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ABSTRACT

LACUSTRINE MINERAL FACIES OF THE NEOGENE
PELITCIK BASIN (GALATEAN VOLCANIC PROVINCE)

Siizen, Mehmet Liitfi

M.S. Department of Geological Engineering

Supervisor: Assoc.Prof.Dr. Asuman TURKMENOGLU

June 1996, 106 pages

The geology and mineralogy of the Neogene lacustrine facies (Pazar
formation) of Pelitgik basin were investigated by means of remote sensing, .
field and laboratory studies. The data obtained from remote sensing, field,
petrography, X-ray diffraction, scanning electron microscope and Fourier
Transform infrared radiation studies were used to determine the
paleoenvironmental parameters of this Neogene lacustrine basin.

The laboratory studies indicate that dolomite and K-feldspar are the

major non-clay minerals in the study area, where, plagioclase, analcime,
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erionite (?) and quartz are the minor constituents. Dolomites are found to be
non-stoichiometric in chemistry by means of X-ray diffraction studies. The
clay fraction of Pazar formation is dominantly composed of dioctahedral
smectites. The smectites are rich in Al-Fe, which indicates a detrital origin.
Illite has a minor contribution to the clay fraction, where, chlorite and
kaolinite are found in trace amounts.

Based on dolomite stoichiochemistry and mineral paragenesis found in
Pelit¢ik basin, the depositional conditions of the lake is inferred as, perennial,
shallow and quiet lacustrine environment with fresh to slightly saline and
slightly alkaline water chemistry. In addition, the lake has started its
evolution with a hydrologically open system model and completed its

evolution with a hydrologically closed system.

Key words: Pelit¢ik Basin, Galatean Volcanic Province, Lacustrine Mineral
Facies, Clay Mineralogy, Dolomite Stoichiochemistry,
Paleoenvironment, Remote Sensing.
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NEOJEN YASLI PELITCIK HAVZASINDAKI GOLSEL MINERAL
FASIYESLERI (GALATYA VOLKANIK PROVENSI)

Siizen, Mehmet Liitfi

Yiksek Lisans, Jeoloji Miihendisligi Béliimii

Tez Yéneticisi: Dog.Dr. Asuman TURKMENOGLU

Haziran 1996, 106 sayfa

Pelitgik Havzasinda yiizeyleyen Neojen golsel fasiyeslerin (Pazar
formasyonu) jeolojisi ve mineralojisi uzaktan algilama, arazi ve laboratuvar
caligmalar ile aragtinlmistir. Uzaktan algilama, arazi, petrografi, X-iginlart
difraksiyonu, tarama elektron mikroskopu ve Fourier Doniisiimii kizil Stesi
igim yontemleri ile elde edilen veriler Pelitgik goélsel havzanin paleo-
ortamsal 6zelliklerini ortaya ¢ikartmakta kullanilmugtir.

Laboratuvar ¢aligmalari, ¢aligma alaninda dolomit ve K-feldispat grubu

minerallerin agirlikli olarak kil dig1 mineralleri olusturdugunu gostermigtir.



Bunun yam sira plajioklas, analsim, eriyonit (?) ve kuvars da az miktarda
saptanmugtir. X-1ginlar1 difraksiyon ¢aligmalar1 dolomitlerin kimyasal olarak
stokyometrik olmadiin1 ortaya koymustur. Pazar formasyonunun kil
fraksiyonu ise ¢oklukla dioktahedral smektitlerden olugmaktadir. Fe-Al ce
zengin olan smektitler detritik kokene sahiptirler. Illit, klorit ve kaolin
minerallerine ise eser miktarlarda rastlanmigtir.

Dolomit stokyokimyasina ve mineral parajenezine dayanarak, Pelitgik
havzas1 depolanma kosullarinin; mevsim degisikliklerinde kurumayan, sig,
sakin golsel bir ortam; su kimyas1 igin ise tath sudan, az tuzlu suya degisen
ve az alkalen bir ortam oldugu bulunmugtur. Ayrica, havzanin evrimine,
hidrolojik olarak, acik bir sistemde bagladig:1 ve evrimini kapali bir sistemde

sonucuna varimigtir.

