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Abstract: The obliteration of the Neo-Tethyan Ocean along the northern part of Turkey leads the development of
the Izmir-Ankara-Erzincan suture zone (IAESZ). After the suturing stage; extension and magmatism concomitantly
developed on the both sides and along the IAESZ during the middle Eocene. During this stage, the areas confining
to Almus, Yildizeli, and Yildizdag regions have experienced a severe magmatic activity. Middle Eocene magmatism
in Almus and Yildizeli areas are represented by the volcano-sedimentary successions. Besides, in Yildizdag
region, gabbroic and dioritic intrusives are the dominant manifestations of magmatism. The volcano-sedimentary
successions from Almus and Yildizeli areas represented by shallow marine sedimentary units at the lower parts and
lava flows and volcanoclastic units at the middle to upper parts. Eight volcano-sedimentary sections from Almus and
Yildizeli measured to demonstrate the evolution of the magmatic units developed coevally along the both sides of the
suture zone. In both regions; three different volcanic episodes are differentiated based on stratigraphy. First episode
includes amphibole-basaltic andesite, andesite, and dacite. Second episode contains basalt and pyroxene-basaltic
andesite lavas and third episode represented by trachyte and trachyandesite dikes and stocks. The field data from the
all regions demonstrated that middle Eocene magmatic units along the post-collision zone concominantly developed
in a wide area and triggering of the magmatism controlled by the region-scale delamination and/or lithospheric
removal processes.

Keywords: Izmir-Ankara-Erzincan suture zone, middle Eocene, post-collisional magmatism, Volcano-stratigraphy.

Oz: Neo-Tetis Okyanusunun, Tiirkiye nin kuzey kesiminde yitimi sonucunda Izmir-Ankara-Erzincan siitur zonu
(IAESZ) gelismistir. Sutiirlagsma siirecinin bitmesi sonrasinda, IAESZ nin her iki tarafi ve iizerinde gerilme ve
magmatizma es zamanlt olarak gelismistir. Bu dénem boyunca, Almus, Yildizeli ve Yildizdag bélgelerinde yogun
magmatik aktivite gelismistir. Almus ve Yildizeli bolgesindeki Orta Eosen magmatizmast volkano-sedimentar birimler
ile temsil edilmektedir. Buna karsin Yildizdag bélgesindeki gabroyik ve diyoritik kayalar magmatizmanin genel
unsurlaridir. Almus ve Yildizeli bolgelerindeki volkano-sedimanter kayalar alt kesimlerinde sig denizel sedimanter
kayalar, orta ve iist kesimlerinde ise lav akintilart ve volkanoklastik birimler ile temsil edilmektedir. Almus ve
Yildizeli bélgelerindeki es zamanli olarak gelisen magmatik birimlerin evrimini anlamak adina sekiz adet volkano-
sedimanter istif ol¢iilmiistiir. Her iki bélgede, stratigrafiye bagh olarak ii¢ farkl volkanik dénem aywrtlanmustir: Ilk
evre amfibollii bazaltik andezit, andezit ve dasitlerden olusur. Ikinci evre bazalt ve piroksenli bazaltik andezitler ve
tictincii evre ise trakit ve trakiandezit dayk ve stoklarindan meydana gelmektedir. Biitiin bélgelerden elde edilen
arazi verisi sonucunda orta-Eosen magmatik birimlerinin es zamanli olarak ¢arpigsma sonrasi donemde gelistigi
ve magmatizmayi tetikleyen olayin bélgesel olgekte bir delaminasyon veya litosferik ayrilma siiregleri ile kontrol
edildigi goriilmektedir.

Anahtar Kelimeler: carpisma sonrasi magmatizma, orta Eosen, volkano-stratigrafi, Izmir-Ankara-Erzincan siitur
zonu.
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INTRODUCTION

Continental collisional orogenies juxtaposed
different tectonic units with distinct geological
characteristics along the narrow contractional
zones and developed heterogeneous
entities. These heterogencous areas constitute
the major weakness zones in the continental
plates that can be ideal places for development
of the tectonic activities, post-collisional melt
generation, extraction and subsequent magmatism
(Turner et al., 1992).

crustal

Despite the variable petrological processes
related with the magmatism, post-collisional
areas also display stratigraphic sequences which
documents the building stages of complex volcanic
edifices (Western Anatolia: Yilmaz et al., 2000;
Donmez et al., 2004; Karacik, 2006; Giilmez et
al., 2013; Karacik et al., 2013; Ersoy et al., 2014;
Eastern Anatolia: Keskin et al., 1998; Ozdemir
et al.,, 2006; Oyan et al., 2016; Tibet: Chung et
al., 2005; Sulu Belt: Fan et al., 2001; NW Iran:
Jahangiri, 2007). Furthermore, understanding the
development of the style and facies of the post
collisional volcanism and coeval intrusive units
can give valuable information about the stages of
development of the continental crust and evolution
of post-subduction tectonic setting.

