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Abstract

This study investigates the origin and regional tectonic implications of high-altitude Plio (?)-Quaternary fluvial deposits
developed over the Bozdag horst which is an important structural element within the horst-graben system of western Anatolia,
Turkey.

A total of 23 deposits occur near the modern drainage divide comprising fluvial to occasionally lacustrine deposits. The
deposits are all elongated in N—S direction with a width/length ratio of 1/10. The largest of them is of 13 km in length with a
maximum observable thickness of about 100-110 m. Morphological, lithological, deformational characteristics of these
deposits and the drainage system of the area all suggest that the deposits were formed due to uplift and southward tilting of
the Bozdag horst. This tilting which is estimated as 1.2° to 2.2° caused accumulation of the stream load along channels flowing
from south to north. All the deposits were later dissected by the same streams with the exception of one deposit which still
preserves its original lake form. These deposits are of Quaternary age, which corresponds to the latest N—S directed extensional
tectonic phase in the region.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Fluvial systems are one of the most important
tracers of crustal deformation in tectonically active
areas. Tectonic activity in most cases controls mor-
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phology of the valleys and determines the nature of
the erosional and/or depositional processes that occur
within these valleys. Quantitative measurements of
these elements allow earth scientists to identify, mea-
sure and characterize the tectonic activity affecting a
region (Keller and Pinter, 2002). Interactions between
tectonic activity and fluvial processes have been well
documented for different aspects of fluvial systems
such as base-level changes (Harvey and Wells, 1987,
Burbank et al., 1996; Bonnet et al., 1998; Humphrey
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and Konrad, 2000; Mather, 2000; Stokes and Mather,
2000), drainage reversal (Kafri and Heimann, 1994;
Fisher and Souch, 1998; Ben-David et al., 2002, Ginat
et al., 2002), tilt-block tectonics (Cox, 1994; Wende,
1995; Ginat et al., 1998; Synder et al., 2000; Cox et
al., 2001; Hsieh and Knuepfer, 2001; Sun et al., 2001;
Stokes and Mather, 2003) and general evaluations
(Ouchi, 1985; Holbrook and Schumm, 1999).

In order to quantify these effects, many geo-
morphic or morphometric indices have been deve-
loped throughout the literature. Since landforms
possess a fractal nature, the indices should be evalu-
ated at two different scales: one regarding the general
and regional situation and the other regarding a very
local scale which is characterized by the attributes of a
pixel in a Geographical Information System. Some of
the pixel indices in which the measured attributes are
limited to few meters to few hundred meters can be
cited as: first derivatives (Slope, aspect, flow path
length, profile curvature, plan curvature, etc.), and
others as higher derivatives (topographical wetness
indices, stream-power indices, radiation indices, tem-
perature indices, etc). An excellent review of these
indices can be found at Wilson and Gallant (2000). On
the other hand the regional indices deal with much
larger areas and reflect the effects of rapid tectonic
deformation as recorded by the landform itself. Some
of the indices as listed by Keller and Pinter (2002),
used to characterize and to quantify tectonic activity
are: hypsometric integral (Strahler, 1952), drainage
basin asymmetry (Hare and Gardner, 1985; Cox,
1994), stream length-gradient index (Hack, 1973),
mountain front sinuosity (Bull, 1977), ratio of valley
floor width to valley height (Bull, 1977) and many
researchers have explored the relations among these
indexes (Silva et al., 2003). As the drainage system
itself records the stages and patterns of development
and long-term evolution of the landscape that exists
(Gelabert et al., 2005) some simple measurements can
enlighten the saga of landscape development. Among
these measurements, drainage basin asymmetry is the
one which can be applied to smaller areas and pin
point the measurements to individual drainage valleys
while the rest are applicable mainly to more regional
approaches with larger systems.

A series of river channels and associated depres-
sions are located over the Bozdag horst (western
Anatolia, Turkey) near the drainage divide between

the Gediz graben to the north and Kiiciik Menderes
graben to the south. The important issue about these
channels is that twenty-three of these channels are
filled with continental deposits, dominantly of fluvial
origin. Although the presence of these deposits has
been known for a long time, their evolution and
relation to regional tectonics have not been characte-
rized. Systematic occurrence and their elevation above
base level suggest that these deposits are rare geolo-
gical features formed under specific conditions.

In the light of the literature and the inherent record-
ing nature of the drainage systems, the purpose of this
study is to introduce the geometry, pattern and evolu-
tion of Plio (?)-Quaternary active drainage channels
and their relevant deposits while interpreting their
origin with respect to recent tectonic activity in wes-
tern Anatolia. In order to reach this goal the analytical
capabilities of Geographical Information Systems are
utilized.

2. Regional geological setting

The Bozdag horst is located within the E-W trend-
ing Neogene—Quaternary horst—graben system of wes-
tern Anatolia between Gediz—Alasehir graben (GAG)
to the north and Kiiciik Menderes graben (KMG) to
the south (Fig. 1). It is situated in a seismically active
continental extensional terrain where extension has
operated since the Early Miocene. In summary, the
driving mechanism of neotectonic period in Anatolia
and surrounding region resulted from the final closure
of Neotethyan oceans due to the collision between
promontories of the Eurasian and African plates and
the migration of the Anatolian—Aegean Plate in
between them onto the African Plate along the Med-
iterranean ridge. However, the neotectonic extensional
history of western Anatolia discussed extensively and
various evolutionary models for the system has been
proposed. These extensional models based on the
rifting process as a continuous rifting or as two
stage rifting models are closely associated with the
timing of rifting, the order and origin of the exten-
sional processes. The models are; 1) the fectonic
escape model proposes the rifting since Late Serrava-
lian (12 Ma) (e.g. Dewey and Sengor, 1979), 2) the
roll-back model (“Back arc spreading model”) pro-
pose rifting to have occurred between 60 and 5 Ma
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Fig. 1. Regional setting of Bozdag horst.