Anahtar Kelimeler: Pelit¢ik Havzasi, Galatya Volkanik Provensi, Golsel
Mineral Fasiyesleri, Kil Mineralojisi, Dolomit
Stokyokimyasi, Paleo-ortam, Uzaktan Algilama.
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CHAPTER 1

INTRODUCTION

1.1. PURPOSE AND SCOPE

Volcanic regions are one of the most economically important
geologic sites in the world, beyond the scope of their valuable metalliferous
deposits, geothermal resources and their embedded lacustrine sedimentary
basins. Zeolites, various clay beds such as kaolins and bentonites, coal beds,
saline minerals and tuffs exhibit extensive potential in the various world
auctions. A brief look up to the habitudes of these minerals will greatly
show their importance. Zeolites are used for filtering of drinking water and
poisoned blood, tuffaceous rocks are good raw material resources for
ceramic industry whereas, among the clay deposits, bentonite has vast
consumption fields in drilling, winery, soap industry and used as
supplementary material in various sectors of industry.

Galatean Volcanic Province being one of the greatest volcanic fields
of Turkey has attracted several mining companies for its economic
resources. There have been numerous attempts for gold and precious metal

prospection in the last few years. Furthermore, the economic sedimentary



basins of Galatean Volcanic Province take out some of the attraction. This
significant progress in this field which is one of the reasons that led the
author to conduct this research in order to find the mineral associations and
their source relations in the greatest Neogene lacustrine sedimentary basin
(Pelitgik Basin) of Galatean Volcanic Province.

The aim of this study is to utilize Remote Sensing and field studies in
order to construct a general stratigraphic section for the basin fill deposits
and a geologic map of the Pelitgik basin. The relationships of mineral
associations and paleo-environmental parameters are aimed to study with
petrography, X-ray diffraction, scanning electron microscope and Fourier
Transform Infrared Radiation methods, which constitute the major scope of
this study. In addition, creating a geological and mineralogical database of
this Neogene lacustrine basin will serve as a milestone for further
economical studies and mineral prospections. On the other hand the
structure, evolution and aerial distribution of volcanics in the study area,

strictly falls out of the scope.

1.2. GEOGRAPHIC SETTING

The study area is located in Central Anatolia, approximately at 75 km
NW of Ankara (Figure 1.1). The geologically mapped terrain is
approximately 400 square kilometers and lies in H28-b1, H28-b2, H28-b3,
H29-al quadrangles of the 1:25.000 scaled topographic maps of Bolu. Main
settlements in the study area are Pecenek, Pelit¢ik, Osmansin, Yoncatepe,
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Figure 1.1: Location map of the study area



Sarikavak, Yahgihan, Bugralar, Kizik, Bayindir and Elmali villages. Main
streams of the study area are Girliik, Giires, Cay, Acun, Ote and Baymdir
streams. Two manmade engineering structures are also located in the study

area, the Ankara-Istanbul autoroad and the Camlidere dam and its reservoir.

1.3. PREVIOUS WORKS

Previous studies are compiled under two major headings: previous
works on the regional geology and previous works on the lake clays and

associated minerals in volcanic regions.

1.3.1. Previous works on the regional geology:

There are a number of studies in the literature, which deals with the
geology, geochemistry, economic geology and petrogenesis of the volcanics
and associated rocks in the Galatean Volcanic Province. Stchepinsky (1942),
Kleinsorge (1943), Bender (1955), Erol (1955), Rondot (1956), Nebert
(1959), Kalafatgioglu and Uysalli (1964), were the first authors that named
and studied the regional geology and geothermal resources of the Galatean
Volcanic Province. The above authors all agree that the age of the Galatean
Volcanic Province falls into Tertiary period and the main rock types are
andesitic-dacitic lavas, their associated pyroclastics, basaltic lavas, Neogene

continental to lacustrine facies and Quaternary alluviums. However, the age,



stratigraphic position and the internal structure of the Galaetan volcanics are
inadequately mentioned.

Akyol (1969) have studied the lignite occurrences at Celtikgi and
Kizilcahamam. He stated that, after a significant volcanic eruption, at the
quiet period, a marn sequence with thin coal layers had been deposited in a
lake. Palynologic determinations yielded as Middle Miocene age to that
lake. The similar palynologic facies of Beypazan coals lead Akyol to a
result that, Celtikgi lignites and Beypazari coals were formed in the same
lake.

Copur (1972) studied the general geology and investigated the clay
potential of Ankara in 7 selected areas. DTA analyses and ceramic analyses
were done on selected clay samples of Camlidere-Pegenek area. He found
that the clay occurrences in this basin were of bentonitic character, and the
lake sediments were rich in diatomite frustules in some outcrops. He also
confirmed that Camlidere - Pelit¢ik basin had a limited but prospective clay
potential.