Anatolian Plate has a complex tectonic
evolution which is document the obliteration
of the different portions of the Tethyan Ocean,
collision of the different tectonic blocks and
subsequent syn to post collisional magmatism
since the Paleozoic (Sengdér and Yilmaz 1981;
Yilmaz et al., 1997a; Okay and Tiiysiiz 1999).
The vanishing of the Northern branch of the Neo-
Tethyan ocean in Cretaceous and subsequent
collision of the Pontides and Anatolide-Tauride
micro-continents (together with Central Anatolian
Crystalline Complex: (CACC)) in Paleocene give
rise to a long and narrow suture zone called [zmir-
Ankara-Erzincan (IAESZ) at the northern part of
the Anatolian Plate (Sengdér and Yilmaz 1981;
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Okay and Tiiysiiz 1999) (Figure 1a). Around both
sides and along this suture zone, post-collisional
Eocene magmatism developed through western to
eastern part of the Anatolian Plate and represented
by granitoids (Harris et al., 1994; Topuz et al.,
2005; Arslan and Aslan 2006; Okay and Satir 2006;
Karsli et al., 2007, 2012; Boztug., 2008; Karacik
et al., 2008; Ustadmer et al., 2009; Altunkaynak
et al., 2012; Giilmez et al., 2013; Kaygusuz and
Oztiirk 2015) gabbroic intrusions (Boztug et al.,
1998; Temizel et al., 2014; Eyiiboglu et al., 2016)
and calc-alkaline, mildly alkaline and shoshonitic
volcanic products (Figure 1b; Peccerillo and
Taylor 1975; Ercan et al., 1998; Keskin et al.,
2008 and references therein; Karsh et al., 2011,
Kaygusuz et al., 2011; Aydingakir and Sen 2013;
Arslan et al., 2013 and references therein; Dokuz
etal.,2013; Giilmezetal.,2013; Aslan etal., 2014;
Aydingakir, 2014; Sipahi et al., 2014; Yiicel et al.,
2014; Kasapoglu et al., 2016; Temizel et al., 2016,
Ersoy et al., 2017). Besides, similar units also crop
out through the Balkans (Marchev et al., 2004) to
Caucasus regions (Sahakyan et al., 2016).

We focus on the middle Eocene aged volcano-
sedimentary units from Almus (Tokat), Yildizeli
(Sivas) and intrusive units from the Yildizdag
(Sivas) areas to understand the development of
post-collisional Eocene magmatism along the
IAESZ (Figure 1b). In the literature, volcano-
sedimentary units along the IAESZ collectively
named as Middle Eocene Volcano Sedimentary
Belt (MEVSB after Keskin et al., 2008) which
are extensively studied in various regions (Keskin
et al., 2008 and references therein). A few works
have been done to understand the early Cenozoic
evolution of these units at the aforementioned
regions except geological mapping (Terlemez and
Yilmaz 1980; Yilmaz, 1984; Yilmaz et al., 1997b;
Mesci and Giirsoy 2002) and scarce geochemical
data (Alpaslan, 2000, Kocbulut et al., 2001).
Furthermore; there are only three publications
trying to deduce crystallization ages of these units.
A radiometric dating from Almus area basaltic
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andesite gives 45.3 + 3.1 million year ages (M.a.)
and 41.8 = 1.3 M.a. ages by K-Ar method for a
paleomagnetic study (Platzman et al., 1994). Also
a recent study in westernmost part of the Yildizeli
area postulated sporadic ages between Ar-Ar
method and gives 57.2 + 2 and 45.1+1.3 M.a.
(Akcay and Beyazpiring, 2017). On the other hand,
recent publication by Go¢mengil et al., (2018)
display 40-41 M.a. for the trachytic lavas in Almus
and Yildizeli regions. Hence, there are very few
attempts to correlate the stratigraphic evolution
of the middle Eocene volcano-sedimentary suites
along the southern edge of Pontides (Terlemez and
Yilmaz 1980; Yilmaz et al., 1997b; Keskin et al.,
2008).

