of the Acidere formation. Ediger et
al. (1996) also reported middle Miocene ages (14-11 Ma) from the upper section of the formation.
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Figure 51: Geological map of the southern margin of the Alasehir supradetachment basin (from Oner and Dilek, 2011).
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The relatively younger Gobekli formation conformably overlies the Acidere formation (Emre,
1996). It consists of light-red-colored and gray-colored, conglomerate and sandstone layers
alternating with laminated mudstone, siltstone layers. As aresult of different resistance of alternating
conglomerate and sandstone-mudstone layers to erosion, cone-like erosional structures are one of
the characteristics of the Gobekli formation (Oner and Dilek, 2011). Normal- and reverse-graded
bedding, pebble imbrications can be observed in the lower polygenic conglomerate layers and cross-
bedding, graded-bedding, lamination are common primary structures in poorly-consolidated
sandstone layers. Sedimentary layers of the Gobekli formation mainly dip to the S,SW and SE,
whereas some layers locally dip northward as a result of rotational deformation (Oner and Dilek,
2011). Since the Gobekli formation is usually observed in faulted contacts with other formations, and
its outcrop and map pattern may indicate fault-controlled deposition of the formation. Emre (1996)
reported late Miocene age based on the fresh-water gastropoda fauna discovered in the Gobekli
formation. These lower to upper Miocene lacustrine formations and red-colored alluvial-fluvial
formations are unconformably overlain by buff-colored, moderately-to-poorly consolidated
conglomerate, sandstone, mudstone layers of the Yenipazar formation.
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Figure 52: Field photos showing the spatial relationship of N-dipping Alasehir detachment fault, ~E-W-striking major
high-angle normal faults and extension-parallel scissor faults (from Oner and Dilek, 2011).

The Yenipazar formation consists of relatively coarse-grained sandstone-siltstone-mudstone layers
at the bottom and fine-grained clastic rocks alternating with lignite and bituminous coal layers. It
coarsens upward into sandstone and conglomerate in the upper section. The main primary
sedimentary structures observed in the Yenipazar formation include cross bedding, graded bedding,
lamination, sandstone-siltstone lenses and wedges. Clast lithologies similarly include gneiss, schist,
quartz, granite, cataclasites; however the amount of cataclastic rock clasts is less than those in the
older formations, and layers dip both to the NE and to the SW. The plant fossils, fresh water
gastropoda fauna, and rare mammalian fossils from fine-grained sections of the formation indicate
late Pliocene and younger ages. The Yenipazar formation conformably overlain by the buff-colored,
massive to poorly-sorted, poorly-consolidated, debris flow deposits of the Asartepe formation.
Similary, the layers of the Asartepe formation dip northward and southward and observed as affected
by rotational deformation. The younger, light red-colored, unlitified Erendali formation
unconformably overlie Plio-Quaternary formations and form terraces cut by seismically-active

Yenipazar-Derekoy fault at the further north of the southern section of the Alasehir basin. Cross
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bedding, graded bedding and lamination can be observed in these alluvial fan deposits and thin-to-
medium-bedded layers of the Erendali formation display subhorizontal orientation, even though
they are relatively much younger in the basin. The youngest alluvial fan deposits are fed by N-S-
trending, N-flowing streams and unconformably overlie the Asartepe and Yenipazar formations.

4.2. Depositional Characterization And Paleocurrent Directions

The Alagehir basin strata starts with shale and limestone layers alternating with clastic sedimentary
rocks indicating a lacustrine-fan delta depositional environment in the late-middle Miocene times.
Since the deposition of these formations appears to be limited mostly in the eastern section, it
indicates that the oldest formations deposited in short-lived, fault-bounded, playa lakes in the initial
stages of extensional deformation. Cross bedding, pebble imbrications measurements in the
alternating conglomerate and sandstone layers of lower-middle Miocene formations show that
fluvial systems with SW-NE paleocurrent direction developed as a result of further footwall uplift
during this stage.

Similarly, Acidere formation deposited in an alluvial-fluvial depositional environment. Alternating
coarse-grained layers of Acidere formation include unsorted, couble to boulder size clasts and
indicate debris flows originated from major fault activities during the deposition of alluvial-fluvial
sedimentary rocks. Maturity of clasts in the Acidere formation indicate long-distance transportation
of footwall-derived sediments along the N-S-directed, transverse fluvial systems in the Miocene
times. Pebble imbrications and cross beddings show SW-NE and SE-NW paleocurrent directions in
this formation (Oner and Dilek, 2011).

