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1. Introduction

ABSTRACT

Surface water and sediments derived from the southern Marmara region (= Susurluk
Drainage basin- SDB) transport to lakes Manyas and Ulubat first and then go to the Sea of
Marmara via the Kocasu River only. The present drainage system of the SDB provides a
good opportunity to study erosion rate and subsequently occurrence times of large-scale
valleys in the region. To achieve it, depositional characteristics and ion contents of the
ancient lacustrine sediment have been investigated and re-interpreted using cores taken
from Lake Ulubat. The boron content of these sediments increased upward suddenly at 4
m depth, most probably due to starting of erosion at Emet borate beds in the drainage basin.
Taking into consideration equilibrium between natural erosion and sedimentation, the
incision rate in the Emet valley was found to be 1.4 cm.yr-1. From here one can calculate
a time span of 75 kyr for the formation of the whole valley itself. However, it is known that
working of the geological processes was not monotonous in the past; hence, this date is not
absolute. Newertheless, formation of the large valleys of the southern Marmara region
should not be older than 300 kyr. An important reason rapid erosion was likely lowered
base-level as the Marmara Sea was a closed lake during the last Glacial Period. High
altitudinal difference between source and depositional areas caused acceleration of for
erosion.

1981). In previous work morphologies of the
Marmara region were described but nothing notable

Eastern and southern parts of the Marmara region
are characterized with rivers in deep valleys and step
like drainage systems (Figure 1). Geology, rock types
and active faults in the region are the reason for the
morphology (Figure 2, 3). In general the valley slopes
are with low and high angles, mountain tops are
relatively long and with sharp edged ridges (Figure 4,
6). This is the reason why the region’s morphology
has drawn attention and has been studied relatively
well (Ardel 1943; Ering 1955; Darkot and Tuncel

had been said how and with what processes these
morphologies had developed. In the works the origin
of the rough land forms were claimed to be related to
the young tectonics and that these structures had torn
the Oligo-Miocene peneplaines (Pamir 1938; Ering
1973; Erol 1981; Emre et al., 1998; Yilmaz et al.,
2010). The information from these studies enables us
to indirectly learn the development time of the
landform in the region and it could be stated that
present-day morphologies have developed since Late
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Figure 1- Boundaries of the Susurluk drainage basin in the Southern Marmara region

Miocene. On the other hand detailed geology of the
region is well known (Bingél et al., 1973; Ergiil et al.,
1980; Gozler et al., 1985; Ercan et al., 1990).

In these studies, apart from describing location,
morphologies have not been dealt with. Emre et al.,
(1998) carried out detailed studies on the notectonic
period morphological evaluations of the Southern and
more particularly the Eastern Marmara regions, they
related the developments and landforms in the
Neogen and Quaternary to the regional stratigraphy
but they did not give an age in figures. Yilmaz et al,
(2010) generalized all of this evolution approach to
the whole of the Marmara Sea region. Generation of
land forms is slow and includes various complicated
processes because of this in many of the
geomorphological studies workers try to avoid giving

an age for the development time of the medium to
large scale landforms. On the other hand not knowing
the development ages of the land forms makes them
not to be considered as geological data but as a
geological problem. The same problem exists in the
Susurluk drainage basin (SDB) (SDB is a hydrologic
definition and it should be understood as ‘water
collection area’). There are numerous canyons and/or
large valleys in the area. The ages of these features
are also not known.

In this study from the deposition rate in the Ulubat
Lake an attempt was made to estimate the
development ages of the big valleys in the region.
Lake sediments have been used as data. General
characteristics of the lake deposits, factors controlling
deposition and deposition rate have been studied in
previous works (Kazanci et al., 2006; 2010). Here the



Bulletin of MTA (2014) 148: 1-17

Figure 2- Simplified geological map of the Southern Marmara Region (MTA, 2002 has been used for the distribution of
the units; Emre et al., (2012) has been used for the tectonic lineaments. This reference is given as “MTA,

2012” in the reference list).

Figure 3- Generalized stratigraphic column of the study
area (compiled from previous work. For details
look at the text, not to scale).

established balance on the erosion, transport, and
deposition for the Ulubat Lake is used to give the age
of the landforms in the region. In a particular area if
the landforms are not crosscutting one another then
they are in general of the same age (Chorley et al.,
1984). For example in a karstic region with large and
small caves, valleys with differing orientations or
volcanic or intrusion features in a volcanic terrain
will have developed within the same period of time.
Within this period of time, the development time of
various size features may be short or may be long.
The important thing is, not to know the development
age of one single form but the development period of
similar forms. Although it may not be absolute but
still with knowing the deposition rate or erosion rate
development ages may be estimated (Einsele, 1992;
Einsele and Hinderer 1998).

In this study age estimations have been attempted
for the erosion related medium and large scale land
forms in the Southern part of the Marmara Sea,
particularly in the Susurluk drainage basin (SDB)
(Figures 1, 2) Most distinct valleys in the region have
been carved by Simav Stream, Emet Stream and
Orhaneli Stream (Figures 1, 4). Rock units subjected
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Figure 4- General topographic characters and physographic elements of the Southern Marmara region. Active
faults have been taken from Emre et al., 2012. Dotted rectangle is the figure 5 area. Colours in the sea

area are not to scale.

to erosion in the region, host particulary boron and
many other industrial raw material and mineral
deposits (Ergiil et al., 1980; Helvaci, 1984, 1986;
Ercan et al., 1990).

At present all of the eroded materials with their
minerals and trace elements are first transported into
Manyas and Ulubat Lakes, the remaining parts are
transported into the Marmara Sea through Karacabey
pass and deposited there forming the Kocasu delta
(Figures 1, 2). When the sea level is low, these
materials are carried on farther and were deposited on
the Southern Marmara shelf and in the Imrali trench
(Emre et al., 1998; Sorlien et al., 2012).

In summary, depositions in the Southern half of
the Marmara Sea and in the Ulubat lake on one hand
and incision and fragmentation of the SDB on the
other form two sides of an erosion-deposition
balance. In this study trace elements present in the
deposits have been used to estimate caving rate of the
Emet Stream valley.

2. Geography

Southern Marmara region mentioned in this study
is roughly described as the region surrounded by
Canakkale-Edremit-Balikesir-Kiitahya-iznik Lake-
Marmara Sea, in North Western Turkey (Figure 1).
As mentioned in the introduction, the Susurluk
drainage basin covers about 2/3 of this part (28.000
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km?, Figure 1). Leaving the area between Canakkale-
Edremit-Manyas Lake outside, in the remaining parts
of the study area, topography increases from north
towards south, reaching an elevation of 2089 m at the
drainage dividing line at Akdag and 2120 m elevation
at Saphanedag. With 2543 m elevation, Uludag in
Bursa is the highest peak in Western Turkey and is
located in the eastern border of the drainage basin
(Figures 1, 4).

Manyas Lake and Ulubat Lake are two distinct
geographical elements in the study area. These two
lakes are situated in the Southern Marmara basin and
are 150 km? and 138 km? areas respectively. The
name of the Lake is actually ‘Uluabat’ but in short it
is used as ‘Ulubat’. In this study ‘Ulubat’ name is
used. The main streams discharging their waters into
the Manyas Lake are Kocacay (162 km),
Simav/Susurluk Stream (321 km), Emet Stream (278
km), Orhaneli Cay1 (276 km) and Niliifer Stream (172
km). Emet and Orhaneli (Stream) streams join
together and form the Mustafakemalpasa Stream and
discharges its water content into the Ulubat Lake.
The streams leaving the Manyas and Ulubat lakes and
the Simav Stream and Niliifer Stream before reaching
to the sea they join together and become the Kocasu
River. This Kocasu River has a rather large delta
developed in the Marmara Sea (Kazanci et al., 1999).
Biga Stream and the Gonen Stream are the other
important running waters in the region but outside the
SDB basin. They also flow through the big valleys.
Kazdagi and neighbouring peaks are important
topographical heights in the drainage basins. In this
part the general slope is westwards (Figure 4). The
region receives in general more rain than Turkey’s
average (Erdogan, 1988).

3. General Geology

The Southern Marmara region has rock units from
Paleozoc to Quaternary (MTA 2002) (Figures 2, 3).
Uludag and Menderes metamorphic massifs are
within the region. They attained their topographic
heights in Neotectonic period (Ergiil et al., 1980;
Yilaz et al., 1990; Okay, 2008). Basement rocks are
overlain by Neogene sediments with low topography
and Quaternary sediments (deposits) in the low plains
(Figures 2, 4).

The stratigraphy of the area has previously been
well studied (Bingol et al., 1973; Gozler et al., 1985;
Yilmas et al., 1990; Okay et al., 1991). Late Tertiary
volcanics, detritic sedimentary rock, clayey
limestones and evaporites are the main units present

in the study area (Figures 2, 3), Metamorphic rocks
and carbonates are present in lesser amount and form
the higher grounds in the southern parts (Yalginkaya
and Avsar, 1980). Miocene units in general have at
the bottom stream-lake sediments, towards the upper
parts lava flows, tuff and clayey limestones and marls
alternate with tuffites. These Miocene lake deposits
cover relatively extensive areas around Simav and
Emet (Bas, 1987; Ercan et al., 1990). These units host
mainly borate and various other mineral deposits
(Helvact and Firman, 1977; Yalcinkaya and Avsar
1980) (Figure 2). Borate bearing Neogene sediments
(Borate deposits) sit on the lake limestones (in the
local stratigraphy they are called ‘Alt Kirectagi-
meaning Lower limestone which has clayey marl
lithology (Figure 3). On top of the borate deposits
there are limestones with silicified parts which are
resistant and have protected the borate deposit from
erosions (Helvaci, 1986). At the very top of the
succession the units are lava flows, volcanic breccias
and agglomerates. In places where these hard
resistant units were broken, fragmented, large deep
valleys developed (Figures 4, 6).

Topographicaly lower parts of the Southern
Marmara region are mainly covered with thin
Quaternary, mostly alluvial and fluvial sedimentation
(Emre et al., 1997a, b, 1998; Kazanci et al., 1997,
1998). Karacabey-Manyas plains which are a typical
example of the young cover, has extensive coverage
within the SDH. The plain’s base is Late Pleistocene
—Holocene and has discordant contact relation with
the units below and consists of loosely cemented
sediments. To the south of the town
Mustafakemalpasa in the thickest part, drillings
intercepted 40 m thick young sediments. The upper
part (Middle —Late Holocene) is the same age as
Manyas and Ulubat Lakes (Emre et al., 1997b).

In summary; in the stratigraphy of the Southern
Marmara, it is noticeable that Middle-Late Neogene
sediments cover large areas and drainage systems
with deep valleys primarily developed in these units
(Figures 2, 3).

3.1. Morphotectonic Characters

Three main group of landforms with different
development processes and ages control the
morphology of the Northwestern Anatolia. They are
from north towards south Kocaeli-Trakya (Thrace)
peneplaine, Marmara Sea and Southern Marmata
plateous (Pamir, 1938; Saroglu et al., 1987; Emre et
al., 1998; Yilmaz et al., 2010). Distinct topographic
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Figure 5- Secondary cleavages in the Emet valley and topographical sections.

Figure 6- Large valleys in the Susurluk drainage basin and their topographic sections. A Alapur valley, B
Emet valley, C Orhaneli valley. Note that valley depths change between 700 and 1200 meters.

disharmonies provide transitions among these reliefs.
Oligocene-Miocene Kocaeli-Trakya peneplaine is a
residual topography representing Paleotectonic
morphology in the region. It helps to understand the
Neotectonic period morphological changes and is

kind of key area for that matter (Emre et al., 1998).
The Marmara Sea basin between the Kocaeli-Trakya
peneplaine and the Southern Marmara plateous
actually consists of numbers of tectonic depressions
developed in the Northern Anatolian Fault Zone
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(NAF) (Figure 4). These tectonic depressions were
flooded through Istanbul and Canakkale straights and
acquired marine form. Thickness of the filled in
material in this marine basin located along the NAF
system is about 6 km, indicating a high rate of
tectonic subsidence.

The Southern Marmara plains of the study area
are the most distinct landform in the region. Gently
sloping plains/slopes with 200 - 800 m elevations are
common morphological features (Figure 4). The
heights made of crytalline units form irregular
mountainous parts (Figure 2). As some of these
heights consist of erosion resistant rock units, so they
represent  residual  Pre-Paleotectonic  period
topography. On the other hand some of these heights
like Uludag and Kazdag are surrounded by active
faults and they are the landforms which gained their
heights in the Neotectonic period. Erosional and
tectonic depressions/basins filled with Quaternary
sediments are the morphologic landforms buried in
the low height belt in the gently sloping plains/slopes
in the Southern Marmara regions. Manyas and Ulubat
Lakes are located in the Karacabey-Manyas
depression. Karacabey—Manyas depression, Balikesir
plain, Simav plain, Tavsanl plain are some of the
important examples of these features (Figures 2, 4).

Physiographic extensions in the region within the
above explained general form developed in the
Neotectonic period and are in accord with the present
day active fault zones (Saroglu et al., 1987). MTA
recently published an updated ‘The Active Fault Map
Series’. These maps provide the opportunity to make
correlations between morphological features with the
active faults in the region (Emre et al., 2005, 2011 a,
b, c; Emre and Dogan, 2010). NAF is in the form of a
plate boundary. Northwestern Anatolia is situated in
the transition zone between the NAF and Aegean
graben systems which has developed within the
Western Turkey tectonic tension regime. The NAF
zone is the main tectonic structure separating the
Kocaeli-Trakya peneplaine and the Southern
Marmara plains (Emre and Dogan, 2010). The faults
controlling the present-day morphologies in the
Southern Marmara are in two groups. The fault in the
north extending between Geyve and Bandirma is the
southern branch of the NAF. This fault is separating
the Marmara Sea basin and the Southern Marmara
plains (Emre et al., 2005). Geomorphologic evolution
and running water cleavages (stream valleys) are the
results of climatical processes and tectonics.

4. Material and Method

In this part first of all hypothetic approaches will
be explained as they formed the basis of the
interpretations. Field and laboratory data will be dealt
with later

In the geographic use land forms are explained on
the base of average elevation of the location and
according to this average value land forms are
described as plains, hills, mountains, ridges and
valleys. Ridges and valleys are the main elements
showing land reliefs in a region. Running water
valleys have developed by means of lateral and deep
scouring and are the channels in the drainage basin
transporting and depositing materials altered and
eroded in the denudation process. So knowing the
occurring and developing ages of running water
valleys is important. That is the same as knowing the
starting age and evolution processes of the landforms
in that particular area. In other words with this, ages
of landforms are made known.

In this sudy to give ages to the valleys Emet
borate deposits cut through by Emet Cay1 (Emet
stream) is a suitable guide (reference) (Figure 1). In
this area the first borate operation started in 1956 and
since 1970 the number of pits has increased. In
different locations Espey 1, Espey 2, Killik,
Hamamkoy, Hisarcik mines started operating and
have been operating with differing production rates.
Mineralogical and chemical data on these deposits are
given in Helvact (1984, 1986) and Helvaci and
Alonso (2000). According to these studies there is
more than one kind of mineral in these deposits
colemanite being the most important mineral. The
generation of borate mineralization is related to the
introduction of the volcanics into the lake
environment.

At present the entrances of operating borate mines
(Espey 1, 2, Hisarcik, Killik, and Hamamkdy) are in
the Emet Cay1 valley and they are about 15 m above
the present base of the valley. In other words,
naturally or artificially the valley base has been
scoured 15 m down through the borate deposits. As
this is the discharge area for the river, the waters
started cutting through the borate deposits and the
boron element flowed into the Ulubat Lake. The rate
of accumulation would be more than when it first
started. With this approach, recent excessive boron
accumulation in the lake has resulted during the time
span for this 15 m deep down abrasions. Erosion
depth obtained from this correlation would be
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generalized to the total valley depth. With this
correlation the valley development time span and
abrasion rate would probably be estimated.

In the SDB there are borate deposits (Kestelek
deposit). At present the mine is operating by open pit
methods, the drainage of it is by means of the
Orhaneli Cayi (Figure 1). Here the mine is below the
thalweg elevation. To reach the mine, excavation is
necessary. (The borate deposit has not been subjected
to the natural erosion yet). So in this study the source
of boron ion in the Ulubat lake is considered to be the
Emet deposits.

The data used in this study have been obtained
from the work carried out in the Southern Marmara
region during 1995-2005. Findings of these studies
have previpusly been reported in Kazanci and Goriir,
1997; Kazanci et al., 1998; 2003 and also in the
papers on; Limnology, Paleo-limnology, Environment
and Environmental Pollutions, Lakes Geology,
Active Tectonics, Geological Evolution of the coasts
of the Marmara (Emre et al., 1998; Leroy et al., 2002;
Kazanci et al., 2004, 2006, 2010). In this study some
data on the Ulubat Lake have been interpreted on the
development of land forms.

The first limnology studies on the Ulubat Lake
was carried out during 1997-1998, the drillings in the
lake were conducted in 2002 and 2004 (Figure 7).
Field methods and results achieved have been given
in detail in Toprak (2004) and Kazanci et al., (2004).
Some of the processes and prominent findings are; in
the lake 1-10 m long 12 separate core samples from 5
different locations were taken by using ‘52 mm
diameter Livingstone corer’ sampler (AKO2LV1-12,
AKO04LV1-3). In the lake near to the shore, in the
shallow parts 1.2 — 1.8 m long 5 core samples were
taken in 2 m long plastic tubes (AKO2PVCI-5).
Every recovered core samples, at 2 cm intervals;
grain size, magnetic susceptibility, organic material
contents, carbonate contents, pH, heavy metal
contents, arsenic (As) and boron (B) contents were
analysed (Figure 8). Additionaly the upper parts of
the core samples near to the lake surface were
analysed for Pb210, Pb214 and Cs!37 isotopes in the
Physics Department at Dublin University. The lower
parts of the cores were analysed for 4C (Poznan,
Poland). And each given their age separately. Ages
given in the first two methods showed variations with
short intervals. Ages given in the last method showed
variations with long time intervals. Both methods are
considered to be reliable (Leroy et al., 2002; Kazanci
et al.,, 2004). As the analyses on the cores were

conducted with 2 cm intervals, this showed that all
these analyses results have changes all along the core
lengths, meaning how the environmental conditions
in the lake have changed in time from the past to the
present. In this study critical data were the boron
content of the cores (Figure 7).

Boron contents in the lake sediments with the
other pollutants were analysed in the laboratories in
the Gebze High Technological Institute. In general in
whole of the cores (B) contents show sudden increase
at the 400 cm and 50 cm depths (Kazanci et al., 2004;
Toprak, 2004). This sudden increase shows that there
were sudden boron introduction to the lake, indicating
larger amount introducted to the lake from the source
area. These changes have also been reported in other
studies (Turgut, 2005), (Figure 8).

5. Findings
5.1. Susurluk Drainage Basin and Emet Stream

In the Susurluk drainage basin in the Southern
Marmara region, there are numerous and differing
types of valleys, namely short, long, deep and shallow
valleys (Figure 4). This drainage web discharging
into the Marmara Sea is set up on the Southern
Marmara Plateau with elevations between 200 and
800 m. Large rivers flow into deep and narrow
valleys buried into the plateau surface (Figure 4).
Some joining troughs developed along their lengths
through tectonic and erosional processes joining the
basins and superimposed and buried meanders in the
Pre Neogene basement rocks are the common
character of the large rivers in the SDB basin.
Orhaneli Stream, Emet Stream and Simav Stream
basins are the water collecting channels (Figures 1,
4). Because of this, the data collected along the Emet
River can be generalized for all running water in the
basins.

The Emet Stream valley is one of the deepest cleft
in the area. It traverses the middle and Southeastern
parts of the SDB which represents at least 2/3 of the
whole of the area (Figures 1, 4, 6). Second character
of this part is; all of the waters and the sediments
collected from the eroded parts are first transported
into the Ulubat Lake and afterwards to the Marmara
Sea through one channel (The Kocasu River) (Figure
1), That is to say Ulubat Lake and the Kocasu delta
are the lithological representative of the whole of the
SDB (Kazanci et al., 1999). EIEI and DSI have
quality control observation stations at the locations
where streams reach and leave the lakes. In addition



Bulletin of MTA (2014) 148: 1-17

Figure 7- Drilling locations in the Ulubat lake and depth-age relations obtained from the recovered cores.
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Figure 8- Grain characters of the Ulubat lake sediments and vertical distributions of some of the elements

to all other data, analyses of EIEI and DSI have also
been taken into considerations (Figure 1) (EIEI 1993;
1996; 2000). In short all available data have been
collected to evaluate the hydrologic, sedimantologic
and climatologic characters of the SDB. In recent
years numbers of large and small dams have been
constructed so the amount of sediments transported
into the lakes has decreased. The total amount of
material the Kocasu River transports is estimated to
be 464,950 ton/year, and the eroded amount is 115
ton/year/km2. Same estimations for Mustafakemalpaga
Stream (MKP) are; 1,258,143 ton/year and 167
ton/year/km? (EIE 1993; Kazanci et al., 2004).

SDB could be divided into four morphological
areas. First one is the alluvium plains acting as pre
sedimentation basin before rivers reach the final
discharge point, the Marmara Sea. Manyas-Karacabey
plains are situated in the area morphologicaly known
as Southern Marmara Depression. It extends E-W
direction, is tectonic in origin, and has been shaped
and achieved their plain character by the channel
floodings of the Kocacay and MKP Stream (Emre et
al., 1997 b). This depression gently slopes eastwards,
the Manyas lake is situated at the west end (average
elevation of the water level is 14 m) and the Ulubat
Lake (average elevation of the water level is 2 m)
(Figure 1). They both are shallow fresh water lakes.
They used to be considered very old and tectonically
developed but it has since been shown that they
developed in Holocene as a result of blockage of their
course (Emre et al., 1997 a).

The second morphological area is the hill side
which is of eroded origin zone (slope zone) extending
to the present day valley base and the plains. This
zone also reflects the subject of study ‘sinking
(burial) of running waters. Valley slopes have high
angles. In some parts they are escarpments and have
tectonic origin and in some parts they have rugged
topography of ridges and hills, which are the remains
of high plains. About 20-25% of the SDB is made of
these kinds of areas.

Third morphological unit are the ‘erosion plains’.
Erosion plains have 200-800 m elevations and their
heights in general increase from north to south.
Erosions developed on the basement rocks and
Miocene-Early Pliocene successions. The SDB
erosion plains were shaped after Early Pliocene and it
could be said that regional scale ‘sinkings of running
water’ have developed after this period. These plains
form about 55-60% of the study area.

The fouth morphological area is the ‘high ridges-
mountains’, heights on the erosion plains (Figures 1,
4,6). This area is mostly forest covered and they form
about 12-15% of the study area. Akdag (2089 m),
Saphanedag (2120 m), and Uludag (2543 m) are the
prominent peaks and they form the water dividing
lines (Figures 1, 2).

Medium and large size valleys are situated in the
hill side zone in the study area. Development age of
these features will be a subject of this work. The
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Simav valley, Emet valley, Orhaneli valleys are the
most noticeable in the SDB and are quite alike with
their slope morphologies (Figures 4, 6). Their lengths
vary. For example although they have the same name
the Simav Stream is longer but Simav valley is
shorter (about 45 km) than others. Digital
topographical data analyses show that Orhaneli
Streamvalley is 220 km long; Emet Stream valley is
225 km long. The end of the two valleys is the place
where the waters meet and there onwards it becomes
the Mustafakemalpaga Stream (Figures 1, 4). At the
source area the elevation of the valley base of the
Emet valley is 1250 m but about 30 km down the
valley towards Emet town it drops down to 750 m
elevation.  Still, despite of this fast fallin the
elevation, the average slope angle of the Emet valley
is 004%.. Elevations of the valley hill sides are 1650-
1250 m. Despite of the deep valleys there are no g
troughs because the land is made of loose Neogene
units (Figure 2).

The Bursa meteorology station reports that the 52
years average rainfall in the area is 710 mm. Based on
the EIEI’s data, it has been calculated that
Mustafakemalpasa Stream carry 1.3 x 10¢ tons of
suspended materials a year and erosion rate is quite
high (Kazanci et al., 2004). Among these transported
materials boron and some other heavy elements have
been scoured from the borate deposits within the
Emet valley.

5.2. Ulubat Lake sediments and their age

As it was mentioned in the previous part the
subject of this study is the lake bottom sediments of
the shallow Ulubat Lake (maximum depth 2.5 m).
Ulubat Lake is a fresh water lake and occupies 138
km?2 areas. The Limnological characters of the lake
have been studied previously (Kazanci et al., 1998;
2006; Celenli, 2000; Toprak, 2004). Water level of
the lake shows climatical variation and because of the
pesticides the lake is getting increasingly polluted.
There is no lake protection management. So this is
speeding up eutrofication Celenli, 2000; Dalkiran et
al., 2006; Reed et al., 2008; Kazanci et al., 2010).

Sedimentation is transported to the lake by means
of the Mustafakemalpasa Stream and this river has
built up a delta at the south shore (Figure 7). With the
incoming material this delta is enlarging and is in the
impact area of the Ulubat fault (Emre et al., 1997b).
The amount of material transported into the lake is
about 1.3 x 10° tons of suspended materials. Within
thelast 30 years sediment accumulation in the lake

floor has reached 1.6 cm/year (Kazanci et al., 2004).
Materials on the lake floor are; silt bearing mud. It is
bluish gray coloured and in places has abundant
organic material. The drillings carried out in 2002
near to the south shore, recovered most 7.8 m long
core. In 2004 10 m long cores were recovered in
drillings carried out in the central part of the lake, as
the drills started intercepting hard rocks so they could
not advance any longer. Around the lake area
Pleistocene rocks of a type unlike the lake type are
present. Based on the non lake type detritial
sediments encountered in the drill cores is considered
to be the basement rocks of the lake floor on which
the lake developed. This suggests that the maximum
thickness of the deep sediments of the Ulubat Lake is
about10 m.

In the above section detail information have been
given on the characters of the drillings, core names,
and core samples for analyses were taken at 2 cm and
10 cm. Total organic material and total carbonate
contents show variations in cycles but mineralogical
contents are sporadic (Figure 8). In the lake
sediments evaporites and some other chemical
sediments indicating closed environments have not
been detected, indicating that the lake in the past was
in the same condition as it is now. Pollen analyses
indicate that before the lake was formed the area was
marsh land for a short period. The area then acquired
fresh water and the marsh developed into the lake
(Kazanci et al., 2004).

The most interesting point on the subject is the
sudden increase in Boron content found in the cores
between 400 cm and 50 cm depths (Figure 8). The
boron content is from lower parts up are on average
0.6 g/kg. At the 400 cm level it shoots up to 1.8 g/kg.
The boron content decreases between 100-50 cm
levels and between 50 cm-0.00 levels again show
increase (Figure 8) This must be directly related to
the borate deposits in the source areas.

To be able to understand the changes, depth-age
model of the lake sediments has been set up (Figure
7). The age of the sediments from the upper part to 45
cm down have been determined by Pb210 method and
have been found to be 33 years and 40 years by the
Cs!37 method, deposition rates were 1.6 cm/year and
1.48 cm/ year. At the 619 cm level, plant seeds with
the 14C method have given 1612+ 30 years
(calibrated) age and at 677 cm level, plant remains
gave 1708+ 25 years (calibrated) age. These values
represent 0.37 cm/year (400 c¢cm/1070 year; 1000
cm/2674 year) deposition rate. In general the oldest
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sediments in the lake were 2670 years old. In the
same way according to the deposition rates, the dates
of the 400 cm and 50 cm levels where boron contents
showed sudden increase were, according to the
Gregorian calendar, AD 932 and AD 1971 (Figure 7).

6. Discussion and Conclusions

Erosion and deposition rate in SDB. It has been
known for over 2 centuries that climate and erosion in
connection with it play important role in land forming
processes, to be able to make it understandable
various models have been proposed (Chorley et al.,
1984, p. 19-42 and documents in it). In a particular
area if sediments developed by erosions are swept
away and are deposited in a particular place, then for
that particular place the denudation rate could be
calculated (Einsele, 1992). Major and trace element
contents act as a guide to erosion-accumulation
balance, so if these elements are present then reliable
calculations can be made (Einsele and Hinderer,
1998).

The material eroded from the Emet valley
transported and accumulated into the Ulubat Lake has
high boron contents. High boron content helps to
understand the role of the climatological-lithological
changes in the development processes of the valley.
As stated previously the age of the sediments in the
Ulubat Lake, down to 45 cm from the top has been

found to be 33 years (or according to the sampling
date 2004-33 = 1971) and age of the sediments at 400
cm level has been found to be 1070 years (as a date
(2004-1070 =934). The year 1971 (33 years old)
coincides with the intensive open pit borate mining
activities in the source areas. This time connection
explains the relation of high boron contents in the
Emet Stream with the open pit borate mining, causing
sudden increase in the boron content in the deposited
materials in the lake. This topical approach could be
extended to the sudden boron increases 400 cm of
depth cores. At present borate deposits are about 15 m
above the valley base. This approach indicates that
during last 1070 years borate deposits have been
abraided 15 m down from the upper most elevation
(Figure 9). From this, abrasion rate of the rivers
within the borate deposits has been calculated to be
(1500 ¢cm/1070 year) 1.4 cm/year.

This abrasion rate calculated for the most recent
part of the Emet Stream valley may be found quite
high for the wide intervalled geological events, but
there are examples of relatively short periods in the
literature (Clayton, 1998; Einsele and Hinderer, 1998;
Wilson et al., 2003).

Taking the calculated abrasion rate and the
lithological succesion into consideration it has been
calculated that it has taken 75,000 years of abrasion
for the valley to become 650 m deep as it is to day. In

Figure 9- Generation processes of the Emet valley and the age.
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the Emet area the borate-bearing Neogene succession
in the upper parts have relatively eosion-resistant
limestones with silica intercalations (Figure 9). The
Schmidt hammer tests conducted on these limestone
samples showed that these limestones were at least
twice more erosion-resistant than the borate-bearing
units. This indicates that the erosion rate of the
silicified limestones was half rate of the others (0.7
cm/year), in other words they were eroded twice as
late. Geological studies show that with foldings and
repetitions the thickness of the limestones is
estimated to be at most 400 m (Helvaci and Firman,
1977; Helvaci, 1986). When necessary calculations
are made (400 m/0.7 cm/year), the abrading age of
the resistant successions has been found to be 57,000
years. The remaining borate-bearing succession with
volcanics (about 250 m thick) with the normal
abrading rate would be about 16,500 years. With all
these calculations the valley has processed its
development within 73,000 - 75,000 years (Figure 9).
In these calculations it is assumed that erosion
continued uninterrupted right through. This point is
discussed in the next section.

Incision age of the Emet River valley. The
Resistance of rocks to mechanical loads can easily be
measured by various methods in the laboratories (2
and 3 axis stress tests) and in the field (Schmidt
hammer). The data obtained from these tests are taken
into consideration when studying the engineering
structures. In general hard rocks have higher
mechanical resistance. But resistance being high or
low does not necessarily mean that it is more or less
resistant or resistant to the natural erosion (abrasion).
Natural erosion resistance depends on various
parameters, among those ‘slope angle’; ‘climate’;
‘rain type’ are most important (Ghorley et al., 1984;
Selby, 1994). In a particular area natural erosion can
be expressed indirectly with ‘erosion or transported
sediment load’. On this subject ‘transportation of a
unit amount of sediment load from a unit area’ can be
very meaningful (Selby, 1994). Emet Stream in its
course downstream joins the MKP Stream. The
erosion caused by the Emet Stream and MKP
Stream(=swept sediment load from a unit area) with
167 ton/year/km? which is relatively quite a high
value. Even half of this value is considered to be quite
high erosion rate for narrow strech of lands (Selby,
1994).

Radiometric dating carried out on the core
samples recovered from the lake showed that the
emplacement age of the Ulubat Lake is 2670 years
and average deposition rate of deposits has been

found to be 0.37 cm/year. The variation of boron
contents in the lake sediments has a direct connection
with the erosion rate in the borate deposits in the
resource area. From this connection abrasion rate in
the Emet Valley (1.4 cm/year) which is about 4 times
more than the deposition rate in the lake. It was
supposed that, within the same drainage system,
deposition would be equal to the erosion rate. But as
the Ulubat Lake is an open lake, so it is now believed
that large amount of material is re-transported to the
Marmara Sea. This is how the differences can be
explained.

The SDB is characterised with the presence of
numerous valleys, because of this, topography in the
district is rather rugged. It is in fact one of the most
rugged land in the Northwestern Turkey (Figures 4,
6). V-type valleys and sharp ridges are the reason of
the Neogene units covering large areas. The presence
of numerous shallow and deep valleys in the region
clearly shows that in the regional geomorphic system
erosion was highly effective. This can be seen more
clearly in studying the areal photographs and in field
works. Most important of all is to know the erosion
period and the reasons for trigering this much erosion.
Conditions in the study area (drainage) was carried in
one stream only. The presence of boron ion and
variations on its abundancy, dating of the Ulubat
Lake sediments, abrading of the borate successions
on the Emet valley floor made it possible to calculate
the rate of abrasion. In the previous part with
retrospective calculation of the erosion rate,
generation and development age of the 650 m deep
Emet valley was found to be 75000 years. The
handicap in this calculations is that it was assumed
that erosions continued regularly at the same rate, like
non stop sawing. Changing climatical conditions,
movements on the interface and general floor levels,
tectonics, anthropogenic effects would change
abrasion rates. On the other hand however much there
may be some missing points in the calculations
generation age would not be taken any further than
300,000 years back from Middle Pleistocene.
Otherwise it would not be possible to explain the
accumulation rate in the lakes.

From the records of the EIEI observation stations
in the area, erosion-deposition rates in the area are
quite well known. These informations could be
generalized for the entire Southern Marmara region.
For example, stratigraphy of the sediments in the
Ulubat Lake is similar to those in the Iznik Lake as it
is in the Manyas Lake (Leroy et al., 2002; Ulgen et
al., 2012). On the other hand within a wide period
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interval it is not possible to know at what intervals
and speeds erosions have developed. Excessively
high and low temperatures, torrential rains, floods,
hurricanes, etc may cause replacement of large
amount of materials, but they are not long-lasting
events and they do not represent the whole of the
erosion time. Various age determinations showed that
during the ice age in various parts of Anatolia rates of
erosions and accumulations showed many variations
(Landmann et al., 1996; Eastwood et al., 1999;
Fortugne et al., 1999). So it is possible to say that
large-scale valleys within relatively wide span of time
interval (last 300,000 years) developed with varying
erosions rates. What is certain is that, in Western
Anatolia during the last 20,000 years, erosion rates
have increased and changed considerably. It is
noticeable that Prehistorical cultural remains for
example tools made of stones are rarely found in
Turkey, less than expected (leaving aside that
excavations for these items are not as much as it
should be) it is probable these items were subjected to
high rate erosions and transportations. Many of the
stone-made hand axes were probably carried away
from their original sites and were buried under the
lake and/or under sea sediments.

The SDB area basal elevations of the medium and
large valleys are between 600 — 700 metres (Figures
5, 6). Depths of the valleys are at least that much. In
most places they exceeds 1000 m and these deep
valleys are quite close to the sea (Figures 1, 4 — 6).
Considering the necessary erosion-transportation
balance it is difficult to explain the develoment of
valleys with a base close to the sea level with the
present day morphology. It should be considered that
during the last ice age and the period before that the
Marmara Sea was a small closed lake (Smith et al.,
1995; Aksu et al., 1999; Cagatay et al., 2000). That
means the base level was much lower than what it is
to day. When the previous landforms before the
valley had developed are considered with reference to
their base, they are 2500 — 3000 m lower now.
Because of this height difference the Emet valley and
their equals have been deeply abraided. At the
present time sea level/base level elevation ratio is at
maximum, so relative the abraiding rate is at
minimum. Even then still abrasion rate is still 1.4
cm/year. It is understandable that erosion rate in the
past was higher.