On the other hand, gabbroic units along
Yildizdag area (Okay, 1955; Yilmaz and Ercan,
1984; Boztug et al., 1998) are studied in terms of
general geology and geochemical data, however,
the main geological feautures of these region also
still poorly constrained.

In this study; 1:25000 scale field mapping and
volcano-stratigraphic studies have been used on
MEVSB units and coeval intrusives to generate: (i)
a temporal and lateral stratigraphic variation and
correlation of the volcano-sedimentary sequences
and intrusives along the Almus-Yildizdag and
Yildizeli regions (ii) deduce the broad geological
features of the magmatism and (iii) discuss the
possible tectono-magmatic processes operated at
the early to middle Eocene time interval.
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GEOLOGICAL OUTLINE

In this section, main geological features of the
basement and cover units of the three different
arecas will be presented according to our new
geological maps along the three different areas.
Detailed characteristics of the middle Eocene units
in these areas will be explained more extensively
at the next chapters.

Almus Area

In Almus (Tokat) area, basement units consist of
Paleozoic-Mesozoic Tokat Massif and Bakimlidag
Complex units (Yilmaz, 1984; Bozkurt and
Kogyigit 1996; Ozcan and Aksay 1996; Yilmaz
et al.,, 1997b; Siimengen, 2013a, 2013b). Tokat
Massif comprises low grade metamorphic units
which are represented by metabasite, marble,
serpantinite, mica-schist, amphibolite and scarce
blueschist. Bakimlidag Complex made up of
gabbro, serpentinite and cross cutting dolerite
dikes. All these basement units are unconformably
overlain by middle Eocene volcano-sedimentary
successions (Bozkurt and Kogyigit 1996; Figure
2 and Figure 5a). Neogene sedimentary units
(Gokkdy formation; or Almus formation according
to definition of Terlemez and Yilmaz 1980) and
Quaternary sedimentary successions are the
youngest units in the area and unconformably
overlain the older units.



Goneng GOCMENGIL, Zekiye KARACIK, S. Can GENC

RONTIDES . Eastern Pontides

ISTANBUL ZONE

Almacik !
Eocene
granitoids
Eocene

volcano-
sedimentary)

Pt il

il
! @ il Jif

= =™  izmir-Ankara-Erzincan Suture line ~~ Major Faults " Minor Faults

. : . Cretaceous? accretiona
l:l Quatemary alluvium - Eocene intrusions II[I]]]] complex / ophiolite (Izmi?:Ankara
Oligo-Mi gi - d Erzincan suture zone units)
igo-Miocene sedimentary an
vo|ganic units v II’ h]etl't_ss(i:or::teceous- Eocene? % Central Anatolian Crystalline Complex

- Late Cretaceous-Eocene | Jurassic volcano-sedimentary units

sedimentary/melangé unit

- Eocene undifferentiated units

- Eocene volcanics-volcanoclastics ] Late Createcous volcanoclastics  [S844] Jurassic- Early Cretaceous limestone

- Eocene clastics

Late Cretaceous limestone @ Tokat Massif metamorphics

Figure 1. a) Geological map of the Eocene volcanic units in the northern part of the Turkey. (IPSZ: Intra-Pontide
Suture Zone, IAESZ : Izmir-Ankara-Erzincan Suture Zone, ITSZ: Intra-Tauride Suture Zone, CACC: Central
Anatolian Crystalline Complex). b) Simplified geological map of the NE part of the Turkey. Locations of the study
areas are marked in rectangular. Both maps are simplified from the MTA (2002) geological map of Turkey.

Sekil 1. a) Tiirkiye nin kuzey kesimlerinde yer alan Eosen yash volkanik birimlerin dagilimi (IPSZ: Intra-Pontid
Siitur Zonu, IAESZ: Izmir-Ankara-Erzincan Siitur Zonu, ITSZ: Intra-Torid Siitur Zonu, OAKK: Orta Anadolu
Kristalen Kompleksi). b) Tiirkiye 'nin KD kesiminin genellestirilmis jeoloji haritasi. Her iki harita da MTA (2002)
Tiirkiye Jeoloji haritasindan sadelestirilmistir.