The overlying Gobekli formation display main characteristics of fluvial-alluvial depositional
environment. Normal to reverse graded bedding and cross bedding measurements show SW to NE
paleocurrent directions. Organic-matter enriched clay horizons and coal layers in the Yenipazar
formation indicate fluviolacustrine deposition in limited-size paleolakes during Early Pliocene-
Pleistocene. Occurrence of coal layers within clayey layers might be evidence for burial alteration
due to rapid upload of relatively younger sediments of the Asartepe formation during
syndepositional tectonic activities.

The grain size coarsens upward in the Yenipazar formation as a result of transition from lacustrine to
fluvial depositional environment during this stage. The Asartepe formation shows characteristics of
alluvial-fan deposits and clast size coarsens upward and clast lithologies relatively differ from those
in the other formations. Pebble imbrications measurements show SW-NE paleocurrent directions in
Plio-Quaternary times.

The younger, Erendali formation with subhorizontal layers represent axial alluvial-fan deposits and
fluvial deposits and indicate more westward paleocurrent directions in recent geological time. In
general, paleocurrent measurements from lower-to-upper Miocene formations show SSW-NNE-
directed flow, whereas paleocurrent directions shit to WNW due to development of WNW-ESE-
oriented high-angle normal fault systems in the late Pliocene. Establishment of the main drainage
systems in the Alasehir basin has been highly controlled by extensional faulting, which had a
significant role on deposition, accommodation, and overall intrabasinal structure.

4.3. Suprdetachment Basin Evolution of The Alasehir Graben

Late Cenozoic extensional deformation and exhumation of the central Menderes massif was still an
ongoing process by the end of early Miocene according to the reported monazite ages of 17+5 Ma
(Catlos and Cemen, 2005) and U-Pb ages of 16.1+0.2 Ma - 15+0.3 Ma (Glodny and Hetzel, 2007)
yielded from synextensional intrusions in the footwall of the Alasehir detachment fault. The Alasehir

detachment separates high-grade metamorphic rocks of the central Menderes submassif and
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syn-extensional Miocene intrusions from Neogene sedimentary rocks. In the hanging wall of the N-
dipping, low-angle detachment fault, the Alasehir basin developed as a curvilinear depocenter and
recorded important information about the uplift and exhumation history of the Menderes massif.
Crustal extension and exhumation in the northern and southern submassifs initiated approximately
10 my before the exhumation of syn-extensional intrusions in the central submassif'in the latest Early
Miocene-late Miocene. In addition to that, the occurrence of the Burdigalian to middle Serravalian
Eskisehir sporomorph assemblage (Ediger et al., 1996; Seyitoglu et al., 2002) in the lower portion of
the basinal strata indicate an early Miocene age for the initiation of the basin formation.

The oldest, lacustrine sedimentary rocks (Gerentas and Kaypaktepe Formations) were deposited in
locally developed, short-lived lakes that were located further away from the breakaway fault of the
detachment system (Oner and Dilek, 2011). Extensive dispersal of high-grade metamorphic rock
clasts into the depocenter in the hanging wall during the early stages of the Alasehir basin was mainly
controlled by NNE-directed (in general), transverse stream systems. Alternation of fine-grained and
coarse-grained sedimentary rocks indicates a transition from a low-energy, lacustrine, fan-delta
depocenter to a higher-energy, alluvial depositional environment. As a result of seismic activities
along major normal faults, local debris flows interrupted the low-energy deposition system. The
continued uplift and exhumation of the massif facilitated the formation of alluvial-fan deposits in the
early Miocene. Pebble- to cobble-sized channel deposits deposited in a fan-delta depositional
environment in the middle Miocene and braided stream networks and distal alluvial fans formed and
dominated the basin in the late Miocene. Prograding fan deposits, the Acidere formation deposited in
the distal parts of the Alasehir depocenter.

Further crustal extension in the central submassif produced high-angle, oblique slip, hinge faults as a
major component of the differential uplift and exhumation of the core complex (Oner and Dilek,
2011). These extensional faults strongly controlled the deposition, facies changes, and
accommodation in the basin. This interplay between scissor faulting and synextensional deposition
resulted in basin segmentation. The spatial and kinematic interaction between extension-parallel
hinge faults and ~E-W-striking high-angle normal faults strongly controlled the deposition of the
Upper Miocene—Lower Pliocene Gobekli formation. These two fault systems also resulted in the
rotation of the older Neogene sedimentary layers and caused the formation of intrabasinal angular
unconformities. With the onset of block faulting in the late Pliocene, the WNW-ESE—striking normal
faults created additional accommodation space in their hanging walls and their footwall blocks
became a secondary provenance for the alluvial-fan and debris flow deposits of the Plio-Quaternary
Yenipazar and Asartepe formations. Rigid block faulting and block rotation resulted in the
development of half-graben systems in this phase, and E-W-oriented, axial stream systems formed
and facilitated sediment dispersal in the basin. The youngest sedimentary formation deposited in an
E-W-trending half graben and exhibits westerly paleoflow directions.