Are the valleys abraiding in the SDH related to
the tectonic or to the climate? It is known that
erosion-transport-deposition dynamics act according
to a known base/ base level ratio, abrasion does not
go below this level. Leaving some exceptional cases

aside, reasons for deep abrasions (= base level
dropping down) when either climate or tectonics
being more effective (Chorley et al., 1984), increase
in the sea level (= base level) cause drawning
(flooding) of the running water valleys with alluvium
(abrasions are reduced at the base but it can cause
lateral abrasion). When this point is considered, the
water level in the Marmara Sea is the base level for
SDB, so it could be concluded that water level in the
Marmara Sea is effective in the development of the
valleys. In the Marmara depressions there are
overlapping delta successions, these show that water
level was very changeable, indicating that they went
down to the basin’s floor (Sorlien et al., 2012).
Seismological records show that Kocasu Cay1
followed a large submarine canyon at -85 m level and
discharged its water into a lake in Cmarcik basin.
This may show that during the last ice age deep
abrasions must have caused the level of the SDB
lakes to deepen. On the other hand seismological
records also indicate extensive mass movements
along the northern shore of the Marmara Sea. In this
part, slope instabilities are related to seismic activities
(Goriir and Cagatay, 2010). An important point is if
long lasting water level changes in the Marmara Sea
are related to the tectonic or to the climate, this point
should be explained.

There has been general agreement that terraces in
the Marmara Sea were built by tectonic forces
(Saking and Yaltirak, 1997; Kazanci et al., 2003).
According to seismic data, the most extensive terrace
area is at -85 m level and it is seen almost
everywhere. Its development age is reported to be
11.000 years (Sorlien et al., 2012). Continuation of
this to the deeper parts, in the south of the Cinarcik
and Central Marmara pull-apart basins where the
presence of a series of deltas has been discovered
(Sorlien et al., 2012). These must have been built by
the sediments transported from the SDB during the
period while the shelf was outside and/or the water
level was low. So it is clear that, waters sweeping the
SDB have been discharged into the basins, developed
during this deposition period along the NAF zone. As
aresult a 6 km thick basin fills has developed (Sorlien
et al., 2012). This devopment of deltaic successions
one on top of another reflects changes of water levels.
At the same time this much of a thick accumulation of
infill could also indicate sinking of the basin floor, in
another words reflecs tectonic subsidence. Tectonics
provided accumulation basins for the large amount of
material transported from the SDB where deep
valleys developed. Generations of the sediments have
developed under the control of local and global
climate changes and to the changes of the sea levels.
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In summary; the high number of earthquakes
having taken place shows that the study area is
located in a tectonically active region (Soysal et al.,
1981; Ambraseys and Finkel, 1991; Ambraseys,
2009). Abrupt height changes in the field, hanging
valleys, land distortions indicate that tectonics were
also effective in the past. But the effects of these
tectonic activities on the evolution of the landforms
have not been directly measurable. It is common that
tectonics trigger mass movements and back space the
hill sides. SDB is a place where almost all
geomorphologic elements (lithology, climate,
tectonics, erosion etc.) can be observed. In Early
Neogene the Istanbul and Canakkale straights had not
developed yet, but the Southern Marmara region had
large plains sloping gently towards the Black Sea.
Following the development of the Marmara Sea,
particularly during the last 300,000 years the
Southern Marmara region, the study area, has been its
subjected to great many changes and has acquired
present day form. In these changes easily eroding
lithologies and climate effects have been the main
agents.

Acknowledgement

Large numbers of earthscientists and
organizations gave support during 1995-2005 and we
are very grateful to all who contributed. The data
obtained have been used in this study. This was a part
of a joint project with DPT (State Planning
Organization) - TUBITAK (Scientific, Technic
Research Organization of Turkey) — University.
Within the scope of a sea research project: geological
mapping of the Neogene and Quaternary units in the
Southern Marmara region, study of sea shore
sediments, long and short term sea level changes in
the Cayirova and Hersek plains, tsunami research and
limnologic study of the Ulubat Lake have been
carried out (TUBITAK-YDABCAG. 456/G, 598/G,
103Y102). MTA actively participated in the studies
and gave valuable support. NATO gave support to the
drillings in the Lake (EST.CLG.978645). GYTE gave
support and numerous lake sediments were analysed
by SEM, XRF, XRD, AAS methods without any
charge. Some trace elements analyses were carried
out at the Brunel University with financial support
from NATO (NATO-CLG 978645).

Large numbers of researchers and university
students took part in the above mentioned projects;
while they were working on their research they gave
support to this project by suggesting some ideas. Dr.
Alper Giirbiiz (N.U) helped drawing some of the

figures and read the manuscript and gave some
suggestions. Two referees and the Bulletin editor
made some critical remarks and helped to improve
the final text. Authors acknowledge gratefully all
individual and organizational supports provided.

Received: 06.08.2013
Accepted: 30.10.2013
Published: June 2014

References

Aksu, A.E., Hiscott, R.N., Yasar, D. 1999. Oscillating
Quaternary water levels of the Marmara Sea and
vigorous outflows into the Aegean Sea from the
Marmara Sea-Black Sea drainage corridor. Marine
Geology 153, 275-302.

Ambraseys, N. 2009. Earthquakes in the Mediterranean and
Middle East; a Multidisciplinary Study of
Seismicity up to 1900. Cambridge University
Press, ISBN 978-0-521-87292-8.

Ambraseys, N., Finkel, C. 1991. Long-term seismicity of
Istanbul and the Marmara Sea region. Terra Nova

3,527-539.
Ardel, A. 1943. Marmara bdlgesinin giineydogu
havzalarinin  morfolojik  karakterleri. Tiirk

Cografya Dergisi 2, 160-171.

Bas, H. 1987. Tavsanli - Domani¢ (Kiitahya)
volkanitlerinin 6zellikleri ve bati Anadolu
Senozoyik volkanizmasindaki ©Onemi. Tiirkiye
Jeoloji Biilteni 30, 67-80.

Bingol, E., Akyiirek, B., Korkmazer, B. 1973. Biga
Yarimadasinin jeolojisi ve Karakaya
Formasyonunun bazi 6zellikleri. Cumhuriyetin 50.
Yili Yerbilimleri Kongresi Tebligleri Kitabi, s. 70-
76, Ankara.

Chorley, RJ., Schumm, S.A., Sugden, D.E. 1984.
Geomorphology. Methuen, London, 605 s.
Clayton, K. M. 1998. The rate of denudation of some
British lowland landscapes. Earth Surface

Processes and Landforms 22,721-731.

Cagatay, M.N., Goriir, N., Algan, O., Eastoe, C.,
Tchapalyga, A., Ongan, D., Kuhn, T., Kuscu, I.
2000. Last glacial-Holocene palaeoceanography of
the Sea of Marmara: timing of last connections
with the Mediterranean and the Black Seas.
Marine Geology 167, 191-206.

Celenli, A. 2000. Uluabat Golii Cevre Jeokimyasi. [stanbul
Teknik Universitesi Fen Bilimleri Enstitiisii,
Istanbul, Doktora Tezi (unpublished).

Dalkiran, N., Karacaoglu, D., Dere, S., Sentiirk, E.,
Torunoglu, T. 2006. Factors affecting the current
status of a eutrophic shallow lake (Lake Uluabat,
Turkey): Relationships between water physical
and chemical variables. Chemical Ecology 22,
279-298.

15



16

Geomorphology of South Marmara

Darkot, B., Tuncel, M. 1981. Marmara Bolgesi cografyasi.
Istanbul Universitesi Cografya Enstitiisii Yaymnt,
No 118, Istanbul.

Eastwood, W. J., Roberts, C. N., Lamb, H. F., Tibby, J.C.
1999. Holocene environmental change in
southwest Turkey; a palacoecological record of
lake and catchment-related changes. Quaternary
Science Reviews 18, 671-695.

EIE, 1993. Tiirkiye Akarsularinda Sediment G6zlemleri ve
Sediment Tasinim Miktarlari. EIEI Genel
Miidiirliigii, Yaym no 87-44, Ankara.

EIE, 1996. Tiirkiye Akarsularinda Su Kalitesi Gozlemleri.
EIEI Genel Miidiirliigii, Yaymn no 96-4, Ankara.

EIE, 2000. Tiirkiye Akarsularinda Suspanse Sediment
Gozlemleri ve Sediment Taginim Miktarlari. EIE]
Genel Miidiirliigii, Yaym no 20-17, Ankara.

Einsele, G. 1992. Sedimentary Basins: Evolution, Facies
and Sediment Budget. Springer, Berlin, 628 pp.

Einsele, G. Hinderer, M. 1998. Quantifying denudation and
sediment accumulation systems (open and closed

lakes): basic concepts and first results.
Palaegeography, Palaeoclimatology, Palaeoecology
140, 7-21.

Emre, O., Erkal, T., Kazanci, N., Gormiis, S., Goriir, N.,
Kuseu, I. 1997a. Giiney Marmara’nin Neojen ve
Kuvaterner’deki morfotektonigi. I¢: Giiney
Marmara Bolgesinin Neojen ve Kuvaterner Evrimi
(Ed. N.Kazanc1 ve N. Goriir), Arastirma Projesi
sonu¢ raporu. TUBITAK, YDABCAG-426/G,
Ankara, s. 36-68.

Emre, O., Kazanci, N., Erkal, T., Karabiyikoglu, M.,
Kuscu, 1. 1997h. Ulubat ve Manyas Gollerinin
olusumu ve yerlesim tarihcesi. I¢: Gliney Marmara
Bolgesinin Neojen ve Kuvaterner Evrimi (Ed.
N.Kazanci ve N.Goriir), Arastirma Projesi Sonug
Raporu. TUBITAK, YDABCAG-426/G, Ankara, s.
116-134.

Emre, O., Erkal, T., Tchapalyga, A., Kazanci, N., Kecer,
M., Unay, E. 1998. Dogu Marmara Bolgesi’nin
Neojen ve Kuvaterner’deki evrimi. Maden Tetkik
ve Arama Dergisi 120, 119-145.

Emre, O., Ozalp, S., Dogan, A., Ozaksoy, V., Yildirim, C.,
Goktas, F. 2005. Izmir yakin ¢evresinin diri faylari
ve deprem potansiyelleri. MTA Raporu, No 10754,
Ankara (unpublished).

Emre, O., Dogan, A. 2010. 1/250.000 Olgekli Tiirkiye Diri
Fay Haritasi, Ayvalik (NJ 35-2) paftasi, Maden
Tetkik ve Arama, Tiirkiye Diri Fay Haritast Serisi,
no 2, 32 s. Ankara.

Emre, O., Dogan, A., Ozalp, S. ve Yildirim, C. 2011a.
1/250.000 Olgekli Tiirkiye Diri Fay Haritasi,
Bandirma (NK 35-11B) paftasi. Maden Tetkik ve
Arama, Tiirkiye Diri Fay Haritasi Serisi, no 3, 55
s. Ankara.

Emre, O., Dogan, A., Ozalp, S. 20115. 1.250.000 Olgekli
Tiirkiye Diri Fay Haritasi, Balikesir (Nj 35-3)
paftasi. Maden Tetkik ve Arama, Tiirkiye Diri Fay
Haritas: Serisi, no 4, 35 s. Ankara.

Emre, O., Duman, T.Y ., Ozalp, S. 2011c. 1/250.000 Olgekli
Tiirkiye Diri Fay Haritas1, Kiitahya (Nj 35-4)
paftasi. Maden Tetkik ve Arama, Tiirkiye Diri Fay
Haritast Serisi, No 4, Ankara.

Emre, O., Duman, T.Y., Ozalp, S. 2012. Tiirkiye 1/250.000
Olgekli diri fay haritasi. Maden Tetkik ve Arama
Genel Miidiirliigii, Ankara.

Ercan, T., Ergiil, E., Akcadren, E., Cetin, A., Granit, S.,
Asutay, J. 1990. Balikesir Bandirma arasinin
jeolojisi, Tersiyer volkanizmasinin petrolojisi ve
bolgesel yayilimi. Maden Tetkik ve Arama Dergisi
110, 113-130.

Erdogan, T. 1988. Balikesir Iklim Etiidii. Devlet
Meteoroloji Isleri Genel Miidiirliigii, Ankara.

Ergiil, E., Oztiirk, Z., Akcaoren, F., Gozler, M.Z. 1980.
Balikesir ili — Marmara Denizi arasinin jeolojisi.
Maden Tetkik ve Arama Genel Miidiirliigii Raporu,
no 6760, Ankara (unpublished)

Ering, S. 1955. Orta Ege Bolgesi’nin jeomorfolojisi. Maden
Tetkik ve Arama Genel Miidiirliigii Raporu No:
2217 (unpublished).

Ering, S. 1973. Tiirkiye’nin sekillenmesinde neotektonigin
roli ve jeomorfoloji-jeodinamik iligkileri.
Jeomorfoloji Dergisi 5, 11-26.

Erol, O. 1981. Neotectonic and geomorphological
evolution of Turkey. Z. Geomorph. N.F. Suppl.
Bd, 40, 193-211.

Fontugne, M., Kuzucuoglu, C., Karabiyikoglu, M., Hatté,
C., Pastre, J. F. 1999. From Pleniglacial to
Holocene: a 14C  chronostratigraphy  of
environmental changes in the Konya Plain,
Turkey. Quaternary Science Reviews 18, 573-591.

Goriir, N., Cagatay, N. 2010. Geohazards rooted from the
northern margin of the Sea of Marmara since the
late Pleistocene: a review of recent results. Natural
Hazards 54, 583-603.

Gozler, M.Z., Ergiil, E., Ak¢aoren, F., Geng, S., Akat, U.,
Acar, §. 1985. Canakkale Bogazi dogusu -
Marmara Denizi giineyi — Bandirma — Balikesir —
Edremit ve Ege Denizi arasindaki alanin jeolojisi
ve kompilasyonu. MTA Raporu, no 7430, Ankara
(unpublished).

Helvaci, C. 1984. Occurrence of rare borate minerals:
veatchite-A, tunnellite, terrugite and cahnite in the
Emet borate deposits, Turkey: Mineral Deposita
19, 217-226.

Helvaci, C. 1986. Geochemistry and origin of the Emet
borate deposits, western Turkey. Bulletin of the
Faculty of Engineering, Cumhuriyet University,
Serie A- Earth sciences 3, 49-73.

Helvaci, C., Firman, R.J. 1977. Emet borat yataklarinin
jeolojik konumu ve mineralojisi. Jeoloji
Miihendisligi Dergisi 2, 17-28.

Helvaci, C., Alonso, R.N. 2000. Borate deposits of Turkey
and Argentina; a summary and geological
comparison. Turkish Journal of Earth Sciences 24,
1-27.

Kazanci, N., Bayhan, E., Suliman, N., Sahbaz, A., Ileri, 0.,
Ozdogan, M., Temel, A., Ekmek¢i, M. 1997.



Bulletin of MTA (2014) 148: 1-17

Manyas Golii ve Giincel tortullari. I¢: Giiney
Marmara Bolgesinin Neojen ve Kuvaterner Evrimi
(Ed. N.Kazanci ve N.Goriir), Aragtirma Projesi
sonu¢ raporu. TUBITAK, YDABCAG-426/G,
Ankara, s. 192-238.

Kazanci, N., Goriir, N. (Ed), 1997. Giiney Marmara
Bolgesi’nin Neojen ve Kuvaterner Evrimi. Deniz
Arastirmalar1 Programi, Arastirma Projesi Sonug
Raporu. TUBITAK, YDABCAG-426/G, Ankara,
240 s (unpublished).

Kazanci, N, Ileri, O., Suliman, N., Ozdogan, M., Bayhan,
E., Sahbaz, A., Gencer, A, Ergin, M., Erkmen, C.
1998. Ulubat Golii’'nde guncel tortullasma. Ig:
Marmara Denizi Giineyi Kiy1 ve Kiyr Ardi
Istiflerinin ~ Stratigrafisi, Sedimantolojisi ve
Morfotektonigi. TUBITAK Raporu, YDABCAG —
598/G, pp. 99 - 145.

Kazanm,N.,Emre,O.,Erkal,T,,Ileri,0.,Ergin,M.,G6rﬁr,
N. 1999. Kocasu ve Gonen Cay: deltalarinin
(Marmara Denizi giiney kiyilar1) giincel
morfolojileri ve tortul fasiyesleri. MTA Dergisi
121: 1-18.

Kazanci, N., Kirman, E., Emre, O., Kecer, M., fleri, O.,
Dogan, A., Islamoglu, Y., Algicek, M.C., Varol,
B., Erkal, T., Ertutag, K., Uysal, F., Ozalp, S., Giil,
A.,Duman, T.Y.2003. Dogu Marmara Kiyilarinda
Denizel Gec¢ Kuvaterner Tortullari Ve Deniz
Seviyesi Degisimleri. Deniz Aragstirmalari
Programi Aragtirma Projesi Sonu¢ Raporu, Proje
No: TUBITAK- YDABCAG 100 Y 077. Ankara,
117s (unpublished).

Kazanc1 N., Leroy S. A. G., Ileri O., Emre O., Kibar, M.,
Oncel, S. 2004. Late Holocene erosion in NW
Anatolia from sediments of Lake Manyas, Lake
Ulubat and the southern shelf of the Marmara Sea,
Turkey. Catena 57, 277-308.

Kazanci N., Toprak, O., Leroy S. A. G., Oncel S., Ileri O.,
Emre O., Costa P., Erturag, K. ve McGee E. 2006.
Boron content of Lake Ulubat sediment: a key to
interpret the morphological history of NW
Anatolia, Turkey. Applied Geochemistry 21,234 -
251.

Kazanc1,N.,Ler0y,S.A.G.,Oncel,S.,Heri,O.,Toprak,O,
Costa, P., Sayili, S., Turgut, C., Kibar, M. 2010.
Wind control on deposition of heavy metals: the
case study of Lake Ulubat in Anatolia, Turkey.
Journal of Paleolimnology 43, 89-110.

Landmann, G., Reimer, A., Lemcke, G., Kempe, S. 1996.
Dating Late Glacial abrupt climate changes in the
14,570 yr long continuous varve record of Lake
Van, Turkey. Palaeogeography, Palaeoclimatology,
Palaeoecology 122, 107-118.

Leroy, S.A.G., Kazanci, N., Ileri, O., Kibar, M., Emre, O.,
McGee, E., Griffiths H.I. 2002. Abrupt
environmental changes within a late Holocene
lacustrine sequence south of the Marmara Sea
(Lake Manyas, N-W Turkey). Marine Geology
190, 531-552.

MTA, 2002. 1/500 000 Olgekli Tiirkiye Jeoloji Haritalari,
Istanbul ve 1zmir paftalar1. Maden Tetkik ve Arama
Genel Miidiirliigii, Ankara.

Okay, A.I. 2008. Geology of Turkey: A synopsis. Anschnitt
21, 19-42.

Okay, A.., Siyako, M., Burkan, K.A. 1991. Biga
Yarimadasinin jeolojisi ve tektonik evrimi. Tiirkiye
Petrol Jeologlari Dernegi Biilteni 2, 83-121.

Pamir, H. N. 1938, Istanbul Bogaz1’nin tesekkiilii meselesi.
Maden Tetkik ve Arama Dergisi 3-4, 61-68.

Reed, J. M., Leng , M. J., Ryana, S., Black, S., Altinsacli,
S., Griffiths, H.I. 2008. Recent habitat degradation
in karstic Lake Uluabat, western Turkey: A
coupled limnological - palaeolimnological
approach. Biological Conservation 141, 2765-
2783.

Saking, M., Yaltirak, C. 1997. Giiney Trakya sahillerinin
denizel Pleyistosen ¢okelleri ve Paleocografyasi.
MTA Dergisi 119, 43-62.

Selby, M.J. 1994. Hillslope sediment transport and
deposition. I¢: Pye K. (Ed) Sediment Transport
adn depositiona Processes. Blackwell Pub.,
London, s. 61-88.

Smith, A.D., Taymaz, T., Oktay, F., Yiice, H., Alpar, B.,
Basaran, H., Jackson, J.A., Kara, S., Simgek M.
1995. High-resolution seismic profiling in the Sea
of Marmara (northwest Turkey): Late Quaternary
sedimentation and sea-level changes. Geological
Society of America Bulletin 107/8, 923-936.

Sorlien, C.C, Akhun, S.D., Seeber, L., Steckler, M.S.,
Shillington, D .J., Kurt, H., Cif¢ci, G., Poyraz, D.T.,
Giirgay, S., Dondurur, D., Imren, C., Peringek, E.,
Okay, S., Kiiciik, H.M., Diebold, J.D. 2012.
Uniform basin growth over the last 500 ka, North
Anatolian  Fault, Marmara Sea, Turkey.
Tectonophysics 518-521, 1-16.

Soysal, H., Sipahioglu, S., Kol¢cak, D., Altinok, Y. 1981.
Earthquake Catalogue of Turkey and its
Surrounding, BC2100-AD1900. Tech. Sci. Res.
Council of Turkey (TUBITAK), Project Rep. No
341, Ankara (in Turkish).

Saroglu, F. Emre, 0., Boray, A. 1987. Tiirkiye'nin diri
faylar1 ve depremselligi. Maden Tetkik ve Arama
Genel Miidiirliigii Raporu No: 8174 (unpublished).

Toprak, O. 2004. Ulubat Gélii tortullarmin organik madde
ve agir metal igerigi. Yiisek Lisans Tezi, Gebze
Yiiksek Teknoloji Enstitiisii, Gebze, Kocaeli, 117 s
(unpublished).

Turgut, C. 2005. Ulubat Golii ¢okellerinde ve gol suyunda
metal konsantrasyonlarinin incelenmesi. Yiiksek
Lisans tezi, Gebze Yiiksek Teknoloji Enstitiisii,
Gebze, Kocaeli, 92 s (unpublished).

Ulgen, UB., Franz, S.O., Biltekin, D., Cagatay, M.N.,
Roeser, P.A., Doner, L., Thein, J. 2012. Climatic
and environmental evolution of Lake Iznik (NW
Turkey) over the last ~ 4700 years. Quaternary
International 274, 88-101.

17



18

Wilson, C.G., Matisoff, G., Whiting, P.J. 2003. Short-term
erosion rates from an inventory balance. Earth
Surf. Proc. Landforms 9, 967-977.

Yalginkaya, S., Avsar, O.P. 1980. Mustafakemalpasa
(Bursa) dolaymnin jeolojisi. Maden Tetkik ve
Arama Raporu Derleme no: 6717, Ankara
(unpublished).

Yilmaz, Y., Gokasan, E., Erbay, A.Y. 2010.
Morphotectonic development of the Marmara
Region. Tectonophysics 488, 51-70.

Yilmaz, Y., Giirpinar, O., Geng, S.C., Bozcu, M., Yilmaz,
K., Seker, H., Yigitbag, E., Keskin, M. 1990.
Armutlu Yarimadasi ve civarinin jeolojisi. TPAO
Raporu, no 2796, 210 s, Ankara (unpublished).



Bulletin of MTA (2014) 148: 19-42

Mineral Research and Exploration

MADEN TETKIK VE ARAMA

DERGISI

Bulletin of the

http://bulletin.mta.gov .tr

TECTONO - SEDIMENTARY EVOLUTION OF BUCAKKISLA REGION (SW KARAMAN)

IN CENTRAL TAURIDES

Tolga ESIRTGEN®

@ General Directorate of Mineral Research and Exploration, Dept. of Geological Researches, 06800, Ankara, Turkey

Keywords:

Bozkir unit, mélange,
Inner Tauride Ocean,
rift volcanism, orogenic
collapse.

1. Introduction

ABSTRACT

The study area located in Bucakkigla region in Central Taurides consists of rock units of
the melange which form Bozkir unit of the Tauride units and the overlying cover rocks.
There are volcanic, ophiolitic and sedimentary rocks which generated in different
environmental conditions. These rock groups comprise units which formed in Middle-
Upper Triassic-Paleocene periods in Inner Tauride Ocean that had been opened between
Tauride — Anatolide continents. Within the scope of this study, lithostratigraphic
characteristics of Huglu, Boyal1 hill, Korualan nappes and cover rocks which form Bozkir
Unit and tectono sedimentary evolution of the study area was built up by paleontological
and structural features. Due to rifting, which started in Middle Upper Triassicin the region,
the products of the rift volcanism in rifting center and the carbonate deposition on margins
of basin have occurred. The continuation of extension which initiated rifting caused
collapse in the basin in Middle Upper Triasic — Lower Senonian. Deep marine deposition
has occurred at the center of basin, however pelagic and neritic limestones were deposited
in basin margins during this time. The region has become compressed by the effect of a
new tectonical regime which had been effective starting from Santonian. This compression
caused new melanges to take place due to reverse faults and thrust. The formation of these
melanges has continued until the end of Paleocene period. However, there has not been
observed any formation depending on the compression in post Paleocene. The nappes have
moved southward by the effect of compression until Eocene. But then, these nappes could
not advance forward anymore so, northward back thrusts took place as basin was closured
andreached the collisional stage. Sequences which had become imbricated structures by
back thrusts were subjected to collapsing by the stop of compression and the gravitational
effect. All sequences in the imbricated structure were cut by dip slip normal faults and
lacustrine basins were formed on fallen blocks. The formation of Early Oligocene
terrestrial deposits in these lakes indicates that the collapse occurred in Oligocene or
immediately before this time, and this allows the dating of new tectonical period. Early
Oligocene deposits to become tilted by dip slip faults show that new tectonic period in the
region has also continued after Oligocene.

b). These rocks located within Bozkir Unit (Ozgiil,
1997) extend along the Tauride belt. The unit has a

Triassic-Cretaceous aged tectono stratigraphic
units cropping out in Bucakkisla region, in Central
Taurides (SW Karaman) consist of rock lithologies
representing different deformation stages (Figure 1a,

widespread mélange appearance covering blocks and
slices in different sizes with lithologies such as; basic
submarine volcanite, tuff, diabase, ultrabasite,
serpentinite, pelagic and neritic limestone, and

* Corresponding author : tolgaesirtgen@yahoo.com
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Figure 1- Location of the study area and topographic view showing main tectonic lines of Turkey; a) 90
m resolution SRTM data, Jarvis et al., (2008), b) location map of the study area.

radiolarite. These rock groups form the products of
Inner Tauride Ocean defined in the region (Goriir et
al., 1984; Goriir et al., 1998). The Inner Tauride
Ocean which was formed due to Triassic rifting
restricts  the northern boundary of the
Tauride—Anatolide platform (Robertson et al., 2012).
Cover rocks which have developed since Oligocene
take place over Bozkir unit. The structural and
textural features of all these rocks, their components
and contact relationships among them present strong
evidences on the geological evolution. It ranges from
rifting to obduction-subduction, from the closure of
the ocean to collision and post collisional orogenic
collapse which developed in the region during

Triassic-Quaternary period. There are many studies
which have been made both on Izmir-Ankara-
Erzincan Ocean and on the southern branch of the
Neotethys in literature (Robertson and Woodcock,
1981; Sengor and Yilmaz, 1981; Gonciioglu et al.,
1997; Robertson, 1998; Dilek et al., 1999; Robertson,
2000; Kelling et al., 2001; Stampfli et al., 2001;
Kelling et al., 2004; Robertson et al., 2004).
However, studies that have been made on the rock
assemblages of the oceanic branch called “Inner
Tauride Ocean” and its evolution within this period is
either limited (Goriir et al., 1984; Goriir et al., 1998;
Dilek et al., 1999; Okay and Tiiysiiz, 1999; Andrew
and Robertson, 2002; Robertson et al., 2009;
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Pourteau et al., 2010; Robertson et al., 2012) or the
presence of the Inner Tauride Ocean is neglected
(Gonciioglu, 1986; 1992). The study area is located
among typical regions in which the geological
development of the Inner Tauride Ocean was
observed. The purpose of this study is to reveal data
related to different tectonical regimes of Triassic-
Miocene period in the region which covers structural
and stratigraphical data of all these tectonical
movements in Central Taurides and to build up the
geological evolution of the region.

2. Stratigraphy
The stratigraphical succession of the study area in

Central Taurides consists of Huglu, Boyal1 tepe, and
Korualan nappes described within Bozkir unit by

Ozgiil (1997) and Oligo-Miocene rocks situated as
cover rocks that overlie on them. Since Huglu, Boyali
tepe and Korualan groups presents a structural
relationship among them, these were defined as nappe
slices and named as Huglu nappe, Boyali tepe nappe
and Korualan nappe in the study (Figure 2). Oligo-
Miocene cover rocks, formed by Fakirca and Mut
formations, occurred after nappe movements and
were not affected from these movements (Figure 3a,
b). The ages and apparent thicknesses of basement
and cover rocks were shown in stratigraphical section
(Figure 4).

2.1. Huglu Nappe

This unit was first named by Monod (1977) and
crops out in southwest of the study area (NW of

Figure 2- Map showing positionsof nappes, their relations with each
other and cover units in the study area.
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Yukar1 Akin and Akin villages). Although Huglu three formations as; Dedemli formation, Mahmut
nappe consists of the oldest unit cropping out in the hill limestone and Kovanlik mélange. It overlies
study area, it is tectono stratigraphically located in Kovanlik nappe and is underlain by Boyali hill
the middle of succession. Huglu nappe is formed by nappe.

Figure 3a- Relief topography map of the study area (sheet O30-al).
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Figure 3b- N-S trending geological cross sections between A-A’ and B-B’.

2.1.1. Dedemli Formation

Huglu nappe which is located at the lowermost
part of the Huglu nappe was named by Ozgiil (1976)
and is composed of green and brown colored, vitrified
tuff, volcanites and occasionally clastic rocks (Figure
Sa,b).

Tuffs are bedded, folded in varying scales and
fractured. Rock compositions in thin sections are
composed of glass shards, quartz, plagioclase, biotite
crystals and rock clasts. Crystals located in the rock
are fine grained. Quartz and biotite minerals are
anhedral, however plagioclases are euhedral. Sieve
texture is dominant in some of the plagioclases. Rock
pieces are glassy and in porphyritic texture. These
components were bonded by a binder which is formed
by argillized and chloritized, altered glass shards.
Intensive alteration is observed throughout the rock
(chloritization and silicification). Clastic rocks are
composed of quartz, plagioclase, calcite minerals and
rock fragments. These rock fragments are represented
by volcanic rock fragments that display microlitic,
porphyritic, trachytic and glassy texture; by fine
grained mica-quartz schist fragment, fine grained
biotite schist fragment and by fossilliferous limestone
fragments in few amounts. Clastic rocks are generally
grain supported. Spatially, calcite binders are
observed. Grains are angular to subangular,
subrounded and medium sorted. In thin section views
of these rocks, widespread vein developments are seen
which are filled by secondary carbonate minerals. The
rockis defined as lithic arenite.

The formation crops out on northern slopes of the
Cevlik  Mountain in  the study  area
(501000E/4085500N) and has an apparent thickness
of about 150 meters. Dedemli formation tectonically
overlies Bagkisla mélange which is in southwest of
the Yukar1 Akin village. The unit is transitional with
the overlying Mahmut tepesi limestone. The age of
the unit which is composed of volcanic rocks and
clastics in few amounts could not be determined.
However, the age of the formation is interpreted as
Anisian-Norinian because it is transitional with
Mahmut tepesi limestone (Ozgﬁl, 1997). Monod,
(1977) dated blocks of debris flow deposits as
Anisian which constitute the unit. However, Mahmut
tepesi limestones which are in transitional contact
with Dedemli formation were dated as middle
Carnian (Tekin, 1999; Tekin and Bedi, 2007).
Therefore, the age of the formation was accepted as
Anisian—middle Carnian.

Although it is claimed that, Dedemli formation
has geochemically calc alkaline character by
Gokdeniz (1981), it is stated that the unit is made up
of tuff and basic volcanites and have blown out
submarine alkaline basalts during rifting in Middle-
Upper Triassic period (Whitechurch et al., 1984;
Tekin, 1999). Robertson and Dixon (1984) claim that,
micro continental block of Turkey was rifted from
Gondwana in Triassic period. Depending on these
data, it is seen that Dedemli formation is a unit which
is made up of rift environment product composed of
alkali volcanic rocks.
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Figure 4- Unmeasured column section showing the general stratigraphy of the units in the study area.
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Figure 5- a) Folded tuffs of the Dedemli formation, b) Dedemli formation and transitional Mahmut Hill limestone, ¢) Thinly
bedded, folded limestones of the Mahmut Hill limestone, d) Transitional contact relationship of Mahmut hill
limestone with Dedemli Formation, e¢) Kovanlik melange and the Mahmut hill limestone block within, f) Folded,
thin radiolarite-mudstone alternation of the Kovanlik melange.

2.1.2. Mahmut Hill Limestone

The nomenclature of Mahmut hill limestone was
given by Ozgiil (1997). The unit is composed of
brown, orange, pink colored, cherty, fine bedded and
folded pelagic limestones (Figure 5c.d). It crops out

on northwestern slopes of the Cevlik Mountain, north
of Yukar1 Akin village (500500E/4083000N) in the
study area. The deposition of the unit begins with
volcanites of Dedemli formation transitionally and is
most probably unconformably overlain by Kovanlik
mélange. Mahmut hill limestones are represented by
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different ages in different parts of the Central
Taurides and have been deposited in a broad time
period ranging from Middle-Late Triassic to early
Senonian (Ozgul, 1977). In latter studies, Middle
Carnian age was obtained from radiolarians in cherty
limestones constituting the unit (Tekin, 1999; Tekin
etal.,2001; Tekin and Bedi 2007). The age of the unit
was accepted as middle Norian-Santonian. It has an
apparent thickness of about 200 meters and presents a
continuous succession which does not display any
definite facial change during deposition. This
formation which forms a dense succession is
considered that it has a limited material transport
from land and as deposited on a pelagic environment
that has a very low depositional rate.

2.1.3. Kovanlik Mélange

Kovanlik mélange was first named by Ozgiil
(1997) and is a unit in which rock fragments with
different sizes, types and ages are located within red-
bordeaux matrix altogether. Pink-bordeaux colored,
radiolarite-mudstone alternation is composed of
green-brown colored tuff and lava fragments,
limestone blocks and other clastic rocks. Mafic rock
fragments are also observed in the unit though less
(Figure Se, f). The apparent thickness of the unit
which crops out in the vicinity of Yukart Akin and
Giindogan villages (502000E/4094400N) is around
50 meters in the study area. Kovanlik mélange begins
with alternation of radiolarite-mudstone over
Mahmut tepesi limestone and continues with
conglomerate consisting of Pebble-size tuff, lava,
limestone and radiolarite fragments. There is not
observed any definite bedding which dips or grades in
the unit. These characteristics indicate deposits of
massive debris flow product. Petrographical studies
of the rocks which form the unit according to
Streckeisen (1976) show that, limestones are
composed of biomicrite, and mafic rocks are
composed of gabbro and serpentinite (Figure 6a, b, c,
d,e,f,g,hij.

Biomicrites which constitute the mélange consist
of much radiolarian microfossils filled with silica
within crypto-microcrystalline carbonate crystals.
Fractures which are observed in various thicknesses
and large amounts were filled up by micro-meso
crystalline carbonate minerals. These fractures were
generally stained by ironoxides and hydroxides.
Grains that constitute gabbro minerals are subhedral
and granular in texture. The rock which is coarse
grained is mainly composed of plagioclase,
clinopyroxene, orthopyroxene and olivine minerals.
Plagioclase minerals are subhedral, anhedral with

poiklitic twinning and are intensively altered. In most
plagioclases; sericitization and argillization (in
occasion) and zeolitization are observed. Most mafic
minerals constituting the rock are composed of
clinopyroxene minerals and orthopyroxene in minor
amounts. Pyroxenes which are mainly subhedral and
anhedral were not altered unlike plagioclases. Some
clinopyroxene minerals consist of orthopyroxene in
the form of exsolution lamellae. Olivine minerals are
totally transformed into serpentine minerals.
Serpentine minerals which form serpentinite display
sieve texture. It is made up of crysotile minerals that
display vertical arrangement on edges and antigorite
minerals among them. Magnetite was detected as the
widespread opaque mineral type in thin section
studies of opaque minerals. Less chromium and
millerite minerals in trace amounts are also observed
as opaque mineral. Talcose characteristic is present
occasionally.

The age of Kovanlik mélange was given as early
Senonian (Ozgiil, 1997) as it overlies Mahmut hill
limestone and consists of fragments belonging to
these limestones. Tekin (1999) emphasized that the
age of Mahmut hill limestone which he named as
Huglu limestone was limited by Santonian. The age
of Kovanlik mélange should be Santonian to post
Santonian as it consists of Mahmut hill limestones.

