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ABSTRACT

In the Aliaga-Foga region, three main rock associations crop out. These are, 1. The
Yuntdag volcanics, 2. The Foga volcanic complex and 3. Aliagia limestone. The Yuntdag
volcanics form the oldest unit in the area and consist of a thick and widespread andesitic-
trachyandesitic lava sequence and accompanying coarse grained volcaniclastic rocks. In
the Yuntdag volcanics four main rock units are distinguished which are 1. The Helvaci
andesites consisting of pink to gray, coherent lava flows of andesite composition, 2. The
Caltih andesites which are formed by the black, aphanitic andesite lava flows, 3. The
Haykiran blocky pyroclastics which are made up of the blocky andesites in fine grained
tuffeceous matrix and 4. The Dumanlitepe dykes consisting of dykes and subvolcanic
stocks of these coherent lavas in central parts of the main vents. In the Yuntdag volcanic
complex, 6 different volcanic facies are distinguished which are 1. Flow banded lavas, 2.
Subvolcanic andesites, 3. Columnar jointed andesite, 4. Flow breccias, 5. Block and ash
flow deposits and 6, Grain supported, andesite lava-scoria facies .

Geochemically, the coherent facies of the Yuntdag volcanics are andesite to dacite in
composition and calc-alkaline in nature. The chemical composition of various rocks in the
succession indicate that the Yuntdag volcanic assocciation is made up of genetically
related units and has evolved in continental margin.

The Yuntdag volcanics are overlain by the rhyolitic Foga volcanic complex. In this
sequence, three different subunits are distinguished which are 1. The Foga rhyolites, 2. The
Foga volcaniclastics and 3. Foga alkaline volcanics. The Foga rhyolites are made up of
massive rhyolite lava flows and domes. The Foga rhyolites are surrounded by the Foca
volcaniclastic sequnce in which three different subunits are distinguished which are 1.
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Pyroclastic flows, 2. Hyaloclastic breccias, 3. Perlites. Close to the domes, coarse grained
hyaloclastites and perlites cover the massive rhyolites and succeded laterally by fine
grained, intensily to slightly welded ignimbrites. The lithological and sedimentological
features of this unit show that the rhyolite domes intruded phreatically into a shallow
lacustrine environment and the accompanying pyroclastic sequence formed as blankets
surrounding the domes. Since the shallow lakes filled by the rapid deposition, in upper
parts of the hyaloclastites subaerial pyroclastic rocks were formed characterized by
channel-fill deposits. In the upper parts of the rhyolitic volcaniclastic sequence, there are
alkaline lava flows interdigitating with the volcaniclastics and lacustrine sedimentary
rocks. In the Foga volcanic complex 13 different facies are distinguished depending on
their conditions of formation, These are 1. Massive rhyolite, 2. Massive perlites, 3. In-situ
hyaloclastic breccias, 4. Reassembled hyaloclastic breccias, 5. Laminated mudstone, 6.
Fine grained rhyolite pumice-lithic fragment facies, 7. Coarse grained rhyolite pumice-
lithic fragment facies, 8. Lithic fragment-rich channel-fill facies, 9. Subaqueous welded
ignimbrite facies, 10. Brecciated perlite, 11. Subaqueous ash fallout deposits, 12. Coherent
alkaline lavas and 13, Alkaline dykes.

Geochemically, the Foga rhyolites are calc-alkaline in nature. They resembles to a
volcanic assocciation of a post orogenic tectonic setting. The alkaline lava flows show
chemical characteristics of within plate basalts or rift-related volcanics.

The Foga volcanic complex laterally and vertically passes into the Neogene Aliafa
limestone consisting of white to yellow, gastropoda-bearing limestones and clayey
limestones.

The stratigraphic relations and geochemical affinities of the Yuntdag volcanics, the
Foga volcanic complex and the Foga alkaline volcanics indicate that they were formed
proggressively under a single and genetically interrelated tectonic regime.



OZET

Aliaja-Foca cevresinde baghica ii¢ farkhh kaya grubu yizlek verir. 1. Yuntdad
volkanikleri, 2. Foga volkanik kompleksi ve 3. Aliaga kiregtap birimi. Yuntdag
volkanikleri alandaki en yagh kaya birimini olugturur ve yaygin olarak yiizlek veren, kalin
andezitik, trakiandezitik lavlar ve lavlarla birlikte bulunan kaba dokulu piroklastik
kayalardan yapilidir. Yuntdag volkanikleri iginde 4 farkh kaya birimi ayirtlanmigtir,
Bunlar; 1. Pembe-gri renkli masif andezitik lavlardan yapil: Helvac: andezitleri, 2. Siyah
renkli, afanitik dokulu andezit laviar, 3. Ince taneli beyaz-gri renkli tiif matriks iginde
yeralan andezit blok ve lapillilerinden yapili Haykiran bloklu piroklastikleri ve 4. Yuntdag
volkanizmasimn merkezi ¢iki§ alanlarinda yuzlekler veren dayk ve subvolkanik stoklardan
yapih Dunianlntepe dayklan. Yuntda§ volkanitleri iginde baslica 6 farkl: volkanik fasiyes
tammlanmigtir. 1. Akma liminalanmali andezit lav1 fasiyesi, 2. Subvolkanik andesitler, 3.
Siitun eklemli andezit lavi fasiyesi, 4. Akma bresi fasiyesi, 5. Blok ve kiil akma birikintileri
fasiyesi ve 6. Tane destekli, andezitik lav-ciiruf fasiyesi.

Yuntda§ volkanikleri jeokimyasal olarak andezit-dasit bilegimlidir ve kalk-alkali
karekterlidir. Jeokimyasal analiz sonuglan Yuntdag volkanizmas: iinde ayrtlanan farkl
kaya birimlerinin kokensel olarak birbirleriyle iligkili olduklarimi ve kitasak kabuk kenan
andezitik kugaklarina benzerlik gosterdiklerini igaret eder.

Yuntdag volkanikleri, riyolitik bilegimli Foga volkanik kompleksi tarafindan iizerlenir.
Foga volkanik kompleksi iginde ti¢ farkh kaya birimi yizlek verir. Bunlar: 1. Foga
riyolitleri, 2. Foga volkaniklastikleri ve 3. Foca alkali volkanitleri. Foga riyolitleri masif
riyolit lav akmalan ve domlanindan yapihidir. Riyolit domlan Foga volkaniklastik istifi
tarafindan sanilirlar. Foga volkaniklastik istifi icinde ui¢ farklt birim ayirtlanabilir. Bunlar:

1. Piroklastik akmalar, 2. Hyaloklastik bregler ve 3. Perlitlerdir. Masif riyolit domlari,
vi



merkeze yakin kesimlerde kaba kirintil: piroklastikler ve perlitler tarafindan gevrelenir ve
domlardan uzaklagtikca ince taneli piroklastikler ve kaynakli tiiflere gegilir. Foca
volkaniklastikleriin litolojik ve sedimentoojik ozellikleri ve domlarla iligkileri riyolitik
volkanizmamn s1f su ortamina sokuldugunu ve piroklastik istifin aym ortamda domlarin
sokulumuyla beraber geligerek domlan sardiin: gosteren veriler tagir. Ust kesimlere dogru
volkanik malzemenin s1§ su ortamim doldurmas: nedeniyle yersel karasal alanlar geligmiy
ve buralarda kaya kinntilaninca zengin kanal dolgusu fasiyesleri geligmistir. Foga
volkaniklastikleri ust seviyelerde Foca alkali lavlarna ait ara diizeyler igerirler. Foga
volkanik kompleksi iginde olusum kosullarina gére 13 farkh fasiyes ayirtlanmugtir: 1.
Masif riyolit fasiyesi, 2, Masif perlit fasiyesi, 3. Yerinde breglegmis hyaloklastit fasiyesi, 4.
Yeniden iglenmig hyaloklastit fasiyesi, 5, Laminah ¢camurtag: fasiyesi, 6. Ince taneli riyolit
pumis-kaya kirintis1 fasiyesi, Sualti kaynakl ignimbirit fasiyesi, 7. Kaba taneli riyolit
pumis-kaya kirntis: fasiyesi, 8. Kaya kirintisinca zengin kanal dolgu fasiyesi, 9. Sualt1
kaynakh ignimbirit fasiyesi, 10. Bregik perlit fasiyesi, 11. Sualt1 kiil yagnt1 fasiyesi, 12.
Alkali lav akma fasiyesi ve 13. Alkali dayklar.