(e.g. McKenzie, 1978; Le Pichon and Angelier, 1979),
3) the orogenic collapse model (“Gravitational col-
lapse of the over-thickened crust”) relating to the latest
Oligocene to Early Miocene (= 18 Ma) (e.g. Dewey,
1988; Seyitoglu et al., 1992), 4) the bilateral exten-
sional symmetric orogenic collapse model (e.g. Het-
zel et al., 1995a), 5) the two-stage episodic model
(“two stage graben model”) (e.g. Bozkurt and Park,
1994; Hetzel et al., 1995b), 6) the two-stage episodic

model with an intervening compressional period (e.g.
Kogyigit et al., 1999; Bozkurt, 2004), 7) the biver-
gent rolling-hinge detachment system model (Gess-
ner et al., 2001) and 8) the velocity differences
between the overriding plates (Aegean and Anatolian
plates) on the African plate model (Doglioni et al.,
2002). These models are supported by paleomagnetic
data (e.g. Kissel and Laj, 1988; Kissel and Mazaud,
1986), GPS plus SLR velocity vectors relative to a
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fixed Eurasia (Oral et al., 1995; Reilinger et al., 1997;
McClusky et al., 2000), analogue models (e.g. Gautier
et al.,, 1999) and slip data analysis (Dumont et al.,
1981; Angelier et al., 1981; Rojay et al., 2005) that
all address a counterclockwise rotation in KMG and
the Biiyiik Menderes graben (BMG) sector of Anato-
lian Plate.

Western Anatolia is basically composed of three
major tectonic terrains as the Pontides to the north, the
Taurides to the south and the Menderes Massif in
between. However, behind this simplicity, an extre-
mely chaotic zone lies in the north (the so called
“Bornova flysch”), a poorly differentiated meta-
morphic complex in the middle (the so called
“Menderes Massif”) and an obducted ophioilitic ter-
rain to the south (the so called “Lycian Nappes of the
Taurides”) that are exhumed and multidirectionally
rifted by Neogene grabens.

Although both the GAG and KMG grabens are
filled with Miocene fluvial to lacustrine deposits
with andesitic to dacitic volcanic intercalations and
Plio—Quaternary fluvial clastics, thick Miocene red
clastics are missing in a greater part of the Kiigiik
Menderes graben (Rojay et al., 2005). The Plio (?)—
Quaternary fluvial-lacustrine clastics are deposited in
elevated valleys on the Bozdag horst between 400—
1500 m elevations. These clastics are developed on
above mentioned metamorphics so after Alpine
metamorphism during the Plio (?)-Quaternary period
and situated at higher elevations on the Bozdag
horst.

The horst displays a double plunging anticlinal
structure with various north and south verging thrusts
of pre-Miocene age. The structure is cross-cut by
normal faults both from north and south (Fig. 1). To
the north, the margin of the horst is controlled by a
detachment surface extending from Kemalpasa in the
west to Alagehir in the east where the present low-
angle normal faults (detachment surfaces) are cross-
cut by high angle normal faults. In contrast, the south-
ern margin of the horst is cross-cut by high angle
normal faults of KMG. The most distinguishing ani-
sotropic structures of the Bozdag horst are foliations
and shear zones. Analysis of 1474 foliation measure-
ments displays a regionwide plunging antiformal
structure to north of the KMG (Toprak et al., 2000;
Yazcgil et al., 2000; Rojay et al., 2005). The foliation
measurements on the northern sector of the graben

reveal a general trend of 168 N, 49 S (N78 E, 49 S)
out of 795 measurements. A gradual increase in dip
amounts from the basin divide (38 S) on Bozdag horst
to the basin margin (49 S) is well reflected by cuesta
structures. The tectonic slivers —as shear zones— are
observed in various directions of north and south
imbrications. The anisotropic structures are perpendi-
cular and oblique to N-S oriented elevated Plio-Qua-
ternary valleys.

Geomorphologically, the Early-Middle Miocene
period is presumed to be where the planation surface
at elevations of 1700—1800 m developed. It has gentle
slopes referred to as “D-I” surfaces (Ering, 1955; Erol,
1979). These surfaces were interpreted as exhumation
surfaces resulting in the uplift of the central Menderes
terrain since Early-Middle Miocene (Bircan et al.,
1983). It is clear that Miocene red clastics are missing
in the KMG, whereas these thick Miocene red clastics
present on the detachment surface (exhumation sur-
face) in the north, along the GAG. This indicates that
the source of these Miocene red clastics could be from
the south and from higher elevations than today’s
Bozdag Mountain.

During the Late Miocene, the planation surface
was eroded and N-S valleys were initiated around
elevations 1500-1700 m (D-II period). During the
Late Miocene, erosion continued and planation sur-
face is truncated during the Pliocene (D-III) period at
600 m of elevation. This is the time where flat topo-
graphy was developed and elevated areas gain a more
stable attitude for site of deposition where mountain
lakes evolved (Erol, 1979). The Late Pliocene is
interpreted as the period of development of cross-
cutting high angle normal faults and as the time of
alluvial fan formation (Tmoloschutte deposits—Villa-
franchtian period) at 250-700 m altitudes along the
margins of the Bozdag horst (Bircan et al., 1983).

A land surface uplift of 100 to a maximum 400 m
since the Middle Pliocene is proposed for the region
(Bircan et al., 1983; Bunbury et al., 2001; Westaway
et al., 2004). High angle step faults cross-cut the
alluvial fans during “D-IV” erosion phase (Early Pleis-
tocene period) and the Upper Pliocene surfaces (D-III)
are interrupted by V-shaped newly forming Quatern-
ary valleys. Finally today’s valley bottom the graben
system is developed where some of the mountain
lakes are preserved in the valley slopes at elevated
terrains.
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3. Outline of study

This study involved several steps in analyzing the
fluvial deposits observed over the Bozdag horst.
These steps, are as follows:

3.1. Field survey and data collection

This inscribes the recognition of fluvial deposits
based on a short literature review on the origin of
these deposits. The rest of the section is allocated to
introduce the data collected in the field including
mapping, lithological characterization, age and defor-
mational properties of the deposits.

3.2. Morphological analyses

Morphological analyses supported by Geographic
Information System aims to quantify morphological
features of Bozdag horst and fluvial deposits. Further
analyses on the drainage over the horst and on the
valley asymmetry are carried out to extract informa-
tion on the origin of deposits, with inferring a possible
evolutionary model of the fluvial deposits while
extending the interpretation to the saga of the Bozdag
horst.

4. Field survey and data collection
4.1. Recognition of deposits

Although there is no any particular study on the
fluvial deposits over the Bozdag horst, their presence
has been known for a long time. Two of these deposits
are shown as “undifferentiated Quaternary deposits” in
1:500.000 geological map of Turkey published in
1964 by Mineral Research and Exploration Institute
of Turkey. This map modified in 2002 by the same
institution shows nine of these deposits and refers to
them as “undifferentiated Pleistocene continental
clastics”.

Yalcinlar (1955) emphasized glaciation over the
Bozdag horst during the Pleistocene and interprets
some of the depressions as cirques.