Back-tilting and rotation in the basinal strata changed the primary orientation of sedimentary layers
and other structures and resulted in a pseudo-appearance of folding around W-NW-trending fold
axes (Oner and Dilek, 2011). These orientation changes in dip directions have been interpreted as an
artifact of folding associated with a short-termed contractional event in the latest Pliocene by
Kogyigit et al. (1999), Gessner et al. (2001b), Bozkurt and Sozbilir (2004), Bozkurt and Rojay
(2005). However, our field observations demonstrate that there is no evidence for contractional
deformation as implied. Orientation changes within the basin strata are associated with block
rotation and tilting occurred during the late-stage extensional deformation (Figure 53).

The modern Gediz-Alasehir graben represents the main depocenter in present time and is filled with
more than 3 km of sedimentary rocks (Giirer et al., 2001; Sar1 and Salk, 2006; Ciftci and Bozkurt,
2010). The modern graben is bounded to the south by WNW-oriented, north-dipping, seismically
active (1969 Alasehir earthquake, M =6.9; Eyidogan and Jackson, 1985) Yenipazar-Derekoy fault.
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Figure 53. Field photos showing high-angle normal faults resulted in orientation changes and the formation of graben-
horst structures in the Gobekli and Yenipazar formations (Oner and Dilek, 2011).

4.4. Proposed Model Of Post Collisional Cenozoic Extension In Western Turkey

Cemen etal. (2006) suggests a testable model for the Cenozoic extensional tectonics evolution of the
western Anatolian extensional terrain (WAET) (Figure 54). The regional Alpine contraction, which
produced the [zmir-Ankara suture zone in West Anatolia, may have ceased in the Eocene (Sengor et
al., 1984; Okay, 2001). They suggest that the Cenozoic extension in WAET is the product of a
continuous north-directed extension. The extension has not been interrupted since its initiation and
still continues today as is evidenced by GPS measurements (McClusky et al., 2000) and earthquake
activity in the region with normal fault first motion studies (e.g., Taymaz et al., 1991). However, the
extensional deformation in the region can be divided into three phases and each phase may have been
triggered by different mechanisms.

The first phase occurred in the Late Oligocene when extension was probably initiated along an
extensional simple shear zone, the southwestern Anatolian shear zone (SWASZ), in the southern part
of the WAET (Figure 54) as evidenced by the presence of the Oren, Yatagan and Kale-Tavas
extensional sedimentary basins containing Late Oligocene conglomerate. Seyitoglu and Scott
(1996) suggested that the Late Oligocene extension may have initiated by an orogenic collapse of
thermally weakened crust of the Izmir-Ankara suture zone. Some researchers suggest also that the
extension might have initiated in a similar manner to the simple shear-rolling hinge models (e.g.
Wernicke, 1985, 1998; Axen and Bartley, 1997).
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According to the model suggested by Cemen et al. (2006), the SWASZ extends from the south side of
the Gokova Gulf to the southeastern margin of the Denizli basin. The seismic reflection profiles in
the Gulf of Gokova (Kurt et al., 1999) clearly show a listric normal fault and an associated roll over
structure The Oren basin formed on the hanging wall of this simple shear zone as an extensional basin
(Ozerdem et al., 2002). The basin contains an Oligocene conglomerate unit called Gokceoren
Formation (Y1lmaz et al., 2000; Giirer and Ozerdem, 2002), suggesting that the shear zone formed in
the Late Oligocene.

The Kale-Tavas basins are also extensional basins located adjacent to the SWASZ which has a
substantial strike-slip component as it progrades east-northeastward and controls the southwestern
margins of these basins. Extension across the SWASZ and associated erosion and tectonic unroofing
caused the high-grade metamorphic rocks of the Menderes Massif to be brought to the surface by the
Late Miocene (Figure 54).

Three lines of evidence for the existence of erosion and tectonic unroofing due to the extension in the
Late Oligocene are: (1) fission track ages that indicate that metamorphic rocks of the Menderes
Massif were close to the surface ~20 Ma (Gessner et al., 2001b); (2) pervasive top to the north
extensional shear sense indicators are well exposed throughout high grade metamorphic rocks of the
Menderes Massif (Figures 2, 6 and 7); and (3) the sedimentary basins that were formed in the Early
Miocene (i.e., the north trending basins of the Northern Menderes Massif, the Alasehir and Biiyiik
Menderes Graben) contain only high grade metamorphic rocks of the Menderes Massif in their
Lower Miocene conglomerate units. However, the Oligocene Gokgedren conglomerate of the Oren
and Yatagan Basins is made up of Mesozoic recrystallized platform carbonate and underlying
phyllitic low grade metamorphic rocks (Y1ilmazetal., 2000; Ozerdem et al., 2002).