Foga riyolitleri kalk-alkali karekterlidir ve kimyasal o6zellikleri orojenez sonrasi
granitoidik kayalarla benzerlikler sunar. Diger yandan alkali lav akmalan riftlegmeyle
iligkili veya kuta ii bazaltlara ait kimyasal 6zelliklere sahiptir.

Foga volkanik kompleksi yanal ve disey yonde san-beyaz renkli gastrapod fosilleri
igeren kiregtaglan ve killi kiregtaglarina gecer ve bu birim ¢aligma alaninda g6zlenen en
genc kaya birimidir.

Yuntdad volkanitleri, Foga volkanik kompleksi ve Foga alkali volkanitleri arasindaki
gegisli stratigrafi iligkileri ve bu kayalarin jeokimyasal dzellikleri Bati Anadoly’ da Aliaga-
Foga gevresindeki volkanizmamn birbirini izleyen ve birbirleriyle iligkili bir tektonik rejim
altinda olugtugunu gosterir.
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CHAPTER ONE

INTRODUCTION

In Western Anatolia, the Neogene volcanic rocks with various facies are exposed in
extensive areas. To the north of Izmir, in the Aliaga-Foca area (Figures. 1.1,2), this
volcanic succession is made up of thick andesitic to latit-andesitic lava succession,
thyolitic lavas, pyroclastics and subvolcanic stocks. Lacustrine sedimentary successions
accompany the volcanic sequences in many outcrops indicating the close relationship
between the volcanism and lacustrine deposition in time and space. In this study, the
stratigraphy, petrological features, facies characteristics, eruption mechanisms and the
environments of formation of the volcanic sequences are examined and the stratigraphy of

the Neogene sequences are redefined.

1. 1. Study Area

The study area is located about 50 km to the north of Izmir, and include Menemen,
Aliaga and Foga towns (Figure 1.1). In this study, an area of 10 topographic sheets of 1/25
000 scale (Izmir K 18 al, a2, a3, a4, d1, Urla K 17 b3, b4, cl, ¢2, and d2) was mapped.
The 1zmir-Canakkale highway passes through the study area in the north-south direction
which also roughly devides the study area into two parts. On the east side of this highway,
the andesitic lava flows have extensive outcrops and on the west side the rhyolitic
volcaniclastic sequence is dominant. Menemen and AliaSa towns are located on this
highway. Minor roads to Foga and the other villages also provide the access to the area.
The study area is bounded by the Pleistocene-Quaternary Gediz Plain to the south and
Bakirgay Plain to the north.
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1. 2. Review of the Previous Studies

Neotectonic evolution of the Western Anatolia has been subjected to many studies since
1960’s (Arpat & Bingol, 1969; Ketin, 1970; Sengor & Dewey, 1980, Sengor & Yilmaz,
1981; Sengor, 1982; Sengor, Satir & Akkok, 1984). The main aim of these studies was
understanding the tectonic regimes controlling the tectonic evolution of the Western
Anatolia in Neotectonic period. To achieve this goal, graben systems which are the main
structures in the region, and sedimentary sequences of these grabens have been subjected
to detailed geological studies and the works on the stratigraphic and sedimentologic
features of these basins were done as well as the crustal scale tectonic interpretations
(Kaya, 1981; Seyitoglu & Scott, 1990, Seyitoglu & Scott, 1992; Seyitoglu, Scott &
Rundle, 1992; Seyitoglu & Scott, 1994; Seyitoglu, Benda and Scott, 1994; Emre, 1996).
Since the magmatic activity and the tectonic setting have close relationship in time and
space, the Neotectonic magmatic activity in Western Anatolia has been studied in recent
years and numerous works have been carried out on the magmatic associations of the
region (Savaggin, 1978; Ercan, 1979, Kaya & Savagc¢in, 1981, Ercan, Satir, Kreuzer,
Turkecan, Giinay, Cevikbag, Ates, and Can, 1985; Innocenti, Manetti, Mazzuoli, Peccerillo
and Poli, 1985; Ercan,1987; Yilmaz, 1989; Yilmaz, 1990, Mc Kenzie and Yilmaz, 1991,
Giileg, 1991; Seyitoglu & Scott, 1991, Altunkaynak & Yilmaz, 1998; Geng, 1998; Karacik
& Yilmaz, 1998). In addition to these geochemical, petrological and geodynamic
interpretations, some radiometric age determinations of the same volcanic associations
have also been done (Borsi, Ferrara, Innocenti, and Mazzuoli, 1972; Fytikas, Giuliani,
Innocenti, Marinelli and Mazzuoli, 1976, Fytikas, Innocenti, Manetti, Mazzuoli, Peccerillo
and Villari, 1979, Ercan et al., 1985) which indicate an 21.5 to 7 my age for different
stratigraphic levels of this sequence. Savaggin (1978) and Kaya & Savaggin (1981) noted
that the volcanic succession cropping out in the area, were formed in both a progressive

activities and independently developed stages during the period of 11-21 my.

In the light of these observations, the models, suggested for the magmatic activity and
the tectonic evolution in the region, may be outlined under the following three major
headings (Altunkaynak & Yilmaz, 1998):
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1. The magmatic activity has been developed under a N-S directed extensional tectonic
regime starting from the Late Oligocene and beeing continious since then (Seyitoglu &
Scott, 1991; Seyitoglu & Scott, 1992),

2. The magmatism was generated in relation with the north-dipping subduction of the
east Mediterranean ocean floor along the Hellenic trench (Fyticas et al., 1984; Pe-Piper &
Piper, 1989, Giilen, 1990) and

3. There are different episodes of magma generations, occurred in different tectonic
settings (Sengér & Yilmaz, 1981; Ercan et al, 1984, Ercan et al., 1995; Yilmaz, 1989,
Yilmaz et al., 1994; Savasggin & Giilen, 1990, Giileg, 1991).

In recent years this third view has been noted in many studies and it was stated that
during the first episode, the magma was generated under a N-S compressional regime
during the Late Oligocene-Middle Miocene time, and during the following stages, the
magma was formed under the younger N-S extensional regime (Sengor & Yilmaz, 1981,
Ercan et al., 1984, 1985, 1995; Yilmaz, 1990; Altunkaynak & Yilmaz, 1998; Geng, 1998).
Yilmaz, (1990) also noted that the compressional episode generated the calc-alkaline

magmatism and the extensional regime gave way to the alkaline magmatism.

1. 3. Objectives

In the area, most of the previous works were based on the petrographic and geochemical
analyses or radiometric age determinations of the randomly collected samples from the
different stratigraphic levels, or they include global tectonic interpretations without
detailed and unequivocal field data. So that, although there are plenty of documents on the
volcanism of the Western Anatolia, scientists are still far from to be agree on the volcanic

history of the region as well as tectonic setting which had controlled the volcanism.

In the Foga Region, presence of an alkaline volkanism which is so-called as the Foga-
Urla alkaline volkanism (Savasgin, 1978, Savagcin, 1990), has been mentioned for a long
time. However, this term has generally been considered as representative for the whole
Foca Region (Savag¢in & Erler, 1994). In the field, on the other hand, the alkaline
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volcanic rocks have only limited outcrops and the area is dominantly charecterized by a
calk-alkaline rhyolitic magmatic association. Stratigraphic and tectonic relations of the
alkaline suit with the accompanying calk-alkaline volcanism are need to be documented in
detail which forms another major objective of this study. These felsic components of the
volcanic succession dominate the Foga Region where rhyolitic pyroclastics and lavas are
common rock types, and they have only been briefly mentioned in the earlier studies, under
a general term of “Foga tuffs” and were just included in the West Anatolian volcanic
association (Savaggin, 1978; Akyiirek & Soysal, 1978). Kaya & Savaggin (1981) and Kaya
(1981) carried out relatively detailed works on this succesion but they mainly examined
petrographic and chemical characteristics of these rocks. However detail mapping and
facies analyses of these rocks have not been done yet. Particularly the subvolcanic facies of
these successions and mode of their emplacement have not been discussed. The
petrography and the field properties of these pyroclastics and subvolcanic facies have
important clues to approach the eruption mechanism and environment of emplacement of

this volcanism.

In this work, the stratigraphic relations between the different volcanic and volcaniclastic
facies and the Neogene sedimentary units are studied. Typical sections representing the
stratigraphy and relations between the different volcanic facies were measured and
different volcaniclastic facies were determined to describe the physical conditions and
types of the volcanism. Where the rhyolitic subvolcanic stocks or dykes are observed,
some detailed geological maps were done to approach the mode of emplacement of
rthyolitic subvolcanic stocks and their geometry. Petrographic investigations of about 250
samples from the different rock units and geochemical analyses of about 100 samples from
the massive volcanic facies were done in order to define the petrological features and the

tectonic regimes which controlled the magmatism in the area.

