
INTRODUCTION 

The study area is located around the Mülk
and Demirci villages (Ankara I27 c4, d3) at 25 km
east of Sivrihisar in central Anatolia (Figure 1).
Studies in the region were mostly conducted on
sepiolite occurrences in the vicinity of study area
(Bilgin, 1972; Kulaksýz, 1981; Ece and Çoban,
1990; Karakaþ, 1992; Gençoðlu et al., 1992; Ye-
niyol, 1992, 1993; Çoban, 1993; Bellance et al.,
1993; Karakaþ and Varol, 1993, 1994; Gençoðlu
and Ýrkeç, 1994; Ünlü et al., 1995; Gençoðlu,
1996). The geological characteristics of the ba-
sement rocks and Neogene units in the region
were studied by Weingart (1954), Erol (1955),
Brelie (1956), Umut et al. (1991) and Gözler et al.
(1996). Özbaþ (2001) investigated mineralogical
and geochemical properties of zeolites and asso-
ciated minerals in the Mülk-Oðlakçý area. Temel
(2001) studied geochemistry and petrology of the
Miocene alkaline volcanism in the Oðlakçý area. 

The aim of present work is to investigate clay
mineralization in the Neogene volcanic and pyro-
clastic rocks around the Mülk-Demirci area and
to study the formation conditions of argillization
in regard to paleoclimate and bedrock characte-
ristics. 

MATERIAL AND METHOD 

A total of 35 samples were collected from
measured stratigraphic sections of the Karaba-
yýrlar Hill I, II, III and Mülk where volcanic, pyro-
clastic and detrital-evaporitic rocks are widely ex-
posed (Figures 1 and 2). In addition to samples
from the measured stratigraphic sections, 30 po-
int samples were also collected from the Çakmak
Hill, Çakmakçýkan Hill, Karabayýrlar Hill, Hamde-
re Ridge and Hamam Ridge and around the
Asarkale and Mülk villages. Thin sections were
made from unaltered rock samples and they
were studied with the Leitz brand polarizing mic-
roscope to determine their textural and minera-
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logical properties. Volcanic and pyroclastic rocks
were classified according to Streckeisen (1976,
1979) and Schimid (1981), respectively. Minera-
logical compositions of clay minerals and partly
and completely altered rock samples were deter-
mined with Rigaku-Geirgeflex X-Ray Diffrac-
tometer (XRD) device with whole rock (45 samp-

les) and clay fraction (35 samples)  analyses. Se-
mi-quantitative mineralogical analysis of the
samples was done (Gündoðdu, 1982) by the ex-
ternal standart method (Brindley, 1980). The
morphologic properties and textural characteris-
tics of samples which are dominated by argilliza-
tion were studied with JEOL 840 A brand scan-
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Figure 1- Location and geology map of the study area (Modified from Gözler et al., 1996).   



ning electron microscope (SEM). Moreover, ther-
mal behaviors of clay minerals were determined
with Rigaku Analyzer TAS 100 device at the Ge-
neral Directorate of Mineral Research and Explo-
ration of Turkey (MTA). 

GEOLOGY

The basement of the Sivrihisar Neogene ba-
sin is represented by Paleozoic metamorphic
rocks consisting of schist, gneiss and marble and
Mesozoic ophiolitic complex, granite and grano-
diorites (Kibar et al., 1992; Gözler et al., 1996).
Exposures of the basement rocks are observed
around the Sazak and Baharözü villages at NE of
Sivrihisar town, outside of the study area. The
Neogene units which have a wide distribution in