Almus dextral strike slip fault zone cut all NW-SE oriented reverse and normal faults at the
the units in W-E direction (Bozkurt and Kogyigit, northern part of the Almus town center (Figure 2).
1996). The other prominent tectonic feature is a

134



Volcano Stratigraphic Investigation of the Post-Collisional Middle Eocene Magmatism Around Izmir-Ankara-Erzincan Suture Zone (NE, Turkey)

yyyyyy

4463000

306000

- Volcanoclastic flow

breccias

_ Brecciated lava flows

- Lava flows

Il sasattic andesite dikes

Epiclastic conglomerate
and sandstone

Undifferentiated volcanics

- Foraminifera bearing
'sandstone

Eocene
Almus volcanics

g e
g § I it Gompi
3| [ Epiciastic red sandstone
E = [ vokat Massif

7.9

¥~ Normal fault
ML Reverse fault
N strike-slip fault
~<__ Thrust fault

=~ - Probable fault
< Bedding
"X Foliation

# Vilage

—|39cdon line
S —

338000

Figure 2. Geological map of the Almus area and surroundings (past mapping efforts in the literature are: Bozkurt and

Kogyigit 1996; Siimengen et al., 2013a; 2013b)

Sekil 2. Almus bélgesi ve ¢evresinin jeoloji haritasi (Bolgedeki eski haritalama ¢alismalari: Bozkurt ve Kogyigit

1996, Siimengen ve dig., 2013a; 2013b).

Yildizeli Area

In Yildizeli area, basement units made up
of metamorphic and magmatic units of Central
Anatolian Crystalline Complex (CACC; Kirsehir
Massif); IAESZ accretionary complex units and
Cretaceous to Early Eocene Hidirnali Group units
(Figure 3 and 5b; Yilmaz et al., 1997b).

CACC represented by marble, quartzite,
phyllite, mica-schist and scarce garnet amphibolite
together with plutonic units. CACC in the area was
reported as Akdag metamorphics (Tatar, 1977,
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Gokten 1993), Yildizeli metamorphics (Alpaslan
et al, 1996) or Akdagmadeni metamorphic
(Yilmaz, 1984). The age of metamorphism in the
area is constrained as 68 to 77 M.a. (Alpaslan
et al., 1996). Intrusive units in the CACC are
represented by Banaz Syenite which is crop out
at the easternmost part of the Yildizeli region
(Figure 3). The generation of the Banaz syenite is
constrained by Ar-Ar method as 68.93 +2.13 M.a.
75.76 £ 1.46 M.a. by mixed biotite and amphibole
seperates (our own unpublished data).
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Figure 3. Geological map of the Yildizeli area and surroundings (past mapping efforts in the literature are: Tatar
1977; Yilmaz 1984; Kogbulut ve Tatar 2001; Mesci and Giirsoy, 2002; Ak¢ay and Biiyiikpiring 2017 )

Sekil 3. Yildizeli bolgesi ve ¢evresinin jeoloji haritast (bélgedeki eski haritalama ¢alismalari: Tatar 1977, Yilmaz

1984, Mesci ve Giirsoy, 2002; Ak¢ay ve Beyazpiring, 2017).

Cretaceous IAESZ units are represented by a
accretionary complex unit consist of fault bounded
blocks of metabasite, gabbro, serpantinite,
amphibolite, chert, basalt, gabbro, and dolerite
(Tatar, 1977; Yilmaz, 1984; Yilmaz et al, 1997a;
Cortiik et al., 2016, Ozkan et al., 2017). Hidirnal
Group made up of highly deformed mixture of
sandstone-shale alternation (flysch), epiclastic
sandstone, basaltic lava flows and sills and scarce
pyroclastic units. In addition to that; in some areas,
the sedimentary package turns into a wild flysch
which bears the mega blocks of chert bearing,
Cretaceous red pelagic limestone (up to 1 km?
surface exposure) and serpentinite (Tatar, 1977).
Some parts of these units previously described
as Kiligh Olistostrome (Yilmaz 1984; Yilmaz et
al., 1995), Bogazkdy formation (Yilmaz et al.,
1995) and Paleogene Flysch (Tatar, 1977). There
are widespread and extensively altered basaltic
andesites (Darmik volcanics, Yilmaz et al., 1995)
which crops out at the western portion of the
Hidirnalt Group. We interpreted this unit together
with the volcanic lithologies of the Hidirnali
Group considering their rock type and stratigraphic
position. Apart from these; in the western part
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of the Hidirnali Group, small scale (<200 meter
in diameter) gabbroic/dioritic intrusion cut the
sedimentary units near the northern part of the
Seyhhalil village.