Kovanlik mélange which has different origin rock
types is an ophiolitic mélange. Ophiolitic rocks
defined within this mélange are described as SSZ
type ophiolites “supra-subduction zone type”. These
rocks are based on geochemical contents like Lycian,
Beysehir, Divrigi and Mersin ophiolites which are
located in the same belt (Sengdr and Yilmaz, 1981;
Sengor, 1984; Robertson and Dixon, 1984; Dercourt
et al., 1986; Parlak et al., 1996a, 1996b; Okay and
Tiystiz, 1999; Barrier and Vrielynck, 2009;
Robertson et al., 2012). This unit is tectonically
overlain by Boyal1 Hill nappe.

2.2. Boyal1 Hill Nappe

Middle Triassic-Lower Jurassic limestones with
megalodonts in western Taurides were first decribed
by Gutnic and Monod (1970) called the “Boyal1 hill”.
The same unit which crops out as well in Central
Taurides was studied by Ozgiil (1997) in the name of
Boyal1 tepe group. The same rock groups cropping
out in the study area were investigated under the
name “Boyali hill nappe”, too. Boyali hill nappe
consists of three formation as Kuztepe limestone,
Asar hill limestone and Aybasti formation in the
study area (Figure 7a, b, c,d, e, f).
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Figure 6- Petrographical views belonging to different lithologies which form the
Kovanlik Melange; a) lithic arenite, b) silicified, chlorite glassy tuff, c)
biomicrite, d) gabbro, e) and f) serpentinite.
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2.2.1. Kuz Hill Limestone

This unit is composed of white, occasionally gray,
much megalodont fossilliferous limestone and was
described and named as Kuz hill limestone by Ozgiil
(1997) on Kiziltepe ridges located in southeast
Aslantag of Bozkir. It has an apparent thickness of
about 300 meters in the study area and is exposed at

southeast of Bucakkisla village (505500E/
4088300N), at north of Yukar1 and Asagi Akin
villages and in vicinities of Kurucabel and Bostanozii
villages. The primary basal contact of the unit is not
observed. Kuz hill limestone tectonically overlies all
units that form Huglu and Korualan nappes and
gradually passes into Asar hill limestones in the upper
boundary of the succession. According to

Figure 7- a) Megalodont fossils of Upper Triassic Kuz hill limestone, b) thick bedded neritic limestones of the Kuz hill
limestone, ¢), d) articulated, dark brown pelagic limestones with chertnoddles of the Asar hill limestone, e)
clastics of radiolarite and limestone collected from different units in Aybasti formation, f) spherical
deformation in volcanic material sandstones in Aybasti formation.
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petrographical studies, Kuz hill limestones have the
characteristics of biomicrite and micritic limestone
(Figure 8a, b). Giant crystal growths (Figure 8c) and
dolomitizations (Figure 8d) are observed in the form
of fracture fills within limestones. Brecciation,
fracture growth, veins with carbonate fillings and iron
stains in occasion are probable. Late Noran-Rhaetian
(Late Triassic) ages were taken from Aulotortus gr.

sinuosus  Weynschenk, Aulotortus communis
(Kristan), Aulotortus cf. tenius (Kristan), Aulotortus
spp-» Auloconus sp-, Thaumatoporella

parvovesiculifera (Raineri) fauna in Kuztepe
limestones. Aulotortus sp., Turriglomina sp.,
Ammobaculites sp., Frondicularia sp-,
Ophthalmidium sp., Cetates sp., Lamellibranch shell
sections andsponge spicules fauna gave the age of
Ladinian-Carnian (Middle-Late Triassic). According
to Ophthalmidiumsp., pelagic pelecypoda sections,
Ophthalmidium sp. fauna Late Triassic-Liassic? ages
were determined. Based on all these findings, the age
of the Kuztepe limestone was determined as
Ladinian-Liassic? (Figure 9a, b, c, d).

It is considered that Kuztepe limestones that had
been formed widely by the benthic foraminiferas and
in micritic limestone facies were deposited in a
relatively low energy neritic environment. Gradual
deepening is observed in the depositional
environment towards upper parts of the succession
which forms Kuztepe limestones. This deepening in
the basin becomes distinctive in Asar tepe limestones.
Deepening begins towards the end of Rhaetian and
reaches the maximum in Liassic and grasps slope-
basin conditions (Ekmekgi et al., 2007).

2.2.2. Asar Hill Limestones

This unit, which is composed of much cherty,
macro fossilliferous, gray pelagic limestone was first
defined by Ozgiil (1976) in Asar Hill (south of Bozkir
county) and named as Asar Hill limestone. Layer
thicknesses are planar generally ranging in between
10 to 60 cm in limestones. Cherts are observed within
limestones in the form of independent, yellow-brown
colored, nodular cherts with various frequencies with

Figure 8- Tectonical effects in thin sections of petrographical samples belonging to different lithologiescollected in Kuz hill
formation, a) biomicrite, b) micritic limestone, c) limestone, d) dolomite.
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Figure 9- Fossil content of the Kuztepe limestone; a) Griphoporellacurvata, b) Aulotortus sp., c) Aulotortussinuosus,

d) Trochammina sp.

a diameter size of 5-10 cm. The unit extensively crops
out in NW of the study area (502500E/4091700N)
and has an apparent thickness of about 80-100 meters.
Asar hill limestones which makes a gradual transition
into Kuz hill limestones at the bottom are
unconformably overlain by the clastics of Aybasti
formation in Aybasti village in north of the study
area. Silicified dolomitic limestone (Figure 10a) and
biomicrite (Figure 10b) determinations were made in
petrographical studies of limestones.

According to paleontological studies performed in
Asar Hill limestones Aulotortus sp., Turriglomina sp.,
Ammobaculites sp., Frondicularia sp., Ophthalmidium
sp., Cetates sp., lamellibranch shell sections and
sponge spicule fauna Ladinian-Carnian (Middle-Late
Triassic) ages were obtained; Aulotortus sp.,
Endothyra sp. fauna gave Late Triassic age, and from
shell sections of radiolaria and pelagic pelecypoda
Carnian-Liassic age was detected (Figure 11a, b, c).
The age of the formation was given as Ladinian to
Early Jurassic based on fossil determination.

Figure 10- Lithologies defined on petrographical studies of Asar hill limestone, a) silicified dolomitic limestone, b)

biomicrite.
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Figure 11- Fossil content of the Asar hill limestone, a)
Ophthalmidium sp., b) Galeanellapanticae, c)
Galeanellapanticae.

2.2.3. Aybasti Formation

Aybast1 formation was first defined by Esirtgen
(2009) in the vicinity of Bucakkisla and it takes its
name from Aybasti village in NE of Bucakkisla. The
formation is a unit in which rock fragments have
various sizes, types, and ages are located within
brown colored matrix together. This formation is
composed of yellow to brown colored chert, bordeaux
mudstone, green to brown colored tuff and lava

fragments, limestone blocks, and brown colored
volcanic sandstone and conglomerates. It is
considered that angular limestone blocks of which
their sizes reach few meters occasionally belong to
Kuztepe limestones. Conglomerates are generally
observed in the form of chaotic mixture of volcanic
blocks. Spherical deformations in volcanoclastic
sandstones are widespread.

Type locality of the formation is the section
between the east of Bucakkisla village and the south
of Aybasti village in the study area
(506000E/4091000N). Aybast1 formation has an
apparent thickness of about 20 meters and
unconformably overlies Kuz hill and Asar hill
limestones, and unconformably underlies Fakirca
formation. The thickness of the formation thins out
towards north of Aybasti village. Aybasti formation
can be correlated with Kemaliye formation defined
by Ozgiil et al. (1978) in Munzur mountainous
territory of Eastern Taurides.

For paleontological determinations of samples
collected from the formation Malm?-Neocomian? age
was determined according to Quinqueloculina sp.,
Ophthalmidiidae, Miliolidae, Nodosariidae,
Brachiopoda fauna (Figure 12a, b). However, the age
of the unit was accepted as late Campanian-early
Maastrichtian (Ozgﬁl et al., 1978) due to insufficient
paleontological data.

2.3. Korualan Nappe

It crops out in southwest corner of the study area,
around Yukar1 Akin, Asagi Akin villages and was
first defined by Ozgiil (1997) as Korualan group.
These rock assemblages display a nappe structure
with Huglu nappe and Boyali tepe nappe, and are
named as “Korualan nappe”. Only the Bagkisla
mélange among rock assemblages which form
Korualan nappe crops out in the study area.

2.3.1. Baskisla Mélange

Baskisla mélange was first defined by Ozgiil
(1997) in Central Taurides. It is formed by the chaotic
mixture with clastics of limestone, radiolarite, debris
flow, volcanites and green tuffs (Figure 13a, b).

The type locality of the mélange is Bagkisla
village in southwest of the study area and forms the
youngest unit defined in nappe slices. The only
locality wherethe mélange can be seen is the south of
Yukar1 Akin village (501300E/4082500N). Bagkisla
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Figure 12- Fossil content of the Aybasti formation, a) Ophtalmidiiade, b) Miliolidae

mélange possesses an apparent thickness of about 100
meters in the study area and rock units in the mélange
show similarities with other units forming other
nappe slices. Green tuff and volcanites resemble to
Dedemli formation, however thin bedded limestones
with radiolarite resemble to Mahmut hill limestone
and Kuz hill limestone. Ozgiil (1997) emphasizes that
the age of formation of the mélange should be late
and post Senonian considering the age intervals of
blocks which the mélange consists of. However, the
minimum age should be Paleocene as the unit
consists of materials belonging to Kovanlik mélange.
Both lower and upper boundaries are tectonically in
contact with other nappe slices. Mélange was
influenced from compressional regime which has
begun in Late Cretaceous and continued until Late
Eocene. Kuz hill limestone is located as thrusted
extending from south to north over Mahmut hill
limestone in south of Yukar1 Akin village. This
tectonic slice which is formed by Kuztepe and

Mahmut hill limestones thrusts over Baskisla
mélange. These three units again tectonically overlie
Mahmut hill limestones in the northernmost part of
the area. Baskisla mélange is made up of debris flow
products of different rock lithologies and displays a
chaotic view. It also is considered as a product of
basin which was opened in front of nappes. Rock
groups were most probably subjected to the same
deformation due to the compression that continues in
the region.

2.4. Fakirca Formation

Lacustrine deposits located over Mesozoic
basement rocks in Mut basin was first named by
Atabey et al. (2000) as Fakirca formation dedicated to
Fakirca village in northwest of Mut. The formation
which begins with the deposition of conglomerate,
sandstone and mudstones is generally composed of
thin bedded, cream white colored, limestone-marl

Figure 13- a), b) Tectonical relationship between Baskisla melange and Kuz hill limestone of the Boyal1 hill nappe which

overlies the melange in N-S directions.
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alternation (Figure 14a, b). The apparent thickness of
Fakirca formation is about 250 meters and its type
locality is in the vicinity of Topalhact farm in Goksu
valley (508000E/4081800N).

The formation has definite angular unconformity
with Mesozoic units at the bottom. It again displays
an angular unconformity with the overlying Mut
formation. The Fakirca formation was dated as;
Burdigalian by Gedik et al., (1979); Oligocene-Lower
Miocene by Bilgin et al., (1994); Upper Oligocene-
Akitanian by Tanar and Gokcen (1990); Akitanian-
Burdigalian by Ozdogan (1999); Akitanian—Lower
Burdigalian by Atabey et al., (2000), and as Early
Oligocene by Kayseri et al., (2006). Conglomerate,
sandstone and mudstone succession deposited at the
bottom of Fakirca formation indicate alluvial fan
deposits. And the overlying, planorbis type
gastropoda fossil bearing, marl-limestone alternation

shows a fresh water lacustrine environment (Ilgar et
al., 2010).

2.5. Mut Formation

Miocene limestones of the Mut formation are
located with an angular unconformity over Fakirca
formation in near eastern part of the study area
(Figure 15a, b).

All Miocene limestones cropping out in Mut basin
and its vicinity were named as Mut formation by
Gedik et al., (1979). The formation is composed of
medium to thick bedded, white, gray reefal
limestones. Mut formation represents reef
accumulations that formed in transgressive stage of
the marine (Atabey et al., 2000). Mut basin was
submerged due to marine transgression that
developed in Late Burdigalian time in the basin.

Figure 14- a) Tangential sandstone-mudstone alternation at the bottom of Fakirca formation, b) Laminated marl-limestone

alternation of the Fakirca formation.

Figure 15- a) Reef flank which forms the Mut formation, b) limestones showing the geometry of the reef core.
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Figure 16- a) Colluvials in front of the normal fault cutting Asar hill limestone, b) colluvials in front of the normal fault cutting

Mahmut hill limestone.

Hence, carbonate platform, patch and bornier reefs
and lagoonal deposits of he Mut formation have
started to deposit on bedrock and Fakirca formation
in the basin starting from this time (Ilgar et al., 2010).
The age of the Mut formation was determined as
Upper Burdigalian-Tortonian (Atabey et al., 2000).

2.6. Plio-Quaternary Deposits

Colluivals, terraces and alluvials form Plio-
Quaternary deposits cropping out in the study area.

Colluvials are formed by deposits which consist of
brick colored, pebble-sand size angular grains in
valley margins and fault scarps which show bedding
due to granular arrangement (Figure 16a, b).

These deposits have often spaces among grains.
Terraces are observed in the form discontinuous
outcrops at 4-5 meter above the valley bottom in
Goksu valley and consist of very well rounded, well
sorted polygenic pebbles (Figure 17).

Figure 17- Field view of terraces along the edges of Goksu River.
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These are located on both sides of the Goksu
valley at the same levels. There is not observed any
effect of active tectonism in terraces which are above
the bottom due to stream cutting. Alluvials are
generally located inside and on margins of the Goksu
valley (502500E/4089650N).

Alluvials which are composed of polygenic
material with much pebbly limestone and pebbly
chert in occasions have few meters thicknesses and
are the youngest unit.

3. Tectonic Evolution and Discussion

Taurides are formed by 6 tectonic units with
characteristic features which can be traced almost
along the belt (Ozgiil, 1976). The Geyikdag: unit,
which is paraautochthonously located below other
units, covers rock units deposited between Cambrian-
Tertiary periods of time. This unit is tectonically
overlain by Bozkir, Bolkardagi and Aladag units in
north and by Alanya and Antalya units in south.
Bozkir unit which is the subject in this study extends
from Milas to Munzur Mountains along the Tauride
belt. This unit is known as western Lycian nappes
around Fethiye-Kdycegiz (Graciansky, 1967; Brunn
et al., 1971), as eastern Lycian nappes around
Korkuteli (Brunn et al., 1971) in western Taurides; as
Beysehir-Hoyran nappe around Beysehir-Seydisehir
in Central Taurides (Gutnic et al., 1968), as ophiolitic
series around Hadim-Bozkir (Ozgiil, 1971) and as
schist-radiolarite formation in Karaman region
(Blumenthal, 1956). The unit is formed by different
rock groups defined as Huglu, Boyali hill and
Korualan nappes. Basic submarine volcanite, tuff,
diabase, ultrabazite, serpentinite, pelagic and neritic
limestone and radiolarites constitute rock groups
which represent Triassic-Cretaceous times. It has a
mélange characteristic because of its internal
structure. Triassic-Quaternary geological evolution of
this mélange and the rock units covering the mélange
are successively mentioned below.

3.1. Rifting Stage

Due to rifting in Triassic in north of Gondwana,
numerous oceanic basins have been opened, and these
basins located among continental blocks have
continued their presences during Mesozoic-early
Senozoic periods (Robertson et al., 2012). Data
related to this rifting and opening are widely observed
in southern Mediterranean Sea. Depending on rifting
of Tauride-Anatolide continent in Triassic, oceanic
basin called “Inner Tauride Ocean” was opened in the

region (Goriir et al., 1984, Goriir et al., 1998).
Dedemli formation which is known as the lowermost
unit of Huglu nappe is considered to have formed as
the product of rift volcanism that had occurred during
rifting of Inner Tauride Ocean in Anisian-middle
Carnian periods. These units, which form the Bozkir
nappe, can be correlated with Alihoca and Mersin
mélanges which consist of siliceous deposits such as
Triassic aged alkaline lava and radiolarian located
within the same belt (Dilek and Whitney, 1997,
Parlak and Robertson, 2004; Robertson et al., 2012).

While on one hand, tuff, tuffite, volcanic glass,
alkali basic volcanic rocks and lavas originating from
the mid-oceanic volcanism have been deposited, on
the other hand clastic rocks that generated due to
sediment transportation from platform margin have
accompanied to this volcanism (Figure 18a).

3.2. Subsidance Stage

Kuz hill limestone which was formed by thick
bedded limestones and deposited in a neritic
environment is vertically and laterally transitional
with Asar hill limestone which is composed of
pelagic deposits (Figure 18b). Asar hill limestone
among rocks which was deposited during Ladinian-
Early Jurassic periods transforms into limestones
with chert nodules in middle—upper sections of the
succession and grades into bedding layers consisting
cherts. This change, which is observed towards
middle-upper sections of the succession, is
interpreted as the deepening of depositional
environment in time and as the condition in
deposition of environment has descended below
calcite compensation depth (CCD). Deepening and
transgression in the basin can be related to eustatic
sea level rise and/or to collapse in the basin. In middle
Carnian-Santonian period pelagic, cherty limestones
were deposited which form Mahmut hill limestones
over Dedemli formation in deep marine
environmental. The basin margin of this ocean, which
is located on the northern part of the Tauride
carbonate platform and composed of passive margins,
had subsided during Jurassic-Early Cretaceous (Reed,
1982; Andrew and Robertson, 2002; Robertson et al.,
2012). Mahmut hill limestones have a transitional
contact relationship with Dedemli formation. The
presence of Mahmut hill limestones which were
deposited on Dedemli formation consists of rift
volcanism products and indicates that the volcanic
activity and rifting in the basin starting from middle
Carnian has ended.
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Figure 18- Middle Triassic-Oligocene period geological evolution of the study area: a) the rift
volcanism in Anisian, b) the deposition of pelagic limestones in deep and the
deposition of neritic limestones in shallow sections of the basin in Ladinian, c) the
closure of rift volcanism and the deposition of pelagic, cherty limestones in Middle
Carnian-Santonian, d) the beginning of compressional stage in late Campanian, the
formation of Kovanlik mélange and Aybasti formation, e) the continuation of the
compressional stage and the formation of Baskisla Melange in Paleocene, f) the
formation of collision and back thrusts in Eocene, g) the formation of post collisional
orogenic collapse in Oligocene the formation of lagoonal basins and the lagoonal
deposition of Fakirca formation in Oligocene.
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As Mahmut hill limestones were deposited in
deep sections of the basin (Figure 18c), Kuz hill and
Asar hill limestones continued to deposit on platform
margins of the same basin.

3.3. Compressional Stage

The location of Kovanlik mélange to be over
Dedemli and Mahmut tepesi formations in rift center,
its formation by picking up fragments from those
units and this mélange to consist of SSZ type
ophiolites were geochemically interpreted as the
beginning of compression and of the subduction-
obduction process in the region (Figure 18d). When
Santonian age of Mahmut Hill limestone is taken into
consideration which was determined by Tekin
(1999), the age of Karanlik melange could be Post
Santonian.

The beginning of compression and subduction-
obduction stages with Kovanlik mélange means at the
same time that the tectonic regime prevailing in the
region has changed, so this period was dated as post
Santonian. The formation of SSZ type ophiolites and
the ophiolitic mélange during this period of time
developed due to northward subduction of Inner
Tauride Ocean in Late Cretaceous (Robertson et al.,
2012). The units belonging to Kovanlik mélange due
to this subduction-obduction began to occur and
move northward in time.

As Kovanlik mélange was formed in inner parts,
the Aybasti formation was formed in late Campanian-
early Maastrichtian period on Kuztepe and Asar tepe
limestones of the marginal basin by taking materials
from these units (Figure 18d). The unconformable
location of Aybasti formation on Kuztepe and Asar
tepe limestones reflects non-depositional period that
developed between middle Jurassic—early Campanian
age intervals. It indicates that the upper sections of
the succession formed by limestones were removed
from environment by tectonical and/or erosive
processes.

Baskisla mélange, according to Ozgiil (1997),
gives the view of chaotic mélange of blocks which
their sizes reach hundreds of meters and have
similarities with rock units belonging to other slices
of the Bozkir unit (probably derived from them).
Green tuff and tuffites in the unit resemble to
volcanites of Dedemli formation, the radiolarite and
cherts resemble to Mahmut tepesi formation and
Kovanlik mélange and limestones resemble to
Kuztepe limestones of the Boyali tepe group.

Baskisla mélange probably began to occur in
Paleocene by taking material from all units that had
generated earlier (Figure 18e). The youngest unit
which is older than this formation is Kovanlik
mélange. Bagkigla mélange is formed by units
belonging to Kovanlik mélange and blocks of
Kuztepe limestone. This situation was interpreted that
the subduction-obduction processes that generate
Kovanlik mélange continued, and formed Baskisla
mélange in latter stages also including Kuztepe
limestones into its body. Hence, Bozkir nappe
overlain the northern margin of the Anatolide-
Tauride platform starting from Campanian-
Maastrichtian period (Bergougnan, 1975; Diirr, 1975;
Ricou et al., 1975; Ozgiil, 1976; Ozgiil et al., 1978;
Sengor and Yilmaz, 1981). Rocks belonging to
Bozkir unit not to display any metamorphism or
significant deformation support the opinion that this
unit was emplaced into the region by the closure of
Inner Tauride Ocean.

3.4. Closing and Collisional Stage

The Southern branch of Neotethys partly
remained open during Paleocene-Early Eocene
period. Forever the inner Tauride Ocean was largely
closed and entered into uplifting Subarial period
(Kogyigit, 1983; Robertson, 2000; Robertson et al.,
2012). Marine Lutetian sedimentation in Central
Taurides is represented only by clastics in olistolith
and olistostromal flysch facies in successions
belonging to Geyikdagi unit. Olistoliths located
within this flysch belong to Bolkardagi and Aladag
units and were transported into Lutetian basin and
were included into deposition (Ozgﬁl, 1997; Andrew
and Robertson, 2002). Bolkardagi and Aladag units
overlie Geyikdagi unit in the next stage. Bozkir
mélange, which forms Kovanlik and Bagkisla
mélanges too, continued to emplace towards south,
like Bolkardag: and Aladag units (Alan et al., 2007,
Robertson et al., 2009).

The structural relationships of Huglu, Boyali tepe
and Korualan nappes which constitute Bozkir unit in
the study area, are seen in the form of thrusts onto
each other towards north (Figure 18f). Huglu nappe is
the lowermost nappe and successively Korualan,
Huglu and Boyali tepe nappes are located on it.
Bagkigla mélange remains between the two Huglu
nappes in south of the study area. However, Bagkigla
mélange is younger than the units of Huglu nappe.
Besides, Huglu nappe overlying Baskisla nappe is
tectonically overlain by Boyal1 hill nappe. Boyal1 hill
nappe consists of Kuztepe limestone which is older
than its units.
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This structural relationship shows that nappe
slices which emplaced towards south during the
closure of Inner Tauride Ocean had moved in the
opposite direction during collisional stage and
completed its formation advancing northward in the
form of back thrusts. The units has taken their recent
positions with these back thrust movements.

3.5. Orogenic Collapse Stage

The characteristic of the tectonic movement
investigated in Central Taurides in post Eocene is still
in debate and it is claimed that post collisional
compressive movements continued, and erosion and
terrestrial deposition occurred in Oligocene too
(Kuscu et al., 2010). Kaymaker et al. (2010) pointed
out that the second deformational phase occurred as a
result of the convergence of Africa-Eurasia in
southwestern Anatolia during Late Eocene-
Oligocene. However, Oligocene time both in
Bucakkisla region and in Ermenek, Mut, Silifke and
Camliyayla regions is represented by lacustrine
clastic and carbonate deposits (Bilgin et al., 1994;
Ilgar, 2004; Ilgar and Nemec, 2005; Ilgar et al, 2010).
All depositional environments in which these
lacustrine depositions had occurred were restricted by
dip slip normal faults and fault controlled
sedimentation developed in these areas.

All pre Oligocene units which have developed in
the region depending on NS trending compressional
movement in Central Taurides have been compressed
until Late Eocene and become imbricated and
completed their orogenic evolutions. The units, which
had reached its maximum height,was then collapsed
due to a pause or end in compression after orogeny,
or due to extension and gravity effect that had
developed in the region (Figure 18g). Based on this
orogenic collapse event, units that form nappes were
cut by dip slip normal faults, so small lacustrine
basins were formed in front of faults on falling
blocks. The first unit that deposited on these lagoons
is the Fakirca formation.

The lower age of the unit to be Early Oligocene
indicates that, orogenic collapse event had occurred
just in and/or before Oligocene. Early Oligocene
deposits are as well inclined southeast in Bucakkigla
region. The inclination of the Fakirca formation
shows that tectonic lines that caused orogenic
collapse and the formation of negative areas have not
lost its activity during and after Early Oligocene
period.

These depositional areas which formed based on
dip slip normal faults were interpreted as the end of
compressive movements which began in early
Senonian in regional scale and a new tectonical
regime started which caused Oligocene deposition in
central Taurides.

4. Results

Bozkir unit which crops out in Bucakkisla region
consists of basic submarine volcanite, tuff, diabase,
ultrabzite, serpentinite, pelagic-neritic limestone and
radiolarites and has a giant mélange appearance that
covers blocks and slices in various sizes. These rock
units has been formed in Inner Tauride Ocean that
restricts the north of Tauride-Anatolide platform. In
the region, rifting, collapse, compression, closure and
collisional events and tectonostratigraphical
sequences have occurred during Triassic-Eocene time
periods. The study area has been subjected to
orogenic collapse and lagoonal deposition has
developed in this collapse region. These evolutionary
stages were summarized below;

Rifting in north of Gondwana which occurred in
Middle-Upper Triassic and the Dedemli formation
consisting of tuff and alkali volcanic rocks as rift
volcanism product was formed during this time
period.

Kuz hill and Asar hill limestones were deposited
on basin margins in Ladinian-Early Jurassic period.

Mahmut hill limestones which developed on rift
volcanics indicate that the volcanic activity and
rifting in the basin ended starting from middle
Carnian.

Pelagic Asar tepe limestone to turn into chert
nodular limestone towards the upper parts of the
succession during Ladinian-Early Jurassic time
periods was interpreted as the deepening of
depositional environment in time and as the decrease
of conditions in depositional environments to a level
lower than calcite compensation depth (CCD).

The beginning of compression and subduction-
obduction stages with Kovanlik mélange also mean
that tectonic regime effective in the region changed
and this period was dated as post Santonian.

The lithology of Paleocene aged Bagkisla
mélange and its stratigraphical position show that
compression in the region continued.
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During Paleocene-early Eocene period, Inner
Tauride Ocean has been largely closed and Bozkir
unit has continued to emplace southward. However,
recent locations of Korualan, Huglu and Boyali tepe
nappes which constitutes Bozkir unit in the study area
indicate that nappe slices moved during collisional
stage in reverse direction and completed its formation
advancing northward in the form of back thrusts.

Lacustrine Oligocene deposits which developed
over nappe slices and restricted by dip slip normal
faults show that compressional regime in the region
has ended. Early Oligocene units to incline depending
on dip slip faults indicate that the tectonic process
which caused Oligocene basin to open have also
continued after Oligocene.
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1. Introduction

ABSTRACT

The terrigenous Neogene lithology in north of Karaburun peninsula is represented by
Lower-Middle Miocene rock units which are cut and bounded by NW-SE trending
synthetic faults. Dominant lacustrine sedimentation (Haseki and Hisarcik formations) of
Early-Middle Miocene period which was separated by upper and lower regional
unconformities, and the Early Miocene mafic volcanism (Karaburun volcanites) were
studied within the scope of Karaburun group. Haseki formation which reflects Early
Miocene sedimentation begins with fills of alluvial fan of the Salman member and is
basically formed by algal-biostromal Yeniliman limestone and lacustrine deposits of
Aktepe member. With synsedimentary emplacement of the 15t phase Karaburun volcanites
over Yeniliman limestone platform, the dominant sequence which is micritic limestone
intercalating with diatomite of the Aktepe member was deposited in environmental
conditions deepening towards shore-face. The effectiveness of NW trending boundary
faults which gave rise to 21 phase of the Karaburun volcanism, shaping the western edge
of Foga depression towards the end of Early Miocene has not changed the dominant
depositional environment, and lacustrine sedimentation has continued with Hisarcik
formation. Green and fine clastic shore-face sediments (Karabaglart member) of the
Hisarcik formation which deposited the latest between Early Miocene-Middle Miocene
overlie Aktepe sequence with submarine parallel unconformity. Karaburun volcanism
which is represented by high potassium andesitic products with calc alkaline character
(pyroclastics and olivine- phyric lavas) is synchronous with sedimentation of Haseki
formation and has two phases. Pyroclastic rocks which are in facies of base-surge, air-fall
and ash-fall in lesser amount were emplaced before lava eruptions. K/Ar aged, 15t phase
products, which are 18.2+1.0 my according to K/Ar dating, are in the position of
stratigraphical reference level which separates Yeniliman limestone from Aktepe member.
Second phase products are emplaced in Aktepe sequence.

units. The main topic of the Neogene studies are the
ones related with magmatism (Innocenti and

This study aims at reflecting the stratigraphical
evolution of Early-Middle Miocene terrigeouns
deposits cropping out in north of Karaburun
peninsula and thesynsedimentary mafic volcanites
(Figure 1). As listed in Cakmakoglu and Bilgin
(2006), detailed geological investigations which
began with Kalafatcioglu (1961) all around the
peninsula are mainly related to pre Neogene rock

Mazzuoli, 1972; Borsi et al., 1972; Tiirkecan et al.,
1998; Helvaci et al., 2009).

The first detailed tectono-stratigraphic study
related to Neogene rock units in coastal Aegean
region was made by Kaya (1979). Tiirkecan et al.,
(1998) studied petrographical and mineralogical
characteristics of “Yaylakoy” and “Karaburun”

* Corresponding author : fikretgoktas50@gmail.com

43



44

Neogene Stratigraphy Of The Northern Part Of Karaburun Peninsula

Figure 1- Location of the study area and its position within Fo¢a Depression reflected by modifying Kaya (1979) (A).

volcanites where they were distinguished in northern
part of the peninsula, and took 18.5+3.1 my and
16.0+07 my K/Ar ages from Karaburun volcanites.
Helvaci et al., (2009) stated that Karaburun volcanites
were formed from olivine bearing basaltic andesite
and shoshonite, and took 17.0£0.4 my 40Ar/39Ar age

from Yaylakoy volcanites which high potassium calc-
alkaline andesite rocks symbolized. In both studies,
which do not contain any stratigraphical detail, it was
accepted that the generalized Neogene sedimentation
and volcanism showed laterally related development
thoroughly.
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Major element analyses of lava samples taken
from Karaburun volcanites were carried out in the
Dept. of Mineral Analysis and Technology of MTA,
however K/Ar analysis was performed in Tubingen
University (Germany).

All stratigraphic units were named, described and
mapped in 1/25 000 scale in this study the first timeby
dividing them into groups, formations and members
in the area.

2. Stratigraphy

Pre Neogene basement rocks which propagate in
north of Karaburun peninsula (Figure 2) is formed by
“Kiictikbahge” (Ordovician-Cambrian?) and
“Dikendag1” (Carboniferous-Silurian) formations,
Camibogaz1 formation (Ladinian), Izmir flysch (Late
Cretaceous-Early Tertiary) which the neritic
carbonates symbolize and by Yeniliman serpentine
rocks (Cakmakoglu and Bilgin, 2006) . The region
remained as nondepositional area starting from the
emplacement of Izmir-Ankara zone to the beginning
of Early Miocene sedimentation.

Neogene rock units in the study area are
represented by dominant lacustrine Lower-Middle
Miocene deposits which are described within
Karaburun group and by Lower Miocene mafic
volcanites. Haseki formation and Karabaglar:
member forming the lower part of Hisarcik formation
and Karaburun volcanites were distinguished within
Karaburun group (Figure 3). Karaburun group is time
stratigraphic equivalent of “Cesme group” suggested
by Goktas (2010) in Cesme peninsula.

2.1. Haseki Formation

Haseki formation which reflects Early Miocene
sedimentation is dominantly formed by lake deposits.
The unit which has taken its name from the Haseki
village was studied as being separated into gravel
dominant Salman member, algal biostromal
Yeniliman limestone and Aktepe member represented
by micritic limestone (Figure 3). Two phased
Karaburun volcanites are located within lake section
of the formation (Kv.I and Kv.II; Figure 3).

One of the data which could date Haseki
formation is 18.2+1.0 my K/Ar age taken from 1st
phase Karaburun volcanite between Yeniliman
limestone and Aktepe memberin this study. And the
other data is the upper age limit in which “Yeniliman
small mammal fauna” was described by Sara¢ (2003)

Figure 2- Geological map of Pre Neogene rock units
which spreads in the study area (modified from
Cakmakoglu and Bilgin, 2006).

Figure 3- Generalized stratigraphic section of the study area.
Time table is according to Steininger (1999). (1)
Besenecker (1973), (2) Sara¢ (2003). Kv:
Karaburun volcanites. L: Lava, P: Pyroclastic.
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corresponds to 17 my in the biostratigraphy of
Steininger (2000) (Figure 3). According to 21.3 K/Ar
age, which Borsi et al., (1972) dated from 15t phase
Yaylakdy volcanites overlying the Salman formation
(Aras et al., 1999; Cakmakoglu et al., 2013), the
sedimentation might have started in Early Miocene.
Though, geochronology and biochronology data in
broad sense indicate Early Miocene, the
sedimentation is mainly considered to have begun in
late early Miocene.

“Sifne formation” (Goktag, 2010), which evolved
from alluvial to lacustrine environment in Cesme
peninsula, and Lower Miocene deposits composed of
alluvial “Yenikdy conglomerate” and lacustrine
“Zeytindag formation” (Kaya, 1979) described in
Foca peninsula are regional equivalents of the unit.
Lacustrine deposit which is formed by Yeniliman
limestone and Aktepe memberis time stratigraphic
equivalent of Zeytindag formation. The absence of
deposits which can be correlated with Haseki
formation in Urla basin was explained with non-
deposition (Goktas, 2011).

2.1.1. Salman Member

The sub unit describes conglomerate dominant
sequence forming the basement of Haseki formation.
It is known that alluvial fan and alluvial fan deposits
around Salman village and Yaylakdy (Figure 1) are
represented in the name of “Salman formation™ (Aras
et al., 2000; Cakmakoglu, 2008; Cakmakoglu et al.,
1999, Cakmakoglu, 2013). The nomenclature of the
unit which was reduced to member level was changed
in this study.

Type location of the sub unit which shows lateral
discontinuity spread between Haseki village and
Boskoyis around Diidiikcti Hill (Figure 4). The
apparent thickness of the sequence is maximum 50
meters.

The sedimentary sequence consists of poorly
bedded conglomerate, sandstone and mudstone in
fewer amounts and shows a fining upward from
bottom to top. Disorganized coarse gravels are
located in lower part of reddish brown-paleo oxide

Figure 4- Geological map of north of Haseki. 1) Basement rocks, 2) Salman member, 3) Yeniliman limestone, 4) Aktepe
member; a: lower, b: upper, 5) 15! stage Karaburun volcanites (pyroclastic), 6) 15 stage Karaburun volcanites
(lava), 7) ond stage Karaburun volcanites (lava), 8) Karabaglari member, 9) Alluvial, 10) Alluvial fan deposits, 11)
Sand deposits, 12) Landslide debris, 13) Doline. PU: Parallel unconformity, L: lava, P: pyroclastic.
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colored sequence cropping out in north of Haseki
village (Figure 5).