Ozkuzey and Unsal (1972) elaborated the reserve capacity and
properties of perlite occurrences around Ankara - Kizilcahamam. They
mentioned about a volcanic eruption center at Yukan and Asagi Ovacik
villages.

Unli (1973), studied the geology and geothermal energy potential of

Kazanlar - Pegenek area, NW of Ankara. He had distinguished



stratigraphically two types of lavas, Early Miocene lower lavas and Miocene
intermediate lavas, and found that the volcanism had reached to a peak
period at Early Miocene times. Furthermore, he interpreted the types and
morphology of the volcanics. He concluded that in Late Miocene times, a
lake, having a shore at Doganlar-Sarikavak-Osmansin villages, spread to S-
SE and the lacustrine facies are now represented by tuffite - agglomerate,
tuff - marn, tuff - tuffite - limestone alternations. He also stated that the lake
environment was characterized by vast amounts of plants, slightly agitated,
and sometimes a bit saline character.

Tatl1 (1975), studied the geology and geothermal resources of eastern
Kizilcahamam geothermal field. He had differentiated the lithostratigraphic
units of Kizilcahamam area. He also suggested that Pazar Formation reflects
the Miocene lake, of which its basin fill deposits were not only vertically but
also horizontally intercalated with volcanic rocks.

Ongiir (1976, 1977) studied the Neogene stratigraphy, volcano-
stratigraphy, volcanology, petrology, petrography and geothermal energy
potential of the Camlidere, Celtik¢i and Kazan districts. He had named 5
different lavas (lower lavas, Alug lava, Binkoz lava, Tekke lava and Karalar
lava), numbers of tuff layers and three eruption centers (Alug, Binkoz and
Agacin eruption centers). He also stated that the volcanism occurred in two

phases and both phases had calcalkaline characters.



Turgut (1978) studied the lignite potential of Camlidere and Celtikg¢i
areas. He pointed out that there were sixteen lignite outcrops in the area but
none of them were significant. Three deep drill holes were opened but no
significant lignites were cut. In this study palynologic data indicated that the
age of the lignites in the basin were Middle Miocene.

Varol and Kazanci (1980) studied the volcanosediments of Galatean
Volcanic Province in Seben region. They stated that the volcanics were
represented by epiclastics in Upper Cretaceous, but in Miocene they were
characterized by mostly as pyroclastics which filled up the Miocene lakes.

Okay and Giirsoy (1984) studied the geothermal potential of
Kizilcahamam-Gerede district by geophysical {gravitational) methods. They
mentioned two important faults in the investigated area, the Celtik¢i fault
and a fault lying between Pegenek and Sorgun villages and passing through
Bayindir village. They also stated that Pegenek basin was bounded by dense
material (volcanic rocks) from the western side and the basinfill rocks could
be traced under these volcanic rocks.

Tankut and Tiirkmenoglu (1988) studied the petrography and
geochemistry of the Neogene mafic lavas around Ankara. They found that,
the basic volcanics were in alkaline character representing a primary magma
composition, of which they were derived from a mantle lherzolite source.
They also suggested that magma had been modified with LIL enriched

mantle in later stages of development.



Tankut er al. (1990) studied the geochemistry of Tertiary volcanic
rocks of northwest Central Anatolia. It was stated that the volcanism had
started in Eocene with calcalkaline character, and continued in Pliocene with
alkaline character.

Tirkmenoglu ef al. (1990) studied the petrography and mineralogy
of the Kemeres tuff unit at Karagar district. They pointed out the
depositional environment of this tuff unit as a saline-alkaline Miocene lake
based on the occurrences of authigenic mineral assemblage
(Montmorillonite + Phillipsite + Clinoptilotile).

Tiirkecan ef al. (1991) studied the geology and petrology of the
Galatean Volcanic Province. They have extensively mapped and
differentiated the lithologies of the western part of the Galatean Volcanic
Province. They concluded that the Neogene volcanism started at least at
Early Miocene times, with radioisotopic age dating and paleontological
observations. They had also studied the petrochemistry of the volcanic
rocks. They stated that Late Cretaceous and Paleocene volcanics were arc
volcanics, Miocene volcanics were Andean type continental margin
volcanics, and Early Pliocene volcanics were alkaline with shoshonitic
properties.