the region unconformably overlie the basement
rocks. In previous geologic and industrial raw
material studies conducted in and around the
study area, Neogene units were investigated un-
der different formation names. Gençoðlu and Ýr-
keç (1994) described the lacustrine units as the
Ýlyaspaþa (Miocene) and Sakarya (Pliocene) for-
mations while the same units were named as the
Porsuk (Miocene) and Hüyüklü (Pliocene) forma-
tions by Gözler et al. (1996). In the present work,
lacustrine units in the area were described as
Miocene Sakarya and Pliocene Porsuk forma-
tions (Boyraz, 2004) (Figures 1 and 2). The map-
pable lithofacies of the Sakarya formation, from
bottom to the top, are pyroclastic - interbedded
claystone, volcanics, carbonate - claystone and
evaporate facies. The pyroclastic - interbedded
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Figure 2- Lithological and mineralogical distribution in the Sakarya and Porsuk formations in the study area. 
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claystone facies is represented by agglomerate,
tuff, altered tuff and tuffitic sandstone. Altered
claystone levels and tuff levels which are mostly
observed in multi-colorings are repeatedly alter-
nated (Figure 3a, b). In addition to argillization,
iron oxidation, limonitization and carbonatization
are also detected in tuffs (Figure 3c). These alte-
ration zones are noticeable with yellow, red,
greenish yellow and green colors. Volcanics
overlying the pyroclastic-interbedded claystone
facies are observed as basaltic and andesitic
lava flows (Figures 1, 2 and 3a). Basalts show
porphyry-afanitic texture and gas vesicles while
andesites are characteristic with light pink-beige
colors, compact structure and afanitic texture.
Basalts and andesites that are observed as part-
ly or completely altered are typical with yellow,
red and reddish brown colors. The volcanics in
the region are exposed along E-W extending
fault systems which were developed as a result
of N-S extending compressional regime which
was followed by an extensional tectonism (Te-
mel, 2001; Özen and Sarýfakýoðlu, 2003). Ba-
salts and andesites in the study area were dated
as Early-Middle Miocene (14-18 Ma) (Temel,
2001). These volcanics are overlain with a low-
angle angular unconformity by carbonate-clay-
stone and evaporate facies which is represented
from bottom to the top by dolomite, dolomitic
limestone, mudstone and gypsiferous units
(Figures 1, 2 and 4). Some Gastropod species
such as Planorbarius sp., Lymnaea sp., Helix
mrazeci Sévastos, 1922, Abida sp. and Mostus
sp. (Upper Miocene) were determined in clay,
marl and organic material-rich units in this facies
(Taner, 2004). On the basis of data obtained from
radiometric and paleontological dating studies,
the age of the Sakarya formation is accepted as
Miocene. 

The Sakarya formation is overlain with a low-
angle angular unconformity by detritic-evaporitic
claystone facies of the Pliocene Porsuk forma-
tion (Figures 1). This facies is composed of a re-
petition of deposition package consisting of red-
gray colored conglomerate-sandstone, gray-

green colored claystone, gypsum, gypsiferous
mudstone, dolomite, dolomitic claystone and
limestone (Figures 1 and 2). Some Gastropod
species such as Valvata crusitensis (Fontannés,
1886), Gyraulus (G.) ignoratus Schickum-Puis-
segur, 1977, Emmericia rumana Tournouér, 1880
were determined in green claystone and marl
units and the age of the Porsuk formation is
accepted as Late Pliocene (Romanian) (Taner,
2004). In addition, in these units, some ostraco-
da fossils such as Ilyocypris sp, Potamocypris
similes (Müller, 1894), Pseudocandona cf. com-
pressa (Koch, 1837), Hemicyprideis dacica gre-
koffi Carbonnel, 1971, Cyprideis cf. torosa (Jo-
nes, 1850), Candona neglecta Sars, 1888, Can-
dona sp. were also found which yielded Plio-
cene-Early Pleistocene age. Moreover, spore-
pollen studies conducted on brown clayey, clay,
marl and organic material-rich units yielded the
presence of biozone assemblages which indicate
Late Pliocene age. These assemblages are Tu-
buliflorae and Liguliflorae types (Batý, 2004). In
addition, this dating was also verified by micro/
macro mammalian assemblages such as Testu-
do sp., Micromys sp., Occitamomys sp., Pro-
lagus sp. and Promimomys sp. (Saraç, 2004).

Red colored Quaternary units which uncon-
formably set above the Neogene lacustrine de-
posits are composed of red-brown conglomerate,
mudstone, sandstone and alluvium. 

PETROGRAPHY

Regarding mineralogical compositions and
textural characteristics, volcanic and pyroclastic
rocks in the study area were described as tuff,
basalt and andesite. 

On the basis of their rock fragment, volcanic
glass and crystal content abundance, tuffs com-
prising the dominant lithological assemblage of
pyroclastic rocks are investigated as lithic, vitric
and crystal tuff. The vitric tuffs are completely
composed of volcanic glass. In volcanic glass
which is generally observed as fragmented and
rounded grains, some alteration products such

4



CLAY MINERALIZATION OF THE NEOGENE AGED VOLCANICS 5

Figure 3- a. Vertical and horizontal relations between pyroclastic-interbedded claystone facies (pcf) and vol-
canics (v) at the Karabayýrlar Hill; 

b. Close view of multicolored, altered tuffs (t) and alternated claystone levels (kl); 
c. Argillization (kl), limonitization (lm) and iron oxidations (d) in the pyroclastic-interbedded claystone

facies. 
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as argillization and carbonatization are partly no-
ticeable (Figure 5a). Lesser amount of opaque
mineral was also determined in the volcanic
glass. In the study area, vitric tuff was intensely
found at the Karabayýrlar Hill (MSS I and II)
(Figures 1, 2). The lithic tuffs are made up domi-
nantly of volcanic rock fragments (andesite) and
partly of quartz and biotite phenocrystals (Figure
5b). Litic tuffs were also observed at the Kara-
bayýrlar Hill (MSS I and II) (Figures 1, 2). The
crystal tuffs are composed of plagioclase, biotite,
hornblende and quartz phenocrystals and volca-
nic glass. The flow texture observed in crystal
tuffs is noticeable with oriented plagioclase mic-
rocrystals and biotite and hornblende are partly
or completely transformed to opaque minerals
(Figure 5c). Like vitric and lithic tuffs, the crystal
tuffs are also observed at the Karabayýrlar Hill
(MSS I and II) (Figures 1, 2). 