Bircan et al. (1983) who studied the geomorphol-
ogy and neotectonics of the area claim that these
deposits are the results of the filling of the “hanging

valleys” formed due to rapid uplift of the horst during
the Plio—Quaternary.

Bozbay et al. (1986) explain these deposits in
relation to the Pliocene to post-Pliocene peneplanation
in the region. They also refer to several captured rivers
which are flowing south today but flowed north dur-
ing the Pliocene.

In none of the previous works, however, are these
deposits indicated to occur systematically at high-
altitudes near the drainage divide. The age and evolu-
tion of these deposits are not dealt specifically and
therefore are still vague in the literature.

4.2. Mapping the deposits

Deposits observed over the Bozdag horst were
mapped in the field using a 10 m contour interval
topographic map at 1:25.000 scale. This mapping was
supported by the interpretation of aerial photographs
at 1:35.000 and 1:60.000 scales. The first step in the
mapping was to draw the boundaries of deposits that
are easily recognized because: 1) all deposits are
located over metamorphic rocks and can be identified
lithologically; 2) all deposits have distinct morpholo-
gical characteristics with respect to slope and drainage
texture. An example is illustrated on Fig. 2 using the
available topographic information. The next step in
the mapping was to collect the data by visiting all the
deposits in the field. These data are used to character-
ize lithology and depositional environment of the
deposits.

4.3. Lithological characterization

General lithological characteristics of the deposits
are illustrated in the cross section in Fig. 2. The
deposits are dominantly composed of bedded sedi-
mentary layers along the axis of the depressions
which laterally pass into colluvial deposits. The col-
luvial deposits are characterized by unconsolidated,
poorly sorted, angular sediments with no internal
structure indicating a short distance of transportation
along the margins. All pebbles are derived from
nearby metamorphic rocks. Towards the center of
depressions the deposits gradually turn into pink;
brown to yellow, bedded, semi-consolidated clastics
ranging from mudstones to conglomerates. Sedimen-
tary layers in most of the deposits are characterized by
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cross-bedding (Fig. 3-C) and pebble imbrications.
These structures measured in three of depressions
indicate a transportation direction towards the north.

Thickness of deposits changes from depression to
depression. A maximum observable thickness of 100—
110 m is measured in one of the depressions where the

sequence is deeply eroded (Fig. 3-A,B). However,
total thickness recorded in the boreholes drilled by
local people is greater than 170 m.

Based on the lithological characteristics of deposits
(Toprak et al., 2000) and Holocene environmental
studies on pollen from the SW Anatolian lakes (East-

e,

WA B,

e
a 1 'Ir

Fig. 3. Views from the depressions: A) general view of sequence, B) general view of sequence, C) closeup view of sequence showing pebble
imbrication, D) general view of the only lake (Golciik depression) preserved in depression.
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wood et al., 1999b) the environmental setting is not a
glacial setting as proposed by Yalcinlar (1955). There
is also no field evidence of glacial activity or glacial
deposition within these sites of elevated plains/lakes,
whereas the sedimentological characteristics of the
deposits reveal a fluvial and lacustrine setting.

4.4. Deformation of deposits

Although, the Bozdag horst and its surrounding
terrain are tectonically active, there is no record of
deformation within these clastic deposits. All the
sequences are gently dipping towards the center of
the depressions suggesting an initial dip and are hor-
izontal at the center. The attitude of the poorly deve-
loped bedding planes within these depressions displays
no folding and the depressions are free from faults.

4.5. Age of deposits

There are no field data that indicate the age of these
deposits. All sedimentary sequences are exposed to
erosion and are being highly dissected. One of the
basins still preserves its initial form as indicated by
the presence of a lake (Golciik depression) (Fig. 3-D).
The borehole data for the upper section of sedimen-
tary fill from this depression reveal, from top to
bottom, 8§ m of lacustrine mud, 2 m of peat and
organic mud with a 12 c¢m thick tephra deposit, and
2 m of stratified sand and gravel (Sullivan, 1988).
According to the dated lower and upper peat beds
(7400 £+ 140 to 3110+ 160 yr BP, respectively), the
tuff layer is correlated with the Minoan tephra of the
Santorini volcano (Sullivan, 1988). Therefore the age
of the upper part of the sequence in the Golcik
depression is Mid-Late Holocene.

The stratigraphy of the cores from SW Turkey is
very similar to that of those from the Golciik depres-
sion (Eastwood et al., 1999a). The possible equivalent
tephra beds exist in SW Anatolia and have yielded
radiocarbon ages on the peat beds of 3300 £+ 70 and
3225 £ 45 yr BP and can be correlated with the tephra
bed in Golciik depression (Eastwood et al., 1999a).
This age range is almost that assigned earlier by
Sullivan (1988).

Radiocarbon dating of the peat beds below tephra
bed reveals a maximum age of 8605 £ 45 yr BP from
an 850 cm thick sequence in SW Anatolia (Eastwood

et al., 1999b). Pollen analysis done just below the
tephra bed reveals an age range of 3500-3000 yr BP
and maximum age of approx. 9500 yr BP (Eastwood
et al., 1999b). The rest of the 170 m thick fill below
the dated tuff is presumed to be Early-Mid Holocene.

5. Morphological analysis
5.1. Morphology of Bozdag horst

Bozdag horst is represented by a topographic high
elongated in almost E-W direction with a length of
more than 100 km and a width ranging from 25 to 45
km. The highest peak of the horst is about 2100 m and
elevation gradually decreases to 100 m on the graben
floors on both sides of the horst (Fig. 4).

The northern and southern margins of the horst
have different morpho-tectonic characteristics due to
the nature of the faults along these margins. The
northern margin faults are well developed with con-
siderable vertical movement on both detachment low-
angle normal faults and cross-cutting high-angle nor-
mal faults. Linear fault scarps and triangular facets are
morphological manifestations of the high angle nor-
mal faults. The southern margin faults, on the other
hand, are concealed in most places by thick alluvial
fans and are observed as short and discontinuous fault
segments (Toprak et al., 2000). An irregular basin
boundary in the south is the main evidence for this
fault segmentation.

Morphological characteristics of the horst were
investigated using a digital elevation model with 30
m grid interval (Fig. 4). Accordingly, 58% of the horst
is included within the drainage basin of Gediz graben
and 42% within the Kiicitk Menderes graben from the
histograms for slope and aspect values of northern and
southern parts of the horsts, from today’s drainage
divide to the alluvial basin boundaries (Fig. 5).

Histograms for the slope of both watersheds display
similar patterns with maximum slope amount cluster-
ing at about 10°-12°. The horst is, therefore, almost a
symmetric ridge with a slightly higher percentage of
maximum slopes in the northern (Gediz) watershed.