Keller et al. (1992) studied the chemical characters and ages of

Galatean Volcanic Province. The chemical data derived from this study



outlines three major magmatic series: rhyolites, calc-alkaline andesite-
dacites and alkaline basalts. The Neogene andesitic volcanics had an age
span of 20-18 Ma., however the Neogene basaltic volcanics had an age of

11.6 to 9.6 Ma.

Tankut et al. (1995) studied the petrogenesis of Galatean Volcanic
Province. They found two different volcanic periods in the Galatean
Volcanic Province based on K/Ar ratio, first in Early Miocene and the
second in Late Miocene. Early Miocene volcanics were represented by rocks
of basalt-andesite-dacite-rhyolite lavas and associated pyroclastics which
had been erupted from strato-volcanoes. However, the Late Miocene
volcanics were composed of only basaltic rocks. The young series were
related with post-tectonic extensional events, and the older ones were related
with syn- or post-collisional lithospheric extension. They had also pointed
out and dated five volcanic subcomplexes of the Galatean Volcanic
Province, as Koroglu-Kartalkaya, Kavaklidag, Orta, Daskamun and Ovacik
volcanic complexes. All of these complexes are dated as Early Miocene by
radioisotopic dating. However they mentioned about two other complexes
around Kizilcahamam and its vicinity, but they could not give the exact

locations of these volcanic eruption centers.



1.3.2. Previous works on lake clays and associated minerals in

volcanic regions:

Studies dealt with the lake clays and associated minerals in volcanic
regions comprise a huge body of work, hence the most critical key
references will be pointed out here in this section.

The water chemistry of lakes in volcanic regions do range from
highly alkaline-highly saline compositions to slightly alkaline-dilute
compositions. This broad range of water chemistry is directly affected from
the geochemistry of surrounding rocks and the degree of evaporation in the
lake basin. Moreover the water chemistry itself directly affects the type of
the mineral that has to be formed authigenically (Surdam and Parker, 1972;
Boles and Smdam 1979; Hay and Guldman, 1987; Remy and Ferrell, 1989;
Sheppard 1989; Sheppard, 1991; Sheppard, 1994 and Stamatakis, 1989b).

The vast diversity of authigenic silicate minerals have been reported
by various authors in the literature. However, among these diverse
associations, the dominance of smectite and zeolite group minerals should
have to be noticed. Suitable water chemistry and readily deposited unstable
glassy (vitric) tuffs or volcanics presumably governs the authigenic growth
of smectites, often prior to zeolite group minerals in volcanic lakes (Surdam
and Parker, 1972; Khury and Eberl, 1979; Sheppard, 1989; Stamatakis, 1989
a, b; Altaner and Grim, 1990; de Pablo-Galan, 1990; Banfield ef al., 1991;

Sheppard, 1994).

10



Immoderately saline lakes in volcanic regions basically induce the
authigenic growth of various types of zeolites. Clinoptilolite, analcime,
chabazite, phillipsite, mordernite and erionite are the usual authigenic
zeolites that form in volcanic lakes. These silicates chiefly correspond to
alkaline conditions and result from the reaction of unstable volcanic glass,
mostly tuff, with interstitial waters (Hay, 1966, 1978; Surdam, 1977,
Surdam and Shephard, 1978 and Chamley, 1989).

F oIlowing the progressive path of diagenesis, zeolite group minerals
and then, using the early formed zeolites as precursors, K-feldspars occur
with or without the smectite phase. Furthermore the lateral and vertical
zonation of these authigenic silicates should have to be mentioned, unless
the basin is disturbed by later tectonic forces (Sheppard and Gude, 1968;
Mariner and Surdam, 1970; Surdam and Parker, 1972; Surdam and
Sheppard, 1978; Hay, 1978; Boles and Surdam, 1979; Jones and Weir,
1983; Hay and Guldman, 1987; Remy and Ferrell, 1989; Sheppard and
Fitzpatrick, 1989; Sheppard, 1989; Stamatakis, 1989 a, b; Altaner and Grim,
1990; de Pablo-Galan, 1990; Banfield e al., 1991 and Sheppard, 1991,
1994).