The basalts in the area have porphyric hypo-
crystalline texture. In addition, amigdaloidal tex-
ture is also observed which is formed by filling of
gas vesicles with the secondary quartz crystals.

The rock is composed mainly of plagioclase and
pyroxene phenocrystals together with microlite
and crystallites (Figure 5d). Labrador plagioclase
displays alteration signs such as iron oxidation,
carbonatization and argillization. Most part of
pyroxene phenocrystals were iddingsitized and
form glomeroporphyric texture. In the study area,
basalts are exposed at the Karabayýrlar (MSS I
and II), Çakmak and Çakmakçýkan Hills (Figu-
res 1, 2). 

Andesites are composed of plagioclase
(andesine), hornblende and biotite and show tra-
chytic texture. Plagioclases are subhedral and
display a zoning texture (Figure 5e). In addition,
hornblende and biotite are transformed to
opaque form (Figure 5f). Their typical exposures
are found around the Asarkale (Figure 1).

XRD DETERMINATIONS 

In order to determine the relation between
bedrock and clay minerals which were formed in
association with alteration of volcanic and pyro-
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Figure 4- The transition between pyroclastic-interbedded claystone facies (a), carbonate-clay
stone (b) and evaporate (c) facies. 
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Figure 5- Microscopic views of pyroclastic and volcanic rocks: 
a- Argillization (kl) and carbonatization (k) developing in volcanic glass of vitric tuffs

and opaque minerals (o) (under crossed polars - sample no. A-4); 
b- Andesite (An) rock fragment and biotite (B) phenocrystal in lithic tuffs (under

plane polarized light, sample no. A-5); 
c- Plagioclase (p) microlites oriented with flow texture observed in crystal tuffs

(under crossed polars  - sample no. A-9); 
d- Pyroxene (pr) phenocrystals and plagioclase microlites which display iddingsitiza

tion along edges and fissures of basalts (under crossed polars - sample no. Ç-2); 
e- Sub-hedral and zoning plagioclase (p) phenocrystals in andesites (under crossed

polars  - sample no. A-1); 
f- Opaqued hornblende in andesites (under crossed polars  - sample no. A-2). 
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clastic rocks, fresh and altered samples from
these units were analyzed with XRD method. 

Clay fraction studies of volcanic and pyroclas-
tic units indicate that the dominant clay is smec-
tite although illite exists in a few samples (Fi-
gures 2 and 6a). The abundance of smectite va-
ries with the alteration degree of volcanic and
pyroclastic rocks. In intensely altered samples,
smectite is the main clay mineral (90%-100%)
(Figures 2 and 6a). In moderately less altered
samples, the abundance of smectite in whole
rock analysis was found to be ranging from 40 to
70% (Figures 2 and 6b, c). In whole rock analy-
sis, smectite is accompanied by feldspar, dolo-
mite, calcite, opal-CT, quartz and lesser amount
of illite, analcime and gypsum (Figures 2 and 6a,
b, c). In the analysis, smectite was described
with the maximum peak intensity at 15.12 A° -
15.93 A° which belongs to (001) reflection sur-
face (Figure 6a, b, c). In addition, peaks at
5.06 A°, 4.49 A° and 2.56 A° with higher 2 values
were also helpful for identification of smectite.
The intensity of (001) peak which is the first basal
reflection is narrow and symmetrical thus indica-
ting that smectite is well crystallized. According
to 14.76 A° -15.93 A° (001) reflection values,
smectite was determined as Ca type smectite
(Moore and Reynolds, 1989) (Figures 6a, b, c). 

In whole rock analysis, feldspar was identified
at 3.18 A° - 3.20 A° and 3.22 A°, dolomite at
2.89 A°, calcite at 3.04 A°, quartz at 3.34 A° and
analcime at 3.43 A° peaks (Figures 6a, b, c). In
whole rock analysis of samples which were alte-
red at varying degrees and contain smectite as
the only clay-size component, there exists a pro-
portional inverse relation between smectite and
feldspar (Figure 2). In samples which are parti-
cularly intensely altered and enriched in smec-
tite, the feldspar content decreases while in sam-
ples which are less altered and represented by
low smectite content, the feldspar content shows
a proportional increase (Figures 2 and 6a, b, c).