The tectonic setting of the Hidirnali Group
was interpreted as a remnant fore-arc basin which
is active throughout the closure and suturing
stages of the northern branch of the Neotethys
Ocean (Yilmaz et al., 1997b; Keskin et al., 2008).

Similarly to Almus area, middle Eocene
volcano-sedimentary unconformably
overlie the older units around the Yildizeli area.
Commonly, the basement and middle Eocene
units dissected by NE-SW trending faults (Figure
3). In some areas, older and younger faults are
intersecting with each other. Furthermore, [AESZ
units thrust over the younger units along the
northern part of the Yildizeli area at the post-
Eocene time; (Tatar, 1977, Yilmaz, 1984; Yilmaz
et al., 1997b; Mesci and Giirsoy, 2002, Akgay and
Beyazpiring, 2017) however the exact timing of
thrusting is not settled. All the older units sealed
by Neogene Incesu Formation and Quaternary
sedimentary units.

units
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Yildizdag Area

IAESZ units which are situated between these
two areas host the Hidirnali Group units with
crosscutting intrusives. The intrusive units are
made up of gabbroic intrusion, diorite dikes and
stocks, namely Yildizdag magmatic complex
(Okay, 1955; Yilmaz and Ercan 1984; Boztug et
al., 1998, Figure 4). The basement units in the
area are represented by IAESZ units, CACC and
Hidirnali Group. All these units display tectonic
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contacts with each other (Figure 4). Gabbros
and dioritic dykes cut the Hidirnali Group units
with intrusive contacts and produced contact
metamorphic aureole. Neogene and younger
sedimentary units (alluvium, moraine and talus
deposits) seal all the older units. Based on a bulk
rock geochemical data, Boztug et al., (1998)
suggest that they are tholeiitic and calc-alkaline
in character and generated in a post-collisional
within plate setting.
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Sekil 4. Yildizdag magmatik kompleksinin jeoloji haritasi
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STRATIGRAPHY OF MIDDLE EOCENE
MAGMATIC UNITS

Middle Eocene magmatic units in the Almus and
Yildizeli regions are represented by lava flows in
MEVSB units as mentioned above. Furthermore,
intrusive units in Yildizdag area consist of
gabbroic and dioritic intrusives.

MEVSB units crops out along and both
northern and southern part of IAESZ (generally
along the Pontides range) and share similar
stratigraphic order (Keskin et al. 2008). At the
base of the volcano-sedimentary sections there
are foraminifera bearing sandstone, conglomerate
and limestone alternation indicating the shallow
marine environment. Development of the marine
transgression along the MEVSB is related with the
onset of extensional phase along the Pontides at
this time interval (Glilmez et al., 2013, Arslan etal.,
2013). This facies changed into a sub-aerial type
and contains volcanic, pyroclastic and epiclastic
units from the beginning of the lowermost part of
the sections (Geng and Yilmaz 1997; Keskin et al.,
2008; Giilmez et al., 2013). Geochemically; most
of the lavas display subduction related signatures
with calc-alkaline geochemical character. Also, in
some areas; alkaline lava flows exposed through
the uppermost part of the sections (Keskin et al.,
2008 and literature therein).

In the following sections, field characteristics
and stratigraphy of MEVSB units in Almus and
Yildizeli areas will be discussed under the names
of Almus Group and Yildizeli Group respectively.
Furthermore the intrusive units in Yildizdag area
will be presented as Yildizdag magmatic complex.

Almus Group

The Almus Group consists of volcano-sedimentary
successions and crops out along the Almus Dam
Lake and its surroundings (Figure 2). Some
parts of this volcano-sedimentary unit have been
mapped under the name of Haydaroglu formation
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(Yilmaz, 1984), Dogansar Formation (Terlemez
and Yilmaz, 1980), Cokelikkisla formation and
Kadivakfi Limestone (Ozcan and Aksay, 1996).
To avoid the confusion we collectively named all
these units as Almus Group.