Despite the authigenic mineral assemblages of lakes in volcanic
regions there is also a detrital supply to these lakes. The major constituents
of this detrital supply are dioctahedral smectites, K-feldspars, illites,

chlorites, volcanic glass, various types of silica, plagioclases, pyroxenes,
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amphiboles, smectite mixed layers and kaolinite (Swain, 1966; Nelson,
1967; Grim, 1968; Degens et al., 1971). Beyond the scope of detrital clay
minerals in volcanic environments, smectite group chiefly attracts the most
attention. In areas where acidic volcanic products are abundant it is
inevitable to record the presence of illite and smectite as weathering
products (Grim, 1968). However the outstanding features of these smectites
are their dioctahedral structure and their Fe-Al or Mg bearing behaviors

(Jones and Weir, 1983; Chamley, 1989).

1.4. REGIONAL GEOLOGY

The regional geologic setting of the study area can be best evaluated
when it is described in relation to the regional geology of Galatean Volcanic
Province.

Galatean Volcanic Province, which is located at northwest of Ankara
(Figure 1.2), lies within the Pontide tectonic unit (Ketin, 1966). It is one of
the largest Cenozoic volcanic areas of Turkey, which is composed of
numbers of eruption centers and Neogene continental basins (Unli, 1973;
Tath, 1975; Ongiir, 1977, Tirkecan ef al., 1991 and Tankut ef al., 1995).
The regional tectonic character had been gained by northward subduction of
Izmir-Ankara-Erzincan ocean (Northern branch of NeoTethys) and the
collision of African Plate and Eurasian Plate during Alpine Orogenesis in
general sense (Sengér and Yilmaz, 1981; Kogyigit, 1991). This collision is

yielded as the andesitic-dacitic volcanic associations of the Galatean
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Volcanic Province from Early Miocene to Pliocene (Keller, 1992; Tankut et
al., 1995). This magmatism is reflected in the geochemistry of volcanics by
calcalkaline and alkaline associations (Onglir, 1977; Tankut and
Tirkmenoglu, 1988; Tankut et al 1990, Tirkmenoglu et al, 1990,
Tirkecan ef al., 1991; Keller et al., 1992; Tankut et al., 1995). The Neogene
continental deposits of the Galatean Volcanic Province is under interest for
several years due to their economic resource potentials. Main Neogene
lacustrine basins are Pelitgik, Gidil-Celtikgi, Orta, Urus, Kibriscik and
Giivem basins (Turgut, 1978; Tiirkecan ef al., 1991; Irke¢ and Gengoglu,
1993; Tankut et al., 1995). Their economic importance occur from their
potential of clay minerals (especially bentonite and sepiolite), diatomites and
lignite formations. The mode of occurrence of these Neogene basins are
directly related with the regional geology of the Galatean Volcanic
Province. Tectonism and intense volcanism are the main precursors for the

formation of these economic Neogene continental lacustrine basins.

1.5. METHODS OF INVESTIGATION

The methods of investigation is comprised of 4 stages in this study,

Remote Sensing, Digital Elevation Model, Field and Laboratory studies.

1.5.1. Remote Sensing studies

During this stage of study a Landsat 5 TM image (10.May.1991, Path
177, Row 32), which was acquired form TUBITAK Marmara Research
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Center (Gebze) and 1:60000 scaled aerial photographs were used. The
satellite image was geometrically corrected having an approximate error of
33 meters. The atmospheric effect was removed by means of radioisotopic
corrections and the image was enhanced by using various image processing
techniques. Several false color band combinations, band ratios and Principal
Component Analysis were tried out to show the basin fill deposits and the
shape of the basin. Furthermore, with the combination of processed satellite
image and the existing aerial photographs a detailed geological map of the
study is prepared. The data derived from aerial photographs and satellite
image were fused to locate pilot areas for further detailed field studies. The
most representative locations of the marginal, intermediate and central facies
of the lake, the most easily accessible and the most unvegetated/uncovered
areas were the ultimate criteria used in the selection of these pilot areas. All
the image processing algorithms were done by using ERDAS?® software on a
HP-UX 700™ workstation. The aerial photographs were interpreted using a

stereoscope by naked eye.

1.5.2. Digital Elevation Model (DEM) studies

The morphology of the study area was simulated in computer by
digitizing 1:25.000 scaled topographic maps with 50 meter contours. Digital
elevation model of the study area was derived to point out the relief image.
Likewise the satellite image and digital elevation model of the study area are
processed together to yield the 3-D view of the study area. The relief image

and 3-D image were then used to interpret the morphology of the area. All
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the digitizing processes were carried out with a GTCO AccuTab™ A-2 sized
digitizer and ArcInfo® software. The simulation of the model is done by

using ERDAS® software.