(001) reflection of smectite which was treated
with ethylene glycol shifted to 16.67 A° (Figu-

re 7). The reflections at 350 and 550ºC were ob-
served at 9.66 A° and 9.76 A°, respectively.

In X-ray diffractograms of whole rock sam-
ples, rising of background by 2 = 15 A° indica-
tes the presence of volcanic glass of amorphous
character (Jones and Segnit, 1971).

DTA DETERMINATIONS 

Thermal characteristics (phase transformati-
ons) of sample B3A which was determined as
smectite by XRD studies were studied with DTA-
TG analysis. In DTA analysis of smectite, the first
intense endothermic peak was observed around
148.2 °C (Figure 8). The second small endother-
mic peak at 220 °C is typical for Ca-smectite (Öz-
kan and Erkalfa, 1977).  In addition, there are
also two endothermic peaks at 653.4 °C and
873.1 °C. Temperatures of these endothermic
peaks are suitable for dioctaedric smectites (Pa-
terson and Swaffield, 1987). The first two en-
dothermic peaks reflect the humidity loss and the
third one stands for the loss of interlayer water.
The weight loss in the first two reactions is 15.3%
and 7.6% in the third reaction (Figure 8). The
peak observed at 810.1 °C at the DTA curve is
related to impurities rather than smectite.  

SEM DETERMINATIONS

The clay-dominant (smectitization) samples
which were by determined to be variously altered
by field observations, microscopic investigations
and XRD analyses were also studied with scan-
ning electron microscope (SEM). 

In scanning electron microscope studies, it
was observed that smectite has a well developed
platy structure and morphology of honeycomb
texture (Figure 9a). In general, smectite develops
in fissures, fractures and dissolution voids of the
volcanic glass (Figure 9b). It was noticed that the
smectite with honeycomb texture develops on
spherical opal-CT (Figure 9c). In some samples,
smectite develops on and along the edges of
feldspar as well as volcanic glass (Figure 9d).

�
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Figure 6- Whole rock XRD diffractogram of tuff samples which were altered
in varying degrees (a. altered tuff, sample no. B3A; b. less altered 
tuff sample no. A9; c. partly altered tuff, sample no. B1k). 
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Figure 7- XRD diffractogram of clay fraction of nearly pure smectite (sample no B3A), a: normal; b: glycolated; 
c: heated (550ºC).



This may indicate that in addition to volcanic
glass and opal-CT, feldspar also had a role in for-
mation of smectite. Christidis et al. (1995), Kadir
and Karakaþ (2002), Besbelli and Varol (2002)
also indicated that smectite was derived from
alteration of volcanic glass and feldspar. 

DISCUSSION AND RESULTS 

The Neogene lacustrine units which are wide-
ly exposed in the study area are described as the
Miocene Sakarya formation and Pliocene Porsuk
formation (Figures 1 and 2). The Sakarya forma-
tion starts with pyroclastic-interbedded claystone
facies that is characterized by agglomerate, tuff,
altered tuff and tuffitic sandstone and continues
with a volcanic sequence (Lower-Middle Mio-
cene) represented by lava flows of basalt and
trachyandesite composition. These units are
overlain with a low-angle angular unconformity
by carbonate-claystone and evaporate facies
(Upper Miocene) which are composed of clay-

stone, dolomite, limestone, mudstone and gyp-
sum. The Pliocene units which cover this litholo-
gic assemblage with a low-angle angular uncon-
formity are comprised by a repetition of se-
quence consisting of conglomerate, sandstone,
claystone, mudstone, gypsum, gypsiferous mud-
stone, dolomitic claystone and limestone. 

According to field and laboratory observati-
ons, Neogene (Miocene and Pliocene) lacustrine
units in the region were deposited under varying
volcanism, tectonism and paleoclimate condi-
tions. In this respect, there are different facies in
the study area showing horizontal and vertical
changes. The volcanic activity in the region was
started in the Early-Middle Miocene (Temel,
2001; Özen and Sarýfakýoðlu, 2003). In the first
period of deposition when the volcanism was
active, lacustrine deposits which were originally
depleted in evaporitic minerals were changed to
dolomite-evaporite facies with increasing evapo-
ration at arid and sub-arid climate conditions. 