re_Location gy
Fue— -0 ~§Hg§g

Eocene

c) Early-Mid Miocene

b) Late Oligocene

d Late Miocene(?)-Pliocene - Present

Figure 54: Three dimensional cartons emphasizing the role of the SWASZ in the structural evolution of the WAET a) in
Eocene; b) Late Oligocene and C) Early Miocene. They do not include the Simav Detachment area. The cross-sections
and the 3-D cartons are not drawn to scale and do not indicate the amount of extension in each stage. Abbreviations: AG=
Alasehir Graben; BMG= Biiyiik Menderes Graben; OB/KTB= Oren and Kale-Tavas Basins; LN= Lycian Nappes;
KMG= Kucuk Menderes Graben; SG= Simav Graben; SWASZ= Southwest Anatolian Shear Zone (from Cemen et al.,
2006).
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The Oligocene conglomerates of the Kale-Tavas basin contain predominantly ophiolitic material
derived from the uppermost tectonic slice in the Lycian Nappe pile (Y1lmaz et al., 2000), which was
overlying the Menderes Massif in the Eocene (Sengor et al., 1984). The Miocene sedimentary
succession in Oren, Yatagan and Kale-Tavas basins, however, contain high-grade metamorphic rock
fragments of the Menderes Massif (Sozbilir et al., 2000). This sedimentary record indicates that
extension in WAET started in the Oligocene when the Lycian Nappes were covering the Menderes
Massif. The rocks in the upper structural levels of the nappe pile (i.e., ophiolitic, recrystallized
carbonates and low-grade phyllitic metamorphic rocks) provided clasts in the Oligocene. However,
the high-grade metamorphic rocks were at the surface in the Miocene and provided clasts for the
conglomerates in the sedimentary basins.

Continued extension produced a secondary breakaway in the Early Miocene along the Alasehir
Detachment surface. The original dip angle of the Alasehir Detachment surface is controversial.
One group suggest that the Alasehir Detachment surface may have formed with a steep dip in the
Early Miocene and rotated to its present low angle as the extension continued (Seyitoglu et al., 2000
and 2002). Alternatively, the Alasehir Detachment may have originally initiated as a low-angle
detachment fault (Purvis and Robertson, 2004).

Presently, The Simav Detachment appears to be in the hanging wall of the Alagehir Detachment. The
south-dipping high-angle normal faults along the northern margin the Alasehir basin brought the
footwall of the Simav Detachment to the surface that contains extension-perpendicular antiforms
and synforms with a wide range of scale. The axial traces of all folds are parallel to the N10°E to
N30°E mylonitic stretching lineations. Considering that mylonitic lineations form parallel to the
direction of extension, these folds suggest compression perpendicular to extension. Large-scale
antiforms and synforms are also observable along the unpublished TPAO east-west seismic
reflection profiles in sedimentary succession of the Alagehir Graben.

Cemen et al. (2006) also suggest that the large antiforms and synforms that formed in the lower plate
of the SWASZ provided initial configuration in Early Miocene for the North trending sedimentary
basins of the northern Menderes Basin (i.e., Demirci, Gordes and Usak- Selendi Basins). However,
the northeast trending faults that control the eastern and western margins of these basins may have
been formed as accommodation faults due to differential stretching since they have substantial
strike-slip component (Sengér, 1987; Cemen et al., 2006; Oner and Dilek, 2011).

Purvis and Robertson, (2004) proposed that the Early Miocene extension is related to subduction roll
back of the Aegean subduction zone. The roll back may still be an effective mechanism of extension
in western Anatolia.

The third stage of extension in Western Anatolia is started in Late Miocene about 5 Ma ago (Purvis
and Robertson, 2004; Catlos and Cemen, 2005) which coincides with the formation of the North
Anatolian Fault Zone as a major strike-slip fault zone (Barka, 1997). The third stage produced
continuous extension along the Simav, Alasehir, Biiyilk Menderes Detachments and oblique-slip
movement along the SWASZ (Figure 54). This extension is probably also responsible for the
formation of the Kucuk Menderes Graben and the second and third order of the normal faults
(Seyitogluetal.,2000) along the Alagehir Graben.

The North Anatolian fault zone influenced the structural development of western Anatolia within the
last 5 Ma and accommodated tectonic escape (Sengor, 1979) or lateral extrusion of the Turkish Plate
westward (Cemen et al., 1993, 1999), which was proposed as a possible mechanism for the north-

directed extension in western Anatolia, Turkey (Sengor and Yilmaz, 1981, Sengoretal., 1985).
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