1.5.3. Field studies

Field studies, under the light of remote sensing studies, were carried
out during the summer period of 1995. Measurement and description of
stratigraphic sections were carried out in the previously selected three pilot
areas. Fresh hand specimens of 126 were collected systematically at the
significant or important lithologic changes. The selection criteria of the pilot
areas lead to create a combined measured section of the study area from the
measured stratigraphic sections of the pilot areas. Bedding attitudes and
photographs of the particular sites were taken to be interpreted in office
work. Several supplementary areas at the margins of the basin were also
visited to understand the stratigraphic relationships between the basin fill

deposits and the surrounding volcanics.

1.5.4. Laboratory studies

The laboratory part of this study is composed of petrography and
mineralogy studies. A total of 45 selected representative samples were
prepared for petrographic analyses, following the procedure described in
Kerr (1977) for thin section preparation. For mineralogic analysis, 35
samples were pulverized for 20 seconds in the shutter-box equipment to

make them pass through 200 mesh. These bulk samples were then placed on
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powder packed mounts for unoriented X-ray diffraction analyses. The
mounts were X-rayed at 3°26/min from 2° to 40° 20, using Cu Ko radiation.
Standard X-ray diffraction identification procedures were applied using
ASTM cards. For clay mineral analyses, the fraction smaller than 2pum of the
23 samples out of 35 random X-rayed samples were separated and treated
chemically. The chemical treatment of the samples consists of destruction of
carbonates using NaOAc buffer of which pH is equal to 5. Following these
treatments, smear slides of the clay fractions were prepared at air dried,
ethylene glycolated, heated at 350 °C and heated at 550 °C conditions. All
the slides were X-rayed at a scan speed of 2° 20/min using Cu Ko radiation.
The air dried slide was scanned from 2° to 30° 20, the Ethylene glycolated
and heated 300 °C slides were scanned from 2° to 15°26. Also the 550 °C
heated slide was X-rayed unless it is necessary for the identification of 7 A
minerals. Furthermore the £(060) peaks of the selected 8 clay fractions were
scanned randomly to find out the di/trioctahedral structural states of the clay

minerals. Scanning of random #(060) peaks were carried out in 58° to 64° 26

in 1° 20/min. X-ray patterns were interpreted following the clay mineral
identification methods according to Grim (1968), Carroll (1970), Pei-Yuan
Chen (1977), Brindley and Brown (1980), Nemecz (1981), Wilson (1987)
and Moore and Reynolds (1989). XRD analyses of the bulk rock samples
were carried out in PHILLIPS PW 1729 X-ray diffractometer in Chemical
Engineering Department of METU and PHILLIPS PW 3710 in MTA. The
Ni filtered Cu Ka radiation was generated by using 30 kV and 24 mA in

Chemical Engineering Department and by using 40 kV and 55 mA in MTA.
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The clay mineral analysis of the rock samples were done by using RIGAKU
Geigerflex in MTA with 40 kV and 30 mA. The details of XRD sample
preparation stage is presented in Appendix A.

In addition to the XRD studies 8 samples were selected for Fourier
Transform Infrared analyses in Chemistry Department of METU using
Mattson 1100 FTIR Spectrometer. The sample preparation stage is described
in Appendix B.

Also 10 samples were selected to study the morphology of the clay
minerals, associated non-clay minerals and the precursors, with Scanning
Electron Microscope in Metallurgical Engineering Department of METU
using JEOL JSM-6400 Scanning Electron Microscope and its associated