In the organization of this thesis, first the stratigraphy of the area will be given and the
lithological and petrographical features of the units will be described. In this section the
stratigraphical relations of the different units and subunits will be outlined. In the second
section, the results of the major and trace element analyses, carried out on the samples
collected from the massive lava facies of different units will be given. The geochemical

affinities of the various units and their probable tectonic setting of formation will also be



7

discussed. In the section of “Volcanic facies and structures”, different volcanic and
volcaniclastic facies will be defined and their interrelationships are outlined. In the same
section, the volcanic centres from which the volcanic activity occurred, will be defined and
some typical features of them will be described. In the fifth section which is named as the
“Structural controls on volcanism”, the tectonic regime which controlled the volcanism

will be discussed in the light of the field and geochemical data.
1. 4. Methods used

This study which was supported by The Scientific and Technical Research Council of
Turkey (TUBITAK) project of YDABCAG-399 and the Research Fund of Dokuz Eyliil
University Project no: 0908. 95. 06. 02, was carried out as a PhD thesis in the the
Graduate School and Applied Science, Dokuz Eylil University. The field studies were
carried out in the 1/25 000-scale topographic maps. In naming the statigraphic units

previously given names were used as much as possible, and some of them were redefined.

The total geochemical analyses of 100 samples from different units were done and the
results were interpreted by related graphs. In the geochemical studies major and trace
element analyses were partly carried out in the geochemistry laboratory of the Geology
Department of Dokuz Eyliil University and partly in the Department of Geology and
Geophysics of the University of Edinburgh, Scotland. The studies, carried out in the
University of Edinburgh were supported finencially by the British Council, and Unesco. In
the geochemistry laboratory of the Department of Geology of Dokuz Eylil University,
major element analyses were completed by atomic absorbtion and trace elements by X-Ray
Fluoresencent methods. For the atomic absorbtion analyses, 0.25 gr sample was mixed wit
2 gr lithium tetraborate and glassified at 1000 °C and disoluted with HCI and finally
prepared solutions 1000 ppm. In the X-Ray fluorescent studies 7 gr sample was mixed with
2.8 gr starch and made into a tablet in 25 ton presses. Then, samples were examined with
(LIF 220 crystal in 20 between 29°-40° for Zr, Nb, Y, Rb, Sr under he conditions of 50
kV/30 mA; (LIF 200 crystal in 2@ between 38°-40°) for Ga under the conditions of 50
kV/50 mA; (LIF 220 crystal in 20 between 86.5°-88.5°%) for Ba under the conditions of 50
kV/50 mA; (Au crystal in 2@ between 68°-71°) for Cr under the conditions of 50 kV/45
mA,; (LIF 200 crystal in 20 between 47°-50°) for Cu, Ni and Zn under the conditions of 50
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kV/50 mA; Peaks belonging to the elements were found and the amounts of these elements

were obtained as ppm values by peak heights.

In the geochemistry laboratory of the Department of Geology and Geophysics of the
University of Edinburgh samples were analysed for 10 major and 17 trace elements using
the Philips PW 1480 wavelength-dispersive, automatic, sequential X-Ray fluorescent
spectrometer fitted with Rh anode side-window X-Ray tube. To correct for instrument drift
on the PW 1480 monitors were used to update the current calibration before each batch of
samples was analysed. The samples were, routinely, measured only once. For major
element analyses the rock powders were dried in an oven overnight at 110 °C.
Approximately 1 gr of each powder was ignited for 20 minutes in a Pt-5%Au cruicable at
1100 °C and a value for LOI (=H,0 loss+CO; loss-O; gain)was calculated from the weight
change. The ignited powder was then fused for 20 minutes at 1100 °C using a lithium
borate flux (Johnson Matthey Spectroflux 105) with a 5:1 (flux:sample) dilution. The
molten material was poured from the cruicable onto a graphite plate and pressed into a disc
by lowering an alluminium plunger onto the globule. The casting operation was carried out
on a hotplate at 220 °C and the glass disc allowed to anneal at this temperature for 10
minutes before cooling. For the trace element analyses approximately 6 gr of rock powder
was mixed with 4 drops of binding agent (2% PVA in distilled water). The mixture was
placed in a steel mol, surrounded and backed by boric acid powder, and compressed at 8
tons to form a 40 mm diameter pellet using a hydroulic press. The spectrometer was

calibrated for major and trace element analyses using USGS and CRPG standart samples.



CHAPTER TWO
STRATIGRAPHY

In the study area, three main rock associations are distinguished in the Neogene
succession. These are: 1. The Yuntdag volcanics, 2. The Foga volcanic complex and 3. The
Aliaga limestone (Figures 1.2, 2.1). The Yuntdag volcanics, observed in Aliaga, Foga and
surroundings, form the lowest unit of the volcanic succession and crop widely on the east
side of the Izmir-Canakkale highway (Figure 1.2). The unit is mainly made up of andesitic
to trachyandesitic lavas and accompanying coarse-grained volcaniclastic rocks. The
andesitic suite changes upward into the typically columnar-jointed, dark coloured andesitic
lava facies. Especially close to the central vents, the andesitic dykes which are
compositionally and genetically subvolcanic equivalents of the lava facies, cut thick lava
succession. The Foga volcanic complex, on the other hand, have extensive outcrops on the
west side of the Izmir-Canakkale highway and particularly around the Foga area (Figure
1.2). The Foga volcanic complex consists of massive rhyolitic lavas, rhyolitic pyroclastics
and minor occurences of mafic alkaline lavas. The AliaSa limestone unit consists
dominantly of the lacustrine limestones and minor mudstone intervals, and this unit
interdigitates and overlies the Foga volcanic complex around Aliaga and in the Foga

Peninsula (Figures 1.2, 2.1).

In this chapter the main field characteristics of the rock units, above, will be described.
The detailed facies features and hence the lithological properties is explained in chapter 4,
so that the lithological features of the units are briefly presented here to avoid the
repetations in text.

2. 1. YUNTDAG VOLCANICS
The Yuntdag volcanics crop out in a large area between Bergama and Izmir. The

different facies of the unit were generally named by local names by Savasgin & Kaya,
(1981) and Kaya, (1981). Yilmaz (1989) named this thick succession cropping out nearly
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all around the western Anatolia as the “Andesitic suite”. Akyiirek & Soysal (1978) named
this unit as the Yuntdag volcanics in their work, covering a large area between Ayvalik and
Bergama, and this name is about the most common name used for this widespread volcanic
sequence. The lateral equivalent of the unit is well-known as the Yamanlar Group around
Izmir (Kaya, 1981). The Yuntdag volcanics are dominated by the andesitic-trachyandesitic
lavas of the Helvaci andesites. Upward these lava flows pass into the andesitic-
trachyandesitic lavas with well-developed columnar joints which will be mentioned here as
the Caltili andesites, Dumanlitepe dykes and the Haykiran blocky pyroclastics form the

other subunits of the Yuntdag volcanics.
2. 1. 1. Helvac: andesites

Description: The thick and widespread, generally pink and gray-coloured andesitic lava
flows showing well-developed flow foliations, are named in this study as the Helvaci
andesites. The unit which is the most common volcanic rock type in the whole Western
Anatolia, crops widely out around Izmir to the south, and Bergama to the north (Figure
1.2). In the study area, the unit is observed mainly on the east side of the Izmir-Canakkale
highway, around Buruncuk, Hatundere, Helvac1 villages, and to the north of the Menemen-
Emiralem-Manisa highway, and to the north along the entire Yuntdag Region (Plates
4,5,6, Figure 1.2). In the previous studies, this unit has generally been mentioned by local
names or just lithological names as “andesite unit” or “andesitic lavas”. The unit
corresponds the lava flows of the Cukurkéy Formation of Kaya (1981) and Kaya &
Savasgin (1981). However, the stratigraphical position of the unit in the study area, is
different from that of Kaya (1981) and Kaya & Savaggin (1981).