Histograms of the aspect values for northern and
southern watershed areas display different patterns. In
the northern area (Gediz catchment) slopes are char-
acterized by two clusters at NNE and NNW directions
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due to the curvature of the horst. NNE-facing slopes
belong to the eastern half of the horst (south of Salihli)
and, NWW-facing slopes to the western half (SW of
Turgutlu). The difference in the percentages is due to
the differential lengths of these two slopes. The
southern watershed area of the horst (Kii¢ciik Menderes
catchment), on the other hand, is represented by a
profile that suggests a south-facing slope. A sudden
decrease of percentage at exactly a southerly direction

A

is due to presence of frequent broad valleys with SE and
SW facing slopes and due to the E-W orientation of the
drainage divide.

5.2. Morphology of fluvial deposits
Twenty-three depressions filled with fluvial clastics

were identified over the Bozdag horst (Figs. 4 and 6).
The depressions are located within a zone extending

Gediz Basin 28.9 %
K. Menderes
Basin
3G
E 2 *
2 e L]
£ 1 s © .,__.—-3-'-'-'---_-—_
0
0 2 4 6 8 10 12 14

Length (km)

Fig. 7. Some properties of fluvial and lake deposits (depressions): A) location of depressions within two catchment areas, B) orientation of

depressions, C) length vs width plot of depressions.
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Fig. 9. Examples of detailed morphological features of some selected depressions.

in an E-W direction along today’s drainage divide of
the horst. Eleven of these depressions are located
within the drainage basin of the Gediz graben and
three within the Kiigiik Menderes graben. The other
nine deposits extend to both drainage basins. About
71% of the surface area of the depressions is within
the Gediz catchments area and the rest within the
Kiicik Menderes (Fig. 7-A). Orientations of the
depressions are almost perpendicular to the main
trend of drainage divide and concentrate in NO0-20E
trends (Fig. 7-B). The long axes of these depressions
range from 1.7 to 13 km and the widths from 0.35 and
2.2 km. The plot of width against length is presented
in Fig. 7-C.

Shape, pattern and geometry, topographic character-
istics and other morphological properties of the fluvial
deposits possess valuable information on the mode of
origin of these deposits. Some of these properties are
illustrated in Fig. 8. Examples of topographic details in
the vicinity of the deposits are shown in Fig. 9 by a 10
m contour interval. Basal slope amounts of the deposits
are calculated using maximum and minimum topo-
graphic elevation of the deposits and are given in
Table 1. Following observations can be made, based
on the data provided by Figs. 8 and 9 and Table 1:

* All deposits are very close to the modern drainage
divide of the Gediz and Kiigiik Menderes grabens

(Fig. 8, Location map). The divide passes through
nine of these deposits while it is tangential or very
close to the others. Only one deposit, no: 07, is

Table 1
Inclinations of depressions calculated from basal elevations of the
highest and lowest points

Setting Inclination ~ Depression no.
North ~ Within Gediz 1.3° 01
catchment towards 1.9° 04
north 1.8° 06
0.1° 09
0.3° 10
0.3° 11
0.2° 13
1.8° 14
0.7° 15
0.8° 16
1.8° 17
2.5° 18
2.2° 19
0.8° 20
0.1° 21
1.3° 22
1.7° 23
Within K. Menderes 1.9° 02
catchment towards north  1.1° 12
South  Within K. Menderes 1.1° 03
catchment basin, towards  0.1° 05
south 0.8° 07
1.6° 08
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developed at a distance from the divide. This
deposit actually is located on the same stream
with the western branch of no: 08 and can be
regarded as its continuation.

All deposits spatially coincide with present drai-
nage system. There are no deposits located away
from the present stream channels (Fig. 6).

The size of the deposits greatly differs in different
parts of the horst. The largest ones are located in
the central part and their size decreases gradually in
both directions.

The altitudes of deposits are indicated by a line
which is marked by two elevations, one node for
northern and another for the southern tip (Fig. 8-
A). The elevation difference ranges from 4 m (no:
5) to 275 m (no: 8). The overall elevation of the
deposits suggests a gradual decrease from eastern
part of the horst towards the west. Variation in the
altitude is dependent on the location of the deposit
in relation to the drainage divide. For example, the
lowest deposit (no: 7), is at a distance of about 5
km from the divide.

Bifurcation (V-shape) of the deposits is a common
feature, well-developed particularly in nos: 01, 08,
09, 11 and 16. Details of some of these deposits,
particularly the largest ones (nos: 08, 09 and 16)
are illustrated in Fig. 9. A second order bifurcation
is clear in deposit no: 09. Deposition along tribu-
taries in deposits is also common. The best exam-
ples of such deposits are the smaller ones located in
the eastern part of the horst (nos: 20, 21, 22 and
23). One characteristic feature of all these bifurca-
tions is that the acute angle between two branches
always points north (Fig. 9). This is evidence that
the streams were flowing northward during the
accumulation of the deposits.

Aspect values of the surface of deposits were
investigated with the help of rose diagrams pre-
pared from directions of the unit cells measured
from north (Fig. 8-B). Unit grid cell is 30 m.
Rose diagrams are unidirectional at 10° interval.
These diagrams indicate that majority of the
deposits have surfaces inclined in two dominant
directions, namely, east and west (deposits nos:
01, 03, 04, 05, 07, 11, 13, 15, 16, 17, 20, 21, 22
and 23). The surfaces of these deposits, therefore,
indicate a V-shaped profile along N-S axial line.
Although this profile may be the result of recent

erosion, it may also indicate the initial deposi-
tional surface. A few deposits display a unidirec-
tional concentration in either east or west
directions (nos: 02, 10 and 12) suggesting that
the recent dissection occurred at the margin of the
deposit. In several deposits, a concentration at
north or south, directions is observed (nos: 01,
06, 11, 12, 13, 14, 17, 18, 19 20, 21, 22 and 23)
that can be attributed to the present flow direction
of the streams.

Slope amount of the surface of the deposits corre-
sponds to the inclination of the ground and is
measured from a horizontal surface. Slope amounts
are illustrated in the histograms in Fig. 8-B at 1°
intervals. Generally the slope values are characte-
rized by 5°-7°, having occasionally some flat sur-
faces (nos: 13, 16, 17, 22 and 23).