Conglomerate is in degree of low textural
maturity, intercalated with badly sorted, pebbly-
coarse sand, blocky in varying amounts and is
unbedded. The ratio of coarse components, as dense
as it could be grain supported, with respect to matrix
is generally very high (Figure 5a). Less distinctive,
cross layered, conglomerate-pebbly sandstone layers
gradually increase towards the upper layers of
deposit. Conglomerate is formed by single or
multilayered lateral discontinuities. It is generally
made up of small gravels and grains or intra material
supported (Figure 5b). Pebbles, which are angular to
sub spherical, have elongated and sheet like shapes.
Sandstone is generally coarse to very coarse sand
sized, consists of small cobble and pebble, grain
supported, and is medium to badly sorted. All rock
type components forming the sedimentary sequence
were derived from Kiiciikbah¢ce and Dikendagi
formations (Figure 2) and formed by shale,
greywacke and vein quartz in the order abundance.

Lateral intertongue of LLH-SH (Laterally Linked
Hemispheroid-Stacked Hemispheroid) morphotype
stromatolith which is the lateral continuity of
Yeniliman limestone and red colored small
conglomerate-sandstone-sandy mudstone levels are
observed around Bozkdy (Figure 5c and d).

The sub unit which overlies Kiigiikbahce and
Dikendag formations and Yeniliman serpentine with
angular unconformity forms Early Miocene basin
bottom. It also reflects the beginning of continental
Neogene sedimentation. The relationship is lateral
intertonguing from bottom to top in the generalized
stratigraphical section.

The burial of boundary faults which separates
Haseki formation from basement rocks with post
sedimentary vertical activities and the Salman
member, which gives a limited observation because
of Yeniliman limestone cover, reflects time
transgressive alluvial fan deposit which developed
Early Miocene basin margins. Disorganized coarse
gravels which form the lower section of the deposit

Figure 5- Sediment facies of the Salman member. A) Debris flow facies, B) Braided stream channel fill facies, C)
Lateral intertongue between LLH type stromatolith horizons of alluvial deposits of the Salman member (a)
and the overlying Yeniliman limestone, D) some stromatoliths (b) are observed as autochthonously grown
around deposited pebbles. Hammer size 33 cm, scale 10 cm.
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are in debris flow facies and describe the proximal fan
deposition. Cross bedded conglomerate and pebbly
sandstone layers which increasetowards upper parts
are channel and bar deposits of the braided rivers
developed on fans.

Salman member can be correlated with Yenikoy
conglomerate in Foca peninsula because of their
positions at the beginning and of similar
environmental characteristics. The sub unit is the
equivalent of non-systematically described Bozkdy
formation by Helvaci et al., (2009). The presences of
its conjugates which are not exposed in Cesme
peninsula were confirmed by drilling data (Goktas,
2010).

2.1.2. Yeniliman Limestone

The sequence consists of algal biostromal-
biohermal limestone from bottom to top and was first
distinguished in this study in the name of “Yeniliman
member”. The type locality is the Yeniliman district
of the Salman village. The apparent thickness of the
sequence which mainly crops out between Yeniliman
and Bozkdy is higher than 120 meters (Figures 4 and
6).

The sequence dominant in algal limestone which
was formed by organisedimentary structures that
stromatolites symbolize seldom consists of green,

massive sandstone interlayers and lenses of
diagenetic chert. The biostromal limestones which
were formed by in-situ growing stratiform
stromatoliths are dominant in the sequence.
According to textural classification of Dunham
(1962), the limestone in “algal boundstone” facies is
medium to coarse crystalline and is generally very
hard. The decomposition surface is in dark gray or
yellowish gray and fresh rock is in beige color. It is
generally thick (100-30 cm), occasionally medium
(30-10 cm) or very thick (>100 cm), tabular parallel
layered and is algal laminated (Figures 7a and b).
Within biogenic limestone sequence; “undulated and
parallel laminated” stromatolites are abundant
(Figures 7c andd) however, the ones that are “tabular
and parallel laminated” are in minority. Fenestral
cavities parallel to algal laminae become widespread
in some places (Figure 7e). According to geometrical
classification of Logan et al., (1964), LLH morpho
type stromatolites are widespread, but LLH-SH
morpho types are seldom observed (Figure 7f). Thin
branched species which areseldom observed have
been post mortem reworked and formed biosparitic
levels among algal laminated sections.

A stromatolite bioherm different than widespread
algalswas observed in the uppermost part Yeniliman
limestone sequence which is 6 m thick (Figure 4a)
cropping out600 meters away from SW of Aktepe.
Algal mass, which its decomposion surface is

Figure 6- Geological map of Tepeboz-Bozkdy surround. Red star denotes for finding locality of MN+ mammal fauna.



Bulletin of MTA (2014) 148: 43-61

Figure 7- Specific rock type facies of the Yeniliman limestone. A) very thick undefined bedding, (Jacob stick 140
cm.); B) Planar, parallel, medium-thick bedding; C, D) stromatolith bioherm made up of undulated
parallel alg laminae (hammer size 33 cm); E) fenestral spaces developed parallel to algal laminae; F)
stromatolith bioherm with LLH morphotype; G, H) bioherm which columnar stromatoliths formed
(scale 10 cm).
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yellowish brown and fresh surface is dark brown, is
formed by the columnar stromatolites with diameters
exceeding 10 cm. Textural features such as; grain
supported packaging without inter material and
cementation with spar calcite indicatesrudstonefacies
of Dunham (1962) (Figures 7g and h).

Yeniliman limestone rests on basement rocks by
means of transgressive basement clastics in places
where it laterally overcomes Salman alluvial
deposits. NW trending faults that activated post
sedimentation or re-activated around Bozkdy and
Tepeboz, have formed a contact between Yeniliman
limestones and basement rocks burying Salman
alluvial deposits. The first phase products of
Karaburun volcanism (in spread areas) distinguish
Yeniliman limestone from Aktepe member. Algal
limestones within close vicinity of volcanic centers
have been braided by pyroclastic rocks in base-surge
and air-fall facies which emplaced before lava
eruptions or by lava flows. In places, where the first
phase volcanism is not available, the continuity of
lake sedimentation is clearly observed between
Yeniliman limestone and Aktepe member.

Algal limestone deposits have been formed by
autochthonous stromatolites which developed on
coastal part of the Lower Miocene perennial lake. Not
to encounter oncoids (spheroidal stromatolites) which
are mobile algal solvation products within the deposit
reflects low energy conditions in which transportation
or wave solvation has not sufficiently developed.

2.1.3. Aktepe Member

The sequence which is formed by tabular, parallel,
fine to medium layered micritic limestone consists of
algal limestone and diatomite interlayers (Figure 8a).
The member took its name from Aktepe (N of Haseki
village) (Figure 4).

Type locality is Aktepe vicinity and the thickness
of the sedimentary sequence is more than 100 meters.
The Aktepe sequence which forms the vertical
continuation of Yeniliman limestone is distinguished
by diatomite intralayers which occurred after the first
phase Karaburun volcanites had intervened. The
proportional relation between micritic limestone and
diatomitic layers is variable within deposit.In
addition to limestone dominant sections which bears
diatomitic intralayer in decimeter thicknesses, there
are limestone-diatomite alternations or diatomitic
layers that have thin limestone layers-laminae (Figure
8b).

The sequence, which rests on first phase lava flow
with transgressive overcome in SW Aktepe, begins
with gray colored sandstone layer which is massive
and carbonate cemented. Medium-coarse grained
sandstone layer consists of white and thin mollusk
gastropods, specifically in millimeter size. The
overlying, pale yellow, disintegration colored
massive mudstone sequence consists of tabular
parallel, fine to medium layered, micritic limestone
interlayers (Figure 4a). There is a 3 meter thick, red-
yellow-green zoning, poorly consolidated, massive
and laterally discontinuous mudstone layer at the
bottom of sequence which overlies the first phase
lava flow in NE Aktepe (Figure 4). The bottom
section of the 7 meter thick sedimentary sequence
cropping out Kémiir Burnu surround is made up of
siltstone-micritic limestone alternation (Figure 4).
Limestone and diatomite intercalations made up of
laminated stromatolites are observed in lower parts of
fine to medium layeredsequence which is dominant
inmicritic limestone which developed following fine
clastic layers in mentioned localities. Algal limestone
layers which become rare towards the upper parts are
reddish brown and are distinctively medium to thick
layered. Horizontal bands made up of branched algal
fragments in millimeter and centimeter sizes,
completely silicified layers and chert bands in
thicknesses varying in between 5-15 cm are observed
within horizontal layers. Diatomite facies is mostly
laminated, with chert lenses as arranged parallel to
lamination in centimeter size, and is white colored,
poorly consolidated clayey in variable ratios (Figure
8b). White colored chert lenses in millimeter
thicknesses are widespread in fine to medium layered
micritic limestone facies which become dominant
towards upper sections of the deposit.

Aktepe sequence which is observed in west of
Diidiik¢ii Tepe is relatively divided into lower and
upper layers by the lava flow belonging to second
phase of the Karaburun volcanism (Figure 4). Fluvial
pebbles made up of small pebbles take place at the
contact of lower limestone deposit with overlying
lava flow. However, the bottom of upper limestone
deposit ends with medium to fine layered limestones
with whitish, pale gray, disintegration surface. At the
bottom of this sequence, there is a massive, intensely
bioturbated, yellowish pale brown, high carbonate
cemented, fine to medium grained, transgressive
sandstone layer with a thickness of more than 1
meter.

In north of Tepeboz village (Figure 6), with the
emplacement of pyroclastics which the second phase
Karaburun volcanism had produced, the depositional
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Figure 8- Aktepe member. A) General view, B) micritic limestone intercalations and clayey diatomite horizons covering chert

lenses.

environment of the Aktepe limestone has become
shallow and fine clastics between pyroclastics and the
overlying lava flows have been deposited. The
sequence of which its 3 meters can be observed
consists of small mammal remnants belonging to
MN4 biozone (Cricetodon sp., Democricetodon cf.
gracilis, Megacricetodon cf. bavaricus) described by

Sara¢ (2003). This biozone is also composed of
coarse sandstone-pebblestone intercalations, traces of
bioturbation, nodular-laminar caliche formations, and
claystone and siltstone layers bearing organic
material in varying proportions (Figure 9). The
pyroclastics of small volume lava eruptions which
remain outside the spread area are overlain by

Figure 9- Measured section of the succession containing small mammal remnants belonging to MN4 biozone within Aktepe

Member.
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lacustrine deposits of the upper section of the Aktepe
member. The upper part begins with silicified
limestones which deformed by the fine to medium

layered and algal laminated diagenetic silica
emplacement following the diatomite layers with
green claystone intercalations (Figures 10b and c).

Figure 10- A) Upper section of the Aktepe member; B, C) at the bottom section of the upper part, chert bands in decimeter
scale which caused diagenetic deformation in laminar stromatolithic limestones over cherty diatomite horizons

take place.

During extensional phase which caused the
occurrence of first phase Karaburun volcanism the
basin was relatively deepened and Aktepe sequence
was deposited in slowly changing environmental
conditions from shallow areas where Yeniliman
limestone had been deposited towards shoreface. The
silica increase in medium which was approved by
diatomite formation is related with volcanic
exsolutions.

The sedimentary sequence can be correlated with
Ovacik formation in Cesme peninsula, defined by
Goktag (2010) in terms of general rock type
composite consisting rock stratigraphic location and
diatomite.

2.2. Hisarcik Formation

The unit is composed of claystone—siltstone
dominant sequence intercalating with sandstone in
bottom and limestones on top. Typical exposures of
the sedimentary sequence reflecting Middle Eocene
lacustrine deposition extends along the shoreline
between NE Bozkdy and Egendere port which is
outside the study area (Figure 1). The name of the
formation was taken from Hisarcik district which is
approximately 2 km’s to the northwest of Karaburun
county center (Goktag, 2014). The lower part of the
sedimentary sequence of which its upper section had
been eroded was studied within Karabaglart member
in the study area (Figure 4). The unit is the equivalent
of “Ciftlik formation” which was described by
Goktas (2010) in Cesme peninsula.

2.2.1. Karabaglart Member

The sedimentary sequence is generally composed
of green claystone-siltstone-sandstone-conglomerate.
The name of the sub unit was taken from Karabaglari
location which is 1 km away from NE of Karaburun
county center (Goktas, 2014). The measured
thickness of the sequence which is represented by a
small outcrop is approximately 80 meters in the study
area (Figure 4).

Karabaglar1 member consists of claystone-
siltstone-sandstone of which their relative proportions
vary irregularly and conglomerate lithofacies in few
amounts in the study area. Claystone and siltstone
which forms the dominant rock type assemblage is
generally green colored, carbonated, massive or
tabular parallel, fine to medium layered and
laminated. Sandstone interlayers are seldom
encountered in decimeter thickness. Sandstone is
mostly coarse grained, grain supported, well sorted
and medium to fine consolidated. Trough like cross
bedded, pebble stone and sandstone layers crop out in
front of NW trending normal fault which is in contact
with Yeniliman limestone (Figure 4). Main
components are well rounded small pebbles and
coarse grained sands.

Mammal faunas defined in Azmakdere member,
which is the equivalent of the sub unit in Cesme
peninsula (Goktas, 2010) and in equal horizons in
Chios (Keramaria unit: Besenecker, 1973) belong to
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MNS5 biozone and are dated to 15 my (Besenecker,
1973; Bonis et al., 1998; Koufos, 2006). According to
biochronological data based on lithostratigraphical
correlation, it was accepted that sedimentation of
Karabaglari member had begun in Early Miocene the
latest and mainly developed in Middle Miocene
(Figure 3).

The contact between Aktepe member and the
overlying Karabaglar1 member is sharp and
conformable. There was not observed any gap in
deposition between the two consecutive shore-face
sequences. It is clear that depositional conditions
have suddenly changed and continental derived
sediment transportation increased with the activation
of boundary faults. Therefore, it was considered that
the relation between the two units could be explained
with paraconformity that had developed in
submarine. The sedimentary sequence has decreased
by erosion that had continued until today.

Green claystone-siltstone dominant sequence of
the Karabaglar1 member was deposited in lacustrine
shore-face environment. Sandstone layers which take
place among suspension layers and reflect deposition
in high energy conditions indicate transportation by
wave and currents, and reworking. Trough like, cross
bedded sandstone-conglomerate assemblage that
have paleoreduction colors were interpreted as the
products of river transportation in submarine sections
of delta fans flowing into lake.

2.3. Karaburun Volcanites

Pyroclastics of calc alkaline volcanism which
were identified as evolved lithostratigraphically in
two phases during Late Early Miocene and small
scale lava flows were distinguished and studied under
“Karaburun volcanites” title (Figure 11). The name
“Karaburun volcanites”, which was first given by
Tiirkecan et al., (1988), was also embraced in this
study as it had been in used in the study of Helvaci et
al., (2009).

Karaburun volcanism which developed in Early
Miocene basin formed synchronous products with
lacustrine sedimentation within Haseki formation
(Figure 12). Each phase shows a binary facies
association mainly as pyroclastics at bottom and as
lavas on top. The hydrovolcanic origin of the base-
surge facies which symbolizes pyroclastics and this
facies to contain limestone pieces which subjected to
plastic deformation tells that the volcanism has
started in submarine. The lavas can be correlated with
mafic lava layers (Sariyer member) distinguished by
Kaya (1979) in lacustrine Zeytindag formation which

is located in Foga peninsula. The timestratigraphic
equivalent of first phase volcanites in Cesme
peninsula which is defined as early period product of
the Armandagi volcanism (Tiirkecan et al., 1988) is
the rhyolitic “Alacat1 tuff” (Goktas, 2010).

Major element data related to 8 samples collected
from Karaburun volcanites (Table 1) were plotted on
TAS diagram of Le Bas et al., (1986). Hence, it was
observed that 6 of them were in andesite region and 2
samples were in basaltic-andesite area (Figure 13a).
All sub alkaline samples are calc alkaline in
character. Samples which were studied in K,O vs
Si0, diagram of Le Maitre et al., (2002) cumulate in
high potassium, basaltic andesite area (Figure 13b).

Textural and petrographical characteristics of
lavas investigated are similar. The main phenocryst is
olivine in samples that have hypocrystalline
porphyritic texture (Figure 14a). Most of olivine
phenocrysts and microphenocrysts were calcified
(entirely in some places) starting from fractures and
edges (Figure 14b). Plagioclase minerals are
generally prismatic and show polysynthetic twinning.
Pyroxene group minerals which are generally
observed as microlites in the groundmass are
brownish, of  some are twinned and
glomeroporphyritic in texture. The groundmass,
which generally shows pilotaxitic and interstitial
textures, is composed of plagioclase (Figures 14c and
d), pyroxene and olivine microlites that are
irregularly distributed or have less defined flow
direction, and seldom volcanic glass components.
Quartz crystals which are magmatically corroded,
observed in most samples were surrounded by
microlite and microcrystals of pyroxene (Figures
14e f, g and h).

2.3.1. First Phase Volcanites

The first phase volcanites which are in the
position of lateral discontinuity reference layer
separating Yeniliman limestone and Aktepe member
from each other in the generalized stratigraphy
indicates the beginning of Neogene volcanism in
Karaburun peninsula (Figures 4 and 12). A few
meters thick pyroclastics which emplaced before lava
eruptions are mainly in base surge and air fall facies.
As a result of K/Ar radiometric dating analysis,
18.2+1.0 my total rock age was determined in lavas
(Table 2).

Yellowish gray, pale brownish-yellow colored
pyroclastic sequence, which is observed over
Yeniliman limestone in NW Aktepe, is about 5
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Figure 11- The distribution of mafic volcanites in northern section of the Karaburun peninsula.

Table 1- Results of major element analyses related to lava samples taken from Karaburun volcanites.

Sample| Coordinate SiO, | Al205| Fe,05 | MgO | CaO | Na,O | K,0 | TiO, | P,O5 [ MnO | SrO | BaO | L.OI
1K | 0448690E/4281115N | 53.6 144 6.8 34 94 | 30 2.1 0.7 0.2 02 | 008 | 008 | 5.85
4K | 0449415E/4281065N | 56.4 16.4 7.1 5.2 65 | 34 2.1 0.7 03 02 | 008 | 008 | 145
6K | 0449072E/4280155N | 54.9 158 7.6 6.0 72 | 33 1.8 0.7 03 0.1 007 | 008 | 1.60
9K | 0449088E/4280757N | 53.5 14.9 6.9 2.8 93 | 3.0 22 0.7 0.3 0.1 008 | 0.08 | 5.80
11K | 0449140E/4280285N | 534 147 6.9 33 93 |1 29 22 0.7 02 0.1 008 | 0.08 | 5.80
13K | 0452355E/4279932N | 554 164 72 42 8.1 32 2.1 0.6 0.2 0.1 007 | 0.07 | 205
26K | 0452715E/4280655N | 54.8 16.4 7.5 53 76 | 32 2.0 0.7 0.2 02 | 007 | <001 | 1.85
31K | 0452320E/4280265N | 56.4 16.2 6.9 32 72 | 36 23 0.6 03 0.1 009 | 0.11 | 2.60
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Figure 12- The location of Karaburun volcanites within Haseki formation.

Table 2- Result of K/Ar analysis of the lava sample which represents the 15t stage.

Sample Material K (%) 40Arrad (ccSTP/gr) 40Arrad () Age (My)
1K Whole-rock 2.235 1.591 x 10-¢ 289 18.2+1.0

Figure 13- The assessment of Karaburun volcanites in diagrams of (A) total alkaline silica according to Le Bas et al. (1986)
and (B) K,O vs. SiO, (Le Maitre et al., 2002).
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Figure 14- Microphotos reflecting mineralogical and petrographical characteristics of Karaburun volcanites.
A) Hypo crystalline porphyric texture in which olivine phenocrysts and oriented plagioclase
microliths are observed; B) Calcification in euhedral olivine phenocryst; C, D) orientation and
glomero porphyritic texture in plagioclase microliths and micro phenocrysts (C: cross nicol; D:
planenicol); E, F, G, H) Quartz crystals which subjected to magmatic corrosion were occasionally
surrounded by radiate acicular or anhedral pyroxene microliths.
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meters thick and composed of base surge at bottom (3
m) and air fall deposits (2 m) on top (Figure 15). The
base surge layer is made up of tuff layers by which
pyrogene material in centimeter to decimeter
thicknesses with a size of coarse ash-lapilli was
formed and seldom consists of blastic lava clasts
(Figure 16a). Lapilli size components forming air fall
layer that has indefinite bedding are angular and grain
supported. Lava flow with a thickness of 7 meters
located on the sequence has widespread gaseous
voids. Calcite and chalcedony infillings are observed
in some voids which display flow oriented lensoidal
sections.

The volcanic sequence in NE of Aktepe begins
with about 3 meters thick pyroclastics. The
uppermost section of the pyroclastic sequence is
composed of air fall layers in decimeter thicknesses.
Along the 1 meter thick bottom section of the
overlying lava flow, typical red colored, agglutinated
spatter lava layer is located because of thermal
oxidation. Lava fragments in decimeter size have
dense gas voids. However, the overlying blackish
lava flow has a flow foliation (Figure 16b).

2.3.2. Second Phase Volcanites

The second phase volcanites which were
emplaced as synchronous with the sedimentation into
Aktepe member is composed of pyroclastic at bottom
and lava layers on top (Figures 4 and 12).

The pyroclastic sequence which is formed by base
surge, air fall and ash fall facies is thicker compared
to previous phase. Type locality is about 1 km away
from NE of Tepeboz village (Figure 6). Fine clastic
sequence which is 3 meters thick located in between
pyroclastics and the overlying lava flow reflects
volcanic inactivity between the pyroclastic

emplacement and lava eruption (Figure 12b).
Yellowish, pale gray colored pyroclastic sequence is
formed by the tabular, parallel, and fine to medium
layered, coarse ash tuff-lapilli tuffassemblage (Figure
17A). The thickness of thin ash-tuff layers in ash fall
facies reducing down to 1 cm. pyroclastic flow
structures in base surge deposits are seldom observed
(Figure 17b). Lapilli tuff layers, consisting of angular
to sub angular, centimeter sized porous/non-porous
mafic pyroclastics were interpreted as air fall deposit.
Air fall deposits varyin between 10 to 60 cm,
completely massive and are specifically grain
supported (Figure 17c). However, ballistic lava
fragments are seldom (Figure 17d and e). Beside
homogenous lava clastics, fragments transferred from
previously emplaced pyroclastics and hydrated
limestones are observed. The plastic deformation
observed in the fragments of silicified limestone
which was subjected to thermal oxidation (Figure
17f) supports that pyroclastic emplacement is
synchronous with sedimentation. Both physical and
petrographical characteristics of second phase lavas
resemble to previous phases.

3. Stratigraphical and Paleogeographical
Evolution

In studies related to mammal biostratigraphy
carried out in Lower Miocene basin fills within scope
of Aegean collapse, the faunal assessment below
MN3 biozone was not made (according to Steininger,
1999; between 18-20,5 my) (Manisa-Beydere fauna:
Donmez et al., 1993; Menemen-Bozalan fauna:
Sarag, 2003; Bornova-Sabuncubeli fauna: Bruijn et
al., 2006). Borsi et al., (1972) took K/Ar ages (21.3-
19.2 my) from mafic lavas which cut as syn
sedimentary and overlie deposits of Salman
formation around Yaylakoy. These data not only
make a specific approach to the beginning of

Figure 15- First stage Karaburun microliths located between Yeniliman limestone and Aktepe member. a) Yeniliman
limestone, b) pyroclastic deposit, c) lava, d) Aktepe member.
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Figure 16- First stage Karaburun volcanites exposing in NE Aktepe, A) ballistic lava clasts observed in base surge deposits;
B) vertical order of volcanic facies’ developed from explosion stage to lava flow stage: a) back fall deposits. B)
spatter lava horizon which lava fountain generated, c) Flow layered lava horizon.

sedimentation but also is not sufficiently reliable as it
consists of high error margin (+ 3.5 my). K/Ar dating
obtained (17.0 my) by Helvaci et al., (2009) from the
same lavas in the area probably reflects the second
phase of Yaylakoy volcanism (which is known as 2
phased from previous studies). First phase Karaburun
volcanites in which K/Ar age was taken as 18.2+1.0
my in this study shows the beginning of calc alkaline
Neogene volcanism in NE Karaburun volcanites
(Figure 11).

In the study area, Early Miocene deposition
begins with alluvial fan deposits of the Salman
member which was emplaced with an angular
unconformity over basement rocks. This depositis
defined by the algal biostromal Yeniliman limestone.
Organosedimentary limestone sequence deposited in
the vicinity of a “stable” and “open” lacustrine was
formed by spreads of stromatolitic algals. Lateral and
vertical continuities of autochthonous stromatolites
reflect shallow and low energy depositional
environments of the shore-line with routine
bathymetry. The shore-face and off-shore of the lake
or open lacustrine deposits are partly observed in

Foca peninsula but are mainly submerged in the
Aegean Sea.

During the extensional phase, the development of
syn-sedimentary emplacement of the first phase
Karaburun volcanites over algal limestone
platformhas occurred. During this phase, the
depositional environment (from off-shore to shore-
face) has become relatively deeper and Aktepe
member has conformably and transitionally been
deposited over Yeniliman Ilimestone during
continuous lacustrine deposition. Diatomitic
interlayers were deposited depending on the increase
in volcanogenic silica as algal limestone interlayers in
the dominant fine layered/laminated, micritic
limestone of the Aktepe member becomes less in
upward direction.

Early Miocene basin spreaded over much larger
areas than Foca depression in which Haseki
formation and regional equivalences had been
deposited (Kaya, 1979). Over structural blocks which
limit the depressional area (Karaburun height on west
and Yamanlar height on east), relatively Lower
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Figure 17- Second stage pyroclastics, A) General view; a) pyroclastic deposit, b) Aktepe member “upper section”, B) sections
which display pyroclastic flow structure of base surge deposits; C) back fall deposit; D, E) Ballistic lava clasts; F)
Limestone pieces which subjected to plastic deformation.

Miocene erosion residual deposits are located (Aras
et al., 1999; Cakmakoglu et al., 2013; Donmez et al.,
1993). As it is understood from the distribution of
alluvial and lacustrine deposits in Karaburun
peninsula, the Bozdag which rises in Great Early
Miocene Lake in coastal Aegean region (Figure 1)
was as in similar position as today. Probably; towards
the end of Early Miocene, the Foga depression that
occurred in Early Miocene basin by remodeling of
Karaburun and Yamanlar heights has then
transformed into a basin in which Middle Miocene
lacustrine deposition had developed. In other words,
Early Miocene lacustrine deposition has continued
during Middle Miocene following the unconformity
related with the formation of Foca depression.

4. Results

Continental Lower-Middle Miocene deposits and
Lower Miocene volcanites in the north of Karaburun
peninsula, which had not been previously
investigated, were distinguished the first time.

Lithofacial characteristics were described within
generalized stratigraphic order classifying sequences
as group, formation and member, and their
environmental characteristics were studied. In doing
so, the regional correlation of these rock units was
tested.

It was determined that, the Early-Middle Miocene
sedimentation which was divided into 2 formations
within the scope of Karaburun group, began to
deposit with alluvial fan deposits and developed
dominantly in lacustrine environment. It was also
detected that; small size, first products of the
Karaburun volcanism were emplaced between algal
biostromal Yeniliman limestone deposited on the
shore of Early Miocene lake and on the micritic
limestone dominating shore-face sequence of Aktepe
member. It was interpreted that, the silica which
formed diatomite and cherts in Aktepe member was
originated from this volcanism. It was suggested that
the lacustrine sedimentation against disconformity
between the shore-faces of Aktepe member and the
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overlying Karabaglari member were not interrupted
and continued at least during Middle Miocene.

Karaburun volcanism which developed during the
deposition of Haseki formation was activated in two
phases and each phase was formed by pyroclastic
facies at bottom and by lava facies at top. The first
phase reflecting the beginning of Neogene volcanism
in Karaburun peninsula was dated as 18.2+1.0 my by
K/Ar method. Hydrovolcanic pyroclastic rocks in
base-surge facies which quotes lava eruptions and
reflects that the volcanism has begun in submarine
was first described and distinguished as a member on
map scale. Petrographical and geochemical analyses
of lavas which are outside the area in previous studies
were carried out. Olivine-phyritic textured lavas were
named as andesite based on total alkaline-silica
contents and it was shown that they took place within
high potassium calc alkaline series.
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ABSTRACT

Benthic foraminiferal assemblages from the Gulf of Edremit, Lesbos Island, Alibey and
Maden islands and Dikili Bay have been investigated and various morphological
abnormalities, as well as, colored tests and large sizes have been observed. Besides, abundance
of alien species originating from tropical seas attracts attention. Interesting togethernesses
were found between different genera and species. Significant differences were observed
between the assemblages from the northwest and southeast coasts of the Gulf of Edremit. 57
genera and 97 species were identified in the samples from the northwest coast, where as only
32 genera and 48 species were found on the southeast coast. A diverse foraminifer assemblage
were observed around the Ayvalik-Alibey and Maden islands, with large individual sizes,
colored tests and morphological abnomalities. Abnormal togethernesses between different
genera and species were also observed in this locality. Togethernesses between Peneroplis
pertusus (Forskal)-Coscinaspira hemprichii Ehrenberg and Peneroplis planatus (Fichtel and
Moll)- Coscinaspira hemprichii Ehrenberg are important findings in the benthic foraminiferal
assemblages of Ayvalik Alibey and Maden islands. Orange and brown coloration observed on
many Peneroplis pertusus (Forskal) and P. planatus (Fichtel and Moll) individuals is another
important finding in this region. Besides, many individuals of Peneroplis pertusus (Forskal), P.
planatus (Fichtel and Moll), Lobatula lobatula (Walker and Jacob), Cibicidella variabilis
(d’Orbigny), Ammonia compacta Hofker, A. parkinsoniana (d’Orbigny), Challengerella
bradyi Billman, Hottinger and Oesterle, Elphidium complanatum (d’Orbigny) and E. crispum
(Linné) were found. The presence of Laevipeneroplis karreri (Wiesner), Peneroplis pertusus
(Forskal) and P. planatus (Fichtel and Moll) and Sorites orbiculus Ehrenberg on the east coast
of Lesbos Island indicates the presence of hotwater springs. An abnormally large Peneroplis
planatus (Fichtel and Moll) individual were found. Besides, many Peneroplis pertusus
(Forskal) and P. planatus (Fichtel and Moll) individuals with orange-yellow tests, like the ones
in Ayvalik, were found, suggesting the presence of submarine springs with Fe content. An
abnormal Peneroplis planatus (Fichtel and Moll) individual with three different apertures was
found in Dikili samples. One of the apertures was typical of the species, whereas the other two
have the aperture characteristics of Coscinospira hemprichii Ehrenberg. The aim of our study
is to figure out the factors leading to abnormal test morphologies. It is suggested that the
benthic foraminiferal assemblages found in the study area are affected by the physical
environmental conditions such as, temperature and salinity, as well as the chemical factors,
such as radioactivity.

* Corresponding author: ienginmeric@hotmail.com, barutif@istanbul .edu.tr
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1. Introduction

Studies were carried out for benthic foraminiferas
on the coasts of Edremit Bay, on the northwestern
coasts of the Lesbos Island, in the vicinity of Alibey
and Maden Islands of Ayvalik and onthe eastern
coasts of Dikili Bay. During these studies the
coarsening and coloring in tests, the remarkable
morphological abnormality, the abundance of tropical
sea types, the presence of individuals showing
association between various genera and species and
gypsum crystals which had been observed in
sediments have revealed that different ecological
environments took place in these localities (Figure 1)
(Merig et al., 2002, 2003a and b, 2008, 2009, 2012a).

2. Coastal areas of the Edremit Bay

When 18 young sediment samples which had been
collected from the northwestern and southeastern
parts of the Edremit Bay were studied, it was seen
that there had been a great privilege between the
benthic foraminiferal assemblages in which they
contain. It was detected that 7 samples which were
taken at depths of 15.00 — 334.50 meters in northwest
had contained 57 genera and 97 species. However,

total of 32 genera and 48 species were found in 11
samples collected on southeastern coasts. The
privilege between the two regions makes us consider
that there are different ecological conditions between
these localities. Again, in 2 samples at northwest,
Peneroplispertusus (Forskal), P. planatus (Fichtel
and Moll) and Cibicidellavariabilis (d’Orbigny),
which prefer tropical conditions, to be observed in 3
samples in this region clearly reveal that different
environmental conditions developed in northwest
with respect to the southeast. This area, in which the
Edremit Bay is located, is the region where there are
evident tectonic features the Aegean Sea possesses
(Figure 1). There is observed an EW trending fault
from the north of the bay (Boztepe-Giiney et al.,
2001). Apart from these, cold springs beneath the sea
around Akgay and Oren and the presence of
Kiigiikcetmi, Bostanci, Giire and Zeytinpinari hot
springs of which their water temperatures vary
between 20- 59.5 °C is,on the contrary, one of the
reasonshowing the significance of tectonism in the
region. Another characteristic of the Biga Peninsula is
that it has geothermal springs at south which vary
between temperatures of 41-102 °C (Erisen et al.,
1996; Saroglu et al., 2003). This feature can also be
considered as there might be hot springs in the bay.

Figure 1- Fault map of the Biga Peninsula (modified from Boztepe-Giiney et al., 2001).
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In another investigation which was carried out in
Edremit Bay, 11 samples were studied in terms of
foraminiferas. The sediment sample number 2 which
was taken from a depth of 82.00 meters was observed
that it had contained 30 genera and 45 species.
This situation reveals the presence of the most
abundant genera and species of foraminifera in the
region in one of 11 samples studied. However,
Eponidesconcameratus (Williamson) and some other
foraminiferal tests observed in the same sample at a
size larger than 0.5 mm indicates the abundance
CaCOj; intake (58.1 %) in this locality in the study
area (Meric et al.,, 2012a). Also, when the
foraminiferal assemblage of 4 samples collected from
the eastern part of the Dikili channel (Figure 2) was
studied, it was seen that number of species had varied
between 32 and 41. Nevertheless, the presence of
Peneroplispertusus (Forskal), P. planatus (Fichtel
and Moll) which live in tropical conditions is another
data supporting this idea. As a result, data obtained
makes us think that there might be some thermal
springs also beneath the sea like in coastal areas
which developed due to the tectonismextending from
north of Edremit Bay to the eastern coasts of the
Dikili channels (Figure 1).

3. Alibey and Maden Islands

Total of 4 cores were drilled below the sea around
Alibey and Maden Islands in northwest of Ayvalik
with thicknesses varying 42 to 52 cm. In these
sedimentary  deposits, the abundance of
Peneroplispertusus (Forskal) and Peneroplisplanatus
(Fichtel and Moll) individuals were observed which
are colored within an association of a rich benthic
foraminiferal assemblage, several genera and species’
such as Peneroplispertusus (Forskal), P. planatus
(Fichtel and Moll), Lobatulalobatula (Walker and
Jacob), Cibicidellavariabilis (d’Orbigny), Ammonia
compactaHofker, A. parkinsoniana (d’Orbigny),
Challengerellabradyi Billman, Hottinger and
Oesterle, Elphidiumcomplanatum(d’Orbigny), E.
crispum (Linné) which show morphological
abnormality and abnormal individuals presenting
Peneroplispertusus (Forskal)-Coscinospirahemprichii
Ehrenberg, Peneroplisplanatus (Fichtelve Moll)-
Coscinaspirahemprichii Ehrenberg association. The
abundance of individuals with coarse test belonging
to genera and species’ mentioned above indicates the
abundance of CaCOj intake in this area. Again, there
was observed abundant gypsum crystals in core
section 3a between 28 — 45 meters starting from sea
bottom. The presence of gypsum crystals which

formedaround  Challengerellabradyi  Billman,
Hottinger and Oesterle, Elphidiumcrispum (Linné)
individuals and Posidonia fragments is an important
feature for the region (Meri¢ et al., 2009). This
situation shows that, there have been geothermal
springs beneath the sea in recent (Figure 2) (Meric
and Suner, 1995; Merig et al., 2003 and 2009).