Lithology: The Helvaci andesites are composed of pink-gray, massive andesitic,
trachyandesitic to rhyodacitic lavas with well-observed porphyritic texture. The lavas show
successive flow units with a thickness of 10 cm to 1 m. Flow foliation and mineral
lineation defined by the long axes of feldspar phenocrysts are common in the lava
sequence.. In some places, transported lapilli and block size accessory rock fragments are
significantly alingned in the matrix, indicating flow process, and direction of linear flow
alignment is even noticed in hand specimens (Figure 2.2). Locally, the length of the
plagioclase henocrysts reach up to 4-5 mm in pinky glassy matrix. The phenorysts

constitute 20 to 50 percent of andesites. The main felsic minerals are plagioclase, and rare
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sanidine. The mafic minerals are amphibole, biotite and pyroxenes. Matrix is generally
microlitic and in places glassy (Figure 2.3a,b). Where microlitic matrix is observed,
trachytic flow texture which is characterized by clearly elongated microlites (Figure 2.4)
and pylotaxitic texture in which matrix is made up of randomly oriented microlites, are
common. The plagioclase phenocrysts showing polysyntetic twinning with 22 to 28°
extinction angle which corresponds the Andezine composition of Plagioclases (Anso-so),
dominate the whole mineral association in the unit. The biotites and hornblends are the
dominant mafic minerals. The euhedral to subhedral pyroxenes are 2 to 5 percent in
average abundance. Clinopyroxenes are dominant and orthopyroxenes (Figure 2.5) are
relatively minor in abundance. Chloritization of the mafic minerals, and convertion of the
feldspars into the clay minerals are the main alteration types. In the biotites and hornblends
iron-oxidised rims surrounding the phenocrysts are common. The average mineralogical
composition of the andesites is as follows: Matrix 55 %, plagioclase 25 %, hornblend 5 %,
biotite 5 %, klinopyroxene 2.5 %, orthopyroxene 1.5 %, sanidine 1 %, chlorite 2 %,

opaque mineral 2%, clay minerals 1 %.

of

Figure 2. 2 Mesozcopic Scale Flow
Foliations in the Helvact Andesite
Unit. Arrow Shows the Massive
Andesite Rock Fragments
Transported by Flowing.
Izmir K 18 a 4; 06 075 /91 475

XA

Boundary Relations. The Helvact andesite unit forms the stratigraphically lowermost
part of the whole volcanic succession in the study area and surroundings. The lower
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Figure 2. 3 Fotomicrograph Showing the Glassy Matrix in Helvaci Andesites.
Porphyritic Texture with Polysyntetically Twinned Plagioclase, Biotite and

Pyroxene Phenocrysts Set in Glassy Matrix, is Clear. a. Cross Polirezed Light, b.

Parallel Polirezed Light. Note the Crude Flow Foliation in Glassy Matrix in Parallel
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is well-known that the Yamanlar Group of Kaya (1981) which is the lateral equivalent of
the Yuntdag volcanics of this study, clearly overlie the Izmir-Ankara Zone (Dora, 1964,
Unker, 1984). Upward, the Helvaci andesite subunit changes into the andesitic-
trachyandesitic rocks of the Caltili andesites and around Helvaci and Hatundere villages

they alternate eachother in different stratigraphic levels (Plate 5). The boundary relations

of these two unit will be discussed in detail in the following sections.

Figure 2. 4 Photomicrograph Showing the
Typical Microlitic Matrix and Trachytic
Texture, Observed in Helvaci Andesites. The
Long Side of the Photograph is 4 mm in
Length

Figure 2. 5 Photomicrograph Showing
Euhedral Cylinopyroxene Phenocrysts in
Helvaci Andesites. The Long Side of the

Photograph is 7 mm in Length

2. 1. 2. Haykaran blocky pyroclastics

Description : In the study area, the massive lava flows of the Helvaci andesites and the
Caltili trachyandesite units are intercalated, in different stratigraphic levels, with the coarse
grained, lithic clast-rich volcaniciastic rocks, deposited in different volcaniclastic facies.
Especially around Dumanlidag and Haykiran area (Plate 5) and to the north, around
Giizelhisar, Uzunhasanlar and Coraklar villages (Plate 4), the coarse grained pyroclastics
of the Haykiran unit have open outcrops. In most of the previous studies these
volcaniclastic rocks were described by a lithological terms as “agglomerates”. Kaya (1981)
and Kaya & Savaggin (1981), on the other hand, considered the equivalents of these wide-
spread blocky pyroclastic rocks as the volcaniclastic subunits of the Yanik, Cukurkéy and
Belen Formations. The unit form typically the topographic levées, include steep flow fronts
and have the large surface blocks.

Lithology: The Haykiran blocky pyroclastics are composed mainly of coarse grained

monolithic blocky mass flow unit consisting of poorly-sorted and angular to subrounded
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boulder and cobble-sized andesitic to trachyandesitic clasts in white ash or lava matrix.
Type of the clasts generally represents the composition of the preceeding lava eruption.
Depending on the composition of the former eruption, the clasts are derived from the
pinky and gray massive lavas of the Helvaci andesites or black massive lavas of the Caltilt
andesites. Clast size ranges from 5 to 60 cm in diameter. In the Haykiran unit three
different volcaniclastic facies are distinguished. These are: 1. Flow breccias, 2. Block and
ash flow deposits and 3. Grain supported, andesite scoria facies. These different facies and
their detailed characteristics will be described in chapter 4.

Boundary relations: The Haykiran blocky pyroclastic unit forms laterally discontinues
flow units in the massive lava facies of the Helvaci andesite and the Caltil: trachyandesite
units. Around Cukurkdy and Dumanhidag area (Plate 5) the Haykiran blocky unit have
open outcrops where the pyroclastic flow units are found in the massive andesite lava suite
as laterally discontinues intervals (Figure 2.6) and lenses which laterally pinges out in the
massive lava flows (Figure 2.7). Passing from the coarse grained blocky unit into the
massive lavas are in places sharp or in some outcrops graditional zones characterized by 20

cm to 1 m-thick ash horizons, are observed.

Figure 2. 6 Haykiran Blocky Figure 2. 7 Haykiran Blocky Pyroclastics
Pyroclastic Subunit Underlying the Interdigidating the Massive Lavas of the
' Helvaci Andesites. Helvaci Andesites.
Izmir K 18 d 1,04 175/ 83 425 Izmir K 18 d 1; 06 175 / 86 400
2. 1. 3. Caltih andesites

Description: The unit is composed of typically dark-coloured, aphanitic trachyandesites
and andesites and typically looks like basalts in field due to its dark colour. It forms an
extensive outcrops around Yanik, Doga and Haykiran villages, to the north of Aliaga,
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around Caltilidere village and in the Foga peninsula (Platesl and 4). The unit significantly
have well-developed columnar joints around Caltilidere village to the north of Aliaga
(Plate 4). In most of the previous studies this unit is described as the calcalkaline earlier
phase of the volcanism which grades into shosonitic rocks upward (Savaggin, 1978,
Yilmaz, 1989; Yilmaz, 1990; Fytikas et al., 1979). The Caltili trachyandesite unit
corresponds this high-K shosonitic phase of the calcalkaline association

Lithology: The Caltili andesites are composed mainly of dark gray-black, aphanitic lava
flows with 1 to 10 cm-thick well-developed flow banding and15 c¢cm to 2 m-thick
individual flow units. To the north of Aliaga, around Caltilidere village (Figure 1.1, Plate
4), the lava flows are characterized by columnar joints. The rocks are composed of
plagioclases as felsic mineral and pyroxene, amphibole and biotite as mafic mineral.
Olivine, calcite, sanidine and some opaque minerals are found in minor amounts (Figure
2.8). The total phenocryst ratio reachs up to 40 %. The matrix is most commonly microlitic
or glassy. In the samples with microlitic matrix, trachytic flow texture is common. In the
glassy matrix, on the other hand, vitrophric texture is charecteristic. The plagioclase
phenocrysts are dominantly euhedral in form with polysyntetical twinning and show
extinction angle of 28-36° indicating Ansoss of labradorite composition. Sanidine is
another plagioclase-group mineral which is rarely found in thin sections. The mafic
mineral association, found in the Caltili unit, is dominated by euhedral to subhedral

Figure 2. 8 Photomicrograph
Showing the Serpantinized Olivine
Phenocrysts in Caltih Andesites.
The Long Side of the Photograph is
4.3 mm in Length.

clinopyroxene phenocrysts and rare olivines (Figure 2.10). Hornblend-type amphiboles and
biotites are found in relatively minor amount. QOlivine is present in some samples but
relatively low in amount. The average mineral composition of the Caltili andesites is as
follow: Matrix 60 %, plagioclase 21 %, pyroxene 10 %, hornblend 2 %, biotite 2 %,
sanidine 1 %, calcite 0.5 %, olivine 2 %, opaque mineral 1.5 %. Alteration in this unit is

not as intensive as the Helvac1 andesites. Fe-oxidization, rare chloritization in mafic
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minerals and convertion into clay minerals of the plagioclases are the main alteration types.
As well as the outcrop appearence the mineralogical content and the textural features of the
unit are very similar to basalts. However, the geochemical analyses which will be given in

the next sections, show that they are trachyandesite and andesite in composition.