The basal slope of each depression (actual valley
floor) is calculated using maximum and minimum
elevations of the depressions (Table 1). The depres-
sions are grouped into 3 categories: a) deposits
mostly located within the Gediz drainage basin
are inclined towards Gediz (north). There are 17
depressions in this group. The amount of slope
ranges from 0.1° to 2.5°, b) deposits totally located
within the Kiiglik Menderes drainage basin are
inclined towards the north. There are two deposits
in this group with slopes of 1.1° and 1.9°, c)
deposits mostly located within Kiigiik Menderes
drainage basin are inclined towards the south.
There are 4 depressions in this category with slopes
between 0.1° and 1.6°. The most important con-
clusion derived from basal slopes is that 19 depos-
its are inclined towards north including two
deposits (nos: 02 and 12) that are totally located
in the southern sector (Fig. 6, Table 1). The average
basal slope is 1.1 degrees for these 19 northerly
inclined deposits.

5.3. Drainage system

Drainage characteristics of the Bozdag horst were
studied to extract possible information on the origin
and nature of fluvial deposits (Figs. 4 and 6). Major
streams flowing over the horst and fluvial deposits
were used for statistical analysis. Unidirectional
weighted rose diagrams were constructed in order to
evaluate the present dominant flow directions. The
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following observations are made based on the drai-
nage map and on the rose diagrams:

* The frequency of stream channels is different in the
two watershed areas. There are a total of 26 chan-
nels in the northern part (Gediz catchment),
whereas only 15 exist in the southern one (Kiigiik
Menderes catchment). A parallel drainage pattern
is developed in the northern part as indicated by
closely spaced straight streams. These streams are
mostly straight and do not have any tributaries. The
southern area, on the other hand, has a more com-
plicated drainage pattern slightly resembling a den-
tritic one except the eastern margin of the horst.
The rose diagram for the stream channels in Gediz
watershed indicates that all the streams flow north-
wards (upper diagram in Fig. 6). However, accor-
ding to the diagram prepared from Kii¢itk Menderes
streams, there are some streams which are directed
towards the north (lower diagram in Fig. 6). This is
an indication of the contorted drainage observed
only in the southern part of the horst. These streams
are indicated by an asterisk on the map.

Major stream channels on both sides of the horst
coincide at the same place near the drainage divide
almost with the same direction but different sense
of flow.

All of the fluvial deposits over the horst spatially
coincide with the recent stream channels. There is
no fluvial deposit, which is developed away from
the present drainage channels.

5.4. Dissection and asymmetry in the channels

The degree of dissection and the nature of valley
asymmetry in the present stream channels were ana-
lyzed throughout the horst to indicate any differential
uplift and/or tilting of the horst. Valley parameters used
in the quantification of dissection and asymmetry were
measured at 374 sites along selected lines through all
stream channels (Fig. 10-A). The length and azimuth
of each line in the figure show the width and orienta-
tion normal to the stream channel, respectively.

Total width and height (depth) of valleys were
measured to assess the amount of dissection. Total
width corresponds to the distance between two oppo-
site ridges of microcatchments. The height, on the
other hand, is the distance between the valley bottom

and the ridge top. The dissection is calculated by
dividing height by width of the valley.

The values of dissection for the Bozdag horst range
from 0.012 to 0.34. The density map prepared for the
dissection values is illustrated in Fig. 10-B which is
divided into nine classes with an increment of 0.002
starting with minimum dissection value of 0.012. A
very distinct feature in the density map is that most of
the highly dissected stream channels (dissection con-
centrations) are aligned in a zone parallel to the curvi-
linear elongation of the horst. The zone is located to
the north of the modern drainage divide within the
Gediz catchment. There are some minor concentra-
tions within the Kiiciik Menderes catchment charac-
terized by lower values that are not systematically
distributed.

The asymmetry of the channels was investigated
using the projected widths of the two slopes of the
channel. Degree of asymmetry is calculated using the
relationship “asymmetry =western width/total width”
which had been defined by Cox (1994) as Transverse
Topographic Symmetry Factor. Accordingly, the val-
ley is symmetric if the value is equal to 0.5. Values
smaller than 0.5 threshold indicate an asymmetric
valley with steeper western slope whereas a larger
value suggests a steeper eastern slope. A histogram
prepared from all the values is given in Fig. 11. The
pattern of the histogram indicates that the data are
almost normally distributed and that most of the
channels are symmetric in nature. The spatial distribu-
tion of asymmetric valleys is shown in Fig. 10-C. The
slopes with steep western and eastern slopes are illu-
strated with circles and triangles, respectively. As seen
in the figure, there is no systematic pattern to the
preferred directions of asymmetry within the Bozdag
horst.

6. Discussion

Based on the analysis of fluvial remnants and their
channels over Bozdag horst, it is concluded that the
fluvial deposits developed due to the uplift and south-
ward tilting of the horst. The tilted block is located
between two main faults that define southern margins
of the GAG and KMG (Fig. 12-A).

The absence of deformation of the sequences, with
no evidence of faulting in the vicinity of the deposits,
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the lack of field indications of glacial activity and the
spatial distribution of the deposits all suggest that the
deposits were systematically formed during the tilting
that corresponds to the last tectonic event in the
region. Since the long axis of the deposits is normal
to the regional faults, the tilting should occur in N-S
direction. This tilting resulted in the modification of
drainage so that southerly sloping channels gradually
become horizontal which converted the channels to
sites of deposition. The best evidence for this is
provided by the maximum degree of dissection
along the northern margin of the Bozdag horst (Fig.
10-B). Deeply dissected stream valleys are aligned to
the south and perpendicular to the main fault that
defines the southern margin of GAG.

The asymmetrical evolution of the stream channels
indicates a pivotal tilting E or W directions on the
main N-S tilt of the Bozdag horst. Locally developed
E or W pivotal tilting is possibly eased by the accom-
modation faults trending perpendicular or oblique to
the tilt axis (Fig. 10). It is not easy to assign a
direction of the pivotal tilting in E and W directions
due to frequent change in the asymmetry of the stream
valleys (Fig. 10). However, the NS tilt is clear and

occurred on an E-W extending axis somewhere to the
south of Bozdag Mountain extending parallel to a
fault to the south of the KMG graben (Toprak et al.,
2000; Fig. 12-A). The northern margin of the horst is
relatively uplifted causing a back tilting of the Bozdag
horst. This tilt caused a symmetrical differential
downcutting on the horst and later asymmetrical pro-
files from the E or W directed minor tilts. The north
facing faults on the GAG side cross-cut the tilted
block first, then the KMG side was faulted during
Pliocene—Quaternary period (Rojay et al., 2005).