Figure 8- DTA and TG thermogram of nearly pure smectite (sample no B3A). 
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It was determined that smectite is the main
clay mineral in alteration zones of tuff and ba-
salts which comprise the volcanic and pyroclas-
tic units of the Sakarya formation. Considering
the role of whole rock assemblage and textural
characteristics in formation of smectite, alteration
of volcanic ash and tuff is the main agent for the
deposition of smectite (Grim and Güven, 1978).
Particularly, smectite formation was controlled by
the presence of volcanic glass and feldspar
which are the main components of tuffaceous
units. In XRD studies, in addition to the associa-
tion of volcanic glass, opal-CT, smectite and feld-
spar which comprise the main components of

volcanic units, a proportional inverse relation bet-
ween smectite and feldspar was also determined
which indicates that these minerals are derived
from the same source (Figures 2, 6 and 9). Alte-
ration of feldspars results in formation of smec-
tites (Millot, 1970; Furnes, 1975; Chamley, 1989;
Tucker, 1992; Kadir and Karakaþ, 2002). Alte-
ration of feldspar facilitated great amount of Ca
input to the environment which is supported by
carbonates occurrences partly shown in frac-
tures. In addition, gypsum was precipitated with
the increase of Ca and SO4 activities due to arid
conditions of the environment (Yeniyol, 1987). 

Figure 9- SEM image of smectites.
a: Platy and honeycomb textured smectite (sample no B-1);
b: Smectite mineral developing along edges and surfaces of fractured, platy volcanic glass (V)

(sample no KV-8); 
c: Smectite forming on spherical opal-CT (sample no KV-8); 
d: Smectite (S) developing around and on the feldspar mineral (F) (sample no B-5). 
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Under hot and arid conditions, alteration of
volcanic material in the lake water had an impor-
tant role in formation of smectite. This is in sup-
port of the presence of dolomite above the volca-
nic units which reflects hot and arid climate regi-
me in the area. Smectite is related to hot-arid cli-
mate regime and it is known to occur under low
rainfall and weak drainage conditions (Chamley,
1989). In addition, it is stated that analcime which
is accompanied with smectite in some samples,
is occured in saline and alkaline lacustrine envi-
ronment, indicating that arid and semi-arid cli-
mate conditions (Mariner and Surdam, 1970;
Gall and Hyde, 1989; Hartley et al., 1991; Re-
naut, 1993; Türkmenoðlu et al., 1995;  Karakaþ
and Kadir, 2006). While arid conditions were pre-
vailing in the region, units were deposited in
association with depth changes in the lake which
rapidly deepened due to increasing tectonic
activity. The change in lithology in the environ-
ment depending on change of depth in the lake
area was studied by Hardie et al. (1978). Waters
which affected the porous and permeable vol-
canic units in the study area washed and dis-
solved the tuffaceous units. Smectite was formed
as a result of hydrolysis of volcanic glass and
alteration of feldspar. As also evidenced in SEM
studies, smectite occurs in weak zones develop-
ing in dissolution voids and along the fissure and
fractures of volcanic glass indicating that ions
freed by water circulation were effective in forma-
tion of smectite. Stages which follow the forming
of smectite, contributes to rich in Na, Al, and K
ions of lacustrine water and increasing pH, resul-
ting in analcime occurrences (Gall and Hyde,
1989; Stamatakis, 1989; Hartley  et al., 1991,
Karakaþ  and Kadir, 2006). Illite minerals accom-
panied with smectite in altered tuff samples were
derived from clay-sized biotite (Bayhan and Yal-
çýn, 1990; Gümüþer  and Yalçýn, 1998). On the
contrary, illite minerals in mudstone samples
were originated from detritic form and was trans-
ported to lacustrine environment.

As a result, formation of smectite was cont-
rolled by the presence of volcanic glass and

feldspar that comprise the main components of
volcanic and pyroclastic rocks. Alteration of vol-
canic material in the lake water under hot and
arid conditions had an important role in the
smectite formation. Formation of smectite is
closely related to hydrolysis of volcanic glass and
alteration of feldspar.

ACKNOWLEDGEMENTS 

This study was supported by the Scientific
and Technical Research Council of Turkey (TU-
BITAK Project No. 102Y137) and the Ankara Uni-
versity under grant No. 2003-07-45-014. This
work is a part of third author's master thesis.
Authors are grateful to Prof. Güler Taner (AU) for
her contribution to paleontologic studies, Zühtü
Batý (TPAO) for performing the pollen analyses
and Dr. Gerçek Saraç (MTA) for the mammalian
determinations, Prof. Dr. Asuman Türkmenoðlu
(METU) and Prof. Dr. Emel Bayhan (HU) for their
constructive critical comments and suggestions
on the manuscript.

Manuscript received on July 12, 2006

REFERENCES

Batý, Z. 2004. Sözlü Görüþme. Türkiye Petrolleri Ano-
nim Ortaklýðý. 

Bayhan, E. and Yalçýn, H. 1990, Burdur gölü çevresin-
deki Üst Kretase - Tersiyer yaþlý sedimanter is-
tifin tüm kayaç ve kil mineralojisi. Maden Tetkik
ve Arama Dergisi, 117, 73- 87.