Boundary relations. The Caltil1 andesite unit alternates with the Helvaci andesites in the
upper parts of the andesitic suite around Helvaci, Yamk and Belen villages. Around
Caltilidere village it forms the uppermost part of the massive lava suite. About in all
outcrops. Along the boundary between the Helvaci andesites and the Caltili andesites,
laterally discontunious, coarse grained volcaniclastic intervals of the Haykiran blocky
pyroclastic flow deposits are observed which have more or less truncated lower boundaries
and in the upper parts pass trough the lavas along fine ash zones. Around Giizelhisar,
Uzunhasanlar and Coraklar villages (Plate 4) where the coarse grained block and ash flow
deposits of Haykiran unit extensively crop out, the massive lava flows of the Caltili unit
overlay and intercalate with the Haykiran blocky pyroclastics (Figures 2.9,10). In places
where dark-coloured Caltih andesites overlie directly the pinky-red andesites of the
Helvaci unit the boundary is generally sharp. In some locations, on the other hand, a

graditional contact which is distiguished by the colour changes from the pinky-red to gray
and black, is observed.

7 < B

. . . Figure 2. 10 Massive Lava Flows of the
Figure 2. 9 Caltih . . )
! thee}%aykfr:a; Blzgﬁ;sll};: o(c)]\;zlt'}z;ng Caltili Trachyandesite Subunit Intercalating

Subunit with the Haykiran Blocky Pyroclastics.
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2. 1. 4, Dumanlitepe dykes

Description: The massive andesitic lava flows of the Helvaci andesite unit are cut by the
pink to gray andesitic dykes and subvolcanic stocks of 2 to 20 m-wide and 50 m to 1.5 km-
length, which generally form significant morphology between Hatundere and Cukurkéy
villages (Figure 2.11, Plate 5). These subvolcanic equivalents of the Helvact andesite unit
are first named in this study as the Dumanlitepe dykes. The dykes are high-angle to vertical
with planar lateral extend. Only in one area they form a stock in the east of Hatundere
village (Plate 5).

Lithology: The Dumanlitepe dykes are pink to gray in colour and glassy to porphyritic
in texture. At the periphery of the dykes and stock, the glassy to fine grained texture is
typical, and toward the centre relatively coarse porphyritic texture is clearly observed
(Figure 2.12). Euhedral plagioclase are the dominant component in the porphyritic parts,
and less amount of amphibole and biotite crystals are also found. In handspecimens, matrix
is glassy or rarely very fine grained. In the periphery of the dykes and stock, gray, massive
andesitic inclusions of 2 to 15 cm in diameter, are sobserved (Figure 2.12). The inclusions

are partly resorbed and surrounded by light gray auroles (Figure 2.12).

Figure 2. 11 Andesitic Dykes Cutting the Massive Lava Flows of the Helvaci
' Andesite Unit.
Izmir K 18 d 1, 07 050/ 85 150



18

Figure 2. 12 Massive Andesitic
Lava Inclusions of the Helvaci
Andesite Unit Observed in Dykes
and the Subvolcanic Stocks. The
Inclusions are partly resorbed.
Izmir K 18 d 1; 07 050 / 85 150

Petrographically, the Dumanlitepe dykes are andesite in composition and porphyritic in
texture. The matrix is typically microlitic or in places glassy. Polysyntetically twinned and
significantly zonned euhedral plagioclase crystals characterize the main felsic component.
The extinction angle of the plagioclase twins range from 22° to 24° which indicates that,
they are andezine (Ano44) in composition. The dominant mafic minerals are amphiboles
and biotites. Rare orthopyroxenes may also be observed in some thin sections. The average
proportions of components are: matrix, 50 %, plagioclase, 30 %, biotite, 9 %; amphibole, 8
%; pyroxene, 2 % and opaque minerals, 1 %. Argilic alteration in plagioclases and

oxidization in mafic minerals are the common alteration types.

Boundary relations: Around Helvaci, Hatundere and Cukurkoy villages (Plate 5) the
Dumanlitepe dykes cut the massive andesite lavas and the coarse grained pyroclastics of
the Yuntdag volcanics (Figures 2.11,13). Along these sharp, high-angle to vertical contacts
the glassy to fine grained massive andesitic inclusions are observed. Toward the center of
the dykes, the texture characteristically becomes coarser grained where relatively larger
phenocrysts, a few milimeters in size, are found (Figure 2.12). In Dumanlidag area, the
dykes have maximum 1.5 km lateral extend and roughly form a radial field appearance
(Plate 5, Figure 4.9) which will be detaily mentioned in ch. 4.2.1

Figure 2. 13 High-Angle, Planar
Cross-Cutting Contact Between the
Dumanlitepe Dykes and the Helvaci
Andesite Unit.
Izmir K 18 d 1; 06 350 / 86 475
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2. 1. 5, Age of the Yuntdag volcanics

Many studies have been carried out on the age of the volcanism of Western Anatolia
(Figure 2.14). Besides paleontological ages of the accompanying sedimentary sequences,
the radiometric age determinations also indicate the different, equivocal and large span of
ages because of the widespread magmatic activity during the Tertiary time all around the
Western Anatolia. In addition to that, the samples which have radiometrically examined,
were generally collected randomly, without accompanying detailed field work. For that
reason, the tectonic and volcanological interpretations, based on these age determinations,
are so controversial. In this study no radiometric or paleontological age determination were
done. However, in most of the previous studies, the Oligocene-Miocene to Pliocene ages
are commonly proposed for the magmatic activity occurred in the western Anatolia
(Akartuna, 1958; Borsi et al., 1972; Fyticas et al., 1976, Savaggin, 1978; Sengoér and
Yilmaz, 1981; Ercan et al, 1985, Sengor et al., 1993). In these works, two main magmatic
cycles are proposed, the first occured from the Late Oligocene to Middle Miocene and the
second from the Late Miocene-Pliocene to Prehistoric times. The previous works have
suggested that during the first cycle, calc-alkaline lavas of andesitic to rhyodacitic in
composition were extruded and rhyolitic and some alkaline components are also found
accompanying this calk alkaline lava suit. In the second stage, on the other hand, alkaline
trachytic and latite andesitic volcanism was predominant. The age determinations, given in
the previous studies are summarized in the figure 2.14 in which the mainly calkalkaline
affinity of the earlier stage is clear. The YuntdaZ volcanics of this study petrographically
and chemically corresponds the rocks of the first stage of the previous study. The nearest
locations where the age determinations were done previously, are Dikili, Bergama and
Foga. In these areas an age of 21.5 to 16.5 Ma for the equivalents of the Yuntdag volcanics
have been measured (Borsi et al., 1972; Savag¢in, 1977). So that the Early to Middle
Miocene age is accepted for the Yuntdag volcanics of the study area.

2. 2. THE FOCA VOLCANIC COMPLEX

The Yuntda§ volcanics are overlain by a thick rhyolitic-dacitic to trachyitic rock
association which is named for the first time in this study as the Foga volcanic complex.
The unit crops out extensively around the Foga Peninsula and Aliaga (Plates 1,2,3). The
lateral equivalents of this unit was named by Kaya (1981) and Kaya and Savaggin (1981)
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Figure 2.14 Age and Geochemical affinities of the volcanic areas in Western Anatolia
and adjacent islands. (») :calcalkaline affinity, radiometrically determined age;
(w) : alkaline affinity, radiometrically determined age; (O0) : nondetermined chemical
affinity, radiometrically determined age; (O): calkalkaline affinity, paleontological
or relative age; (®): alkaline affinity, paleontological or relative age. Or: Orion,

Sky: Skyros; AE: Agios Efstratios, Lim: Limnos; An: Antiparos; Cal: Caloyeri; Fog: Foga,
Ch: Chios; Les: Lesvos; Ez: Ezine; Ay: Ayvacik-Tuzla, Iz-K: Izmir-Karaburun; Gor: Gordes
Ur: Urla; Dik: Dikili; Ber: Bergama, 1z: Izmir-Cumaovas1;, Sok: Soke; Afy: Afyon;
Man: Manisa-Saruhanli; Ayd: Aydin-Cavdar, Mi: Milas, Mug: Mugla; Kar-Yes: Karalar-Yesiller,
Kul: Kula; Kep: Kepsut-Balikesir; Big: Bigadig, MD: Muratdag; Kit: Kiitahya-Sof¢a.
Ages are after Becker-Platen et al., 1971; Borsi et al., 1972; Benda et al., 1974,
Besang et al., 1977, Ercan et al., 1985, Fytikas et al., 1979, Innocenti et al., 1982,
Bellon et al., 1979; Krushensky, 1976; Bingél, 1977).