Absence of Neogene deposits within KMG suggest
that the graben is a young structure compared to the
GAG (Rojay et al., 2005). Therefore, it is highly
probable that tectonic activity along the southern mar-
gin of KMG shaped the present graben and caused the
tilting of the Bozdag horst.

Bifurcation of the deposits (Fig. 9) and pebble
imbrications observed within the deposits support a
northerly flow direction during deposition.

The mountain lakes were situated on relatively
mature stream channels (Fig. 9). The young stream
channels mainly on the northern margin of the Bozdag
horst developed on the Neogene—Quaternary clastics
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Fig. 12. Block diagrams: A) tilt of Bozdag horst, B) effect of tilt on river channels (t1: oldest, t3 youngest).

that indicate differential erosion as a result of uplift
and N-S rotational tilt on Bozdag horst as well.

The age of the fluvial deposits is important in order
to assess the timing of their evolution within the
tectonic framework of the area. Since the purpose of
this study is not to assign an absolute age to these
deposits, their age will be discussed here only in
relation to the tectonic phases so far suggested in
the region. Field observations that may imply the
age of these deposits are as follows:

* The deposits are all developed along the current
drainage network as indicated by the spatial coin-

cidence of the deposits with the recent stream
channels (Fig. 6).

* There is no evidence of post-depositional deforma-
tion in the sequences although the area is known to
have been tectonically active since the Miocene
and is still active as indicated by seismic activity
(www.koeri.boun.edu.tr/sismo/defaulteng.htm).

 The only way to date the fluvial clastics is indirect
dating based on the correlation of a tuff layer
intercalated with peat beds present in Golciik
depression with the Minoan tephra of the Santorini
volcano (Sullivan, 1988) and peat layers dated just
below and above the tephra beds exit in SW Ana-
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Thick dashed line is the drainage divide.

tolian Lakes (Eastwood et al., 1999a,b) (Fig. 8, no:
15). Therefore, the possible age for the parts of
these deposits on the Bozdag horst above the dated
tuff bed will be Mid-Late Holocene.

All these indicate that the deposits are quite young
so that they are not totally eroded yet, and not
deformed. This period, therefore corresponds to the
last phase of the extensional regime occurred during
Mid-Late Holocene (Bozkurt, 2001).

7. Conclusions

Based on all of the above geological and geomor-
phological constraints a four stage evolutionary model
of the deposits is proposed (Fig. 13). Initially the
streams flowed northward with relatively steep chan-
nel gradients with V-shape valley profiles (A). As
uplift and tilting occurred, the gradients of the stream
channels became gentler (B) and then horizontal (C).
During this stage the streams started to accumulate
their load along the stream channels forming N-S
oriented, wide U-shaped depressions. All the depres-
sions were still within the drainage basin of GAG at
this stage. In the last stage, the depressions were prone
to erosion (D) with the exception of one that preserved
its form (depression no: 15). In the latest stage a
reversal of drainage occurred for some of the stream
channels within the KMG.

The amount of tilting is estimated approximately as
1.2° to 2.2° with an E-W rotational axis facing north
based on two parameters: 1) average inclinations of
the base of depressions of the 19 northerly deposits
(Table 1); 2) presence of 170-200 m thick alluvial
deposits accumulated along the northern footslopes of
Bozdag horst. The age of tilt is presumed to be Plio—
Quaternary depending on the timing of rifting pro-
cesses in the region and the age of the fills in the
elevated lakes. Accordingly the drainage divide
between GAG and KMG has been migrated from
south to north through time.

Acknowledgements

The authors would like to thank to Dr. A. Harvey,
Dr. M. Stokes and Dr. P. Silva in the reviewing
process, their comments had greatly improved the
manuscript.

References

Angelier, J., Dumont, J.F., Karamanderesi, H., Poisson, A., Simsek,
S., Yusal, S., 1981. Analyses of fault mechanisms and expansion
of southwestern Anatolia since the late Miocene. Tectonophy-
sics 75, T1-T9.

Ben-David, R., Eyal, Y., Zilberman, E., Bowman, D., 2002. Fluvial
systems response to rift margin tectonics: Makhtesh Ramon
area, southern Israel. Geomorphology 45, 147—163.



M.L. Siizen et al. / Geomorphology xx (2005) xxx—xxx 19

Bircan, A., Bozbay, E., Gokdeniz, S., Kozan, A.T., Ogdem, F., 1983.
Gediz Graben Sisteminin Jeomorfolojisi ve Geng Tektonigi.
MTA Temel Arastirmalar Dairesi. (Geomorphology and Young
Tectonics of Gediz Graben System). 58 pp. (in Turkish).

Bonnet, S., Guillocheau, F., Brun, J.P., 1998. Relative uplift mea-
sured using river incisions: the case of the armorican basement
(France). Comptes Rendus de 1’ Académie des Sciences. Série 2.
Sciences de la Terre et des Planétes 327 (4), 245-251.

Bozbay, E., Kozan, A.T., Bircan, A., Ogdiim, F., 1986. Kiiciik
Menderes havzasmin (bati ve orta bolimil) jeomorfolojisi.
MTA Report. 96 pp. (in Turkish).

Bozkurt, E., 2001. Neotectonics of Turkey—a synthesis. Geodina-
mica Acta 14, 3-30.

Bozkurt, E., 2004. Granotoid rocks of the southern Menderes
Massif (southwestern Turkey): field evidence for tertiary mag-
matism in an extensional shear zone. International Journal of
Earth Sciences (Geologische Rundschau) 93, 52—71.

Bozkurt, E., Park, R.G., 1994. Southern Menderes Massif: an
incipient metamorphic core complex in western Anatolia, Tur-
key. Journal of the Geological Society (London) 151, 213-216.

Bull, W.B., 1977. Tectonic geomorphology of the Mojave Desert,
USGS, Contract report 14-08-001-G-394. Office of Earth-
quakes, Volcanoes and Engineering, Menlo Park, CA.

Bunbury, J.M., Hall, L., Anderson, G.J., Stannard, A., 2001. The
determination of fault movement history from the interaction of
local drainage with volcanic episodes. Geological Magazine
138/2, 185—-192.

Burbank, D.W., Leland, J., Fielding, E., Anderson, R.S., Brozovic,
N., Reid, M.R., Duncan, C., 1996. Bedrock incision, rock uplift
and threshold hillslopes in the northwestern Himalayas. Nature
379, 505-510.

Cox, R.T., 1994. Analysis of drainage-basin symmetry as a rapid
technique to identify areas of possible Quaternary tilt-block
tectonics: an example from the Mississippi Embayment. Geolo-
gical Society of America Bulletin 106, 571-581.