4. Lesbos Island

Young sediment sample taken beneath the sea
contains a rich benthic foraminiferal assemblage in
east of PirgiThermis, the northeast of Mytilene
settlement(southeast of Lesbos Island) (Figure 2).
Laevipeneropliskarreri (Wiesner), Peneroplispertusus
(Forskal) and P. planatus (Fichtel and Moll),
Soritesorbiculus Ehrenberg among these assemblages
reveal the presence of tropical conditions in this area.
Besides; the occurrence of many Peneroplispertusus
(Forskal) and P. planatus (Fichtel and Moll) tests in
Ayvalik like orange — yellow color indicates the
presence of iron bearing groundwaters in this area as
well (Murray, 2006; Yal¢in et al., 2008; Merig et al.,
2009, 2012 b and c). Especially, the assemblage in
this region has shown its privilege with respect to the
other 4 investigated points. There are many hot
springs which have the characteristics of saline water
with a temperature varying around 39.7, 43.5, 46.5,
46.9 and 69°C in southern and southeastern parts of
the Island (Meri¢ et al., 2002). Therefore, the
development of a different foraminiferal fauna
similar to sebhkas in deserts around springs to
develop because of thermal influxes is normal around
young faults below the sea and in their close
vicinities.

5. Dikili Bay

In 2 of 9 samples collected from the northern and
southern coasts of the Dikili Bay, the presence of
Peneroplispertusus (Forskal), P. planatus (Fichtel
and Moll) and Cibicidellavariabilis (d’Orbiginy)
which have various test shapes were identified.
Peneroplisplanatus (Fichtel and Moll) individual
among these presents a great abnormality in
morphology. The aperture of the test developed in
three different sections. One of them is single order
aperture typical for it. However, the other two have
the characteristics of Coscinospirahemprichii
Ehrenberg. Apart from that, one Rosalina sp. and
Elphidiumcrispum (Linné) individuals observed in
the same region show abnormality in morphology.
There are hot springs of which their temperatures
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Figure 2- The bathymetry of Edremit Bay and Dikilie channel and hotsprings. (% 1. Kiigiikcetmi, 2. Bostanci, 3. Giire,
4. Zeytinpinari, 5. Bademli, 6. Ilicaburun, 7. Pirgi Thermis, 8. Larisos, 9. Paralia Thermis, 10. Molivos,
11. Polichnitos and 12. Melinta hot springs)

vary between 40 — 60°C both on land and in the sea having abnormal characteristics in or around the
in Bademli and Aliaga Ilicaburun along the road of
Dikili — Candarli coast (Figure 2) (Meri¢ et al., . . o Lo
2003b). So, it is considered that there might be is why some benthic foraminiferal individuals have

thermal springs which have heavy and trace elements abnormally evolved.

localities from where these samples were taken. That
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6. Discussion and Resulsts

Due to the fault and/or faults located in the
southern part of the Biga peninsula and in coastal
areas of the Aegean Sea (Saroglu et al., 1992; Ciftci
et al., 2010), hot or cold springs have developed
below the sea, similar to land areas. The abundance of
CaCO5; amount in compositions of these hot and cold
springs, the springs of which their temperatures vary
between 20-59°C along coastal areas, and the
presence of geothermal springs which their
temperatures reach 41-102°C indicate some
geothermal springs under the sea. However, the
presence of similar springs at eastern coasts of the
Lesbos Island supports this idea (Merig et al., 2003a
and b).

The observation of a different life around the
thermal spring at a depth of 10 meters, in south of
Milos Island in Aegean Sea (Thierman et al., 1997)
reveals thermal gains in areas where young faults are
located in. Again, the presence of hydrothermal
springs around many islands on Hellenic Island Arc
supports this idea (Varnavas et al., 1999).

As for the study carried out in Haifa Bay, samples
presenting a morphological abnormality at 30%
among benthic foraminifers belonging to 217 species
were encountered and the reason for this abnormality
was shown as the presence of heavy metals in the
composition of sea water (Yanko et al., 1998). The
presence of heavy metals was again shown as a
reason for the deformation of tests of foraminiferas
(Yanko et al., 1999). In another study, the assumption
that there was a relationship between tests of benthic
foraminiferas showing abnormality in morphology
and heavy metal in sea waters were assessed
(Debenay et al., 2001).

There are not many streams or a stream network
having the sediment charge capacity around Edremit
Bay or the Dikili Channel. The interaction of
groundwater with host rocks during its circulation,
the intake of heavy and trace elements into its body
and to transform it into mineralized spring in many
locations in the sea could be considered as a reason
for the increase in heavy metal values in marine
environment mentioned. Clearly stating, the nature is
not only affected by mankind.

In the regional investigation carried out among
Edremit Bay, Alibey and Maden Islands, Dikili Bay
and Lesbos Island, 143 samples were studied and 45

of them were chemically analyzed (Merig et al., 2009,
2012a). Cu, Pb, Ni, Co, Mn, Cr, Fe and Al analyses
were performed in samples taken from Edremit Bay
(Meri¢ et al., 2012a). As a result, there was not
observed any metal increase related to the expected
depth in normal marine conditions as the environment
is shallow marine and various marine and terrigenous
environments are effective. However, the metal
enrichment in Edremit Bay originates from metal ores
located in NW Aegean region. As for the samples
from Dikili Channel, the reason for metals to be in
high content are especially the terrigenous gains
flowing from Madra stream (Merig et al., 2012a).

There were found heavy metals such as Cu, Co,
Ni, Cr, Zn, Fe and Mn in 32 samples taken from cores
1b, 2a, 3b and 4a around Alibey and Maden islands
(Merig et al., 2009). It is clear that these were formed
as a result of heavy metals which reached the sea
by means of groundwaters through mine deposits
along fault lines. However, according to
foraminiferalassemblages in other cores, the
biodiversity at this point is quite less. Apart from high
Fe and Mn contents, the decrease in mollusk,
ostracoda and Posidonia amounts observed in cores is
another remarkable feature. Hence, it is understood
that, groundwaters containing heavy metal and trace
element have generated hydrothermal spring/springs
and changed ecological conditions by reaching the
sea by means of faults in or around this area (Merig et
al., 2009). Core number 4b shows a clear difference
compared to other ones. All individuals are red
brown, orange, yellow and partly gray colored in
the community in which Peneroplispertusus
(Forskal), Peneroplisplanatus (Fichtel and Moll),
Coscinaspirahemprichii Ehrenberg are dominant.
Also, the appearance of the sediment in red brown is
a different character.

Hot or cold outflows beneath the sea, which were
detected in mny location and are considered to have
been still, are significant findings both to monitor
fault lines in the sea and to determine its effect on
temporal submarine life. Therefore, it is necessary to
consider extraordinary characteristics such as;
biodiversity in benthic foraminifers, test size/sizes in
individuals, coloring on tests and morphological
abnormality and common development among
different genera and species’.
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ABSTRACT

Alibaltalu laterite deposit is located ~20 km northeast of Shahindezh, south of West-
Azarbaidjan province (NW of Iran). This deposit is developed as stratiform lenses along the
boundary of Elika dolomites (Triassic) and Shemshak sandstones (Jurassic). The distribution
fashion of minerals such as boehmite, diaspore, kaolinite, muscovite-illite, rutile, anatase,
hematite and goethite in this deposit was accompanied by the development of four types of
ore facies: (1) ferrite; (2) laterite; (3) bauxitic kaolinite; and (4) kaolinitic bauxite.
Petrographically, the ores show conglomeratic, rounded-granular, veinlet, colloform,
pelitomorphic, pseudo-porphyritic, nodular, and spongy textures. Comparison of distribution
pattern of elements along a selective profile across the deposit reveals that ferrugenization-
deferrugenization mechanism played a prominent role in distribution of Al, Si, Ti, HFSE,
LREEs, HREEs, U, and Th during weathering processes. Distribution pattern of REEs
normalized to chondrite indicates a poor differentiation of LREEs from HREEs and
generation of poor negative Eu anomaly during the evolution of this deposit. These aspects
along with ratios of Al,03/TiO, and intense differentiation of Al from Fe in the course of
weathering processes may indicate a mafic protolith for the deposit. Geochemical
consideration of low-mobile elements demonstrates that this deposit is likely resulted from
alteration and weathering of basaltic to andesitic rocks. By regarding to the distribution mode
of elements such as Ni, Cr, Zr, and Ga within the ores, it can be deduced that this deposit was
initially formed authigenically and then later was contaminated by other rock materials during
erosion and transportation from its original place to the present site.

Keywords:

Laterite, Protolith,
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1. Introduction weathering processes (Ma et al., 2007; Yang et al.,

2008; Hao et al., 2010; Meshram and Randive, 2011;

Laterites are an important source of many metal
ores, in particular iron, aluminium, nickel, gold,
niobium, and phosphorus (Hill et al., 2000; Retallack,
2010). The controls necessary for the enrichment of
these and other elements to achieve economic levels
are a complex balance of geochemical, geographical,
and biological parameters (Hill et al., 2000). Specific
conditions leading to laterite formation have been
documented previously (Bardossy and Aleva, 1990;
Ma et al., 2007; Sanematsu et al., 2011). During past
two decades lateritic deposits in different parts of the
world were studied in detail for realization of factors
related to mobilization and redistribution of major,
minor, and trace elements (including REE) during

Sanematsu et al., 2011). These studies revealed that
consideration of major and trace elements
geochemistry is an indispensable tool to investigate
various aspects of laterite formation such as parent
rock composition, diagenetic and epigenetic
processes related to lateritization, pH, Eh, drainage,
climate, and minerlogical control.

Laterite deposits in Iran are apatially distributed in
four regions, namely (1) the northwest of Iran, (2) the
Zagros heights, (3) the Alborz mountain chain and (4)
the central plateau of Iran (Calagari and Abedini,
2007; Abedini and Calagari, 2013a, b). They are
restricted to Permian, Permo-Triassic, Triassic,

* Corresponding author : abedini2020@yahoo.com and a.abedini@urmia.ac .ir
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Triassic-Jurassic, middle Cretaceous (Cenomanian-
Turonian). In northwest of Iran, there are many
lateritic deposits belonging mainly to Permian,
Permo-Triassic, Triassic, and Triassic-Jurassic
period. They chiefly were developed within
carbonate rocks and often contain bauxite and
kaolinite ores. No comprehensive studies has been
done so far on factors influencing distribution of
elements in Triassic-Jurassic ores of this type of
deposits in northwest of Iran. In this study, Alibaltalu
laterite deposit (located in 20 km northeast of
Shahindezh, south of West-Azarbaidjan province,
NW Iran) as a typical example of this type of deposits
was chosen and textural and genetic characteristics,
the mineralogical control on distribution of elements
(especially trace and rare earth), and ultimately the
protolith of this deposit were considered in detail.

2. Regional Geology

Based on depositional characteristics of residual
deposits throughout the world (Bardossy, 1982) the
lateritic deposit of Alibaltalu is reckoned to be a part
of Irano-Himalayan karst bauxite belt. This deposit is
part of the Sanandaj-Sirjan structural zone (Figure
la). The palacogeography of Iran in the Late Permian
and Early Triassic indicates that the early Late
Triassic compression phase (early Cimmerian event)
was followed by extensional movements in north and
central Iran (Esmaeily et al., 2010). The initiation of
this extensional phase is locally indicated by
continental alkali-rift basaltic lava flows and
vesicular mafic rocks (Berberian and King, 1981;
Vollmer, 1987). In Iran, the Late Triassic andesitic to
basaltic volcanic rocks cover an eroded and often
karstified surface of Middle Triassic carbonates
(Early Cimmerian palaeorelief), at the base of the
Shemshak Formation (lower Jurassic) (Annelles et
al., 1975). The volcanic activity occasionally
continued into the lower part of the Shemshak
Formation. Some of these basic sources, however,
due to laterization processes were partially converted
into laterite.

3. Method of Investigation

Studies of lateritic ores in study area were carried
out in two parts, (1) field and (2) laboratory. The field
works include surveys for exploring the existing
geological formations, determining the geometry of
deposit, examining the lithology of bedrocks, cap
rocks, and mesoscopic characteristics of the ores on
outcrops, taking random and systematic samples from
ores (preferentially perpendicular to the strike of

layers and enclosing rocks), and finally preparing
geological map of the area (Figure 1). By noting the
lithologic variations in the area, ~40 samples from
lateritic ores, bed rocks, and cap rocks were taken for
close examination.

Laboratory works include identification of the
existing ore textures and their mineralogical
compositions. Laboratory studies began after
preparation of 20 thin-polished sections and
subsequently they were examined microscopically for
the existing textures. The mineralogical composition
of Six samples were determined by using X-ray
diffraction (SIEMENS Diffractometer, Model D-
5000, CuKo radiation, fixed graphite chromators,
voltage 40kV, current 40 mA, Scanning speed per
minute, scan range 2-70°, drive axis 20O) in
Geological Survey of Iran. For geochemical
interpretation 6 samples from lateritic ores were
chemically analyzed by ICP-AES and ICP-MS
methods at ALS Chemex laboratories in Canada.
Loss on ignition (LOI) derives by weight difference
after ignition at 1000°C. The results of chemical
analyses along with detection limits are listed in
table 1.

4. Results
4.1. Geology of Deposit

The most conspicuous rock units in the study area
from the oldest to the youngest include formations
such as Mila cherty dolomite and limestone (Cambro-
Ordovician), Dorud sandstone and shale (lower
Permian), Ruteh carbonate (upper Permian), Elika
limestone and dolomite (Triassic), Shemshak
sandstone, shale, and siltstone (lower Jurassic), sandy
and marly limestone (upper Cretaceous), Fajan
conglomerate (Eocene), and Karaj tuff and shale
(Eocene) (Figure 1b). There are also a series of
basaltic-andesitic rocks occurring as irregular patches
within the upper part of Triassic carbonates. The
prominent feature from economic geology point of
view in the area is the presence of a horizon of
stratiform and and lenticular lateritic ores along the
boundary of Elika dolomite and Shemshak sandstone.
This horizon extends about 400 meters and its
average strike and dip are N15°W and 83°SW,
respectively, with thicknesses ranging from 8 to 14
meters. A selective profile across this horizon
exhibits six colored lithologic units including (1)
violet-gray, (2) chocolate brown, (3) red, (4) multi-
color, (5) yellow, and (6) brown (Figure 2). The
boundaries between lateritic lenses and the enclosing
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Figure 1- (a) Simplified regional geotectonic map of Iran showing some major geological-structural zones. Location of studied
area is also marked (modified after Stocklin, 1968). (b) Geologic map of the Alibaltalu area. Noticeable on this map

is the position of lateritic lens.

bedrocks and cap rocks are quite sharp. There are
cross-cutting fractures and joints within the enclosing
rocks. Some volcanic rocks are present at contiguity
of ore-bedrock boundary. The presence of organic
matters in upper parts of the profile is also noticeable.
The violet-gray ores have massive texture, fine

alternate violet and gray layers, spheroidal bands
consisting of limonite, goethite, and hematite (Figure
3a), delicate porous ring bands with limonitic nucleus
(Figure 3b), rough feel, and rather high hardness. On
the other hand, however, the chocolate brown ores are
rather soft and have earthy aggregates. On the surface
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Table 1- List of chemical analyses in ores of the studied profile done by ICP-AES and ICP-MS methods for major, minor,
trace, and rare earth elements. Shown on this table are also are the detection limits of various elements. Values of
oxides and L.O.I. are in wt% and of trace and rare earth elements are in ppm.

Detection limit R-1 R-2 R-3 R-4 R-5 R-6
Sio, 0.01 282 5.1 31 4.7 395 32.1
AL O3 0.01 17.1 2.8 27.6 22 332 33.6
Fe,03 0.01 35.1 78.9 21.6 81.8 8.37 7.21
CaO 0.01 0.28 0.14 0.08 0.26 0.24 041
MgO 0.01 0.89 0.19 0.06 0.18 0.12 0.38
Na,O 0.01 0.1 0.05 0.06 0.16 0.2 0.06
K,O0 0.01 2.82 0.45 0.05 0.27 0.08 0.9
TiO, 0.01 1.78 0.22 4.5 0.11 4.89 433
MnO 0.01 043 1.53 0.02 1.36 0.01 0.06
P,05 0.01 0.17 0.15 0.59 0.04 0.14 0.36
LOI 0.01 11.75 10.35 12.05 941 14.35 203
Total - 98.62 99.88 97.61 100.49 101.1 99.71
U 0.05 6.81 1.53 13.35 1.78 15.2 18.65
\ 5 85 5 281 5 358 367
Y 0.5 50.7 9.6 34.1 15.5 30.2 39.7
Zn 5 80 54 46 91 82 73
Zr 2 224 21 434 14 496 525
Ba 0.5 337 168.5 184 874 125.5 236
Co 0.5 274 219 33 19.8 6.6 18.8
Cr 10 50 10 80 20 120 180
Cs 0.01 13.9 1.29 0.28 0.84 0.37 1.97
Ga 0.1 25.6 4 31.7 3.8 40.4 46.6
Hf 02 59 0.5 10.7 03 12.3 13.1
Nb 0.2 326 1.6 75 0.6 101 116
Ni 5 15 5 31 5 34 79
Pb 5 66 17 38 7 49 32
Rb 02 112.5 16 2.7 113 3 24.7
Sr 0.1 280 171 3780 125.5 414 2280
Ta 0.1 19 0.1 4 0.1 5.6 7.1
Th 0.05 14 242 13.7 1.48 16.2 23
La 0.5 79.7 93 81.2 4.9 77.8 129
Ce 0.5 136 19.1 165.5 11 1445 252
Pr 0.03 20.7 2.13 19.15 1.31 17.8 24.5
Nd 0.1 88.1 8.8 76.5 64 70.9 87.3
Sm 0.03 20.2 1.92 15.6 1.98 13 16.7
Eu 0.03 5.31 042 4.23 0.54 3.38 4.66
Gd 0.05 17.2 2 13.9 2.56 11.8 17.25
Tb 0.01 2.38 0.25 1.84 04 1.57 241
Dy 0.05 12.8 1.68 9.36 249 7.95 12.75
Ho 0.01 227 0.28 1.63 0.44 141 2.18
Er 0.03 6.69 0.85 4.39 1.33 3.82 592
Tm 0.01 0.81 0.02 0.47 0.05 0.45 0.83
Yb 0.03 6.19 0.79 392 1.16 3.03 5.73
Lu 0.01 0.83 0.07 0.47 0.12 04 0.8
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Figure 2- A stratigraphic column across the studied profile.
Shown on this column is the location of samples
taken for geochemical analyses (filled circles).
Refer to figure 1 for the trend of sampling
profile.

of the red ores, growth of goethite with a typical
botryoidal texture and accompanying limonitization
are conspicuous. In fact, these are the important
geologic characteristics of the ores in this deposit.

4.2. Petrography and Mineralogy

Because of very fine-grained crystals in ores and
their softness, their microscopic examinations are

restricted chiefly to determination of mineral textures
related to ore genesis. These studies exhibit that the
marked texture-forming units of the ores include
pelitomorphic matrix, detrital grains, nodules,
concretions, and open-space fillers. These texture-
forming units in the ores brought about nodular,
pelitomorphic, conglomeratic (Figure 3c), colloform
(Figure 3d), pseudo-porphyritic (Figure 3e), veinlet
(Figure 3f), rounded-grain (Figure 3g), and spongy
(Figure 3h) textures. XRD analyses demonstrate that
the ores have rather simple mineralogy and include
mineral assembages like boehmite, diaspore,
kaolinite, muscovite-illite, rutile, anatase, hematite,
and goethite which have individually abundances
greater than 4%.

4.3. Geochemistry

Chemical analyses demonstrate that the major
components of the studied ores are SiO, (4.70-39.50
wt%), Al,O3 (2.20-33.6 wt%), Fe,O5 (7.21-81.80
wt%), and TiO, (0.11-4.89 wt%) (Table 1). They
mark a wide range of variations. Among these
components, Fe,O5; exhibits a profound variation
within the profile. Alkalis and earth alkalis along with
P and Mn (in oxide form) are present in very low
abundance and their total values range from 0.79 to
4.69 wt%.

Trace elements are present relatively in low
quantity in the studied ores. They are, in order of
abundance, mainly Sr (125.5-3780 ppm), Zr (21-525
ppm), Ba (87.4-337 ppm), V (5-358 ppm), and Ce
(11-252 ppm). The rest exist relatively in lower
amounts which, in decreasing abundance, are La, Cr,
and Zn (in 10s ppm); Th, Rb, Pb, Ni, Nb, Hf, Ga, Cs,
Co, Y, V, U, Dy, Gd, Sm, Nd, and Pr (in a few ppm
to 10s ppm); and Ta, Eu, Tb, Ho, Er, Tm, Yb, and Lu
(in a few ppm).

5. Discussion

5.1. Genetic Implications of The Deposit Using
Textural and Mineralogical Evidence

5.1.1. Textural Evidence

Important textural characteristics of the studied
ores are the existence of two groups of textures with
contrasting origin. Pseudo-porphyritic, nodular, and
plitomorphic textures are compatible with authigenic
origin whereas conglomeratic and rounded-grain
textures are indicative of allogenic origin (Bardossy,
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Figure 3- Macroscopic and microscopic (XPL) photographs of the studied ores. (a) Spheroidal weathering and
delicate ring bands in porous violet-gray ores. (b) Limonitic core in violet-gray ores. (c) Conglomeritic
texture. (d) Colloform texture. (e¢) Pseudo-porphyritic texture. (f) Veinlet rexture. (g) Rounded-grain
texture. (h) Spongy texture.
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1982). By taking this matter into consideration, it
appears that lateritic system in this area was initially
developed authigenically but subsequently suffered
erosion and transportation and moved to its present
place. The development of nodular texture indicates
the continuous fluctuations of underground water
table level during the evolution of the deposit
(Valeton, 1972). The well-developed colloform and
pelitomorphic textures are indicative of weak
draining and prolonged weathering processes
(Boulange, 1984). The presence of veinlets with
dominant hematite mineralogy in the ores may testify
to the redistribution of iron in the weathered profile.

5.1.2. Mineralogical Evidence

The presence of 3 pairs of minerals (1) boehmite-
diaspore, (2) rutile-anatase, and (3) goethite-hematite
in the ores denotes the effective role of diagenetic
processes and tectonic stresses controlling the
mineralogical changes in this deposit. It seems
diaspore was formed as the result of changes in
crystal structure of boehmite by tectonic stresses and
diagenesis (Temur and Kansun, 2006). Anatase is
commonly stable in the presence of low concentration
of alkali elements at surficial temperatures (Boulange
and Colin, 1994). It probably changed its crystal class
by the function of tectonic forces and diagenetic

processes and was converted into rutile. Goethite was
also turned into hematite by dehydration processes.

5.2. Type of Ores

Delineation of values of Al,O3, SiO,, and Fe,0;
of the ores in trivariate diagram (Aleva, 1994)
displays that Alibaltalu deposit consists of four types
of ore lithology (1) laterite, (2) ferrite, (3) bauxitic
kaolinite, and (4) kaolinitic bauxite (Figure 4a).
Comparison of the studied stratigraphic column with
distribution mode of Al,O3, SiO,, and Fe,O5 of the
ores on the trivariate plot indicates that the violet-
gray and red ores have lithologically a laterite
composition, the chocolate brown and multi-color
ores have a ferrite composition, the yellow ores have
a bauxitic kaolinite composition, and the brown ores
have a kaolinitic bauxite composition (Figure 4b).

5.3. Mineralogical Control on Distribution of
Elements in the Ores

In this study, mineral phases having abundances
>4% were identified by XRD analyses. Therefore, it
is likely that there might be some mineral phases
acting as hosts for trace and rare earth elements that
were not identified by XRD analyses.

Figure 4- (a) The position of the studied ores on Al,05-Si0,-Fe,O5 trivariate plot (Aleva, 1994). (b) Stratigraphic column of
ore units determined by Al,03, SiO,, and Fe, O3 values in the studied profile.
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For consideration of minerals hosting elements in
the ores, attempts have been made to calculate
Pearson correlation coefficient (Rollinson, 1993)
among some elements and their distribution patterns
were compared (Figure 5-11). This consideration was
fulfilled in five sections, (1) major and minor
elements (Si, Al, Fe, Ti, K, Na, Mg, Ca, Mn, P), (2)
large ion lithophile elements (Ba, Rb, Sr, Th, U, Pb,
Cs), (3) transition trace elements (Co, Cr, Ni, V), (4)
high field strength elements (Hf, Nb, Ta, Zr, Ga, Y),
and (5) light (La-Gd) and heavy (Tb-Lu) rare earth
elements.

5.3.1. Major and Minor Elements

Similarity in distribution mode of Si (Figure 5a)
and Al (Figure 5b) in the residual profile at Alibaltalu

(except yellow to brown ores) shows that the
distribution of these elements is controlled principally
by kaolinite. Furthermore, the high similarity in
distribution mode of Ti (Figure 5c) and Al (Figure
5b) is a common phenomenon in residual profiles.
The intense fractionation of Fe (Figure 5d) from Si
(Figure 5a), Al (Figure 5b), and Ti (Figure 5c)
indicates that ferrugenization and deferrugenization is
the prominent controlling parameter in distribution of
Al, Si, and Ti in the profile. What can be deduced
from consideration of minor elements variations
(Figures 6a-f) is that the irregular behavior of these
elements in the profile is likely related to
heterogeneity of the protolith and to disparity in the
intensity of alteration in the course of evolution of
this deposit. Comparison of the mode of variations of
minor elements in the profile with that of major

Figure 5- Variation of values of (a) SiO,, (b) Al,03, (c) TiO,, and (d) Fe,O5 across the studied profile.

Figure 6- Variation of values of (a) CaO, (b) MgO, (c) Na,O, (d) KZO, (e) MnO, and (f) P,O4 across the studied profile.



Bulletin of MTA (2014) 148: 69-84

elements illustrates that only Mn (Figure 6e) has very
analogous distribution fashion with Fe (Figure 5d).
This may indicate that change in redox potential was
the key factor in concentration of Mn and Fe in the
weathered profile (Ma et al., 2007).

5.3.2. Large Ion Lithophile Elements (LILE)

The presence of similar distribution trends of Rb
(Figure 7a), Ba (Figure 7b), and Cs (Figure 7¢) with
K,O (Figure 6d) may be indicative of hosting of these
elements by muscovite (Plank and Langmuir, 1998).
Comparison between distribution patterns of Sr
(Figure 7d) and P (Figure 6f) displays an analogous
trend. This may suggest fixation of these elements by
similar conditions in the residual system (Henderson,
1984). The positive and medium correlation of Sr
with Si (r = 0.55) and Al (r = 0.58) may suggest
fixation of Sr by kaolinite. The distribution mode of
U (Figure 7¢) and Th (Figure 7f) are also similar to Si

(Figure 5a), Al (Figure 5b), and Ti (Figure 5c)
suggesting their distributions might have been
controlled by kaolinite, boehmite, diaspore and Ti-
oxides. Monazite and zircon as Th-bearing minerals
are well-known in the residual profiles (Fernandez-
Caliani and Cantano, 2010). The similar distribution
trend of Th (Figure 7f) and Zr (Figure 8a) and the
positive and medium correlation between Th and P
(r = 0.52), may suggest that phosphate minerals can
also be other candidates for hosting Th. Analogously,
the positive and medium correlation between U and P
(r = 0.60) may also lead us to believe that phosphate
minerals acted as hosts for U. Pb (Figure 7g), Si
(Figure. 5a), and Al (Figure 5b) display Similar
distributions that may be due to hosting of Pb by
kaolinite.

5.3.3. High Field Strength Elements (HFSE)

Consideration of variation mode of these elements
in the profile suggests their very similar behavior

Figure 7- Variation of values of (a) Rb, (b) Ba, (¢) Cs, (d) Sr, (e) U, (f) Th, and (g) Pb across the studied profile.

Figure 8- Variation of values of (a) Zr, (b) Nb, (c) Hf, (d) Y, (e) Ta, and (f) Ga across the studied profile.
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during weathering processes (Figures 8a-f). Further
studies revealed that distribution patterns of these
elements are very similar to Al (Figure 5b).
Regardless of distribution trend in yellow to brown
ores, however, distribution patterns of HFSE are very
analogous to Si (Figure 5a) and Ti (Figure 5c). With
regard to above mentioned matters, it seems that
kaolinite did not play a role for fixation of Y, Ga, Ta,
Nb, and Hf in the brown ores, but boehmite and
diaspore might have a pronounced role instead. In the
rest of ores, however, besides boehmite and diaspore
kaolinite also played a noticeable role. Analogous
distribution pattern of Zr (Figure 8a), Nb (Figure 8b),
Hf (Figure 8c), and Ti, also may suggest that besides
mentioned minerals the role of Ti-oxides should not
be ruled out for fixation of Zr, Nb, and Hf
(Fernandez-Caliani and Cantano, 2010). Ta (Figure
8e) and Ti also exhibit analogous distribution patterns
(Figure 5c) implying the notable role of rutile and
anatase for fixation of Ta in the deposit.

5.3.4. Transition Trace Elements (TTE)

Although distribution of V, Ni, and Cr in lateritic-
bauxitic deposits are chiefly controlled by Fe-oxides
and hydroxides (Marques et al., 2004; Laskou and
Economou-Eliopoulos, 2007), comparison of their
distribution patterns (Figure 9a, b, d) with that of Fe
(Figure 5d) do not illustrate such relation in the
studied profile. Comparison of distribution patterns
of these three elements with those of other major
elements manifests that the distribution mode of these

three elements are very much similar to Si (Figure
5a), Al (Figure 5b), and Ti (Figure 5c). These
similarities unveil that the distribution of V was
controlled by kaolinite, boehmite, diaspore, and Ti-
oxides; of Cr by kaolinite and Ti-oxides; and finally
of Ni by kaolinite (Newman, 1987). Distribution
pattern of Co (Figure 9c¢) in the yellow through brown
ores is analogous to those of V (Figure 9a) and Ni
(Figure 9b). Co (Figure 9d), however, in the yellow
through violet-gray ores has similar distribution
pattern to Fe (Figure 5d) and Mn (Figure Se). This
type of similarity may indicate that the concentration
distribution of Co in the brown ores was controlled
mainly by kaolinite and Ti-oxides but in the rest of
ores by Mn-oxides and Fe-oxides and-hydroxides
(Mutakyahwa et al., 2003).

5.3.5. Rare Earth Elements (REEs)

Several groups of minerals were proposed by
various researchers as major potential hosts for REEs
in weathered products including clays (Karadag et al.,
2009), secondary phosphates (Braun et al., 1993),
Mn-oxides and -hydroxides (Walter et al., 1995), and
Fe-oxides and -hydroxides (Mameli et al., 2007).
Almost similar trends in variation modes exist among
LREEs (Figure 10a, b), HREEs (Figures 11a-g), Si
(Figure 5a), and Al (Figure 5b) in the studied profile
testifying that kaolinite played an outstanding role in
distribution of REEs in the ores. The lack of
similarity in distribution trends of MnO and F,05 to
those of REEs offers that Mn-oxides along with

Figure 9- Variation of values of (a) V, (b) Ni, (c) Co, and (d) Cr across the studied profile.
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Figure 10- Variation of values of (a) La, (b) Ce, (c) Pr, (d) Nd, (e) Sm, (f) Eu, and (g) Gd across the studied profile.

Figure 11- Variation of values of (a) Tb, (b) Dy, (c) Ho, (d) Er, (e) Tm, (f) Yb, and (g) Lu across the studied profile.

hematite and goethite did not have any noticeable role
in concentrating of REEs. Although it has not been
recognized a specific similarity between K
distribution (Figure 6d) and those of REEs (Figures
10a-g, 1la-g), positive and medium correlation
between K and HREEs (r = 0.52 to 0.66) manifests
that muscovite-illite may be a potential host for
HREEs in the profile. Zircon is reckoned to be
chemically the most stable mineral in the course of
weathering processes (Oh and Richter, 2005) and
could also be a carrier and hence controlling agent for
distribution of Ce and HREEs in the weathered
system. The similar distribution trends of Zr (Figure
7a), Ce (Figure 10b), and HREEs (Figures 1la-g)
could mark the presence of Ce and HREEs in crystal
structure of residual zircon (Boulange et al., 1996;
Ndjigui et al., 2008). The distribution trends of Ti
(Figure 5¢) and REEs (Figures 10a-g, 11a-g) to some
extent are alike. This is proved by positive and

medium to good correlation between Ti and REEs (r
= 0.54 to 0.85) that may supply strong evidence for
the fixation of at least a portion of REEs by rutile and
anatase. Phosphorous (Figure 6f) and LREEs (Figure
10a-g) display similar distribution modes particularly
in chocolate brown through multi-color units. This
could indicate that the distribution of some of the
LREESs might be controlled by phosphate minerals in
this deposit (Kanazawa and Kamitani, 2006; Roy and
Smykatz-Kloss, 2007). HREEs (Figures 11a-g) and Y
(Figure 8d) show similar distribution trends. It seems
that the Y distribution in the laterite system at
Alibaltalu is somehow related to the distribution of
HREE. Variation trends of Ce (Figure 10b) and Th
(Figure 7f) are also almost alike that may indicate
some of Ce and Th in the system were fixed by
analogous mechanisms. Similar distribution trends of
P (Figure 6b), Al (Figure 5b), and Ce (Figure 10b) in
chocolate brown to brown ores along with positive
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and medium correlation between Al and P (r = 0.58)
and positive and good correlation between Al and Ce
(r = 0.92) may provide enough evidence for the
effective role of Al and P- bearing minerals in
concentrating some of Ce in the profile.

5.4. Protolith of the Deposit

Several methods were used for determining the
protolith of this deposit. Consideration of variation
trends of Al,O5 (Figure 5b) and Fe,O5 (Figure 5d) in
the residual profile manifested that intensive
separation occurred between Al and Fe during
weathering processes. This degree of fractionation
commonly takes place between Al and Fe in laterites
derived from weathering and alteration of mafic
igneous rocks (Schellmann, 1994). Analytic values of
Al,O5 and TiO, of the ores (with assumption that the
weathered ores have ratios of Al,O5/ TiO, >21 for
mafic and <21 for felsic igneous rocks) (Hayashi et
al., 1997) were used for determination of potential
protolith. These ratios at Alibaltalu range from 6.1 to
20, therefore, it may suggest a mafic origin for the
ores. Variation patterns of REEs normalized to
chondrite (Taylor and McLennan, 1985) show rather
low fractionation of LREEs from HREEs and
occurrence of weak Eu anomaly during weathering
processes (Figure 12). These aspects could testify to a
mafic origin (Nyakairu and Koeberl, 2001).

Using of distribution mode of immobile elements
such as Ti, Nb, Zr, and Y in the studied profile is
another geochemical method for determination of

protolith. These elements have high potential for
being preserved from chemical changes in weathered
profiles derived from mafic igneous rocks (Hill et al.,
2000; Kurtz et al., 2000). Variation trends of these
elements (Figure 8a, b, d, and 5¢) are very much the
same. By taking the concentration values of these
elements into account in the form of Nb/Y- Zr/TiO,
bivariate plot (Winchester and Floyd, 1977), the
protolith of this deposit must have had basaltic,
andesitic, and/ or basaltic-andesitic composition
(Figure 13). Ilustration of Cr and Ni values in a Ni-
Cr bivariate plot (Schroll and Sauer, 1968) is another
geochemical method being used for determination of
the potential protolith. This plot shows that this
deposit might have had variable protoliths including
basalt, granite, and sandstone (Figure 14). In addition,
geochemical data in trivariate plot of Zr-Ga-Cr
(Balasubramaniam et al., 1987) reveals that this
deposit could have had a wide spectrum of protoliths
including mafic and felsic igneous and metamorphic
rocks (Figure 15). By referring to above mentioned
matters and the allogenic origin of this deposit, it can
be further inferred that this deposit was derived
initially from alteration and weathering of basaltic to
andesitic rocks and subsequently underwent erosion
and transportation to its current site where by
contamination by other crustal rocks occurred.

6. Conclusions
Alibaltalu residual deposit was developed as

stratiform lenses along the contact of Elika dolomite
(Triassic) and Shemshak sandstone (lower Jurassic).

Figure 12- Variation pattern of REEs normalized to chondrite (Taylor and McLennan, 1985) in the studied

samples.
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Figure 13- Position of lateritic ores of the studied profile on a bivariate plot of Zr/Ti-Nb/Y
(Winchester and Floyd, 1977).

Figure 14- Position of the ores of the studied profile on a bivariate plot of Ni-Cr (Schroll
and Sauer, 1968).
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Figure 15- Position of the ores of the studied profile on a trivariate plot of Cr-Ga-Zr

(Balasubramaniam et al., 1987).