Compiled after Yilmaz, 1989 and Seyitoglu & Scot, 1990.



21

as the Foga Tuff Unit, and this name is generally the most well-known name for the unit.
Savagcin and Giileg (1992) named the same volcanic and volcaniclastic sequence as the
Volcanic and Volcano-Sedimetary Unit (VAVU). Yilmaz (1989) called the acidic suit of
this complex as the granitic suite. In these previous studies, however, detailed mapping and
definition of the different rocks in the unit are absent. So that, a new name is proposed in
this study. In the Foga volcanic complex, depending on their lithological and chemical
affinities, three different units are described which are 1. The Foga rhyolites, 2. The Foga
volcaniclastics and 3. The Foga alkaline volcanics. In the Foga volcaniclastic unit,
additionally, three different subunits are distinguished. These are: 1. Hyaloclastic breccias,
2. Pyroclastic flows, and 3. Perlites (Figure 2.15).

2. 2. 1, Foga rhyolites

Description: In the Foga Peninsula, around Eski and Yeni Foga towns and Bagarasi
village and to the north of Aliaga around Caltilidere and Yenigakran villages (Plates 1,4),
massive rhyolitic to dacitic rocks of the Foga massive rhyolite unit, crop out. The unit is
generally found as the massive lava flows with well-developed flow foliations and
subvolcanic stocks and dykes cutting the accompanying pyroclastic series. There are four
different massive rhyolite bodies cropping out in the study area. Around the Bagarasi
village, the stubby coherent lava flows of the unit is observed which is named here as the
Bagarasi rhyolite (Figures 2.15,16; Plate 1). Rhyolitic to rhyodacitic domes and dykes of
up to 1.5 km-long and 15 m-wide, of the same unit are found around Eski and Yeni Foga
towns (Figures 2.15,17) and Caltilidere and Yenigakran (Plate 4).

In the Foga rhyolites, four different rhyolitic bodies are distinguished in this study. The
rhyolitic domes exposing around Caltilidere and Yenigakran villages are named here as the
Zeytindag rhyolite and form the southwest edge of the rhyolitic bodies cropping out around
Zeytindag village (Izmir) (Plate 4) where the perlitic rocks have extensive outcrops and
economical reserves. The Yeni Foga rhyolite is a dome-shaped body cropping out 1 km
southwest to Yeni Foca town (Plate 1). The Eski Foga rhyolite, on the other hand, is a
composite dome consisting of several local, relatively small-scale domes and dykes (Plate

1) cropping out around Eski Foga town and on the Eski Foga-Bagaras: road (Figure 2.15).
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Figure 2. 16 Massive Rhyolite Lava Figure 2. 17 Rhyolitic Stocks
Flows with Significant Flow Foliation Emplaced in the Foga
in the Bagaras: Rhyolite Lava Subunit. Volcaniclastics.
UrlaK 17¢ 1; 84 875/ 77 775 UrlaK 17 d 2; 76 975 / 86 800

Lithology: The Foga massive rhyolite unit is made up of the rhyolitic lava flows, domes
and dykes. Around Bagaras: villages rhyolites consist of lava flows with well-developed
flow foliations (Figure 2.18). Silica and calsedony nodules, 0.3 to 2 ¢m in diameter and
elongated along the flow foliation planes are observed in this location (Figure 2.19).
Glassy to porphyritic texture with euhedral quartz and feldspar phenocrysts in a glassy
matrix are clearly observed even in hand specimens. The Eski Foga and Yeni Foga domes,
on the other hand, massive rhyolitic bodies are semicircular in form and they have a
diameter of about 100 m to 1 km cutting the accompanying rhyolitic pyroclastic units of
the Foga volcanic complex. In these areas glassy texture in the periphery of the domes and
porphyritic texture in the central parts are significant.

Figure 2. 18 Well-Developed Flow Figure 2. 19 Calsedony Nodules in

Foliations in the Bagaras1 Rhyolite Lava. Bajarasi Rhyolite Lava Elongated Along

: the Flow Laminae.
UrlaK 17 ¢ 1,85 575/ 77 350 UrlaK 17 ¢ 1; 85 450 / 77 425
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Petrographically, the porphyritic rhyolites are composed of about 20 % phenocrysts of
euhedral and, in places, embayed quartz and K-feldspar (Figure 2.20). The maximum
length of the phenocrysts is about 2 mm. The matrix is generally glassy with well-
developed flow banding to fine grained granoblastic aggregates that are grown onto the
phenocrysts in some places (Figure 2.21). Devitrification in the glassy matrix is the most
common micro-textural features of the massive rhyolitic rocks of the Foga volcanic

complex (Figure 2.22).

Boundary relations: The Foga rhyolites are found in the Foga volcanic complex as
coherent lava flows and subvolcanic stocks (Figure 2.15, Plate 1). Around Bagaras1 village
the rhyolites are observed as laterally-discontinues, stubby lava flows in the pyroclastic
facies. The lavas overly in places the pyroclastic facies of the Foga volcanic complex and
in other areas mafic lavas of the Focga alkaline volcanics. Thin and laterally discontinues
perlitic zones are found at contact between the rhyolitic pyroclastics and the stubby
thyolitic lavas near Bagaras: (Figure 2.23). At this location the rhyolitic lavas are directly
overlain by the massive lava flows of the Foga alkaline suite. The Eski Foga, Yeni Foga
and Zeytindag rhyolites, on the other hand clearly cut the accompanying pyroclastic units
along high-angle contacts (Figure 2.24) and show typical dome strujctures. The Yeni Foga
dome is surrounded by the sea in its SW to NE side, and the full shape of the dome can not

be observed.

Figure 2. 20 Photomicrograph showing the embayed quartz phenocrysts  in Foga
thyolites. a. Cross polirezed light, b. Parallel polirezed light. The long side of the
photograph is 11 mm in length
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Figure 2. 21 Recrystallized Glassy
Matrix in the Foga Massive Rhyolites
Growing onto the Euhedral Quatz
Phenocysts. The Long Side of the
Photograph is 3.8 mm in Length.

Figure 2. 22 Devitrification in the
Glassy Matrix in the Foga Rhyolites.
The Long Side of the Photograph is 4.1
mm in Length.

The Zeytindag and the Eski Foga domes, however, have open outcrops on all sides to
study the contact relations with the surrounding rock series. 2 km to the south of the Eski
Foga town, a rhyolite dome of a radius of 100 m crops out (Figure 2.15). The central part
of the dome is massive, and toward the boundary well developed flow foliations surround
the periphery of the massive core and dip outward with 55 to 85 degrees (Figures 2.15,25).
In some places the foliations are vertically inclined, and along the soutwestern boundary of
the dome they are overturned dipping with 50 degrees towards the center of the dome
(Figure 2.15). At this place, bedding of the pyroclastic sequence is inclined vertically and
overturned inwardly toward the centre of the dome suggesting continuous updoming of the
core and overturning of one side of the dome during emplacement. At this location, the
massive rhyolites are surrounded by the massive perlites and the resedimented hyaloclastic

breccias along sharp contacts (Figures 2.15,26).
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Figure 2. 24 The Cross-Cutting Contact Figure 2. 25 High-Angle Flow
Relation Between the Foga Rhyolites Foliations at the Periphery of the
and the Foga Volcaniclastics. Rhyolitic Stocks in the Eski Foga
UrlaK 17 ¢1; 79 750/ 79 100 Composite Dome.

UrlaK 17 c1; 79 750 / 79 050.

Figure 2. 26 Massive Perlites Covering
the Massive Rhyolite Dome Around
Eski Foga Town.