Cox, R.T., Van Arsdale, R.B., Harris, J.B., 2001. Identification of
possible Quaternary deformation in the northeastern Mississippi
Embayment using quantitative geometric analysis of drainage-
basin asymmetry. Geological Society of America Bulletin 113,
615-624.

Dewey, J.F., 1988. Extensional collapse of orogens. Tectonics 7,
1123-1139.

Dewey, J.F., Sengor, A.M.C., 1979. Aegean and surrounding
regions: complex multiple and continuum tectonics in a conver-
gent zone. Geological Society of America Bulletin 90, 84—92.

Doglioni, C., Agostini, S., Crespi, M., Innocenti, F., Manetti, P.,
Riguzzi, F., Savascin, Y., 2002. On the extension in western
Anatolia and the Aegean Sea. Journal of the Virtual Explorer 8,
169-183.

Dumont, J.F., Uysal, S., Simsek, S., 1981. Superposition des jeux
sur une faille et succession des événments néotectoniques:
L’exemple d’Ephése (Turquie). Compte Rendu Sommaire des
Séances de la Société Géologique de France 1, 22—24.

Eastwood, W.J., Pearce, N.J.G., Westgate, J.A., Perkins, W.T,,
Lamb, H.F., Roberts, N., 1999a. Geochemistry of Santaroni
tephra in lake sediments from Southwest Turkey. Global and
Planetary Change 21, 17-29.

Eastwood, W.J., Roberts, N., Lamb, H.F., Tibby, J.C., 1999b.
Holocene environmental change in southwest Turkey: a palae-
cological record of lake and catchment-related changes. Qua-
ternary Science Reviews 18, 671—-695.

Ering, S., 1955. Die morphologischen Entwicklungstadien der
Kiigiik Menderes-Masse. Review of Univ. Ist. Geography Inst.
Bulletin, vol. 2, pp. 93-95.

Erol, O., 1979. Tiirkiye de Neojen ve Kuvaterner agimnim doénemleri,
bu donemlerin agimim yiizeyleri ile yasit (korelan) tortullara gore
belirlenmesi. Jeomorfoloji Dergisi 8, 1-40 (in Turkish).

Fisher, T.G., Souch, C., 1998. Northwest outlet channels of Lake
Agassiz, isostatic tilting and a migrating continental drainage
divide, Saskatchewan, Canada. Geomorphology 25, 57-73.

Gautier, P., Brun, J.-P., Moriceau, R., Sokoutis, J.M., Jolivet, L.,
1999. Timing, kinematics and cause of Aegean extension: a
scenario based on a comparison with simple analogue experi-
ments. Tectonophysics 315, 31-72.

Gelabert, B., Fornos, J.J., Pardob, J.E., Rossello, V.M., Segurac, F.,
2005. Structurally controlled drainage basin development in the
south of Menorca (western Mediterranean, Spain). Geomorpho-
logy 65, 139—155.

Gessner, K., Ring, U., Christopher, J., Hetzel, R., Passchier, C.W.,
Giingor, T., 2001. An active bivergent rolling-hinge detachment
system: central menders metamorphic core complex in western
Turkey. Geology 29, 611-614.

Ginat, H., Enzel, Y., Avni, Y., 1998. Translocated Plio—Pleistocene
drainage systems along the Arava fault of the Dead Sea trans-
form. Tectonophysics 284, 151—-160.

Ginat, H., Zilberman, E., Amit, R., 2002. Red sedimentary units as
indicators of Early Pleistocene tectonic activity in the southern
Negev desert, Israel. Geomorphology 45, 127—146.

Hack, J.T., 1973. Stream-profile analysis and stream-gradient index.
USGS Journal of Research 1, 421-429.

Hare, P.W., Gardner, T.W., 1985. Geomorphic Indicators of vertical
neotectonism along converging plate matgins, Nicoya Penin-
sula, Costa Rica. In: Morisawa, M., Hack, J.T. (Eds.), Tectonic
Geomorphology. Allen & Unwin, Boston, pp. 75—104.

Harvey, A.M., Wells, S.G., 1987. Response of Quaternary fluvial
systems to differential epeirogenic uplift: Aguas and Feos river
systems, southeast Spain. Geology 15, 689—693.

Hetzel, R., Passchier, C.W., Ring, U., Dora, 0.0., 1995a. Bivergent
extension in orogenic belts: the Menderes Massif (southwestern
Turkey). Geology 23, 455—-458.

Hetzel, R., Ring, U., Akal, C., Troesch, M., 1995b. Miocene NNE-
directed extensional unroofing in the Menderes Massif, south-
western Turkey. Journal of the Geological Society (London)
152, 639-654.

Holbrook, J., Schumm, S.A., 1999. Geomorphic and sedimentary
response of rivers to tectonic deformation: a brief review and
critique of a tool for recognizing subtle epeirogenic deformation
in modern and ancient settings. Tectonophysics 305, 287-306.

Hsieh, M.-L., Knuepfer, P.L.K., 2001. Middle-late Holocene river
terraces in the Erhjen River Basin, southwestern Taiwan—impli-
cations of river response to climate change and active tectonic
uplift. Geomorphology 38, 337-372.

Humphrey, N.F., Konrad, S.K., 2000. River incision or diversion in
response to bedrock uplift. Geology 28, 43—46.



20 M.L. Siizen et al. / Geomorphology xx (2005) xxx—xxx

Kafri, U., Heimann, A., 1994. Reversal of palacodrainage system in
the Sea of Galilee area as an indicator of the timing of the Dead
Sea Rift valley base level in northern Israel. Palacogeography,
Palaeoclimatology, Palacoecology 109, 101—-109.

Keller, E.A., Pinter, N., 2002. Active Tectonics: Earthquakes,
Uplift, and Landscape, Second ed. Prentice Hall, New Jersey.
362 pp.

Kissel, C., Laj, C., 1988. Tertiary geodynamical evolution of the
Aegean arc: a palacomagnetic reconstruction. Tectonophysics
146, 183-201.

Kissel, C., Laj, C., Mazaud, A., 1986. 1st Paleomagnetic results
from Neogene formations in Evia, Skyros and the Volos Region
and the deformation of Central Aegea. Geophysical Research
Letters 13, 1446—1449.

Kogyigit, A., Yusufoglu, H., Bozkurt, E., 1999. Evidence from the
Gediz graben for episodic two-stage extension in western Tur-
key. Journal of the Geological Society (London) 156, 605—616.