Bellanca, A., Karakaþ, Z., Neri, R. and Varol, B. 1993.
Sedimentology and isotope geochemistry of
lacustrine dolomite-evaporite deposits and as-
sociated clays (Neogene, Turkey): environ
mental implication. Mineralogica et Petrog-
raphica  Acta, 36, 245-264.

Besbelli, A. and Varol, B. 2002. Tekke volkanitlerinde
hidrotermal alterasyon ürünü kil mineralleþ-
meleri (Çubuk, Ankara KD). Maden Tetkik ve
Arama Dergisi, 125, 121 -137.

CLAY MINERALIZATION OF THE NEOGENE AGED VOLCANICS 13



Bilgin, H. 1972. Eskiþehir ili kil imkanlarýnýn genel eko-
nomik prospeksiyon raporu. Maden Tetkik  Ara-
ma Genel Müdürlüðü Rapor No: 4708, 38s. An-
kara (unpublished).

Boyraz, S. 2004. Mülk-Demirci yöresi (Eskiþehir-
Sivrihisar) Neojen  (Üst Miyosen-Pliyosen) bi-
rimlerinin kil mineralojisi. Ankara  Üniversitesi 
Fen Bilimleri Enstitüsü Yüksek Lisans Tezi, 
85s, Ankara (unpublished).

Brelie, V.G. 1956. Sivrihisar ve Polatlý bölgesinde ya-
pýlan bir linyit prospeksiyonu hakkýnda rapor. 
Maden Tetkik  Arama Genel Müdürlüðü Rapor
No: 2437, Ankara (unpublished).

Brindley, G. W. 1980. Quantitative X-Ray Mineral 
Analysis of Clays. In: Brindley, G W. and
Brown, G (ed). Crystal Structures of Clay Mi-
nerals and Their X-Ray Ýdentification. Mono-
graph 5, Mineralogical Society, London, 411-
438.

Chamley, H. 1989. Clay formation through weathering. 
In: Chamley, H. (ed.). Clay Sedimentology, 
Springer Verlag, New York,  21-50.

Christidis, G.E., Scott, P.W. and Marcopoulosi, T.
1995. Origin of the bentonite deposits of 
Eastern Milos, Aegean, Greece. Geological, 
mineralogical and geochemical evidence. 
Clays and Clay Minerals, 43, 63-77.

Çoban, F. 1993. Kayakent (Eskiþehir) yöresinin jeolo
jisi ve bölgedeki tabakalýsepiyolitlerin mineralo
jik incelemesi. A.Suat Erk Jeoloji Sempoz-
yumu, 2-5 Eylül 1991, Ankara, 283-289.

Ece, Ö.I. and Çoban, F. 1990. Origin and significance
of the sepiyolite beds and nodules in the Mio-
cene lacustrine basin, Eskiþehir, Turkey. In: 
Savaþçýn, M. Y. and Eronat, A. H. (ed). Inter-
national Earth Sciences Congresson Agean
Regions Proceedings I, 234-245.

Erol, O. 1955. "W. Weingart 56/2, 56/4 (Sivrihisar) ve 
57/1, 57/3(Ankara) paftalarýnýn jeolojik haritasý 

hakkýnda raporu"na ait korelasyon revizyonu
raporu. Maden Tetkik  Arama Genel Müdürlüðü
Rapor No: 2473, Ankara (unpublished).

Furnes, H. 1975. Experimental palagonization of ba-
saltic glasses of varied composition. Contribu-
tions to Mineralogy and Petrology, 50, 105-113.

Gall, Q. and Hyde, R. 1989. Analcime in lake and lake-
margin sediments of the Carboniferous Rocky
Brook Formation, Western Newfoundland, Ca-
nada. Sedimentology , 36, 875-887.

Gençoðlu, H., 1996. Eskiþehir - Sivrihisar - Oðlakçý
Köyü sepiyolit sahasýnýn ait maden jeolojisi.
Maden Tetkik  Arama Genel Müdürlüðü Rapor
No: 9858, 33s. Ankara (unpublished).

, Ýrkeç, T., Güngör, N., Demirhan, M. and
Çokyaman, S. 1992. Lithofacial features of the
Upper Sakarya section of central Anatolian
Neogene basin (Sivrihisar-Günyüzü-Çeltik) and
the sepiolite occurrences. 1st. International
Symposium on Eastern Mediterranean Geo-
logy, 13-16 October 1992, Adana, 322-323.

and , 1994. Ankara-Polatlý-Türktaciri sa-
hasýnýn maden jeolojisi. Maden Tetkik Arama
Genel Müdürlüðü Rapor No: 9487, 253s.
Ankara (unpublished).