UrlaK 17 ¢1; 79 750/ 79 100

2. 2. 2. Foca volcaniclastics

In the Foga Peninsula and around Aliaga, widespread, white to pink, volcaniclastic
sequence interlayered with the lacustrine sedimentary rocks, crops out. This volcaniclastic
sequence is the equivalent of the Foga Tuff Unit of Kaya (1981) and Kaya and Savaggin
(1981). In their description, however, no subunits were differantiated and the detailed
properties of various subunits were not described. In this study, three lithologically and
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texturally different subunits are distinguished in the Foga volcaniclastics. These are: 1.

Pyroclastic flows, 2. Hyaloclastic breccias and 3. Perlites

2. 2. 2. 1, Pyroclastic flows

Description: The Pyroclastic flows subunit of the Foga volcanic complex is equivalent
to the widely-known Foga tuffs of Kaya & Savaggin (1981) and Savasgin & Erler (1994)
cropping out in all around the Foga Peninsula and around Aliaga (Plates 1,3). This subunit
is composed mainly of white, pink and yellow coloured and fine grained massive to well-
bedded pyroclastic flow units which volumetrically and areally dominate the Foga volcanic

complex.

Lithology: The Pyroclastic flows are made up of pyroclastic rocks, deposited in various
volcaniclastic facies. The dominant clast association consists of medium to coarse ash and
fine to medium lapilli-sized pumice, glass shards, crystal and lithic fragments and they are
set in a fine ash matrix. A medium to well sorted, grain supported texture is typical for this
unit. Wide-spread, 2 to 50 cm-thick, well-developed planar and, in places, cross
stratification are characteristics. Normal and reverse grading, truncated lower boundaries
of the individual flow units, crudely-developed Bauma sequences, flattening in pumice
fragments, locally-developed welding and silica-filled gass bubbles are the volcanic and
sedimentary structures, observed in the unit depending on the volcaniclastic facies in
which the pyroclastic flows occurred. The matrix is commonly fine ash in which flow
lamination and microgranular texture formed by recrystallization are found. In places,
silica and carbonate cement are also found in the pyroclastic flow unit bounding the
pyroclastic clasts (Figure 2.27). In the pyroclastic flows four distinct volcaniclastic facies
are described as 1. Rhyolite pumice and lithic fragment bearing volcaniclastic facies, 2.
Subaqueous welded ignimbrite facies, 3. Subaqueous pyroclastic fall deposits and 4.
Channel-fill facies. The detailed microskopic and field characteristics of these different

facies will be descirbed in chapter 4

Boundary relations: The Pyroclastic flows overly the different subunits of the Yuntdag
volcanics generally along a sharp lower boundary. 1 km south to the Giizelhisar village,
1.5 km northeast to the Samurlu village and 1 km south to the Caltilidere village (Plate 4),

it overlies massive lava flows of both the Caltili andesites and Helvaci andesites (Figure
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2.28). . On the Eski-Yeni Foga road, where the uppermost parts of the Caltili andesites,
underlying the Foga volcaniclastics, are observed at the central parts of the antiform
structures (Figure 2.15), the lower boundary of the unit is clearly observed and the mafic

lava flows pass into the pyroclastic sequence along a graditional contact (Figure 2.29).

Sy

Figure 27. Photomicrograph Showing the Carbonate Cement Bounding the
pyrolclastic Material in Foga Volcaniclastics Unit. a and b The Pores in the Pummice
Fragments are Filled and All Components are Bounded Completely by the Carbonate
Cement (Cross Polarized Light and Parallel Polarized Light), ¢ and d. Silica Cement

is Typically Observed in the Pores Between the Volcanic Clasts (Cross Polarized
Light and Parallel Polarized Light). The Long Axis of the Photographs are 1.9 mm in
Length

Along this contact, in the pyroclastic sequence, three different and laterally discontinuous
mafic lava intervals are observed in different stratigraphic levels.Around Giizelhisar and
Samurlu villages thin coherent lava interlayers of the Helvaci and Caltil: andesite subunites
are observed in the pyroclastic flows (Figures 2.28, 29, 30). Around Bozkdy and Samurlu
villages (Plates 2,4), this unit is overlain and pass gradually to lacustrine limestones which
are widely exposed in the Western Anatolia. The pyroclastic flows graditionaly passes into
the lacustrine limestones along thin mudstone and muddy limestone intervals of the

Neogene sedimentary units (Figure 2.28a).
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Figure 2. 28 Stratigraphic Section Measured Around Giizelhisar Village.
Section line is shown in Plate 4.
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Figure 2. 29 Field Photographs Showing the Graditional Contact Between the Caltili
Andesites and the Foga Volcaniclastics. 10-20 cm-Thick Mafic Lava Lenses in the Foga
Pyroclastics in This Area is Significant.

UrlaK 17 ¢ 1, 81 750/ 88 800.

Figure 2. 30 Photograph Showing
the Massive Andesite Lavas of the
Helvaci Andesite Unit Overlying
the Pyroclasitc Flows of the Foga
Volcaniclastics.

Izmir K 18 a4; 01 600/ 91 400

In the Pyroclastic flows, different volcaniclastic facies are observed graditionally

passing into each other laterally and vertically (Figure 2.31). Formation of these different
facies is dominantly controlled by the emplacement and updoming of the massive rhyolite
domes. In this unit, the pyroclastic flow deposits form the dominant rock type in the unit
and Perlites and Hyaloclastic breccias are found as laterally discontinued lenses in varying
thickness. Thin lacustrine mudstone intervals, found in various parts of the pyroclastic

sequence, indicate the contamporaneous occurence of volcanism and lacustrine deposition
(Figure 2.32).

2. 2. 2. 2. Hyaloclastic breccias

Description: Tn the Foga volcanic complex, crudely surrounding the massive rhyolitic
domes and in different stratigraphic levels within the whole pyroclastic sequence, white to
green, coarse grained breccia unit with fine ash matrix, is observed. The most extensive

exposures of the unit crop out around Eski Foga town, and on the Eski Foga-Bagarasi road

(Plate 1).
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Lithology. The Hyaloclastic breccias are composed of white, gray, green, massive to
crudely-bedded coarse-grained volcaniclastic rocks with a glassy or fine ash matrix. Two
main volcaniclastic facies are ditinguished in the Hyaloclastic breccia subunit: 1. the in-
situ hyaloclastic breccia facies and 2. the resedimented hyaloclastic breccia facies (see
chapter 4 for details). The thickness of the hyaloclastic breccias varies laterally and thins
out in short distances. Around the Eski Foga dome, the in-situ hyaloclastic breccias
surround the periphery and outward pass into the resedimented hyaloclastics, perlites and
pyroclastic flows (Figure 2.31). Close to the contacts of the massive rhyolite domes and
lava flows, the in-situ hyaloclastic breccias are dominated only by massive to foliated
rthyolitic lava breccias, set in a massive rhyolitic matrix (Figure 2.33). The maximum
thickness of these parts are up to 4 m surrounding the rhyolitic domes. Outward the
massive domes and within the volcaniclastic sequence, the second type of the hyaloclastic
breccia becomes dominant which is characterized by the angular to subrounded, relatively
well-sorted medium to coarse lapilli-sized rhyolite, rhyodacite, pumice, perlite and rare
mafic lava breccias in descending order (Figure 2.34a,b). Grains are set in glassy or fine
ash matrix. The thickness of this type of the hyaloclastic breccias ranges from 10 to 50 m.

Boundary relations. The Hyaloclastic breccia subunit is dominantly observed
surrounding the massive rhyolite domes and within the different stratigraphic levels of the
Foga volcanic complex (Figure 2.15) and outward, they pass into the different facies of the
pyroclastic flows subunit (Figure 2.31). The in-situ hyaloclastic breccias typically
surrounds the massive rhyolites and are found at the periphery of the massive rhyolite
domes along a diffuse contact. Qutward they are overlain by resedimented hyaloclastics or
massive perlitic rocks along a graditional contact as well Where the resedimented
hyaloclastics directly cover the massive rhyolites, they are rich in massive rhyolite lava
clasts and toward the contact between the perlitic rocks, become rich in perlitic clasts
(Figure 2.35). The gradual intergradation from the rhyolite dome to the in-situ breccias and
finally to resedimented breccias are important clues for their cogenetic evolution that will
be described in the model of the domes in Chapter 4. Resedimented hyaloclastic breccias
are also observed within the pyroclastic flows of the Foga volcanic complex as laterally
discontinues lenses which have generally graditional and, in places, sharp, truncated lower
contact (Figure 2.36). Where the resedimented hyaloclastic breccias overlie the fine
grained mud intervals, thin mud dykes, intruded into the hyaloclastites are found (Figure
2.37).