EDX.
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CHAPTER 2

GEOLOGY

2.1. GENERAL GEOLOGY

Pelitcik Basin is the greatest Neogene lacustrine basin of the
Galatean Volcanic Province. The basin is located in the south central part of
the province. This Neogene lacustrine basin is surrounded by volcanics of
Galatean Province in every directions (Figure 2.1). The remote sensing
studies show that the basin has an ellipsoidal shape with a length of 20 km
and a width of 12 km (Figures 2.1 and 2.2.a, b). The basin fill deposits
which have high reflectance appears as white in all of the single bands of
Landsat 5. The most perceptible view of the basin is encountered in the false
color composite as white (where band assignments are red=4", green=3"
and blue=2™ band of Landsat 5 TM, Figure 2.2.a) and as blue in pseudo
color composite after Principal Components Analysis (PCA) (where band
assignments are red=1%, green=2"¢, blue=3" after PCA, Figure 2.2.b). The
basin represents a topographically low area bounded by high volcanic terrain
(Figures 2.3 and 2.4) and is separated from Celtik¢i graben by a NE-SW
trending horst (Figure 2.4.). The drainage pattern in the study area and
vicinity is composed of dendritic to trellis drainage pattern, in which the
flow direction is all to the south, to the Camlidere Dam reservoir (Figure
2.5).
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Figure 2.2.: Landsat 5 TM image of the study area, A) False color
composite (Red=4, Green=3, Blue=2), B) Pseudo color composite after PCA
analysis. Base line of the images are approximately 40 km, the images are in
true north orientation (P=Pelit¢ik village).
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Figure 2.3.: 3-dimensional view of the study area based on Landsat False
Color (Red=7, Green=5, Blue=3) composite. View is from east to west
(P=Pelit¢ik village).
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Figure 2.4.: Relief image of the study area and its vicinity, base line of the
image is 44 km and image is in true north orientation (P=Pelit¢cik village,
CDL=Camlidere Dam Lake, BF=Bayindir Fault).
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Figure 2.5.: Digital Elevation Model of the study area and its vicinity. Dark
areas show low topography, lighter areas show higher topography. The base
line of the image is 44 km and the image is in true north orientation
(P=Pelit¢ik village).



The basin fill deposits of Pelitgik basin is represented by Pazar
formation. The bedding attitudes of Pazar formation follow the shape of the
basin except the southern margin, in which the basin is truncated by the
Baymdir fault (Figures 2.1, 2.2.a, 2.2.b, 2.4 and 2.6). The dip directions of
Pazar formation are all to the south in the study area. The Pazar Formation
conformably overlies the Galatean volcanics. The generalized columnar
section of the Pelitgik basin starts with Galatean volcanics having andesitic-
dacitic composition at the bottom. The lacustrine facies involves several tuff
layers and lens shaped volcaniclastic deposits. General lithologies observed
in this sequence are mudstone with thin coal horizons, claystones and
dolomicrites (marls). At the top of the section alluvium unconformably

overlies the lacustrine facies (Figure 2.7).
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Figure 2.6.: Field view of the Bayindir fault scarp. View is from north to
south (BF=Bayindir Fault).
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2.2. STRATIGRAPHY

The Neogene stratigraphic sequence of the study area is composed

mainly of two groups: i) the Galatean volcanics and ii) Pazar formation.

2.2.1. Galatean volcanics
2.2.1.1. General Definition

Galatean volcanics of the study area are composed mainly of
andesites, basaltic andesites and their associated volcanic units. Various
names are given to these volcanics, of the Galatean Volcanic Province, such
as Tertiary Volcanic Series by Erol (1955); Kéroglu Volcanic Complex by
Ketin (1966, 1977) and Tankut ef al. (1990); AA lavas, Intermediate lavas
and Lahar by Unlii (1973); Lower, Intermediate, Upper Lavas and
Pyroclastic products by Tath (1975); Lower, Binkoz, Karalar and Tekke
lavas, Volcanic Breccia and Lahar by Ongiir (1976, 1977); and Karasivri,
Kirazdag, Ilicadere, Devedren and Bakacaktepe volcanics by Tiirkecan ef
al. (1991). The above given names are either in very general sense or
overlapping each other in a very local manner, so to carry the confidelity
and to avoid the misleading in the literature, volcanics and their associated

rocks are referred to as “Galatean volcanics” in the study area.
2.2.1.2. Distribution and boundaries

Galatean volcanics comprise the basement of the study area and show
extensive outcrops. There are five eruptive complexes in the vicinity of the
study area (Figure 1.2): Kizilcahamam (Soguksu) complex in the east,

Ovacik complex in the north, Daskamun in the northwest and Kavaklidag in
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the west (Tankut er al, 1995). In addition, another volcanic complex
(Sorgun) in southwest is proposed. The base of Galatean volcanics could
not be seen in the study area. Galatean volcanics are overlain conformably

with the Pazar formation.
2.2.1.3. Lithology

Galatean volcanics exhibit very diverse lithologies, so only the
distinct properties will be mentioned. They are composed mainly of three
types, lavas, pyroclastics and volcaniclastic deposits.