Gözler, M.Z., Cevher F., Ergül  E. and  Asutay. H.J.
1996. Orta Sakarya ve Güneyinin jeolojisi.  Ma-
den Tetkik  Arama Genel Müdürlüðü Rapor No:
9973, 87s. Ankara (unpublished).

Grim, R.E. and Güven, N. 1978. Bentonites, geology,
mineralogy, properties and uses, Elsevier,
Amsterdam, 256p.

Gümüþer, G. and Yalçýn, H. 1998. Kelkit vadisi ku-
zeyindeki (Reþadiye-Yazýcýk-Bereketli/Tokat)
bentonit yataklarýnýn mineralojik  ve jeokimya-
sal incelenmesi. Yerbilimleri, 20, 91-110.

Gündoðdu, M.N.1982. Neojen yaþlý Bigadiç sediman-
ter baseninin jeolojik mineralojik ve jeokimyasal
incelenmesi. Hacettepe Üniversitesi Fen Bilim-

Zehra KARAKAÞ, Baki VAROL and Sonay BOYRAZ14



leri Enstitüsü Doktora Tezi, Ankara, 386s. (un-
published).

Hardie, L. A., Smooth, J.P. and  Eugster, H.P. 1978.
Saline lakes and their deposits: a sedimento-
logical approach. In Matter, A. and Tucker M.E 
(ed). Special  Publication number 2 of  the  In-
ternational   Association  of  Sedimentologists,
7-41.

Hartley, A., Flint, S. and Turner, P. 1991.  Analcime: a 
characteristic authigenic phase of Andean allu-
vium, northern Chile. Geological Journal, 26, 
189-202.

Jones, J.B. and Segnit, E.R. 1971. The nature of opal: 
I.nomenclature and constituent phases. Jour-
nal of the Geological Society of Australia, 
18,57-68.

Kadir, S. and Karakaþ, Z. 2002.  Mineralogy, chemistry 
and origin of halloysite, kaolinite and smectite
from Miocene ignimbrites, Konya, Turkey. 
Neues Jahrbuch Fur Mineralogie Abhandlun-
gen,  177, 113-132. 

Karakaþ, Z. 1992. Ballýhisar-Ýlyaspaþa (Sivrihisar-
Eskiþehir güneyi) yöresinin jeolojik, petrografik  
ve mineralojik incelenmesi. Ankara Üniversitesi 
Fen Bilimleri Enstitüsü Doktora Tezi, 184s, An-
kara (unpublished).

and Varol, B. 1993. Sivrihisar-Ýlyaspaþa civarý 
sepiyolitlerinin elektron mikroskop incelemesi, 
A.Suat Erk Jeoloji Sempozyumu, 2-5 Eylül
1991, Ankara, 303-310.

and 1994. Sivrihisar Neojen baseninde-
ki gölsel dolomitlerin petrografisi ve oluþum 
koþullarýnýn duraylý izotoplar (18O;13C) yardý-
mýyla yorumlanmasý. Maden Tetkik ve Arama
Dergisi, 116, 81-96. 

and  Kadir, S. 2006. Occurrence and origin of 
analcime in a Neogene volcano-sedimentary
lacustrine environment, Beypazarý-Çayýrhan 
basin, Ankara, Turkey. Neues Jahrbuch fur Mi-
neralogie Abhandlungen, 182/3,  253-264.

Kibar, M., Gökten, E., Lünel, T. and Kadýoðlu, Y.K.
1992. Sivrihisar intrüzif kompleksi ve civarýnýn
jeoloji ve petrografisi. Türkiye Jeoloji Kurultayý
Bülteni, 7, 78-86.

Kulaksýz, S. 1981. Sivrihisar Kuzeybatý yöresinin jeolo-
jisi. Yerbilimleri, 8,103-124, Beytepe, Ankara.

Mariner, R.H.  and Surdam, R.C. 1970. Alkalinity and
formation of zeolites in saline alkaline lakes.
Science, 170, 977-979.

Millot, G. 1970. Geology of clays. Translated by W.R
Farrand and H.Paquet. Springer Verlag,
New York, Berlin, 429p. 

Moore, D.  and Reynods, C. 1989. X-Ray diffraction
and the identification and analysis of clay mi-
nerals. Oxford University Press, 332p.

Özbaþ, Ü. 2001. Mineralogic and geochemical investi-
gation of zeolite and related minerals of Mülk-
Oðlakçý Region, Sivrihisar. Dokuz Eylül Üniver
sitesi Fen Bilimleri Enstitüsü Yüksek Lisans
Tezi, Yök Dökümantasyon Merkezi Rapor
No:109623, Ankara (unpublished).