It consists of four various types of ores including (1)
laterite, (2) ferrite, (3) bauxitic kaolinite, and (4)
kaolinitic bauxite. By regarding to the presence of
conglomeratic and rounded-grain textures, this
deposit has an allogenic origin. Rather strong
differentiation of Al from Fe during weathering,
rather low fractionation of LREEs from HREESs, and
weak negative anomaly of Eu along with values of
Nb, Zr, Y, Y, and Ti show that protolith of this
deposit must have had a composition ranging from
basalt to andesite. Consideration of Ni, Cr, Zr, and Ga
values in the ores proves that this deposit has an
allogenic origin derived from basaltic and andesitic
rocks and was subsequently mixed with other
terrestrial rock materials during transportation to its
current place. Geochemical studies indicate that
ferrugenization and deferrugenization mechanism is
the important controlling agent for distribution of Al,
Si, Ti, HFSE, LREEs, HREEs, U, and Th in this
deposit. Variation patterns of elements show that
HFSEs are concentrated by zircon, Ti-oxides,
boehmite, diaspore, and kaolinite; TTEs by
muscovite, kaolinite, boehmite, diaspore, Mn-oxides,
and Fe-oxides and -hydroxides; LILEs by kaolinite,
belovite, and Mn-oxides; REEs by muscovite-illite,
rutile, and anatase.
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ABSTRACT

In this study, heavy metal/trace element accumulation was investigated in soils along the
road passing through Giimiishane city center and shoots of 1-2 years of acacia trees
(Robinia pseudoacacia L.) grown in these soils. Heavy metal contents in soils and plants
were analyzed by Enrichment Factor (EF), Geo-accumulation index (Igeo) parameters, and
by Bio Accumulation Factor (BAF), respectively. According to geo-accumulation index
(Igeo) data, it is seen that the soil was unpolluted in terms of Cr, Co, Cu, Rb, Sr; unpolluted
to moderately polluted in terms of V, Ni and Zn; moderate to excessively polluted in terms
of As, and moderate to excessively polluted in terms of Pb. According to EF parameters,
on the other hand, it is observed that the soil was non to slightly enriched in terms of Cr,
Co, Sr and Ba; non to moderately enriched in terms of Ni and Cu; slightly to significantly
enriched in terms of Zn; significant to very highly enriched in terms of As and slightly to
over excessively enriched in terms of Pb. Although trace/heavy metal contents of acacia
shoots were usually within normal values for acacia, it was determined that Cu, Fe, Mo,
Ni, Sr and Zn concentrations were within and/or above upper limits of normal values in

Keywords:
Geochemistry,
Biogeochemistry, Trace
element, Heavy metal,
Acacia, Glimiishane.

certain sampling points.

1. Introduction

Investigations related to trace element/heavy
metal within the perspective of environmental
geochemistry have been increasingly continuing
everyday (Wheeler and Rolfe, 1979; Kovacs et al.,
1981; Kabata-Pendias and Pendias, 1994; Kabata-
Pendias, 2000; Kocaer and Baskaya, 2003; Bosco et
al., 2005; Onder and Dursun, 2005; Birch and
Scollen, 2003; Murakami et al., 2009; Yaylali-
Abanoz and Tiysiiz, 2009; Yaylali-Abanoz et al.,
2011; Ahdy and Khaled 2009; Rodriguez-Barroso et
al., 2009; Machender et al., 2011; Miao et al.,
2011;Vural and Sahin 2012a, b). Therefore, the roles
of many sciences, especially the geochemistry, have
been increasing on the environmental awareness, the
quality of environment and on the environmental
health.

In this study, it was aimed at detailing the findings
related to heavy metal accumulation which was
obtained by Vural and Sahin (2012a and b) along the
auto road passing through Gilimiishane city center.
Studies related to investigating the dimensions of
pollution in the field and factors effective in the
formation of it have still been performed by the
investigator within scope of environmental
geochemistry. Because of geological characteristics
of the region, the negative effects which the
urbanization had brought up were investigated in
multi dimensions, and geological, hydrogeological
and biochemical studies both in soil and on plants still
continue. However, in this study, the geochemical
and biogeochemical characteristics of heavy
metals/trace elements of the soil along the auto road
and acacia shoots grown up in this soil were taken
into consideration.

* Corresponding author : vural@gumushane .edu.tr
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For this purpose, total of 45 samples were
collected from the soil and from the shoots of acacia
in the field. Analyses of soil samples and acacia
shoots in the field were performed in the Department
of Research and Development of the General
Directorate of ETI Maden and in the laboratory of
Trabzon Provincial Food Control Directorate using
ICP-AES, respectively. Within the study, the change
of trace element contents in soil with respect to
reference values, the source of this change and
biological transmission rates from trace element into
acacia shoots in the soil were investigated.

2. Material and Method

2.1. Study Area

The study area is located within Giimiishane
provincial borders towards the eastern part of the

Pontide tectonic unit and covers a 20 km?2 area with
2x10 km (Figure 1).

Rocks cropping out in the study area which extend
along the state road passing through city center are
divided into two groups as Late Paleozoic basement
rocks and Mesozoic-Cenozoic cover rocks. Basement
rocks in the region are represented by Early-Middle
Carboniferous Pulur-Kurtoglu metamorphic rocks
(Topuz et al., 2007) and unmetamorphosed Middle-
Late Carboniferous Giimiishane granitoid (Yilmaz
1972, 1974; Topuz et al., 2010; Dokuz, 2011).
Gilimiishane granitoidas well which crops out in the
study area is mainly composed of microdiorite with
quartz, granite and dacitic porphyries (Yilmaz, 1972;
Cogulu, 1975; Topuz et al., 2010). This rock
assemblage was named as Kése Composite Plutonic
in and around Kose, outside the study area by Dokuz

Figure 1- Location map of the study area
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(2011). The lowermost section of the Mesozoic
deposit is represented by unconformably overlying
Early Jurassic volcano sedimentary unit over
Variscan basement. This unit, which was named as
Senkdy formation, is interpreted as rift facies related
with the opening of Neotethys Ocean (Kandemir,
2004). The formation begins with basal conglomerate
and continues upward with basalt, diabase, chert and
dacitic tuff bearing turbiditic calcerous pebble stone,
sandstone, siltstone and marls (Adamia et al., 1977,
Kandemir, 2004; Eyiiboglu et al., 2006). Senkdy
formation is overlain by Late Jurassic—Early
Cretaceous Berdiga formation of which its bottom is
formed by platform carbonate in massive character in
general (Pelin, 1977). Carbonates are overlain by
Late Cretaceous Kermutdere formation. This
formation begins with yellow, sandy limestones at the
bottom and continues with red colored clastic
carbonates and gray colored turbidites (Tokel, 1972).
All these units are cut by late Cretaceous intrusions
especially on the road between Giimiishane—Trabzon
and outside the study area (Kaygusuz et al., 2008,
2010).

All Pontides have uplifted above the water level
starting from Paleocene to Middle Eocene. This
situation is represented by a widespread
unconformity which is dedicated to the collision of
Pontides with Anatolide-Tauride block and the
closure of northern branch of Neotethys. Late
Cretaceous volcanic and/or sedimentary rocks in
Giimiishane region are unconformably overlain by
Middle-Late Eocene marine volcanosediments (Aslan
and Aliyazicioglu, 2001; Kaygusuz et al., 2010).
These rocks, which are also named as Alibaba
formation (Tokel, 1972) or as Kabakdy formation
(Giiven, 1993) begin with conglomerates, nummulitic
limestones interbedded with sandstone and tuff, and
continue with andesite and related pyroclastics
towards upper layers. The unit ends with alternation
of occasionally eroded limestone, sandstone, marl
and tuff (Aliyazicioglu, 1999). These units are again
cut by synchronous intrusive rocks (Karslt et al.,
2010; Eyiiboglu et al., 2011). These rocks, which
crop out in the close vicinity of the study area, in and
around Gozeler, were named as Gozeler granite.
Quaternary travertine, debris flows and alluvials are
the youngest units in the region.

Giimiighane granitoid in the study area spreads out
along Harsit Stream and continues until city exit from
Baglarbas1 locality to Trabzon.It also overlies
Alibaba formation with a tectonic contact on the exit

of Giimiishane. The general stratigraphic succession
of the region is typically observed within the study
area (Figure 2).

At the same time, Glimiishane and its vicinity is
one of the most significant mine provinces bearing
many lead, zinc, copper and gold mineralizations.
The tectonism which is closely related with
mineralization is affective in the region. Sulfide
mineralization which developed due to young granitic
intrusives were emplaced along these tectonic lines
and formed Cu, Pb, Zn, Au and Ag mineralization
(Giiner et al., 1985; Kahraman et al., 1985; Giiner and
Yazici, 2005; Aslan and Akcay 2011; Akgay et al.,
2011).

The origin of soil formation in the study area is
mainly the Giimiighane granitoid with lesser amount
of Eocene volcanic rocks.

2.2. Sampling Method and Analyses

In order to carry out geochemical and
biogeochemical studies, 45 samples were collected
from soil and 1-2 years old shoots of acacia tree
which had grown over this soil along the road passing
through Giimiishane city center (Figure 1). Sampling
was performed approximately 10 km along road.
Samples were collected along road and its
surroundings, since Glimiishane had been located in a
narrow valley and Iran-Turkey state road passing
through the city center has an intense traffic. When
analyzing heavy metal/trace element contents in the
soil, the collected samples from which the soil was
originated become important. The element contents
of granitic and volcanic rocks in the region were
statistically assessed and values obtained were used
as the reference values. For soils which are
considered to have originated from granitoid rocks,
the trace element values of Topuz et al. (2010); for
soils which are considered to have originated from
volcanic rocks the trace element values of Aslan
(2010); and for chromium and arsenic elements, the
trace element values of Turekian and Wedepohl
(1961); and Taylor and McLennan (1995) were used.

Soil samples were collected at a depth of 25
centimeters and directly put into nylon bags from
zones (a) and (b) of the soil then were again put into
another nylon bag to prevent it from other factors.
Maximum care was taken during collection and
preservation of samples in order to avoid them from
contamination. Soil samples were dried up in oven 2
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Figure 2-Geological map of the study area and its vicinity (modified from Giiven, 1993)

days at a temperature of 60 °C and pulverized down
to 250 mesh size by grinder. Pulverized samples were
then weighted on platinum crucible between 0.5-1 in
the laboratory of Department of Research and
Development of the General Directorate of Eti Maden
Management (Ankara) and 2-3 spatulas of (6 units
Nay,CO3+1 unit Na,B4O-) mixture were added.
Platinum cover was then closed and kept one hour
under the temperature of 1000 °C. It was then
dissolved in a 400 ml cup with 50 ml hydrochloric
acid (HCI) and 100 ml boiling water. Filtering was
made from black banded filter paper into 250 ml
balloon, and concentrations of elements were

estimated in ICP-AES instrument. Results of analyses
of soil samples were given in table 1.

Plant samples each weighing 200 gr were taken
from 1-2 years old shoots of acacia trees in localities
from where soil samples had been collected, then
washed in distilled-deionized water and dried up in
oven 24 hours under 80 °C temperature. Dried
samples were then grinded and powdered. Samples
each weighing 1 gram were disintegrated in
microwave oven 4 hours at a temperature of 500 °C.
Samples were weighted in teflon cups of the
microwave oven ranging between 0.8-1.0 gr and at a
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0.1 mg sensitivity. Later on, 6 ml concentrated HNO;
and 1.5 ml H,O, (peroxide) were added on to cups
and placed into microwave oven after cups had been
closed. Hence, samples were disintegrated by means
of microwave beam, pressure and acid, and then
rendered into a crystalline solution. Teflon cup
contents were taken into measured balloon and were
equalized to 25 ml by pure water. Metal contents of
solutions obtained were determined by being
analyzed in ICP-AES instruments of Trabzon
Provincial Food Control Laboratories. Results were
given in table 2.

The procedure suggested by Duran et al. (2007)
was applied in ICP-AES measurements. Within this
framework, standard solutions were prepared by
diluting 1000 mg/1 solutions from each metal (Merck,

Darmstadt/Germany). These standard solutions were
read on the instrument, and drawing concentrations
(mg/l) against emission intensity graphs their
standard calibration graphics were obtained. Using
these graphics, the metal contents of samples were
determined. The accuracy tests of results were
checked by two methods; adding/regaining tests and
standard reference material analyses. CRM 1568a
Rice Flour was used as the standard reference
material.

Values obtained by the method used in this study
(microwave disintegration / ICP-AES) and certified
contents of reference material in terms of some
metals were identified and these values were given in
table 3. As it is seen from table 3, there is not much
difference between certified and obtained values.

Table 1- Results of chemical analyses of soil samples (concentration values in mg/kg)

89



90

Trace/Heavy Metal Distribution - Glimiishane

Table 2- Element contents of shoots of acacia (concentration values in mg/kg)

Table 3- Certified reference material analysis as an accuracy test for microwave/I[CP-AES method (CRM 1568a Rice Flour)
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3. Results and Discussion
3.1. Trace element contents in soil

Descriptive statistical parameters were estimated
belonging to trace element/heavy metal contents in
the soil beside the road passing through Giimiishane
city center (Table 4).

According to descriptive statistical parameters,
the elements and related ranges are as follows;
aluminum (Al) 108283.65-64832.59 mg/kg (ave:
87839.83 mg/kg), iron (Fe) 28116.59-53365.56
mg/kg (ave. 37627.11 mg/kg), zircon (Zr) 141.40-
4332 mg/kg (ave. 69.11 mg/kg), strontium (Sr)
360.41-72.08 mg/kg (ave. 179.40 mg/kg), rubidium
(Rb) 193.85-19.2 mg/kg (ave. 109.95 mg/kg), barium
(Ba) 1110-328 mg/kg (ave. 706.07 mg/kg), cadmium
(Cd) 15-0,1 mg/kg (ave. 791 mg/kg), cobalt (Co),
33-3 mg/kg (ave.18,33), chromium (Cr) 241-48
mg/kg (ave.99.70), copper (Cu) 92-15 mg/kg (ave.
54 A7 mg/kg), manganese (Mn) 1759-32 mg/kg (ave.
904.6 mg/kg), nickel (Ni) 195-14 mg/kg (ave. 43,60
mg/kg), lead (Pb) 441-3 mg/kg (ave. 67.2 mg/kg),
zinc (Zn) 406-72 mg/kg (ave. 147.69), yttrium (Y)
27-9mg/kg (ave. 17.82 mg/kg), arsenic (As), 56-1
mg/kg (ave. 14.47 mg/kg) and tin (Sn) 130-8 mg/kg
(ave. 61.71 mg/kg). The pH values of soils in the
study area were estimated in laboratories of

Department of Forest of the Vocational High School
in Giimiishane as ranging between 7.50-8.70 and it
was detected that these were close to low alkaline
character close to neutral (Table 4).

Besides, inter elemental Pearson correlation
coefficients were estimated. Accordingly; elements
and related correlation coefficients are as follows; Mn
and Co (0.97), Ni and Cr (0.52), Zn and Mn (0.62),
As and Sn (0.62), Pb and Co (0.99), Pb and Mn (0.63)
moderate to high grade positive, As and Co (-0.85),
Cu and Ba (-0.58) moderate to high negative (Table
5).

3.2. Heavy metal/trace element contents in shoots of
Acacia Tree

Elements and related concentration values are as
follows of shoots of ocacia; barium (Ba) 3.14-18.50
mg/kg (ave. 8.10 mg/kg), cobalt (Co), 0.46-0.94
mg/kg (ave. 0,74 mg/kg), chromium (Cr) 0.32-11.73
mg/kg (ave. 1.38 mg/kg), copper (Cu) 1.59-34.40
mg/kg (ave. 5.17 mg/kg), iron (Fe) 16.08-693.32
(ave. 74.93 mg/kg), manganese (Mn) 3.54-14 mg/kg
(ave. 643 mg/kg), molybdenum (Mo), 7.34-56.45
mg/kg (ave. 23.05 mg/kg), nickel (Ni) 1.09-9.85
mg/kg (ave. 2.82 mg/kg), tin (Sn) 9.93-11.70 mg/kg
(ave. 10.81 mg/kg), strontium (Sr), 19.55-77.15
mg/kg (ave. 38.94 mg/kg), zinc (Zn) 3.77-47 mg/kg

Table 4- Statistical data of elements in soil (concentration values in mg/kg)

Table 5- Correlation coefficients of trace element concentrations in soil
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(ave. 15.16 mg/kg), arsenic (As), 1.82-2.08 mg/kg
(ave. 1.96 mg/kg), aluminum (Al) 10.15-203.01
mg/kg (ave. 52.82 mg/kg) (Table 6). As lead (Pb)

values in shoots of acacia could not be detected, it
remained below the detection limit.

Table 6- Descriptive statistical values of trace elements in shoots of acacia

Correlation coefficients of trace elements in
shoots of acacia with each other and the alkalinity of
them were calculated. Following results were
obtained; Mn and Ba (0.65), Ni and Cr (0.89), Sr and
Ba (0.56), Sr and Mn (0.54), Zn and Cu (0.72), As
and Ba (0.56), As and Cu (0.62), As and Fe (0.73), As

and Mn (0.58) and the alkalinity of the soil and As
(0.64) moderate to strong positive correlation;Mnand
Cu (0.42), As and Sr (0.47) weak positive correlation;
As and Cr (-0.90) strong negative correlation.
Besides; there is as negative correlation between the
alkalinity of the soil and Ni (Table 7).

Table 7- Pearson correlation coefficients between trace element concentrations of acacia shoots and alkalinity of soil

3.3. Heavy metal/trace element accumulations in the
soil (pollution)

In the assessment of trace element accumulations
in soil, the reference values of the soil are compared
with element concentrations estimated in soil. In
order to calculate the trace element accumulations in
Giimiishane Region, the values of Giimiishane
granitoid and Eocene volcanic rocks which are the
source of soil were used. Therefore, the reference
values of Topuz et al. (2010) for the soil that had
developed on Giimiishane granitoid, the trace element
values of Aslan (2010) for the soil cover that had
developed on Eocene volcanic rocks, and the values
of Turekian and Wedepohl (1961) and Taylor and
McLennan (1995) for chromium and arsenic elements
were used. The geometric average values were used
for element concentrations showing logarithmic
distribution when benefited from trace element values
of Topuz et al. (2010) and Aslan (2010). However,

the arithmetic average values were used for elements
showing normal distribution. For major element
concentrations in the study area, bar graphics were
drawn. Accordingly, the elements and number of
sample locations of which are above the reference
values in soils are as follows; Cd (9), Ba (26), Co (2),
Cr and Mn (44), Cu and Ni (all locations), Sn (14), Zn
(35), As (36), Pb (38). The pH values of soils in
sample location showever, were detected as ranging
between neutral to alkaline (Figure 3a, b).

Geochemical normalizations are widely used to
determine the pollution resulting from human
especially the human induced pollution in soil. The
purpose here is to proportionate pollution with
respect to normal concentrations with a normalization
factor (Daskalakisand O’Connor, 1995; Aloupi and
Angelidis, 2001; Condrad and Chisholm-Brause,
2004; Feng et al., 2004). There is not any certain
acceptance in the selection of element to be used in
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Figure 3- a. Trace element concentrations, reference and pH values of soils in the study area

al., 1997; Saur and Juste 1994; Sutherland 2000;

Reimann and De Caritat, 2000).

normalization but, the elements which are not
geochemically active (inert) and encountered in all

conditions such as; Al, Fe, Li, Zr, Sc and Sr are used

The parameters which are widely used for the
assessment of element enrichments in soil are

(Feng et al., 2004; Acevedo-Figueroa et al., 2006;
Ghrefat and Yusuf 2006; Chen et al., 2007; Loska et
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Figure 3- b. Trace element concentrations, reference and pH values of soils in the study area (Continue)

3.3.1. Enrichment Factor (EF)

Enrichment Factor (EF), Geoaccumulation Index

(Igeo), Contamination Factor (CT), Contamination

The Enrichment Factor (EF) was used by Buat-
Menard and Chesselet (1979) for the assessment of

Factor Degree (CFg.). The Enrichment Factor and

metal accumulation in soils. The Enrichment Factor

geoaccumulation index were used in this study.
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has also been used in assessing various environmental
conditions in time and in the estimation of
contribution of the human induced effect in metal
pollution (Buat-Menard and Chesselet, 1979;
Groengroeft et al., 1998; Morillo et al., 2002; Adamo
et al., 2005; Vald’es et al., 2005). Although there
have been discussed some drawbacks about the usage
of Enrichment Factor for the assessment of elemental
accumulations in various environments in detail by
Reiman and De Caritat (2000), this factor is widely
used in the assessment of enrichment factors and in
comparing the pollution of different environmental
conditions because it is accepted as a universal
formula. In this study, Zr element was selected as the
reference element as it has some features such that, its
geochemistry resembles to the geochemistry of trace
elements and its natural sediment concentrations are
regular (Daskalakis and O’ Connor, 1995). Zircon is
mostly used as stable lithogenic element in alteration
studies or for the assessment of more reactive heavy
metals in sediments, in reducing dispersive data and
in determining sensitive reference values as
normalizer (Rubio et al. 2000; Zhang et al., 2006;
Cobela-Garcia and Prego, 2003; Machender et al.,
2011).

The following formula is used in calculating the
Enrichment Factor;

(Me/Zr)sample
B (Me/Zr)reference

Here;

(Me/Zr)gmple 1s the ratio of metal concentration
with respect to zircon amount in the soil,

(Me/Zr) eference 18 the ratio of element reference
value with respect to reference Zr used for the
normalization.

If EF is less than 5.0 then, the soil is accepted as
unimportant in terms of pollution as such minor
enrichments could originate from differences in local
soil material compounds and in reference soils used
in EF estimations (Kartal et al., 2006). Nonetheless;
there is also observed difference in the range of
contamination degree and in its classification. Birch
(2003) classified EF as follows; EF<l (no
enrichment), EF<3 (minor), 3<EF<5 (moderate),
5<EF<10 (moderately severe), 10<EF<25 (severe),
25<EF<50 (very severe), SO<EF (highly severe).

Enrichment factors were calculated for 12 trace
elements in soils at 45 sampling locations along the

state auto road passing through Giimiigshane city
center (Table 8).

Results were taken as follows; Sr (0.6-3.62) in “no
enrichment-minor” class; Ba (0.77-5.52) “no
enrichment-moderately severe” class; Cd is an
important heavy metal that has risk for environment
and living organisms when it is assessed in terms of
trace element accumulation.Cd content was detected
in 10 sampling locations (0.26-49.14) as “no
enrichment-highly severe” class; Co was detected in
3  sampling locations (0.98-12.88) in “no
enrichment—severe” class; Cr (0.25-1.61) as “no
enrichment—minor” class; Cu (8.49-86.57) as
“moderately severe—highly severe” class; Mn (0.14-
9.70) as “no enrichment—moderately severe” class; Ni
(7.17-113.92) as “moderately severe—very highly
severe” class. Pb element is one of the most
significant pollutant heavy metal of today and it was
detected as (1.11-180.51) “minor-very highly severe”
class. Arsenic (As) element is an important pollutant
material and is seen in all over the world. EF for As
is around 5 mg/kg in unpolluted soils (Goldschimdt,
1958; ATSDR, 2000), however it reaches 1400
mg/kg or even 2700 mg/kg in polluted soils (EPA,
1982). EF value of As element is between 1.74-82.05
mg/kg in the study area “minor-very highly severe”.
EF value for Sn element was detected as (8.54-
138.45) “moderately severe—very highly severe”
(Table 8, 9).

3.3.2. Geo-accumulation Index (Igeo)
Geo-accumulation Index (Ig,), which was
suggested by Muller (1969, 1981) has been used in
many investigations since 1970 and aims at detecting
the increasing pollution comparing today’s metal
content with pre industrialization values (Miko et al..
2000; Loska et al., 2003; Vural and Sahin, 2012 a-b).
Geo-accumulation index is calculated as shown

below;
Cy
Loeo= log, T5%8B,

C,, is the metal concentration analyzed,
B, is the reference value of element n,
However, value of 1.5 corresponds to coefficient

used for normal fluctuations in environments like
very small anthropogenic effects.
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Table 8- Enrichment factors (EF) of trace element accumulations in soil

Table 9- Statistical parameters of enrichment factors in the study area

Muller (1969, 1981) and Chen et al. (2007)
classified Ly, as follows; L,.,<0 uncontaminated, 0-1
uncontaminated-moderately contaminated, 1-2
moderately contaminated, 2-3 moderately- heavily

contaminated, 3-4 heavily contaminated, 4-5 heavily

to extremely contaminated and >5 extremely
contaminated.

The Geo-accumulation Index (Iy,) for the study
area was calculated and results were given in table 10.
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Table 10- Geoaccumulation indexes of soil elements

According to this index, following results were
obtained; Sr (-2.07;+0.26), Ba (-1.58;+0.18) and Mn
(-4.47, +1.31) “uncontaminated”-“moderately
contaminated”; Rb (-3.39; -0.05), “uncontaminated”;
Cd (-3.58;+3.64), “uncontaminated-heavily
contaminated”; Co (-2.05;1.41) was detected in 3
sampling locations, “uncontaminated-moderately
contaminated”; Cr (-0.13;2.20), “uncontaminated-
moderately contaminated-heavily contaminated”; Cu
(1.61;4.23), “moderately contaminated”, “heavily
contaminated-extremely contaminated”; Ni (1.84;

5.64), “moderately contaminated”,“heavily
contaminated - extremely contaminated”; Pb (Igeo
-1.19; +6.01), “moderately contaminated”,‘heavily
contaminated-extremely contaminated”; Zn (I

(0
0.62; 3.12), ‘“‘uncontaminated, moderatgely
contaminated” - “heavily contaminated”; Y (-1.85; -
0.26) ‘“uncontaminated”; As (-0.18; +5.63),
“uncontaminated” “heavily - extremely

contaminated”, Sn (1.21;5.24), “moderately to
heavily contaminated”, “extremely contaminated”
(Table 10, 11).
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Table 11- Statistical parameters of geoaccumulation for soil element contents of soils on Gilimiishane auto road

3.3.3. Trace element contents in plants and trace
element patterns

The transfer of metals from soil to plants is
important in terms of plant formation and heavy
metal pollution (Kabata and Pendias, 2000). Many
mechanical and experimental methods have been
studied for the investigation of element transfer from
soils or soil solutions into plants (Kraus et al., 2001;
Yaylali-Abanuz and Tiysiiz 2009). The relation
between the metal contents of various soils and plants
could be explained by transfer factor (Krauss et al.,
2001). Although a linear function is preferred in
many cases, soil-plant transfer of metal does not give
a linear relation. Some investigators use Ferundlich
type function to predict the transfer of elements into
various plants grown in polluted soils (Krauss et al.,
2001;Yaylali-Abanuz and Tiiysiiz, 2009).

The relationship of concentration of an element in
plant or soil could be calculated by the formula;

a

= bxc,gy

Cplant

As there is not any linear relationship in element
transfer from soil to plant, this formula can be

rendered into linear form by a logarithmic
transformation;
log Cplant = AXCypip + log b
Here;

Cplant 18 metal concentration in plant

Cgoil 1S the metal concentration in plant

Values (a) and (b) are the empirical Ferundlich
coefficients (Sposito, 1984). As trace element
concentrations in plants and soils do not display a
normal distribution, logarithmic values in regression
analyses were used in order to obtain a linear
distribution. This model, which 1is wused in

investigating the element transfer between the plant
and soil in which the plant grows, is not only easy
model to use but also is an easy method used for
explaining the relationship between these (Krauss et
al., 2001). The coefficient (b) also reflects element
intake capacity of the element from soil to plant
(Krauss et al., 2001; Yaylali-Abanuz and Tiiysiiz,
2009). Within the scope of study, the correlation
coefficients between shoots of acacia tree and the soil
in which this tree had grown up were calculated but
there was not observed any significant relationship
between them (Figure 4a, b). High correlation values
were taken between shoots of acacia tree and the soil
in which the tree grows because of insufficient data in
terms of these elements. Therefore, these are not
realistic correlation values. There is no strong
correlation between the element concentrations of
acacia shoots and soil in which these shoots had
grown up. So, it means that there was not observed a
direct relationship between element concentrations of
acacia shoots and soils in which those trees had
grown up. The absence of a good correlation is an
expected result when the fact that the trace element
accumulations of tree shoots are less than the trace
element accumulation of tree leaf and flowers is taken
into consideration.

It is considered to take satisfactory results if this
study would be carried out for leaves and flowers of
acacia tree.

The element concentrations in acacia shoots are
decreasingly ordered as; Fe>Al>Sr>Mo>Zn>Sn>Ba>
Mn>Cu>Ni>As>Cr>Co in table 6. It is clear that
molybdenum values in acacia shoots are high. As
molybdenum values are lower than the detection
limits in soil analyses in which acacia trees grow up,
the possibility for examining the relationship between
soil and the plant could not be performed. This
situation is a lack which should be corrected in
further studies, and acacia shoots to present high
values in terms of molybdenum is another worth
investigating. Studies on this topic still continue and
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Figure 4- (a) Relationships between shoots of acacia and element in the soil in which the acacia tree has grown (data in
logarithmic)
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Figure 4- Cont.
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these indicate that acacia shoots could be used in soil
geochemistry analyses especially for mineral
investigations. Using coefficient b, heavy metal
accumulations in plants can be detected, and these
plants can be used both in geochemistry studies for
mineral explorations and in rehabilitating soils which
have been subjected to heavy metal contamination.
Slope coefficient in acacias is ordered as;
Fe>Al>Cr>Ba=Ni>Cu>Zn>Co>Sr>Sn>Mn>As
(Figure 4). The plant capacity which affects the
element accumulation is expressed with this
coefficient. Small coefficients indicate intensive
element contributions from soil to its body which
contains low metal concentrations, or small amount
element contributions from soil which has high metal
concentration. In case of low coefficient, the relation
between plant and soil is not linear. There is a linear
correlation between them when the coefficient
approaches 1. This situation is partly related with the
element content of the plant, and any increase in soil
directly reflects to plant (Krauss et al., 2001, Yaylali-
Abanuz and Tiiysiiz 2009). This model log ¢4y =
axcy,; + log b is very suitably used in correctly
detecting the element intake of plants from the soil
(Krauss et al., 2001).

3.34. Heavy metal accumulation relationship in soil
and plant systems and their use in
biogeochemical studies of acacia shoot

Trace elements were absorbed and transported
from soil via roots to the other organs of the plant.
The relation of transmit from polluted soil to plant is
handled with parameters such as; Biological
Absorption Constant (BAC), Transfer Factor (TF),
Bioaccumulation Factor (BAF) (Luoma and Bryan,
1979; Cui et al., 2004). Element transfer from soil to
plant was investigated in this study by means of
Bioaccumulation Factor. BAF is estimated by a
formula given below;

BAF=M,,,./M

plant’ V%soil

Here; M,y is the element content in plant
organs, and Mg, corresponds to element content of
soil in which plant grows (Louma and Bryan, 1979).

This equation is used in predicting the transmission

rate capacity of each element into plant and plant
systems growing in the soil, to show the skill for
biological element transport and migration.

Enrichments of trace elements in shoots of acacia
relative to soils in which they grow and their related
complementary statistical parameters were calculated
and box diagrams of elements for BAF were drawn
(Table 12, Figure 5).

When BAF values belonging to elements/metal in
soil and acacias growing in this soil was studied,
following results were obtained as follows; Ba
(0.0038-0.038), Co (0.0154-0.0439), Cr (0.0026-
0.1448), Cu (0.0271-0.5931), Fe (0.0004-0.0247),
Mn (0.0032-0.1680), Ni (0.0214-0.1628), Sn
(0.1581-0.909), Sr (0.0723-0.9015), Zn (0.0273-
0.2972), As (0.1138-0.2311) and Al (0.0001-0.0025).
So, transmission rates for Ba, Co, Fe, Al and partly
Mn elements from soil to plant were found to be low.
So, taking all these data into account, Al, Mn, Ba and
Co elements are not considered to be very productive
for biogeochemical studies. Since BAF values of Cu,
Ni, Zn, Sn and As elements are higher or equal than
0.1, these can be used in biogeochemical analyses.
BAF value of Cu element is seen in a wide range
(0.027-0.593), but concentrates are between the range
of 0.06-0.11 (Figure 5). BAF value of Cu element to
increase up to 0.593 shows that acacia shoots can be
used in biogeochemical studies. BAF value for Ni
element is between the ranges of 0.021-0.0163, but
concentrates are between the ranges of 0.03-0.08.
BAF value of Zn is 0.27-0.3, however it mainly
possesses a BAF value of 0.1. There was not
sufficient data in shoots of acacia, but BAF value
obtained for tin element is 0.1. The sufficient
determination for As element in acacia shoots could
not be performed, nevertheless BAF value for this
element was detected as 0.113-0.2. BAF value of Sr
element ranges between 0.072-0.9, and the most of
data cumulates around 0.12-0.3. Therefore; Sr
element can be used in biogeochemical studies. The
value of molybdenum in acacia was detected higher
than the expected value. The value of molybdenum
element could not be detected in soil samples as the
content of this element in soil was low. The detection

Table 12- Descriptive statistical parameters of the bioaccumulation factor for shoots of acacia tree.

101



102

Trace/Heavy Metal Distribution - Glimiishane

Figure 5-Box diagram belonging to Bioaccumulation Factors (BAF) for the elements of acacia shoots.

of molybdenum values in acacia shoots is because of
its nature. As it is known; elements which are rarely
found in nature such as; Mo, Mn, Co, Pb, Ni and Sr
could reach very high values on leaves as their
mobility coefficients are high in water.The
molybdenum element was observed in high values in
shoots of acacia tree, though it could not be detected
in soil in this study as well (7.34-56.45 mg/kg). These
values showed that molybdenum gave better results
in shoots of acacia tree than soil in biogeochemical
studies.

The correlation of element transfer from soil to
acacia shoots and the correlation with pH of the soil in
which the plant grows was made. Accordingly; weak
positive correlation was observed between Fe and Ba
with Cu; Sr and Ba; Zn and Cu with Mn; and Al and
Fe. However; strong positive correlation between Cr
and Ni, and weak negative correlation between Al and
Ni, and the alkalinity of the environment with Cr and
Ni were observed (Table 13).

The pH values of the environment are effective on
the mobility of all cations. As pH decreases, the
mobility of cations increases with increasing in
acidity of the soil. However, the high mobility of
trace elements in the soil increases the element
transmission from soil to plant and supplies soil
profiles to pass into water systems. Also; pH values

have an important effect on the takeout of nutrition
and elements in soil profiles (Kabata-Pendias, 2000).
The pH value also enables the alteration of minerals
in the soil and transforms minerals into less soluble
compounds (Kabata-Pendias and Pendias, 1992). The
alkaline pH values ranging between 7 and 8.5 can
account for the low correlation in element transfer to
plant.

4. Results

In this study, the environmental biogeochemical
characteristics of heavy metal/trace elements in soils
and in shoots of acacia trees in soils were investigated
along the auto road passing through Giimiighane city
center. In this study, concentrations of heavy metals
such as; Al, Fe, Zr, Sr, Rb, Ba, Cd, Co, Cr, Cu, Mn,
Ni, Pb, Zn, Y, As and Sn, and the contamination
degrees of these elements in the soil were studied.
Elements in the soil are ordered in abundance as;
Al>Fe>Mn>Ba>Pb>Zn>Sr>Cr>Ni>Rb>Zr>Sn>Cu>
As>Co>Y>Cd. In order to determine the degree of
contamination in the area, I ., and EF parameters
were calculated. According to these parameters; the
contamination order as; Pb>Zn>Cu>Ni>Mn was
obtained. High Igeo and EF values for Pb, Zn and Cu
in the soil along the auto road indicate the presence of
an anthropogenically induced contamination (related
with traffic and industrial facilities) in terms of these
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Table 13- Correlation values between bioaccumulation factors and the pH of the soil.

elements. It is also predicted that mine sites in the
vicinity of the study area would have direct or
indirect effect on this contamination. However, there
is a need for more detailed investigation to
understand the dimensions of the effect. Low Iy, and
EF parameter for Mn and Ni elements indicate that
there is not any contamination in soil in terms of these
elements. So, while there is observed a depletion in
terms of elements such as; Mn, Cr and Ni in soils
along the road, there was detected an enrichment
(contamination) in terms of Pb, As, Zn and Cu
elements.