Lavas are generally brown to brick red in color and their composition
ranges from andesite to basaltic andesite.

The pyroclastics are white to cream or gray in color and do not have
extensive outcrops. The largest outcrop of the pyroclastics is observed in the
vicinity of Sarikavak village (Figure 2.8). This outcrop, embedded in the
volcaniclastic deposits, is rich in ash and pumice particles, which suggests to
a single, subaerial eruption (Schumacher, 1995; personal communication).
Apart from this particular outcrop, nine different tuff layers were identified
in the three measured stratigraphic sections of the Pazar formation, which
will be discussed in section 2.2.2.. Among these tuff layers, one significant
tuff layer, which shows an accretionary lapilli character (Fisher and
Schminke, 1984; Schumacher, 1995; personal communication), was
identified near Yoncatepe village.

The components of volcaniclastic deposits are lithologically similar
to the previously mentioned lavas and pyroclastics (Figure 2.9). It contains
brick red to brown andesitic, gray dacitic and black glassy blocks of various

sizes, in which their size ranges from few centimeters to few meters. These
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Figure 2.8.: Field view of Sarikavak Tuff (Location: S of Sarikavak village).

Figure 2.9.: Field view of volcaniclastic deposits (Location: West
Yoncatepe village).
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volcaniclastics are very thick bedded but they seem to be massive when they
are examined in single particular beds. The dominant rock types of these
volcaniclastic deposits are lavas, tuffs and fluvial clastics. These fluvial

clastics are medium bedded and locally exhibit cross bedding (Figure 2.10).

Figure 2.10.: Cross bedding in the upper parts of volcaniclastic deposits.

Numerous volcaniclastic lenses are observed within the basinfill
deposits. They are generally elongated mostly in the NE-SW and E-W
directions, parallel to the strikes of lacustrine beds. The volcaniclastic lenses
generally pinchout towards south and no volcaniclastic lenses are observed
in the southern parts of the basin. On the other hand, presence of

crossbeddings in the volcaniclastics suggests exists a high energy fluvial



environment near to the shores of the lake, in the spasmodic activities of
volcanism and/or tectonism. The same situation is also valid for the

generation of volcaniclastic lenses in the basin.

2.2.1.4. Age

Based on previous studies, the age of Kavaklidag, Daskamun and
Ovacik volcanic complexes is assigned as Early Miocene (Tiirkecan ef al.,
1991; Keller et al., 1992; Tankut ef al., 1995). No age determinations were
available for Soguksu complex in the literature, but based on their stratigraphic

position, an age of Early Miocene can be assigned.
2.2.2. Pazar formation
2.2.2.1. General Definition

The Pazar formation was first named by Tatli (1975). The name of
this formation come from the biggest village which is located outside the
study area at the east of Kizilcahamam. Pazar formation consists of
alternations of gray-green claystones, white argillaceous dolomicrites,
cherty white limestones, white to pink limestones, several tuff layers and
minor coal occurrences. In the middle sections of the Pazar formation some

lenses of volcaniclastic deposits are also observed.

32



2.2.2.2. Distribution, Boundaries and Thickness

The Pazar formation is located in the central part of the study area
and surrounded by Galatean volcanics in all directions. The Pazar formation
comformably overlies the Galatean volcanics. The upper boundary of the
Pazar formation is represented by an erosive contact with the Quaternary
alluviums. The total combined measured thickness of the Pazar formation is

found to be 610 meters (Figure 2.7)

2.2.2.3. Lithology

Because of the structural discontinuities three pilot areas were chosen
to study and construct a combined measured stratigraphic sections of the
Pazar formation. These are referred to as Yoncatepe (A-A’), Bugralar (B-B”)
and Akkayatepe (C-C’) sections (Figure 2.1)

The Yoncatepe section (Figures 2.1, 2.11 and 2.12), which is
representing the shore facies of the lacustrine deposits, starts with a
volcaniclastic deposit at the base. This volcaniclastic deposit consists of a
sand sized matrix and andesitic-dacitic and black glassy blocks. It has a
bedding attitude of N45°E and a dip amount of 15° to S. The accretionary
lapilli layer is located in the uppermost parts of this volcaniclastic deposit,
having a thickness of 2 meters. Immediately after the volcaniclastics a

crystal-vitric tuff layer of 8.3 meters is encountered. This is followed by a 5
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