Figure 2. 32 Thin, Green-Colored
Mudstone Intervals within the
Pyroclastic Flows Subunit.
UrlaK 17 ¢ 1,80 275/ 80 325

: %‘ﬂ-xﬁﬁ

LI it R : : :
yaloclastic Breccias Surrounding the Massive Rhyolite
Domes. Note the Typical Angular Form of Grains, Jig-Saw Fit Texture and
Coherent Nature of the Matrix.
UrlaK 17 ¢ 1, 80 250/ 80 325

Figure 2. 33
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Figure 2. 34 Reassembled Hyaloclastic Breccias. a. Massive Rhyolite and Perlite Breccias
Set in Altered Glassy Matrix, b. Rhyolitic Breccias in Perlitized Glassy Matrix.
UrlaK 17d 2,76 775/ 85 200
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e i £ :
Figure 2. 35 Field Photograph Showing the
Contact Zone Between the Reassembled . .

Hyaloclastic Breccias and the Massive Figure 2. 36 Reassembled Hyaloclastic

: . Breccias with Irregular Lower Contact

Perlites Around Eski Foga Town. From the . . -
. of the Individual Flow Unit.

Internal Parts of the Resedimented UtlaK 17 ¢ 1: 86 350 / 80 325
Hyaloclastic Breccias, to the Massive Perlites ’
the Perlitic Breccias Become Dominant in the

Hyaloclastites.

UrlaK 17 ¢ 1, 79 675/ 79 050.
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Figure 2. 37 Small Mud Dykes Intruded in to
the Overlying Hyaloclastic Breccia Flow Unit.
UrlaK 17 ¢ 1, 86 350/ 80 325

2. 2. 2, 3. Perlites

Description and lithology. Gray to dark green massive perlitic rocks generally
surrounding the massive rhyolite domes in circular to semicircular form. The laterally
discontinuous, brecciated perlite horizons are called in this study as the Perlites subunit.
The perlites are extensive around Bagarasi, Caltilidere and Yeni Sakran villages and Eski

Foga town (Plates 1,4).
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Around the Eski Foga and the Zeytindag domes and the Bagaras: rhyolite, the central
massive rhyolites pass into the massive perlites. These are gray-white to dark green in
colour and glassy and concoidally fractured textures are clearly observed in hand
specimens. The perlitic texture with the concoidally fractured glassy matrix is easily
recognized in thin sections (Figure 2.38). Rare biotite and feldspar phenocrysts of 3-5 %

are observed in this matrix.

Between Eski and Yeni Foga towns, 4 km north to Eski Foga, light to dark gray
brecciated perlitic rocks intercalate with the pyroclastic flows (Figures 2.39,40). The
poorly sorted, laterally discontinues perlitic lenses are formed mainly by rhyolite lava,
perlite and rare pumice breccias in a partly to completely perlitized matrix. The total
thickness of the subunit is up to 15 m. Rare dykes, up to 75 cm-thick, of the underlying
pyroclastic unit cut this perlitic zone in which rhyolitic lava breccias and perlitic
fragments are the dominant components (Figure 2.41). Grain supported texture is
significant for these dykes (Figure 2.42).

Figure 2. 38 Photomicrograph Showing
the Perlitic Texture in Massive Perlites
Subunit of the Foga Volcaniclastics.
The Long Side of the Photograph is 6.1
mm in Length.

Boundary relations: The boundary between the massive rhyolite and massive perlite
facies are typically graditional, but in some areas relatively sharp boundaries are observed
(Figure 2.26). The massive perlites laterally thins out in the hyaloclastic breccias
surrounding the Eski Foga dome (Figures 2.15,43) and, in places it overlies them along a
graditional contact (Figure 2.44). Along the eski Foga-Bagarasi road massive perlite
intervals are found successively in the Pyroclastic flows (Figures 2.30,45). From the
internal parts of the hyaloclastic breccias toward the massive perlites the perlitic grains

become dominant component in the hyaloclastic breccias (Figure 2.35).
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Figure 2. 39 Measured Stratigraphic Sections for the Pyroclastic Sequence in
Eski Foca-Yeni Foca Area. Numbers Used for Each Facies Correspond with the Numbered
Facies Descriptions in the Text. See Figure 2. 15 and Plate 1 for Locations.
The Horizontal Scale at the Bottom of Each Column is Grainsize.
m, Mud, G, Granule Size, P, Pebble, C, Cobble. .
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Figure 2. 40 In the Foga Pyroclastic Flows,
the Laterally Discontinues Brecciated Perlite
Lenses Containing Massive Rhyolite and
Massive Perlite Breccias in a Glassy, Perlitic
Matrix are also Found.

UrlaK 17 d 2; 77 550/ 82 725

Figure 2. 41 Brecciated Rhyolitic ~ Figure 2. 42 Photomicrograph Showing the

Dykes Cutting the Overlying Grain Supported Breccitaed Texture of the
Brecciated Perlite Lense. Rhyolite Dyke in the Brecciated Perlite Lense.
Urlak 17 d 2; 77 550 / 82 725 The Long Side of the Photograph is 4.1 mm in
Length.
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Figure 2. 43 Around Eski Foga Town, Figure 2. 44 Massive Perlites Laterally
Surrounding the Massive Rhyolite Dome and Vertically Intercalate with the
Massive Perlites Laterally Pinge Out in the Resedimented Hyaloclastites in
Resedimented Hyaloclastic Breccias. Different Levels and Overlie Them.

UrlaK 17 ¢ 1; 79 750 / 79 000 UrlaK 17 ¢ 1;, 79 750 / 79 000
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On the Eski-Yeni Foga road the brecciated perlite lense intercalate with the pyroclastic

flows subunit. Upward they are overlain by the thin layered silica gel interval and slightly

to non welded subaqueous pyroclastics (Figure 2.38).

Figure 2. 45 Massive Perlites
Intercalate the Foga Pyroclastic Flows
in Different Straigrahic Levels.
UrlaK 17 ¢ 1,79 750 / 79 100

2. 2. 3. Foca alkaline volcanics

Description: Around Bagarast village, between Bagarasi and Eski Foga and on the Eski-
Yeni Focga road (Plate 1), massive lava flows of the trachyandesite to phonolite in
composition, and dykes of the same volcanism are observed intercalating and cutting the
pyroclastic rocks of the Foga volcanic complex. These mafic volcanic suite can be
correlated with the basaltic suite of Yilmaz (1989) and the Foga alkaline volcanics
(Savaggin, 1978; Kaya, 1981; Kaya & Savaggin, 1981; Savaggin & Giileg, 1992, Savasgin
& Erler, 1994). The stratigraphic definitions and relations of the unit with the
accompanying units have not been clarified in the previous studies. In this study, the

detailed mapping and stratigraphic definition of the unit will be outlined.

Lithology: The Foga alkaline volcanics are composed of dark gray to black lava flows
and dykes associated with the acid pyroclastics of the Foga volcanic complex. In the lava
facies, well-developed, 10 to 30 cm-thick flow foliation is observed. The rocks are
porphyritic in texture with phenocrysts of 2 mm length, and black, aphanitic matrix. The
dykes are 1-10 m-thick and laterally 0.5 to 1 km in length. Petrographically both, the lava
flows and the dykes, are basaltic in composition and the dominant mafic mineral is
clinopyroxene with low extinction angle. In thin sections the porphyritic texture is

dominant (Figure 2.46) and in places trachytic flow laminae are common in the matrix.
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The matrix is glassy or micrerystalline. In the microlitic parts, elongation of microlites is

characteristic (Figure 2.47). In the glassy parts, on the other hand, recrystallization is
common and the plagioclase phenocrysts are engulfed (Figure 2.47b). The main felsic
mineral is euhedral, partly zoned plagioclase with typical polysyntetic twinning,
Argillation and sossuritization are the common alteration types in plagioclases (Figure

2.48).

Figure 2. 46 Photomicrograph
Showing the Characteristic
Porphyritic Texture in Foga
Alkaline Lavas. The Long Side of
the Photograph is 4.5 mm in Length.

Figure 2. 47 Photomicrograph Showing the Typical Trachytic Texture in Fog¢a Alkaline
Lavas. Note the Typically Elongated Microlitic Matrix (a), Microlitic Matrix Wrapping
the Phenocrysts (b, shown by dashed arrow). The Solid Arrow Shows the
Microcrystalline Matrix Grown Over the Feldspar Phenocryst. The Long Side of the
Photograph is 6 mm in Length.