In the study; Al, As, Ba, Cd, Co, Cr, Cu, Fe, Hg,
Mn, Mo, Ni, Pb, Sn and Zn contents in shoots of
acacia tree were determined. Cd, Hg and Pb
concentrations remained below the detection limits.
Ni and As elements were determined in acacia shoots
in locations 6 and 2, respectively. When plant
transmission parameters from soil were calculated, it
was seen that (BAF and TF) Al, As, Ba, Co, Cr and
Mn contents ranged in normal limits, and Cu, Fe, Mo,
Ni, Sr and Zn elements were above the upper limits
and/or even more at some locations.
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ABSTRACT

In open pit mining from the safety point of view it is very important that physical and
mechanical characteristics of the dug-out materials are carefully studied, and geological
and geotechnical characteristics should also be considered in planning bench slopes of the
dug-out materials. The purpose of this study is to work out the stable slope geometry of
the eastern permanent slopes in the Kislakdy open pit lignite mine of the Afsin-Elbistan
Linyit Isletmesi. In the Kiglakdy open pit mine, 35 geotechnical drillings totalling 3393.20
m were made for the geotechnical studies and to work out slope sizing. A total of 250
vertical electrical drillings (DES) were also made to study tectonic features and lithological
changes which do not have surface expressions. All these data have been used in this study.
Design analyses showed that black coloured clay bands with high plasticity present in
between lignite horizon is the most important unit controlling slope stability. Slope
stability analyses have in general been conducted using the ‘finite elements’ and the ‘limit
equilibrium’ method to suit block sliding model and to suit different groundwater
conditions. In the analyses for the stresses affecting the slices; central part of the slice has
been taken as a base and the ‘finite elements’ stability studies have been conducted then
the findings have been compared. According to this it is understood that if stresses
affecting the slices are conducted by the ‘finite elements’ method then calculated factor of
safety on the bench base would be more from 1% to 7%, and in the slope angles it would
be more from 1% to 23%.

Keywords:

Elbistan, Kiglakdy,
Coal, Finite Elements,
Slope Stability

1. Introduction quality in the original base is; sub thermal valuel1170
Kcal/Kg, moisture 55%, ash 17%, combustible
Kislakdy open pit operation is situated within the material 28%, total S, volatile material 18.69%, C

limits of Afsin-Elbistan town in Kahramanmarag 17.1%, Hy 1.52%.

South Eastern Turkey (Figure 1). Studies indicated

L. . . L Among the workers who carried out studies in and
that lignite reserves in the Kiglakdy section is 578

around the study area; Ozbek and Giicliier (1977)

million tons and in the Afsin-Elbistan province it is who carried out hydro geological studies in the
total of 3.4 billion tons (Yoriikoglu, 1991). In his Maras-Elbistan-Céllolar section; Giirsoy et al, (1981)
study Yoriikoglu (1991) reported that the lignite carried out reserve estimation studies for the part in

* Corresponding author : ibrahim.akbulut@mta.gov .tr
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Figure 1- Location map of the study area.

between Harman and Sinekli Villages, they reported
that the age of the lake sediments in that part was
Pliocene-Pleistocene; Ergiider et al. (2000) carried
out geophysics studies in the eastern end slopes of the
Kislakdy open pit and found out the attitudes (strike
and dip) of the faults in the area; Kocak et al. (2001)
conducted reserve estimation studies and reported
that known reserves were 4.3 billion tons,
economically mineable reserves were 3.8 billion tons.
Kogak et al. (1985), Ural and Yiiksel (2000), Akbulut
et al. (2007, 2008) also conducted slope stability
work in the area.

In the Kislakdy mine sustainability of lignite
production mostly depends upon the stability of the
permanent slopes. Because of this, within the scope
of this geotechnical study, a total of 35 drillings
amounting to 3393.20 m have been conducted. To
establish geomechanical parameters disturbed/
undisturbed samples from every lithological unit have
been collected.

All of the data gathered from laboratory tests have
been evaluated together and have been subjected to
finite elements and limit equilibrium methods for
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stability analyses and results of both methods have
been compared.

2. Geology

In the study area Pliocene-Pleistocene lake
sediments, Quaternary units consisting stream
material and slope debris are present (Figure 2a).

At the base of the study area turquoise coloured
clays are present. As they form the base of the lignite
horizons they are also known as bottom clay. These
greenish blue coloured (turquoise coloured) bottom
clays have carbonate concretions and display less-
medium plasticity and have thin-medium beddings
(Figure 2b).

Lignite horizon concordantly overlies the
basement clay. The unit is black-light brown coloured,
has medium hardness and medium-thin beddings.
There are 1-80 cm thick, black coloured clay levels,
rich in bitumen with high plasticity and green
coloured clay levels in places with medium-high
plasticity and with fine size pebbles. As it is
transitional with gray Gidya unit the lignite horizon
has numerous Gidya alternations. Giirsoy et al.,
(1981) gave Pliocene-Pleistocene age to the lignite’s.
The Gidya unit concordantly overlies the lignite
horizons. The unit has brownish gray-dark gray clay
levels. It is very soft with medium-thick beddings.
Beige Gidya concordantly overlies gray Gidya. It has
light brown-beige coloured silty clays with abundant

Figure 2- a. Geological and engineering geological map of the study area.
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Figure 2- b. Geological and engineering geological map of the study area.
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Gastropods. The units represents lake environment
and has limestones at the top (Giirsoy et ., 1981).
Limestones are light gray-gray coloured, have
abundant fossils, hard-very hard, with medium-thick
beddings, broken surfaces have sharp corners.
Quaternary Lehim sequence discordantly overlies the
limestones and have extensive coverage in the study
area.

Geophysics studies revealed the attitudes of the
faults which had no surface expressions. These faults
run NW-SE direction, developed along the eastern
slopes at the edge of the basin.

3. Geotechnical Study

Geotechnical studies have been carried out in two
stages. In the first stage; geotechnical drillings,
geophysical studies and samplings have been carried
out. In the second stage; laboratory test results of the
collected samples have been evaluated.

To be able to establish lateral and vertical
extensions of the units present in the study area
General Directorate of Mineral Research and
Exploration (MTA) carried out total of 35
geotechnical drillings amounting 3393.20 metres
(Akbulut et al., 2008).

In all of the drillings depths of ground water levels
have been controlled. In the unexcavated parts the
ground water level was 4.00 m; in the excavated parts
it was 30 m; in the parts where drillings intercepted
the basement rocks, it was 61.50 m It is possible that
61.50 m static ground water level is the water level of
the karstic parts.

Within the scope of the geophysics study a total of
250 vertical electrical drillings (VED) have been
conducted and results have been evaluated. Data
obtained from these VED’s have been compared with
the results of the mechanical drillings and attempts
have been directed to identify all possible tectonic
features.

To establish geo-mechanical parameters to be
used for designing permanent slopes; a square
specimen cutter 10 cm x 10 cm x 3 cm dimensions
was used and 4 sets of undisturbed samples from the
fresh face of the units and 4 disturbed samples for the
index studies have been collected. By using thin edge
tubes (shelby) 31 undisturbed samples from the
drillings have also been collected.

In the laboratories on the ground type samples in
accordance with ASTM (1994) abd BSI 1377 (1990)
strength and index tests have been conducted.

4. Geotecnical Evaluations

Within the scope of geotechnical evaluations first
of all engineering classifications of the lithological
units have been made. In the engineering
classifications ‘unified soil classification’ (ASTM D-
2487 1994)) have been used to evaluate grain size
distribution analysis and Atterberg limits. According
to this; sandy parts of the Lehim Sequence is in the
SM-SP group, whereas silty parts in the MH group,
and the whole section is in the CH group. They all are
classified as clays with “high plasticity”.

Gray Gidya is represented with MH group and
bottom clay with CH-CL-MH group soils. Depending
upon the result of liquid limit test, black clays have
been classified as OH-MH group soils.

Fine grained grounds have abundant organic
materials. In the plasticity chart they are classified as
organic silt below A-line and have ‘high -
excessively high’ liquid limit value (IAEG
Commission, 1981).

In the fine grained grounds the ratio of plasticity
index to percentage (%) of clay is described as
activity coefficient and this gives information on the
clay minerals. In Figure 3 in the activity abacus
GrayGidyashows “Medium — low activity”, Lehim
and Black Clay show “Medium-high-very high
activity”’distributions.

According to atterberg limits classification system
these units have been classified as; Lehim Sequence
= tight-very tight; Gray Gidya = very soft; Black Clay
= hard-very hard; Bottom Clay = hard-very hard
(Akbulut et al., 2008).

Undisturbed samples collected from the study
area to determine geomechanical parameters to be
used in design analysis of permanent slopes have
been subjected to relevant tests.

Shear tests were carried out depending upon the
location of the samples collected, taking designated
normal stress (G,,) values into account, in line with the
standards (ASTM D-3080) under different vertical
load stages, 1 x 2.5 inch diameter and/or 6 x 6 X 2 cm
dimensions These tests were carried out on the
materials, at least 3 times for each unit, so peak and
residual shear strength parameters have been
established for each unit.

Akbulut et al., (2007) carried out back analyses
and found that landslides developed in the Lehim
Sequence and under the control of the black plastic
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Figure 3- In the study area distribution of fine grained units on the Activity Chart.

clay in the lignite horizon, residual shear strength
parameters were effective during the process of
sliding. Due to these results, residual shear strength
parameters, obtained from the laboratory tests have
been used for the stability analyses.

In the field studies it was found that sometimes
fault zones had clay fillings (gouge) and in other
areas they didn’t have filling (gouge) materials.
Analyses have been carried out for the differing
situations; “no discontinuity”, and “discontinuity
present” that planes (fault) having fault materials in
them. Geo-mechanical parameters used for the design
analyses are given in table 1.

5. Stability Design Analyses

In the final slope designs, factor of safety (FOS)
value has great importance. In a simple term FOS
value is defined as; ratio to resisting to sliding forces.
In the stability analyses if FOS=1, then it is
considered as equilibrium (balance) condition and
during sliding this condition is considered valid.
Because of that, in designing slopes, FOS values are
preferred to be greater than 1 (FOS>1) not to have
instability.

In this present study for the permanent slope
designs, FOS coefficient is suggested to be FOS=1.3.

Table 1- Geo-mechanical parameters used in design analyses (Akbulut et al., 2008).

Unit Unit volume Residual internal Residual cohesion
weight (y, kN/ m3) friction angle (¢, °) (c, kPa)

Lehim 1785 21,38 21,79
Limestone 20,78 26,80 51,80

Gray Gidya 15,05 34,84 10,54
Lignite 10,90 33,30 12,76

Black clay 15,90 11,20 20,82
Basement clay 17 46 25,83 14,19
Discontinuity plane 10,90 29 0,1

Fault material 12,57 9,10 4331
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On the other hand, it was suggested that in a short
period of time if materials are loading at the heel of
the slopes then FOS= 1.2 could be acceptable.

In the prepared design analyses, the “General
Limit Equilibrium” (GLE) (Fredlund and Krahn,
1977) method has been considered as a base. GLE
takes the forces into account between slices, at the
same includes momentum and force balances into
calculations. For the designs GEO-SLOPE
(SLOPE/W 2007) software has been used. This
software provides solutions with the “finite elements
and limit equilibrium” approach. It could carry out
(2D) analyses, accounts seismic forces and ground
water level and provides solutions with various
methods.

Permanent slope analyses have been carried out
primarily for the single benchs. This analysis aims at
working out safe ”slope angle and slope heights” for
one bench. Depending upon the character of the
ground different models has been used. If the ground
is not firm and consists of loose materials then
“circular sliding model” is necessary to obtain a safe
result. For firm rocky mass then the “block sliding
model” was used.

6. Comparison of Calculated Design Analyses
Made by Using ‘Finite Elements’ and ‘Limit
Equilibrium’ Methods

So far the "Limit Equilibrium” method has been
successfully used in the slope stability analyses. The
‘Finite Elements’ method has been used in all
engineering problems as well as in the slope stability
analyses. The most important difference between the
“Finite Elements”“ and the “Limit Equilibrium”
method is that, the "Finite Elements* shows the stress
distribution in a more realistic way and enables
stability analysis to be carried out.

In the ‘Limit Equilibrium’ methods, when trying
to establish strength equilibrium in the process of
achieving results, FOS value is accounted to be the
same for each slice. This causes difference between
the calculated stress distributions along the sliding
plane than the actual one. In the “Finite Elements”
method, an equilibrium is established for the stress
and deformation conditions, so calculations would be
based on more realistic stress distribution data. In the
“Limit Equilibrium” method central part of each slice
is taken as a base in calculating the stresses effecting
to the slices. In the “Finite Elements” method, on the
other hand, the stresses effecting base of each slice is

calculated for the analyses. “Two methods” term is
used to explain the stress calculations affecting the
slices, all other calculations are same.

In this study above mentioned differences have
been taken into account and analyses have been
carried out accordingly. For the design analyses first
of all to establish bench geometry, Lehim Seq.,
bottom clay and for the lignite, safety coefficients
have been taken as FOS= 1.2 and FOS=1.3.
According to these values graphics have been
prepared showing “Slope height (H) — Slope angle
(B)” relationship (Figures 4, 5, 6). As it is seen in the
graphics, in the “Finite Elements” method, in the
Lehim Seq., when F= 3, the bench with H=20 m
would have = 35.8° bench angle; in the bottom clay
for a H=25 m bench, bench angle would be B= 30.5°;
in the lignite horizon for a H= 25 m bench, bench
angle would be = 46.0°. In the “Limit Equilibrium”
method in the Lehim Seq. for a H= 20 m bench, bench
angle would be B= 33.4° in the bottom clay, for a H=
25 m bench, bench angle would be ,= 28.8° in the
lignite horizon, for a H= 25 m bench, bench angle
would be B= 45.3°. This show that on the bench base
for the same safety coefficient (F=3) there is 1% to
7% difference in calculations between “Finite
Elements” and “Limit Equilibrium” methods, “Finite
Elements” being higher.

Akbulut et al., (2007) studied the landslides
developed in the study area and concluded that failure
developed in “block sliding model”. As the failures in
the lignite horizon developed in the block sliding
model, analyses have been carried out to fit to this
model. Taking discontinuity planes into account
general slope analyses have been repeated.

In the study area to understand geology
(structure), 15 cross sections right angle to the
planned slopes have been prepared. In these sections
geology (structure) appeared same, so stability
analyses have been carried out on 7 sections.

Slope stability analyses have been carried out by
applying ‘Finite elements’ and ‘Limit equilibrium’
methods to find solutions. According to F= 1.2 and
F= 1.3 safety coefficients, graphics showing ?Slope
height (H) — Slope angle ( ,)?relations. One of the
analysed sections was 14-14 (Figure 2). ?General
slope angle — Safety coefficient” and ?Groundwater
level — General slope angle” relations graphics for 14-
14 section have been prepared. In Figure 7 (a, b)
discontinuity plane, in figure 8 (a, b) in the case of
discontinuity plane being present are given. In Figure
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Figure 4- For the Lehim unit;

Figure 5- For Basement clay;

Slope Stability of AEL-Kislakdy

Figure 6- For lignite horizon; according to; a) ‘Finite
elements’ (FE), b) ‘Limit equilibrium’ (LE)
relationship between bench height (H), bench
angle (B).

9 (a, b) in the case of fault plane being present ‘Finite
elements’ and ‘Limit equilibrium’ methods
applications in; (a) FOS coefficient — general slope
angle, (b) general slope angle — groundwater level
relations have been given. In Figure 10, position of
slope profile and critical sliding plane is given.
Collective results are given in table 2.

Under FOS = 1.3 conditions if general slope angle
is not a discontinuity plane; according to the ‘Finite
elements’ method it would be between 12.8° and
17.4°, according to the ‘Limit equilibrium method it
would be between 10.1° and 14.9°; on the other hand,
if general slope angle is a discontinuity plane then
according to the © Finite elements’ method; it would
be between 11.7° and 14.0°, according to the ‘Limit
equilibrium’ method, between 10.4° and 12.5° if
sliding surface is a fault plane, then, according to the
‘Finite elements’ method it would be between 11.1°
and 12.2°, according to the ‘Limit equilibrium’
method between 10.2° and 11.9°.
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Figure 7- a) In the case of no discontinuity, according to the “Finite elements”method; b) In the case of no discontinuity,
according to the “Limit equilibrium”method; a) FOS coefficient — General slope angle, b) General slope angle —
Groundwater level relations.

Figure 8- a) In the case of discontinuity present, according to the “Finite elements”method; b) In the case of discontinuity
present, according to the “Limit equilibrium”method; a) Safety coefficient — General slope angle, b) General slope

angle — Groundwater level relation. 5
11
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Figure 9- a. In the case of fault material present, according to the ‘Finite element’ method; b.In the case of fault material
present, according to the ‘Limit equilibrium method; a) FOS coefficient — General slope angle, b) General slope

angle — Groundwater level relation.

Table 2- Collective analyses results of the representative sections from the study area (for GWL =30 m) (FE= Finite
Elements, LE= Limit Equilibrium).
General slope angle (B) (°)
Section No discontinuity plane According to the According to the fault plane
no present discontinuity surface
FE LE FE LE FE LE FE LE FE LE FE LE
F=12 | F=13 | F=12 | F=13 F=12 F=13 | F=12 | F=13 F=12 | F=13 | F=12 | F=13
2-2 190 174 174 149 12,6 11,7 113 104 11,7 112 114 10,5
4-4 17,2 15,7 16,1 143 134 12,6 12,5 118 132 122 12,7 119
6-6° 19,2 17,5 152 134 149 14,0 133 12,5 139 13,0 12,5 11,7
3-8 16,0 142 149 12,8 124 11,7 11,2 10,5 11,8 11,1 110 10,2
10-10° 14,0 12,8 12,8 114 12,3 11,7 113 10,7 12,1 11,5 114 10,7
12-12 152 133 133 11,2 124 119 119 114 12,3 11,6 114 10,8
14-14° 13,7 12,0 12,6 10,3 124 11,8 12,1 114 115 109 11,2 10,5
In the “Finite elements”method when FOS If the “Finite elements” method has been used

coefficients become 7% higher, it would be 20%
more in the general slope (as total slope height
increases). In the open pit operations these analyses
must be compared with the actual positions and
particularly also with the back analyses. When slope
stability matters have been solved with the “Finite
elements” method, if the findings are in accord with
the actual situations then keeping with the safety,
using this method would be advisable.

general slope angle would be about B=11°. The
”Limit equilibrium”method is also considered for
slope designs and it has less numbers of samples.
Because of this, in this study with traditional "Limit
equilibrium”method general
determined as B=10°.

slope angle was

According to these analyses results if the general
slope angle was calculated with the ‘Finite elements’
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Figure 10- a) The maximum total stress distribution by using ‘Finite elements’ method, b) according to ‘Finite elements’
method; analysed slope profile and position of critical sliding plane, c¢) according to ‘Limit equilibrium’ method
analysed slope profile and position of critical sliding plane.

method, FOS coefficients would be between 1% to
23% higher then if it was calculated with the ‘Limit
equilibrium’ method.

7. Results and Suggestions

The following results have been obtained from the
conducted geotechnical studies in the Kislakdy
(Afsin, Elbistan, Kahramanmaras, South Eastern
Turkey) lignite open pit mine.

According to unified soil classification, which
take grain size and viscosity limits of the units
together into account the Lehim Sequence has been
grouped as SM-SP, MH and CH for whole section;
Gray Gidya as MH, Bottom clay as CH-CL-MH and
black clay as OH-MH class soils.

In the bench base analyses when FOS=1,3, in the
‘Finite elements’ method in the Lehim unit of a bench

with H=20 m, bench angle would be B= 35.8°, in the
Bedding clay, for a bench H= 25 m high, bench angle
would be = 30.5°, in the lignite horizon for a bench
H= 25 m high, bench angle would be = 46.0°. In the
‘Limit equilibrium’ method in the Lehim Sequence
for a bench H= 20 m high, bench angle would be
33.4°, in the Bottom Clay for a bench H= 25 m high,
bench angle would be B= 28.8°, in the Lignite
Horizon for a bench H= 25 m high, bench angle
would be B= 45.3°.

When there is a discontinuity plane, when F=1.3
is in the ‘Limit equilibrium’ condition according to
‘Finite elements’ method, general slope angle would
be 11.7°- 14.0°, in the ‘Limit equilibrium’ method, it
would be 10.4° - 12.5°.

When FOS coefficients are calculated at the bench
base with the “Finite elements” method, they would
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be 1% to 7% higher then if they were calculated with
the ‘Limit equilibrium’ method. In the general slopes
this rate changes from 1% to 23%.

The analytical results carried out by finite element
and limit equilibrium methods should be compared
with actual conditions in open pets particularly by
using previous analyses.

If the calculations were done by finite element
methods, the slope angle would be 11°. But,
according to the conventional limit equilibrium
method, the slope angle is calculated as 10° and it is
proposed to open with angle degree 10° for this area.
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The various data processing techniques, to illuminate the parameters of the geological
structure which are applied in gravity and magnetic potential field methods. Also edge
detection procedures are in data processing techniques. In this study, 2D, 3D, inversion and
asta technique is one of the new edge detection procedures were applied to clarify

correlation between the Simav half graben’s deep position and geometry of the tectonic
lineaments. The Asta is obtained using the tilt angle.

1. Intruduction

In this work the position of the Simav Graben has
been studied using geophysical data by applying 2D,
3D inversion and edge detection techniques. It was
important to study if the techniques used in the field
had any limitations or expansions and to know if they
are general or site specific. As is the case in every
discipline and under related disciplines, general and
site specific solution relations are interconnected with
each other.

The purpose of this study is to have a new 27 and
3rd dimensional outlook to the Simav half graben and
to the faults bordering the graben by applying
geophysical techniques.

Bedrock image of the graben, image of the upper
crust/lower crust interface,and the corner structure
which developed as a result of intersection of the
Simav and Naga Fault Zones has been identified after
applying the data processing stages. All of the
processes were aimed at gaining the maximum data
from the potential field maps and to work out
physical parameters of the geology in the maps.

In the previous work; 2nd vertical derivative of the
analytic signal (Hsu et al. 1996), horizontal derivative
of the ‘tilt angle’ (Verdusco et al. 2004), ‘hyperbolic
tilt angle’ and 2nd vertical derivative of the ‘tilt angle’
Cooper and Cowan (2004) methods have been used in
the edge zone detection processes.

Ansari and Alamdar (2011) proposed the ‘ASTA’
technique as a new edge detection method. Original
codes were written with the ‘Matlab program’ and
were applied to the synthetic model data. Edge
detection processes have been used in the Potensoft
data processing software developed by Arisoy and
Dikmen (2011). The processing menu does not
include an ASTA module. The ASTA module was
produced by modifying the program batch from the
software and was added to the software menu and has
so been used in this study.

As the ‘tilt angle’ acted like secondary potential,
boundaries of the structures became clear so analytic
signal relations and variations could be used to study
the structures. Later on it passed from the phase filter
to the derivative filter. So when ‘tilt angle’ and
analytic signal processes have been applied

* Corresponding author : toker.ertan@gmail.com
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separately, it was found out that developing negative
signal/noise ratio have improved and corner
sensitivities of the prism like model structures have
been kept. Horizontal derivatives detecting edge
boundaries, vertical derivatives localizing the
anomaly and analytic signals giving high values at the
structure are important contributions. Using the ‘Tilt
angle’ method it was found out that with increasing
depth blurring of the edge boundaries is no longer a
problem, corner structures are kept and selectable
edge zones are detectable.

2. Material and method

Following the introduction of edge detection
technique, ‘ASTA’ components (analytic signal, tilt
angle), comparison of the method with the other edge
detection techniques have been made in this study.
Edge detection and inversion methods have been
applied to the field data of Demirbag and Uslu (1986)
and results have been critically discussed.

2.1. Analytic signal and Tilt angle:
Analytic signal:

Analytic signal ‘M’, Gravity or Magnetic
potential field is given as;

AS(x,z) =dM / dx + iOM/ 9z (1)
Amplitude of the analytic signal is;

IAS(Z)l = (M / 9x)2 + (OM / 9z)2)1/2 (2)
3D Analytic Signal Theory:

It is easy to produce the analytic signal by
computing the derivatives of the magnetic anomaly.
Two dimensional Fourier transform pair applying as
follows:

g(ky, ky) = FIf(x,y)] = [[f(x,y) eikx+k v dxdy (3)
flky, ky) = Flg(k, k)l
(Equation 3) =1/4112 [[g(k,, ky) kg, ky dk,, dk,

If the (ky) and (ky) are representing the wave
numbers in x and y direction respectively, horizontal
and vertical derivatives in the wave number domain
by Fourier transform of the M magnetic potential, as
well as the different derivative relations, could be
determine by using the Eq. 3 (Roest et al., 1982).

If, )’2, §¥ and Z are accepted as the unit vectors,
3D anayltic signal would be expressed as follows:

AS(x,2) = (OM / 0x) X + (M / 3y) § +i(OM / 92) 2 (4)

Passing through real and complex expressions in
Hilbert transform pair from the Eq.4:

As the Fourier gradient in frequence domain:
PF[A(x,y)]=h* VF[M] + i2 *V F[M] 5)

The Vis the gradient operator in frequency
domain.

If the operators are accepted as follows:
(iky X +iky §+ k| 2); = X+ §+2veh= X+§

considering the horizontal and vertical gradient
relations of the potential, the real part of the Eq.5
represent the horizontal derivative whereas the
complex part represents the vertical derivative
(Pedersen, 1989).

f# VF[M] = ih*KF[M] = i((h.k)/ [k))* k| F[M]
=i((h.k)/ k) * 2 *VF[M] 6)

The relationship between the horizontal and
vertical derivative is the Hilbert transform operator in
frequence domain | [(h.k)/ k)] (Roest vd., 1982).

3D automatic interpretation of the grid data
represents the 2D amplitude function and this
function also represents the absolute value of Eq. 2
given by Nabignan (1972, 1974). In this case, this
equation evolved as follows:

IAS(x.,2)| = ((IM/3x)2 + (IM/dy)2+ (IM/dz)2)12 (7)

This is the 3D analytic signal function. Analytic
signal value (Eq.7) is maximum in the edge zones of
the geological structures.

Because of the derivatives the places where there
have been most changes are marked with strongest
amplitude. In this statement it shows that origin of the
structure becomes prominent. When multiple
structures have been reduced down to original mass
then as they become geological structural boundaries
then they cannot be detailed any further (Ansari and
Alamdar, 2011).
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Tilt Angle:

In the edge zone detections Tilt angle is defined as
one of the basic phase filters. Miller and Singh (1994)
are the workers who discovered and used this filter.
‘Arctan’ of the ratio of the vertical derivative to the
amplitude of the total horizontal derivative gives the
tilt angle.

Tilt=Arctan (IM/dz) / [(IM/Ix)2+(dM/dy)2)112  (8)

Tilt angle acquires positive values (+90) on the
original structure or nearby. When it is moved away
from above the mass it first approaches to zero, then
passes to negative values (-90) and it extends as a
band in between negative and positive anomalies.
Zero values indicate the edge zones. In between the
anomaly contours, half distance between the -t/4 and
/4 contours is equal to the depth of the upper surface
of the structure boundary (Salem et al, 2007). Figure
1 shows schematic view of tilt angle and the
components.

2.2. Asta

In using the ‘Tilt angle’ method there may be
some problems related to the study of the edge
detection of deep seated structures. As there have not
been any vertical variation measurements taken, in
any the all of the determination studies carried out on
the surface, vertical variation is determined with
potential field strength. This inevitability is a problem
in the vertical derivative. In the study area for the

masses present in various depths in the edge
boundary transitions, the edge boundaries of the
masses cannot be seen clear and sharp as they are
needed to be.

In the regional studies, size of the field and
multiple structures in it all appear in a narrow part in
the data processing stages and features stand very
close to one another making this interpretation of the
field data becomes difficult. Vertical component
(0T/0z) represents variation on the original tilt at
depth. With the tilt angle the boundaries of the mass
becomes known and depth effect of it is registered in
the analytic signal. When analytical signal is used
together with the tilt angle method then some features
will appear more clearly.

In the equation 4 when ‘T’ tilt angle is written in
place of ‘M’ potential

IAS(Z)! = ((3T/9x)2 + (dT/dy)2+ (9T/dz)2)1/2 )

equation is obtained. This is ‘ASTA’ equation,
producing analytical signal from the tilt angle.

2.3. Derivative filters, phase filters and asta module
used in the edge definitions

Arisoy and Dikmen (2011) prepared software for
‘Potensoft’. It is for 3 rectangle prisms at 0-5 km
depth (Figure 2); magnetic field effect (model grid)
and model sensitivities of other edge definition
methods have been studied. For this purpose in the
order of;

Figure 1- Schematic view of the ‘Tilt angle’ components.
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Figure 2- 3 dimensional model view (Arsoy and Dikmen, 2011).

(a) Model grid, (b) Horizontal gradient, (c)
Analytical signal, (d) Tilt angle, (e) Tilt derivative, (f)
Theta map, (g) Hyperbolic tangent (has not been
pushed forward (?), and (h) ASTA (Tilt angle based
analytic signal).

By using data processing, results have been
correlated with each other. ASTA module is attached
to the interface of the ‘Potensoft’ package program
(Arisoy and Dikmen, 2011) and is present in the
menu (Figure 3).

Figure 3- ASTA module view of the model grid attached
to the graphic interface.

In general derivative filters are based on the
calculations of the 1st and 2nd derivatives of the
horizontal (along x and y) and vertical (along z) data.
Analytic signal and horizontal gradient could be
given as examples for the derivative filters. On the
other hand phase filters are the angular greatness
obtained from the base of the ratio of vertical
derivative and the horizontal derivative angle.
Hyperbolic tangent method can be given as an
example. On the other hand the ASTA method is a mix
edge sensing technique results from the derivation of
‘till” greatness.

Figure 4 shows views of the 3 prisms produced
with the edge definition methods.

2.4. Comparison of model answers

1) In Figure 4 model images in a, d, f and g show
that anomaly fields has curvature expansions. Prism
edges are not sharp and contour transitions are not
clear. The four colours used (yellow, red, blue, green)
show various transitions, detection of structures is
problematical. Long edges of the rectangle prism in
the middle have four coloured parallel transitions.
This creates doubts on which could be the real edge.
Distribution of the contours and colour shades may be
misunderstood as structural complexity.
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Figure 4- Model answers for edge definition.
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2) In Figure 4, image (b) is quite clear but there
are contour accumulations on the top of the cubes and
upper edges are narrower. Upper long edge of the
rectangle prism in the middle appears to have
thickened more so than it should.

3) In Figure 4, image in (c) is clearer than it is in
(b) but the rectangle prism in the middle is not clearly
visible.

4) In Figure 4, in the image (e), image of the tilt
angle indicates that structures are geometric but
contour accumulations and particularly repeated edge
images along the long edges of the rectangle prism
makes it difficult to understand the model.

5) In Figure 4, in image (h) in the ASTA image,
although there are some small (local) contour
accumulations some edge like with equal thickness
geometric linear edge transitions, here with less noise
and detectable upper prism images have been
obtained here.

6) In figure 4, in image (h) the analytic signal
obtained from the tilt angle is seen. The long
rectangle prism in the middle has sharp edges and
structures are visible. Among the methods shown in
figure 4, only ASTA is a combination. But the analytic
signal conducted following tilt angle application is
not same as with ASTA.

Although conducting repeated edge sensing
methods conducted showed some sharp edges in the
structures but the images of the edges of the rectangle

prism in the middle are still not sharp. In figure 5 and
figure 6, it shows 2nd vertical derivative applied
following analytic signal by Hsu et al., (1996) and 2nd
vertical derivative applied following tilt angle by
Cooper and Cowan (2004).

In the lower left side and in the upper right side in
figure 5 although the effect of the prism edges appear
sharp but the edges of the long prismatic structure in
the middle is not clear. In figure 6, despite colour
interferences the edges of the three prisms are visible
but are not sharp. Although there are more data
processing and processing time in the second
derivative combinations but still contrast and signals
are weak, images are not sharp (Figures 5 and 6).

3. Simav Fault and Geological Position of Simav
Half Graben:

Aegean graben system including the Simav
Graben was concerned by many authors since 60’ies
(Arpat and Bingdl, 1969). In North-western Turkey
extensions of NE-SW extending Demirci, Selend, and
Gordes basins are limited by the Simav fault zone.
Here E-W extending Pliocene (?)- Quaternary
subsidence zone is known as the Simav Graben
(Saroglu et al., 2002), (Figure 7a). Seyitoglu et al.,
(1997) studied the fault mechanisms and concluded
that Simav Graben fault was an active geometric
listric fault zone. According to this author, this
structure was developed as a result of N-S running
extensional fault zone which effected Aegean region
in Late Oligocene — Early Miocene. Dogan and Emre
(2006) say that depending upon the geomorphologic

Figure 5- 20dvertical derivative of the analytic signal;

Figure 6- 219 vertical derivative of theTilt angle
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findings the plain base where Simav lake is located
has subsided during the last 10000 years as a result of
earthquakes. According to another view of Dogan and
Emre (2006) there is a 205 km long strike slip fault
which joins to the Gelenbe fault at the western end of
the Simav fault zone and to the East end of the
Sultandagi fault zone.

The Northern end of the graben is bound by Nasa
Fault Zone which consists of numbers of normal
faults and further north by Emet (Kiitahya) fault
(Emre et al., 2013). According to Emre et al. (2013)
Simav plain is the largest structural subsidence basin
in the Simav fault zone. It is a basin developed on the
right step-over between Simav and Saphane faults.

The regional tectonic map and position of the
study area is given in figures 7a and 7b respectively.

Emre et al. (2013) says that in the earthquake stricken
region strike slip faults caused the recent tectonic
deformations. Main earthquake producing tectonic
features in the region are NW-SE running right lateral
Simav fault and the Naga Fault Zone which is made
of series of NW-SE running faults (with 55° - 65°
west dipping) (Figure 7b). It is still argued whether
Simav fault is a listric geometric normal fault
(Seyitoglu et al., 1999) or right lateral, strike slip
regional normal fault (Emre et al., 2013).

In the literature the relationship of the Simav fault
with the Menderes massif is extensively discussed.
According to Gessner et al. (2013) the fault is within
the Menderes massif (Figure 8). On the other hand,
according to Koralay (2011) the Simav Fault does not
have a boundary relation with the Menderes massif
(Figure 9).

Figure 7- a) Regional tectonic map (Saroglu et al., 2002); b) Study area.

Figure 8- Limits of the Menders Massif (from simplifie
map of MTA, 2002 of Gessner, et al., 2013).

4 Figure 9- Simplified regional tectonic map (Okay et al., 1996;

from Koralay et al., 2011).
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Figure 10a

Figure 10b

Figure 10- a- Northern boundary of the Menderes massif, based on the air borne magnetic data b- Gravity residual izostasy
map; white line: Simav Fault; red line: cross section line in the figure 12 (Modified from MTA, 2012).

Air borne magnetic data and regional gravimetric
data suggest that Menderes massif has tectonic border
zone (Figures 10a and b). Magnetic susceptibility in
the massif area has largely diminished. But in the
neighboured there appear to be present a ‘puzzle
void’ with magnetic susceptibility. It appears that
Simav fault and the subsidence zone to the North are
within the magnetic and gravity field.

To the north of the magnetic map there is a group
of rocks with similar origin and having similar
physical properties. When edge sensing technique is
applied to this group of rocks there appears a
structure along a ‘cloth hanger’ like line (black line)
which may be defined as a physical transition. The
black line may possibly be defining the northern
boundary of the massif (Figure 10b). Menderes
massif forms a tectonic unit and physical changes
along the borders of this unit are reflected as partly (in
the north) geophysical anomaly on the maps.

In Figure 11 blue line is marked as a detachment
fault (Gessner et al., 2013). A scientist working in the
Simav basin may consider that the units in the basin
have moved forward along the Simav fault and the
basement block in the north has moved eastwards
(Figure 11).

Figure 11- Northern boundaries of the Menderes massif,
Egrigoz granitoid and the detachment faults
(after Gessner et al., 2013).