Le Pichon, X., Angelier, J., 1979. The Aegean arc and trench
system: a key to the neotectonic evolution of the eastern Med-
iterranean area. Tectonophysics 60, 1—42.

Mather, A., 2000. Adjustment of a drainage network to capture
induced base-level change: an example from the Sorbas Basin,
SE Spain. Geomorphology 34, 271—-289.

McClusky, S., Balassanian, S., Barka, A.A., Demir, C., Ergintav, S.,
Georgiev, 1., Giirkan, O., Hamburger, M., Hurst, K., Kahle,
H.G., Kastens, K., Kekelidze, G., King, R., Kotzev, V., Lenk,
0., Mahmoud, S., Mishin, A., Nadariya, M., Ouzounis, A.,
Paradissis, D., Peter, Y., Prilepin, M., Reilinger, R.E., Sanl, 1.,
Seeger, H., Tealeb, A., Toksoz, M.N., Veis, G., 2000. Global
Positioning System constraints on plate kinematics and
dynamics in the Eastern Mediterranean and Caucasus. Journal
of Geophysical Research 105, 5695-5720.

McKenzie, D.P., 1978. Active tectonics of the Alpine-Himalayan
belt: the Aegean Sea and surrounding regions. Geophysical
Journal of the Royal Astronomical Society 55, 217—-254.

Oral, M.B., Reilinger, R.E., Tokséz, M.N., Kong, R.W., Barka,
AA., Kk, 1., Lenk, O., 1995. Global positioning system
offers evidence of plate motions in eastern Mediterranean.
EOS Transaction 76, 9.

Ouchi, S., 1985. Response to alluvial rivers to slow active tec-
tonic movement. Geological Society of America Bulletin 96,
504-515.

Reilinger, R.E., McClusky, S.C., Oral, M.B., King, R.W., Toksoz,
M.N., Barka, A.A., Kinik, 1., Lenk, O., Sanli, 1., 1997. Global
Positioning System measurements of present-day crustal move-
ments in the Arabia—Africa—Eurasia plate collision zone. Journal
of Geophysical Research 102, 9983 —-9999.

Rojay, B., Toprak, V., Demirci, C., Stizen M.L., 2005. Plio-Qua-
ternary evolution of the Kiigiik Menderes graben (western Ana-
tolia, Turkey). Geodynamica Acta 18 (3), 241-255.

Seyitoglu, G., Scott, B.C., Rundle, C.C., 1992. Timing of Cenozoic
extensional tectonics in west Turkey. Journal of the Geological
Society (London) 149, 533-538.

Silva, P.G., Goy, J.L., Zazo, C., Bardaji, T., 2003. Fault-generated
mountain fronts in southeast Spain: geomorphologic assess-
ment of tectonic and seismic activity. Geomorphology 50,
203-225.

Stokes, M., Mather, A.E., 2000. Response of Plio—Pleistocene
alluvial systems to tectonically induced base-level changes,
Vera basin, SE Spain. Journal of the Geological Society (Lon-
don) 157, 303-316.

Stokes, M., Mather, A.E., 2003. Tectonic origin and evolution of a
transverse drainage: the Rio Almanzora, Betic Cordillera,
Southeast Spain. Geomorphology 50, 59—-81.

Strahler, A.N., 1952. Hypsometric (area-altitude curve) analysis of
erosional topography. Geological Society of America Bulletin
63, 1117-1141.

Sullivan, D., 1988. The discovery of Santorini Minoan tephra in
western Turkey. Nature 333, 552—-554.

Sun, T., Meakin, P., Jossang, T., 2001. Meander migration and the
lateral tilting of floodplains. Water Resources Research 37 (5),
1485-1502.

Synder, N.P., Whipple, K.X., Tucker, G.E., Merritts, D.J., 2000.
Landscape response to tectonic forcing: digital elevation model
analysis of stream profiles in the Mendocino triple junction
region, northern California. Geological Society of America
Bulletin 112, 1250—1263.

Toprak, V., Rojay, B., Siizen, M.L, Yilmaz, K., 2000. Kii¢iik
Menderes alanmin jeolojisi (v. 2). In: Yazicigil, H., et al.,
(Eds.), Revize Hidrojeolojik Etiidler Kapsammda KUCUK
Menderes Havzasinin Yeraltisularinin Incelenmesi ve Yonetimi,
ODTU-DSI Project (7 volumes). (in Turkish).

Wende, R., 1995. Drainage and valley asymmetry in the Ter-
tiary Hills of Lower Bavaria, Germany. Geomorphology 14,
255-265.

Westaway, R., Pringle, M., Yurtmen, S., Demir, T., Bridgland,
D., Rowbotham, G., Maddy, D., 2004. Pliocene and Qua-
ternary regional uplift in western Turkey: the Gediz River
terraces staircase and volcanism at Kula. Tectonophysics 391,
121-169.

Wilson, J.P., Gallant, J.C., 2000. Terrain Analysis: Principles and
Applications. Wiley, Chichester. 479 pp.

www.koeri.boun.edu.tr/sismo/defaulteng.htm, Bogazi¢i University,
Kandilli Observatory and Earthquake Research Institute Seis-
mology Department, last visited June 2004.

Yalcinlar, 1., 1955. Etudes morphologiques sur la glaciation du
Honaz Dag et de la chaine de Boz dag (Turquie occidantale).
Review of the Geographical Institute of the University of
Istanbul 2.

Yazicigil, H., Doyuran, V., Karahanoglu, N., Camur, Z., Toprak,
V., Rojay, B., Yilmaz, K., Sakiyan, J., Stizen, L., Yesilnacar,
E., Giindogdu, A., Pusatli, T., Tuzcu, B., 2000. Revize Hidro-
jeolojik Etudler Kapsaminda K. Menderes Havzasmm
Yeraltisularmin Incelenmesi ve Yonetimi ODTU-DSI Project,
7 volumes. 1014 pp.


http:www.koeri.boun.edu.tr/sismo/defaulteng.htm

	High-altitude Plio-Quaternary fluvial deposits and their implication on the tilt of a horst, western Anatolia, Turkey
	Introduction
	Regional geological setting
	Outline of study
	Field survey and data collection
	Morphological analyses

	Field survey and data collection
	Recognition of deposits
	Mapping the deposits
	Lithological characterization
	Deformation of deposits
	Age of deposits

	Morphological analysis
	Morphology of Bozda horst
	Morphology of fluvial deposits
	Drainage system
	Dissection and asymmetry in the channels

	Discussion
	Conclusions
	Acknowledgements
	References