Özen, H. and Sarýfakýoðlu, E. 2003. Sivrihisar (Es-
kiþehir) dolayýndaki volkanitlerin petrografik ve
petrolojik özellikleri. 56. Türkiye Jeoloji Kurul-
tayý Bildiri Özleri Kitabý, 14-20 Nisan 2003,  An-
kara, 20-21.

Özkan, O.T. and Erkalfa, H. 1977. Türkiye'de ticari
bentonit killerin özellikleri ve kullaným alanla-
rýnýn tesbiti. Türkiye Bilimsel ve Teknik Araþtýr-
ma Kurumu Proje No: 04- 7652, 138s,  Ankara
(unpublished).

Paterson, E. and Swaffield, R. 1987. Thermal analysis.
In: Wilson, M.J. (ed). A handbook of determina-
tive methods in clay mineralogy, Blackie, 99-
133.

Renaut, R.W. 1993. Zeolitic diagenesis of Late Qua-
ternary fluviolacustrine sediments and asso-
ciated calcrete formation in the Lake Bogoria
Basin, Kenya Rift Valley. Sedimentology, 40,
271-301.

CLAY MINERALIZATION OF THE NEOGENE AGED VOLCANICS 15



Saraç, G. 2004. Sözlü Görüþme. Maden Tetkik Arama
Enstitüsü.

Schimid, R. 1981. Descriptive nomenclature and clas-
sification of pyroclastic deposits and fragments:
Recommendations of the international union of
geological sciences subcommission on the
systematics of ýgneous rocks. Geology,  9, 41-
43.

Stamatakis, M.G. 1989.  Authigenic silicates and silica
polymorphs in the Miocene saline-alkaline de-
posits of the Karlovassi basin, Samos, Greece. 
Economic Geology,  84, 788-798.

Streckeisen, A. L. 1976. Classification  of the common 
ignous rocks by means of their chemical com-
position: a provisional attempt. Neues Jahr-
buch für Mineralogie Monatshefte, H.1, 1-15. 

, 1979. Classification and nomenclature of vol-
canic rocks, lamprophyres, carbonatites, and
melitic rocks - recommendations and sugges-
tions of the international union of geological 
sciences Subcommission on the Systematics
of Igneous Rocks. Geology,  7,  331-335.

Taner, G. 2004. Sözlü Görüþme. Ankara Üniversitesi 
Mühendislik Fakültesi Jeoloji Mühendisliði Bö-
lümü.

Temel, A. 2001. Post-collisional Miocene alkaline vol-
canism in the Oðlakçi Region, Turkey:  Petro-
logy and geochemistry. International Geology 
Review, 43, 640-660.

Türkmenoðlu, A., Koçyiðit, A. and Özalp, T. 1995. 
Kalecik-Hasayaz havzasýndaki Tersiyer göl
sedimanlarýnýn jeolojisi ve kil mineralojisi. VII. 
Ulusal kil sempozyumu, 27-30 Eylül 1995, An-
kara, 55-63.

Tucker, M. E. 1992. Sedimantary Petrology. Black-
Well, Oxford, 260p.

Umut, M., Gedik, Ý., Güner E., Saçlý, L. and Þen, A.M.
1991. Çifteler-Holanta (Eskiþehir) Çeltik (Kon-
ya) ve dolayýnýn jeolojisi. Maden Tetkik ve Ara-
ma Raporu No. 9204, 39s, Ankara (unpub-
lished).

Ünlü,T., Gençoðlu,H., Ýrkeç, T. and Bayhan H., 1995.
Turkish sepiolite deposites: A Review. In: Sri-
vastava Rajesh K. and Chandra, R. (ed). Mag-
matism in  relation to diverse tectonic settings,
Oxford and IBH, 225-260.

Weingart, W. 1954. 56/2, 56/4 (Sivrihisar) ve 57/1,
57/3 (Ankara) paftalarýnýn jeolojik haritasý hak-
kýnda rapor. Maden Tetkik ve Arama Raporu
No: 2248, Ankara (unpublished). 

Yeniyol, M. 1987. Enez bentonitinin jeolojisi, mineralo-
jisi ve oluþumu.  III. Ulusl Kil Sempozyumu, 21-
27 Eylül 1987, Ýstanbul, 123-137. 

,1992. Yenidoðan (Sivrihisar) sepiolit yataðýnýn
jeolojisi, mineralojisi ve oluþumu. Maden Tetkik
ve Arama Dergisi, 114, 71-85.

,1993. Sivrihisar'da (Eskiþehir) sedimanter-
diyajenetik oluþumlu yeni bir lületaþý türü. Ma-
den Tetkik ve Arama Dergisi ,115,81-90.

Zehra KARAKAÞ, Baki VAROL and Sonay BOYRAZ16



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