This movement may appear contradicting with the
Northwest-Southeast movement of the graben
systems, but both are in accord with the gravity data.
If cross sections are taken along Northwest -
Southeast and Northeast —Southwest directions on the
gravity maps, one could see that these cross sections
are in accord with the graben model and fault (normal
fault) definitions.
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4. 2D Host rock image of the Simav basin

Theoretical model of the Simav Graben and the
real gravity profile on it is given in figure 12. In this
profile the edge of the topographically high block in
the Southwest is marked with some faults. Step faults
in the Northeast are defining Nasa Fault Zones.

In figure 12, it shows that in the upper part gravity
value drops from about -55 mgal down to -65 mgal.
The anomaly is becoming almost horizontal in the
graben, then (probably from the effect of basalts) it
increases towards the other end of the graben where
there are normal faults and ending with parallel
anomaly oscillations. It indicates that the units in the
east are denser than the filled up material in the
graben. Anomaly values in the graphic are the
measured gravity values. Host rock gravity values
produced by two dimension inversion solution from

this profile are seen as ‘iteration 27’ values in table 1. -
Figure 12- Conceptual model and

measured gravity

. . . . . anomaly.
Table 1- 27 iteration’ values of inversion solution.
27th Jteration
Measured Gravity Gravity value Calculated
Distance (mgal) Depth X1 X2 (mgal) Gravity (mgal)

664.5 -65.06 0.05101 -0.25 0.25 -1 -1
665 -65.67 0.0847 0.25 0.75 -1.6099 -1.6099
665.5 -66.68 0.14845 0.75 1.25 -2.62 -2.6199
666 -68.49 0.29636 1.25 1.75 -4.4299 -4.4299
666.5 -69.69 0.3841 1.75 225 -5.6299 -5.63
667 -70.77 047763 225 2.75 -6.7099 -6.7099
667.5 -72.85 0.79225 2.75 325 -8.7899 -8.7867
668 -74.66 0.95224 325 3.75 -10.599 -10.608
668.5 -75.67 0.94065 375 425 -11.61 -11.613
669 -75.67 0.79054 425 4775 -11.61 -11.602
669.5 -75.47 0.76628 475 525 -11.409 -11.401
670 -73.67 0.44944 5.25 5.75 -9.61 -9.6164
670.5 -73.07 0.52456 5.75 6.25 -9.0099 -9.0101
671 -71.26 0.30696 6.25 6.75 712 -7.2002
671.5 -70.53 0.32433 6.75 7.25 -6.4699 -6.4697
672 -70.6 036751 7.25 7.75 -6.5399 -6.5403
672.5 -71.2 045116 7.75 8.25 -7.14 -7.1399
673 -70.87 0.37307 8.25 8.75 -6.81 -6.8101
673.5 -71.07 0.42863 8.75 9.25 -7.0099 -7.0098
674 -69.74 0.25848 9.25 9.75 -5.6799 -5.6801
674.5 -70.34 0.38892 9.75 10.25 -6.28 -6.2799
675 -71.15 0.46693 10.25 10.75 -7.09 -7.0901
675.5 -70.62 0.35118 10.75 11.25 -6.56 -6.5598
676 -70.48 0.37025 11.25 11.75 -6.42 -6.42
676.5 -71.09 0.45807 11.75 12.25 -7.03 -7.0301
677 -72.5 0.65621 12.25 12.75 -8.4399 -8.4392
677.5 -72.37 0.49362 12.75 13.25 -8.31 -8.3114
678 -72.43 0.53922 13.25 13.75 -8.37 -8.3675
678.5 S72.77 0.58586 13.75 14.25 -8.7099 -8.7126
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In the Eastern part of the basin along the Southwest-
Northeast profile, while southern flank is descending
with high angle, northern flank is going up with low
angle (Figure 13).

Previously magneto telluric studies were carried
out in the field. From the magneto telluric studies two

dimensional inverse solution gravity values were
found out. Figure 14 shows gravity profile selected to
be close to the two dimensional inverse solution
values. On this gravity profile (Figure 14) dotted red
line and continuous line show agreements with the

positions of the main fault zones.

Figure 13- Host rock image under the gravity section (Blue line: host rock; yellow line: faults).

Figure 14- Closely positioned, 2D inverse solution profile view (Kilig, 2010).
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Figure 15- Updated active fault map (Emre et al., 2012);

The triangular shape structure becomes narrower
towards East (where gneisses are). It’s southern
boundary has a distinct gravity transition. In the
North, the Naga Fault Zone transitions has been well
marked on the active tectonic map and can be seen on
the gravity map (Figure 15, 16).

Position and shape of the graben shown in the
updated active fault map (Emre et al., 2013) is in
agreement with the gravity map. In the gravity map
granitoids have — (60-64) mgal values, gneisses along
the lower edge of the graben have — (72-74) mgal
values. Blue coloured parts in figure 16 reflects
gravity effect of the Quaternary in fills.

5. Gravity edge definition technique and 3D
analysis

To be able to study deep and shallow structures,
various different processes are needed. Studying the
edge zone effects of shallow structures, derivative
and phase filters give satisfactory results. On the
other hand while studying the edge sensing of deep
structures some problems related to vertical
derivative effects may arise. These problems have
been tried to be solved by upward analytic
continuation and vertical derivative applications.

Analytic signal was applied to 2 dimensional
structures by Nabighian (1972). Since then various
computer programmes have been developed.
Nowadays package software’s have ‘edge detection’
modules. If analytic signal is the result of subtraction
of absolute value of complex Hilbert transforms from

Figure 16- Bouguer gravity map of the study area and
selected cross section (white line: Figure 20);
red rectangle: area of the figure 18 (data from
Demirbag and Uslu, 1986).

the function then highest values are expected to be at
contour transitions.

It is known that analytic signal technique is not
sensitive to the structure corners. Following
horizontal gradient applications, analytic signal
derived from the tilt angle becomes sensitive to the
structure corners (Figure 17a, b). When the concept
of analytic signal is thought to be source rock mass
effect; to be able to see the maximums along a line,
then horizontal gradient would be needed. Following
removal of surface effects with upward analytic
continuation applications, horizontal gradient and
ASTA have been applied (Figure 17b). In figure 18,
a 3D analysis derived from inverse solution of
quadratic density function with constant -0.7 gr/cm3
specific gravity contrast is given. This view could be
characterized as upper crust interface. In this view
southern edge is leaping and making a bend to yellow
coloured contour transition. In the program
calculations a positive value is estimated, because of
this depths are positive and are at interface
topography position.

Simav Graben appears as a subsidence area in the
gravity inversion. In the red dotted marked area
where Simav fault cuts through the graben there is a
subsidence like feature but this feature does not have
any surface signature (Figure 18).

6. Findings

Two and 3-dimensional gravity processes have
been obtained by using programmes with various
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Figure 17- a) Horizontal gradient view; b) Horizontal gradient + ASTA

Figure 18- Basin depth map based on the 3D analysis of the 3D Bouguer gravity map (see figure 16 for location).

different techniques. Two-dimensional edge
definitions, gravity data processings, Matlab process
software has been made by using Potensoft developed
by Arisoy and Dikmen (2011). Three-dimensional
analyses have been made by using Fortran
(Goncalves, 2006). In this study iterative 3-
dimensional been used the
foundations for this method were laid down by

Cordel and Henderson (1968). This program also

inversion have

includes quadratic gravity function preferred by
Bhaskara and Ramesh (1991).

ASTA as edge sensing method has been tried and
model sensitivity and solution performance for deep
structures have been studied. But ‘ASTA’ has not
been applied directly to the raw data. For the deep
structures, upward analytic continuation, low-pass
filters and horizontal gradient methods were applied
before ASTA.

In 3D analysis, square data without coordinates
are used and then program print out is designed with
relative coordinates. In the program an algorithm with
specific gravity distribution defined with a quadratic
function is used and specific gravity contrast of the
basin base forms interface geometry (Figure 18).
Here it is advantageous to use the best representing
function of the basin’s base contrast. Although the
program may provide facilities to define the basin’s
depths, in places where specific gravity differences
are minimal at depths then iterative takings may vary.
Defined base depth estimate may be used as a
parameter to start the process.

The base of the basin is defined as low ‘Vp’
velocity and high ‘b’ value in the seismology profile
of the crust joint research project package of Tubitak-
MTA- University (Figure 19). In the profile where
Simav is, there is a low velocity anomaly at 2-3 km
depth with 3.3-3.7 km/s velocity. Study shows that
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Figure 19- Seicmic velocity (Vp) section, blue area 3.3 km/s, low velocity zone (See figure 15 for location) (MTA,

TUBITAK, C.U., A.U.,2012).

low velocity is related either to the in filled loose
material or to the subsidence. High ‘b’ value reflects
degree of compaction (Figure 19).

The edge of the basin in the south is bound by a
normal fault with high dip angle. In the north the
basin is bound by normal faults with lower dip angles.
In Figure 18 there is a graben feature which has
Simav fault in the south and Nasa Fault in the north.
As it was the case for Bilyiikk Menderes and Gediz
grabens, here from the 2 dimensional inverse solution
of the southwest-northeast gravity profile it shows
that this graben is an asymmetric half graben
developed in the north of Simav main fault..

A selected profile, subjected to 2D inversion
solution indicates that near Simav there is a more
undulated host rock base profile. On the surface the

host rock profile traverses Nasa Fault Zone. This is
the part where earthquakes are quite frequent. As is
the case in Gediz and Biiyiik Menderes grabens (Sart,
2003) host rock profile here also dips eastwards
(Figure 20).

The leaping coil as it is described by Dogan and
Emre (2006) is clearly seen in the 3D deep gravity
solutions and regional gravity data processing’s with
edge sensing’s (Figure 21b). 13 tol5 km seismologic
depth limit seems rather adequate for gravity. In the
south where the big fault is thought to have made a
coil appears in accord with the 2 and 3 dimensional
maps prepared by using the gravity data (Figure 21).

Red dotted lines mark the area where the fault
made a coil in the map. Same lines also fit to the
southern edge of the 2 dimensional images. In
practice when ASTA is carefully applied some of the

Figure 20- Asymmetric half graben model (see figure 16 for profile location).
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Figure 21- Joint field image of 2D and 3D solutions (White rectangle on figure 21b represent the map area of the figure 21a).
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unwanted effects encountered in other edge sensing
applications can be avoided. Yellow line (in the white
coloured circle) shows that analytic signal could be
recorded at the structure corners (Figure 21). Here
below it is shown that 3 layered image is in accord
with the edges (Figure 22). In the faults here Focal
mechanism solutions indicate that the faults
developed here are normal faults and had some strike
slip component (Figure 23) (Bekler et al., 2011). It
appears that the area where the earthquakes
commonly occur coincide with the intersection of two
faults on the surface and possibly intersection of the
third fault at depth.

3D Basin depth interface model of the Simav
Basin were produced after all the processes and
studies writen above and presented in figure 24.

7. Discussion and Results

- Simav fault is about 205 km long. It is not
appropriate to define this fault as a whole with a as a
single character as some sections are with dominant
component. For example it’s part in the graben is
normal fault with high dip angle (Figures 13 and 14).
It is quite natural to see different characters in
different parts of the fault. The part of the fault in the
graben in places has strike slip components (Gessner
et al.,2013).

- For paleo seismological studies multiple
geophysics criteria should be used to locate where the
trenches to be cut. It has been shown that rather than
cutting the trenches on the surface expression of the
fault, cutting in on the location where geophysics
image suggests is much more informative.

- Gravity data indicate that graben in the south is
a half graben (Figure 20). Simav fault in the graben is
a normal fault. Edge sensing processes show that the
Simav fault and intersection of the NW-SE running
Naga Fault, bordering the half graben, where there is
a corner structure, coincides with the focal of many
earthquakes (Figures 22 and 23). In some places host
rocks at a depth of 1000-1200 m (Figure 13) and in
accord with the seismology inversion presence of a
upper crust interface topography at 13-15 km depths
can be seen (Figure 19).

- Numbers of earthquakes generated during the
last two years relating to the faults in the Simav basin

Figure 22. 3 layered superimpozed image. Yellow lines
edge zone sensing ASTA.

Figure 23- Moment tensore solutions. Red ball 19th May
2011, Mw=5.83 (Bekler et al., 2011);

shows that how much the area is tectonically active
and how much the tension is high. Altiok et al.,
(2012) reports that studies on the ‘Holocene activities
of the Kiitahya fault zone’ show, the fault zone has
the potential for producing earthquakes at 6.5
Magnitudes.

- Defining the deep part geometries of the deep
seated faults in the region will provide more accuracy
about locate and modelling the fault segment that
would be activated. That is why, after using the 2D
and 3D geophysical models in areas like the Simav
region to understand the deep geometry would also
provide more acurracy in geological modelling.

- 3D Basin depth interface model of the Simav
Basin produced at first in this study in the light of the
detail gravity data.
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Figure 24- 3D Basin depth interface model of the Simav Basin.
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the Bulletin of Mineral Research and Exploration
style guidelines. All submissions should be made
online at the http://bulletin.mta.gov.tr website.

The authors, having no facility for online submission
can submit their manuscript by post-mail to the
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address given below. They should submit four copies
of their manuscript including one original hard copy,
and CD. The files belonging to manuscript should be
clearly and separately named as “Text”, “Figures”
and “Tables” at the CD.

Address:

Maden Tetkik ve Arama Genel Miidiirliigii
Redaksiyon Kurulu Baskanligi

Universiteler Mah. Dumlupinar Bulvart, No: 139
06800 Cankaya-Ankara

e The manuscript submitted for reviews has not been
partially or completely published previously; that it
is not under consideration for publication
elsewhere in any language; its publication has been
approved by all co-authors.

e The rejected manuscripts are not returned back to
author(s) whereas a letter of statement indicating
the reason of rejection is sent to the corresponding
author.

e Submitted manuscripts must follow the Bulletin
style and format guidelines. Otherwise, the
manuscript which does not follow the journals’
style and format guidelines, is given back to
corresponding author without any reviewing.

e Every manuscript which passes initial Editorial
treatise is reviewed by at least two independent
reviewers selected by the Editors. Reviewers’
reports are carefully considered by the Editors
before making decisions concerning publication,
major or minor revision or rejection.

e The manuscript that need to be corrected with the
advices of reviewer(s) is sent back to
corresponding author(s) to assess and make the
required corrections suggested by reviewer(s) and
editors. Authors should prepare a letter of well-
reasoned statement explaining which corrections
are considered or not.

e The Executive editor (Editorial Board) will inform
the corresponding author when the manuscript is
approved for publication. Final version of text,

tables and figures prepared in the Bulletin of

Mineral Research and Exploration style and
format guidelines, will need to be sent online and
the corresponding author should upload all of the
manuscript files following the instructions given
on the screen. In the absence of online submission
conditions, the corresponding author should send
four copies of the final version of the manuscript
including one original hard copy, and CD by post-
mail. The files belonging to manuscript should be
clearly and separately named as “Text”, “Figures”
and “Tables” at the CD.

e To be published in the Bulletin of Mineral
Research and Exploration, the printed lenght of the
manuscript should not exceed 30 printed pages of
the journal including an abstract, figures and
tables. The publication of longer manuscripts will
be evaluated by Editorial Board if it can be
published or not.

4. Publication Language and Periods

* The Bulletin of Mineral Research and Exploration
is published at least two times per year, each issue
is published both in Turkish and English. Thus,
manuscripts are accepted in Turkish or English.
The spelling and punctuation guidelines of Turkish
Language Instution are preferred for the Turkish
issue. However, technical terms related to geology
are used in accordance with the decision of the
Editorial Board.

5. Spelling Draft

Manuscripts should be written in word format in A4
(29.7 x 21 cm) size and double-spaced with font size
Times New Roman 10-point, margins of 25 mm at the
sides, top and bottom of each page. Authors should
study carefully a recent issue of the Bulletin of
Mineral Research and Exploration to ensure that
their manuscript correspond in format and style.

e The formulas requiring the use of special
characters and symbols must be submitted on
computer.

e Initial letters of the words in sub-titles must be
capital. The first degree titles in the manuscript
must be numbered and left-aligned, 10 point bold
Times New Roman must be used. The second
degree titles must be numbered and left-aligned,
they must be written with 10 point normal Times
New Roman. The third degree titles must be
numbered and left-aligned, they must be written
with 10 point italic Times New Roman. The fourth
degree titles must be left-aligned without having
any number; 10 point italic Times New Roman
must be used. The text must continue placing a
colon after the title without paragraph returns
(See:Sample article: http://bulletin.mta.gov .tr).

e Line spacing must be left after paragraphs within
text.

e Paragraphs must begin with 0.5 mm indent.

e The manuscript must include the below sections
respectively;

— Title Page
— Abstract



— Key Words

— Introduction

— Body

— Discussion

— Conclusion

— Acknowledgements

— References
5.1. Title Page

The title page should include:
A short, concise and informative title
The name(s) of the author(s)
The affiliation(s) and address(es) of the author(s)

The e-mail address, telephone and fax numbers of
the corresponding author

The title must be short, specific and informative and
written with capital letters font size Times New
Roman 10-point bold. The last name (family name)
and first name of each author should be given clearly.
The authors’ affiliation addresses (where the actual
work was done) are presented below the names and
all affiliations with a lower-case superscript letter is
indicated immediately after the author’s name and in
front of the appropriate address. Provide the full
postal address of each affiliation, including the
country name and, if available, the e-mail address of
each author.

The author who will handle correspondance at all
stages of refereeing and publication, also post-
publication are to be addressed (the corresponding
author) should be indicated and the telephone, FAX
and e-mail address given.

Please provide a running title of not more than 50
characters for both Turkish and English issue.

5.3. Abstract

* The article must be preceded by an abstract, which
must be written on a seperate page as one
paragraph, preferably. Please provide an abstract of
150 to 200 words. The abstract should not contain
any undefined or non-standard abbreviations and
the abstract should state briefly the overall purpose
of the research, the principle results and major
conclusions. Please omit references, criticisms,
drawings and diagrams.

* Addressing other sections and illustrations of the
text or other writings must be avoided.

e The abstract must be written with 10-point normal
Times New Roman and single-spaced lines.

e “Abstract” must not be given for the writings that
will be located in “Short Notes™ section.

e English abstract must be under the title of
“Abstract”.

5.4. Key Words

Immediately after the abstract, please provide up to 5
key words and with each word seperated by comma.
These key words will be used for indexing purposes.

5.5. Introduction

e The introdution section should state the objectives
of the work, research methods, location of the
study area and provide an adequate and brief
background, avoiding a detailed literature survey.

e Non-standard or un-common classifications or
abbreviations should be avoided but if essential,
they must be defined at their first mention and used
consistently thereafter.

* When needed reminder information for facilitating
the understanding of the text, this section can also
be used (for example, statistical data, bringing out
the formulas, experiment or application methods,
and others).

5.6. Body

e In this chapter, there must be data, findings and
opinions that are intended to convey the reader
about the subject. The body section forms the main
part of the article.

e The data used the other sections such as
“Abstract”, “Discussions”, and “Results” is caused
by this section.

e While processing subject, care must be taken not to
go beyond the objective highlighted in
“Introduction” section. The knowledge which do
not contribute to the realization of the purpose of
the article or are useless for conclusion must not be
included.

e All the data used and opinions put forward in this
section must prove the findings obtained from the
studies or they must be based on a reference by
citation.

* Guidance and methods to be followed in
processing subjects vary according to the
characteristics of the subjects dealt with. Various
phased topic titles can be used in this section as
many as necessary.
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5.7. Discussions

 This section should explore the significance of the
results of the work, not repeat them. This must be
written as a seperate section from the results.

5.8. Conclusions

e The main conclusion of the study provided by data
and findings of the research should be stated
concisely and concretely in this section.

e The subjects that are not mentioned sufficiently
and/or unprocessed in the body section must not be
included in this section.

e The conclusions can be given in the form of
substances in order to emphasize the results of the
research and be understandable expression.

5.9. Acknowledgements

Acknowledgement of people, grants, funds, etc
should be placed in a seperate section before the
reference list. While specifying contributions, the
attitude diverted the original purpose of this section
away is not recommended. Acknowledgments must
be made according to the following examples.

e This study was carried out under
the .o project.
e I/we would like to thank to ......... for contributing

the development of this article with his/her
critiques.

e Academic and / or authority names are written for
the contributions made because of ordinary task
requirement.

For example:
— “Prof. Dr. I. Enver Altinl1 has led the studies”.

— “The opinions and warnings of Dr. Erciiment
Sirel are considered in determining the limits of
Ilerdiyen layer.”

e The contributions made out of ordinary task
requirement:

For example:

— “I would like to thank to Professor Dr. Melih Tokay
who gives the opportunity to benefit from
unpublished field notes™; “I would like to thank to
State Hydraulic Work 5. Zone Preliminary-Plan
Chief Engineer Ethem Goger.” Academic and /or
task-occupational titles are indicated for this kind of
contributions.

e The contributions which are made because of
ordinary task requirement but do not necessitate
responsibility of the contributor must be specified.

For example:

— Such sentences as “I would like to thank to our
General Manager, Head of Department or Mr.
/Mrs. President ............... who has provided
me the opportunity to research”must be used.

5.10. References

e All references cited in the text are to be present in
the reference list.

* The authors must be sure about the accuracy of the
references. Publication names must be written in
full.

e Reference list must be written in Times New
Roman, 9-point type face.

e The reference list must be alphabetized by the last
names of the first author of each work.

e If an author’s more than one work is mentioned,
ranking must be made with respect to publication
year from old to new.

¢ In the case that an author’s more than one work in
the same year is cited, lower-case alphabet letters
must be used right after publication year (for
example; Saklar, 2011a, b).

¢ [If the same author has a publication with more than
one co-author, firstly the ones having single author
are ranked in chronological order, then the ones
having multiple authors are ranked in
chronological order.

* In the following examples, the information related
to works cited is regulated in accordance with
different document/work types, considering
punctuation marks as well.

e If the document (periodic) is located in a periodical
publication (if an article), the information about the
document must be given in the following order:
surnames of the author/authors, initial letters of
author’s/ authors’ first names. Year of publication.
Name of the document. Name of the publication
where the document is published (in italics),
volume and/ or the issue number, numbers of the
first and last pages of the document.

For example:

— Pamir, H.N. 1953. Tirkiye’de kurulacak bir
hidrojeoloji enstitiisii hakkinda rapor. Tiirkiye
Jeoloji Biilteni 4, 1, 63-68.



— Barnes, F., Kaya, O. 1963. Istanbul bolgesinde
bulunan Karbonifer’in genel stratigrafisi.
Maden Tetkik ve Arama Dergisi 61,1-9.

— Robertson, A.H.F. 2002. Overview of the
genesis and emplacement of Mesozoic
ophiolites in the Eastern Mediterranean Tethyan
region. Lithos 65, 1-67.

If more than one document by the same authors is
cited, firstly the ones having single name must be
placed in chronological order, then the ones having
two names must be listed in accordance with
chronological order and second author’s surname,
finally the ones having multiple names must be
listed in accordance with chronological order and
third author’s surname.

If the document is a book, these are specified
respectively: surnames of the author/authors, initial
letters of author’s/authors’ first names. Year of
publication. Name of the book (initial letters are
capital). Name of the organization which has
published the book (in italics), name of the
publication wherethe document is published,
volume and/ or the issue number, total pages of the
book.

For example

— Meric, E. 1983. Foraminiferler. Maden Tetkik
ve Arama Genel Miidiirliigii Egitim Serisi 23,
280p.

— Einsele, G. 1992.
Springer-Verlag, p 628.

Sedimentary Basins.

e If the document is published in a book containing

the writings of various authors, the usual sequence
is followed for the documents in a periodic
publication. Then the editor’s surname andinitial
letters of their name /names are written. “Ed.”
which is an abbreviation of the editor word is
written in parentheses. Name of the book
containing the document (initial letters are capital
). Name of the organization which has published
the book (in italics). Place of publication, volume
number (issue number, if any) of the publication
where the document is published, numbers of the
first and last page of the document.

For example:

— Gonciioglu, M.C., Turhan, N., Sentiirk, K.,
Ozcan, A., Uysal, $., Yalmiz, K. 2000. A
geotraverse across northwestern Turkey.
Bozkurt, E., Winchester, J.A., Piper, J.D.A.
(Ed.). Tectonics and Magmatism in Turkey and
the Surrounding Area. Geological Society of
London Special Publication 173, 139-162.

— Anderson, L. 1967. Latest information from
seismic observations. Gaskell, T.F. (Ed.). The
Earth’s Mantle. Academic Press. London, 335-
420.

If name of a book where various authors’ writings
have been collected is specified, those must be
indicated respectively: book’seditor/editors’
surname/surnames, and initial letters of their
name/names. “Ed.” which is an abbreviation of the
editor word must be written in parentheses. Year of
Publication. Name of the book (initial letters are
capital). Name of the organization which has
published the book (in italics), total pages of the
book.

For example:

— Gaskel, T.F.(Ed.)1967. The Earth’s Mantle.
Academic Press, 520p.

e If the document is an abstract published in a

Proceedings Book of a scientific activity such as
conference/symposium/workshop ...etc. ,
information about the document must be given in
the following order: surnames of the
author/authors, initial letters of author’s/authors’
first names. Year of publication. Title of the
abstract. Name (in italics), date and place of the
meeting where the Proceedings Book is published,
numbers of the first and last pages of the abstract in
the Proceedings Book.

For example:

— Yilmaz, Y. 2001. Some striking features of the
Anatolian geology. 4. International Turkish
Geology Symposiums, 24-28 September 2001,
London, 13-14.

— Oztunali, O., Yeniyol, M. 1980. Yunak (Konya)
yoresi kayaclarinin petrojenezi. Tiirkiye Jeoloji
Kurumu 34. Bilim Teknik Kurultayr, 1980,
Ankara, 36

e If the document is unpublished documents as

report, lecture notes, and so on., information about
the document must be given by writing the word
“unpublished” in parentheses to the end of
information about the document after it is
specifiedin accordance with usual order which is
implemented for a document included in a periodic
publication.

For example:

— Ozdemir, C. Bigen, C. 1971. Erzincan ili, Hig
ilgesi ve civar1 demir etiitleri raporu. General
Directorate of Mineral Research and
Exploration Report No: 4461, 21 p. Ankara
(unpublished).
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— Akyol, E. 1978. Palinoloji ders notlar1. EU Fen
Fakiiltesi Yerbilimleri Boliimii, 45 p., Izmir
(unpublished).

* The followings must be specified for the notes of
unpublished courses, seminars, and so on: name of
the document and course organizer. Place of the
meeting. Name of the book, corresponding page
numbers.

For example:

— Walker, G. R. Mutti, E. 1973.Turbidite facies
and facies associations. Pacific Section Society
for Sedimentary Geology Short Course.
Annaheim. Turbitides and Deep Water
Sedimantation, 119-157.

e If the document is a thesis, the following are
written: surname of the author, initial letter of the
author’s first name. Year of Publication. Name of
the thesis. Thesis type, the university where it is
given, the total number of pages, the city and
“unpublished” word in parentheses.

For example:

— Seymen, I. 1982. Kaman dolayinda Kirgehir
Masifi’nin jeolojisi. Dogentlik Tezi, ITU
Maden Fakiiltesi, 145 s.Istanbul (unpublished).

* Anonymous works must be regulated according to
publishing organization.

For example:

— MTA. 1964. 1/500.000 ol¢ekli Tiirkiye Jeoloji
Haritasi, Istanbul Paftasi. Maden Tetkik ve
Arama Genel Miidiirliigii, Ankara.

e The date, after the name of the author, is not given
for on-printing documents; “in press” and / or “on
review” words in parenthesis must be written. The
name of the article and the source of publication
must be specified, volume and page number must
not be given.

For example:

— Ishihara, S. The granitoid and mineralization.
Economic Geology 75th Anniversary (in press).

¢ Organization name, web address, date of access on
web address must be indicated for the information
downloaded from the Internet. Turkish sources
must be given directly in Turkish and they must be
written with Turkish characters.

For example:

— ERD (Earthquake Research Department of
Turkey). http://www.afad.gov.tr. March 3,
2013.

e While specifying work cited, the original language
must be used; translation of the title of the article
must not be done.

6. Illustrations

e All drawings, photographs, plates and tables of the
article are called “illustration”.

e Illustrations must be used when using them is
inevitable or they facilitate the understanding of
the subject.

e While selecting and arranging the illustrations’
form and dimensions, page size and layout of the
Bulletin must be considered, unnecessary loss of
space must be prevented as much as possible.

e The pictures must have high quality, high
resolution suitable for printing.

e The number of illustrations must be proportional to
the size of the text.

e All illustrations must be sent as separate files
independent from the text.

e While describing illustrations in the text,
abbreviations must be avoided and descriptions
must be numbered in the order they are mentioned
in the text.

* Photographs and plates must be given as computer
files containing EPS, TIFF, or JPEG files in 600
dpi and higher resolutions (1200 dpi is preferred)
so that all details can be seen in the stage of
examination of writing.

6.1. Figures

e Drawings and photos together but not the plate in
the text can be evaluated as “Figure” and they must
be numbered in the order they are mentioned in the
text.

e The figures published in the Bulletin of Mineral
Research and Exploration must be prepared in
computing  environment  considering  the
dimensions of single-column width 7.4 cm or
double-column width 15.8 cm. Figure area together
with the writing at the bottom should not exceed a
maximum 15.8x21.



e Figures must not be prepared in unnecessary
details or care must be taken not to use a lot of
space for information transfer.

* Figures must be arranged to be printed in black-
and-white or colored. The figure explanations
being justified in two margins must be as follows:
Figure 1 -Sandikli Town (Afyon); a) Geological
map of thesouth-west, b) general columnar section
of the study area (Seymen 1981), c) major
neotectonic structures in Turkey (modified from
Kocyigit 1994 ).

e Drawings must be drawn by well-known computer
programs painstakingly, neatly and cleanly.

e Using fine lines which can disappear when figures
shrinks must be avoided. Symbols or letters used in
all drawings must be Times New Roman and not
be less than 2 mm in size when shrink.

e All the standardized icons used in the drawings
must be explained preferably in the drawing or
with figure caption if they are very long.

e Linear scale must be used for all drawings.
Author’s name, figure description, figure number
must not be included into the drawing.

* Photos must have the quality and quantity that will
reflect the objectives of the subject.

6.2. Plates

* Plates must be used when needed a combination of
more than one photo and the publication on a
special quality paper.

* Plate sizes must be equal to the size of available
magazine pagespace.

e Figure numbers and linear scale must be written
under each of the shapes located on the Plate.

e The original plates must be added to the final copy
which will be submitted if the article is accepted.

e Figures and plates must be independently
numbered. Figures must be numbered with Latin
numerals and plates with Roman numerals (e.g.,
Figurel, Plate I).

e There must be no description text on Figures.
6.3.Tables

e Tables must be numbered consecutively in
accordance with their appearence in the text.

e All tables must be prepared preferably in word
format in Times New Roman fonts.

e Tables together with table top writing must not
exceed 15x8 cm size.

e The table explanations being justified in two
margins must be as follows:

e Table 1- Hydrogeochemical analysis results of
geothermal waters in the study area.

7. Nomenclature and Abbreviations

* Non-standard and uncommon nomenclature
abbreviations should be avoided in the text. But if
essential, they must be described as below: In cases
where unusual nomenclatures and unstandardized
abbreviations are considered to be compulsory, the
followed way and method must be described.

 Full stop must not be placed between the initials of
words for standardized abbreviations (MER, SHW,
etc.).

e Geographical directions must be abbreviated in
English language as follows: N, S, E, W, NE ...etc.

e The first time used abbreviations in the text are
presented in parenthesis, the parenthesis is not used
for subsequent uses.

e The metric system must be used as units of
measure.

» Figure, plate, and table names in the article must
not be abbreviated. For example, “as shown in
generalized stratigraphic cross-section of the
region (Figure 1.............. 7

7.1. Stratigraphic Terminology

Stratigraphic classifications and nomenclatures must
be appropriate with the rules of International
Commision on Stratigraphy and/or Turkey
Stratigraphy Committee. The formation names which
has been accepted by International Commision on
Stratigraphy and/or Turkey Stratigraphy Committee
should be used in the manuscript.

7.2. Paleontologic Terminology
Fossil names in phrases must be stated according to
the following examples:

— For the use authentic fossil names:

— e.g. Calcareous sandstone with Nummulites

— When the authentic fossil name is not used.

— e.g. nummulitic Limestone

— Other examples of use;

e.g. The type and species of Alveolina/
Alveolina type and species

e Taxonomic ranks must be made according to
following examples:
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Super family: Alveolina Ehrenberg, 1939
Family: Borelidae Schmarda, 1871
Type genus: Borelis de Montfort, 1808

Type species: Borelis melenoides de Montfort, 1808;

Nautilus melo Fitchel and Moll, 1789

Not reference, Not stated in the Reference section

Figure, Figure in Body Text)

Borelis vonderschmitti (Schweighauser, 1951) (Plate,

Schweighauser, 1951 not reference

468, figure 1-4

1951 Neoalveolina vonderschmitti Schweighauser, page

Cited Scweighauser (1951), stated in the
Reference section.

1974 Borelis vonderschmitti (Schweighauser),
Hottinger, page, 67, plate 98, figure 1.7

Cited Hottinger (1974), stated in the Reference
section.

* The names of the fossils should be stated according
to the rules mentioned below:

— For the first use of the fossil names, the type,
spieces and the author names must be fully
indicated

Alveolina aragoensis Hottinger
Alveolina cf. Aragoensis Hottinger

— When a species is mentioned for the second
time in the text:

A .aragoensis
A cf.aragoensis
A .aff.aragoensis

— It is accepted as citiation if stated as Alveolina
aragoensis Hottinger (1966)

e The statment of plates and figures (especially for
articles of paleontology):

— for statment of the species mentioned in the
body text

Borelis vonderschmitti (Schweighauser, 1951).

(plate, figure, figure in the body text).

— When citing from other articles

1951 Neoalveolina vonderschmitti
Schweighauser, page 468, figure 1-4, figure in
body text

1974 Borelis vonderschmitti (Schweighauser),
Hottinger, page 67, plate 98, figure 1-7

¢ For the citiation in the text

* (Schweighauser, 1951, page, plate, figure, figure in
the body text) (Hottinger, 1974, page, plate, figure
67, plate 98, figure 1-7, figure in the bodytext.)

8. Citations

All the citiations in the body text must be indicated by
the last name of the author(s) and the year of
publication, respectively. The citations in the text
must be given in following formats.

 For publications written by single author:

— Itis known that fold axial plain of Devonian and
Carboniferious aged units around Istanbul is NS
oriented (Ketin, 1953, 1956; Altinl1, 1999).

— Alunli (1972, 1976) defined the general
characteristics of Bilecik sandstone

* For publications written by two authors:

— The upper parts of the unit contain Ilerdian
fossils (Sirel and Giindiiz, 1976; Keskin and
Turhan, 1987, 1989).

* For publications written by three or more authors:

According to Caner et al. (1975) Alict formation
reflects the fluvial conditions.

The unit disappears wedging out in the East direction
(Tokay et al., 1984).

e If reference is not directly obtained but can be
found in another reference, cross-reference should
be given as follows:



— It is known that Lebling has mentioned the
existance of Lias around Cakraz (Lebling, 1932:
from Charles, 1933).

10. Reprints

The author(s) will receive 5 free reprints and two hard
copies of the related issues

11. Copyright and Conditions of Publication

e It is a condition of publication that work submitted

for publication must be original, previously
unpublished in whole or in part.

e [tis a condition of publication that the authors who

send their publications to the Bulletin of Mineral
Research and Exploration hereby accept the
conditions of publication of the Bulletin in
advance.

e All copyright of the accepted manuscripts belong

to MTA. The author or corresponding author on
behalf of all authors (for papers with multiple
authors) must sign and give the agreement under
the terms indicated by the Regulations of
Executive  Publication Committee. Upon
acceptance of an article, MTA can pay royalty to
the authors upon their request according to the
terms under the “Regulations of Executive
Publication Committe” and the “Regulations of
Royalty Payment of Public Office and
Institutions”

All the information and forms about the Bulletin of
Mineral Research and Explorations can be obtained
from http://bulletin.mta.gov.tr
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