Almus Group contains sedimentary and
volcanic sequences with different thickness and
variations. The volcano-sedimentary units have
flat dips through the north and crops out along W-E
and NW-SE directions. Sedimentary part contains
basal conglomerates, fosilliferous sandstones and
coal bearing sandstone with scarce conglomerates
(Figure 2 and 5a). Basalt conglomerate is poorly-
sorted and generally contain metamorphic
(metabasites, phyllites, schists) and volcanic
(andesites, basaltic andesites) pebbles and
cobbles. The average sizes of the gravels are 7-8
cm in diameter. Foraminifera bearing sandstone
has limited outcrops at the lower part of the Almus
Group (Figure 2). The lava flows and concomitant
epiclastic units are also intercalated laterally and
vertically with the basal conglomerates from the
lowermost part of the stratigraphic sections.

Fosilliferous sandstones are also developed
at the lowermost part of the the stratigraphic
sections and close to the stratigraphic contacts
with the basement units. They contain piles of
abundant foramifera and display steep dips due
to normal faulting. Coal bearing sandstone and
conglomerates crop out at the relatively upper
parts of the section, and overlay conformably the
Almus volcanics (Figure 5a). This unit dominantly
contain medium to thin sandstone layers with thin
(2 to 20 cm) coal horizons and rare conglomerate
interlayers.

Almus volcanics which are constitute the
major part of the Almus Group; contains lava
flows, brecciated lavas, volcanoclastic flow
breccias, epiclastic units together with the
dikes and volcanic plugs. The terminology for
describing the volcanic/volcanoclastic rocks used
here are after Cas and Wright (1987). Substantial
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part of the Almus volcanics are made up of thin
intercalations of lava flows and brecciated lavas
(Figures 6a and 6b). Furthermore, volcanoclastic
flow breccias are minor in volume comparing to
the other units. Aforementioned units are also
randomly intercalated with each other together
with epiclastic units along whole range of Almus
area. The intact stratigraphic relationships of
these units can be traced at the northern and
northwestern part of the Almus town center, near
the Almus dam lake. In these areas mappable units
marked by different symbols but other parts, are
grouped as “undifferentiated lava flows” in Figure
2. In order to understand the temporal and lateral
variations and volcanological evolution of the
area, four different stratigraphic sections have
been measured and outlined briefly in the end of
this section.

Lava flows are represented by basalt, basaltic
andesite, andesite and rare dacite, displaying
different colors due to pervasive alteration and
often have flow foliation (Figure 6b) together

(b)

(a ) Quaternary Alluvium
Gokkoy Formasyonu
Neogene (sandstone-conglomerate-limestone)
Trachyte &
===""| Coal bearing
—=[ sandstone-conglomerate .
===_| Epiclastic red sandstone
Volcanoclastic flow
breccias =
3
c
@ o ! '2
s 3 Brecciated lava flow ‘g
8 o (basalt, basaltic 08
w r andesite, andesite) -3
2 3 5 @
2| E
s < Undifferentiated

lava flows (basalt, basaltic :
andesite, andesite)

Basaltic andesite

dike

Epiclastic sandstone-
conglom_gr_ate_ et

Foraminifera bearing
sandstone

Units

Bakimlidag Complex

Mesozoic
Basement

Tokat Massif

with columnar jointing. The thickness of the lava
flows varies between Im to 5 meters. Basalt is
generally aphanitic textured and characterized by
the presence of olivine + pyroxene + plagioclase
phenocrysts. Basaltic andesite and andesite are
the dominant lava types in the Almus volcanic
unit. They display a wide range of textures such
as porphyritic, microlithic and pilotaxitic. They
have amphibole + pyroxene + biotite as mafic,
and plagioclase as felsic mineral phase with
different modal proportions. For these reasons
they classified as amphibole basaltic andesite and
pyroxene basaltic andesite respectively (Figure
6¢). Dacites are aphanitic rocks with quartz +
biotite + amphibole phenocrysts. The amphibole-
bearing basaltic andesites can also found as dikes,
sills and rarely plugs. They cut both the basement
and the lower part of the Almus Group units
(Figure 6d). The sills are common in the basement
units and their width generally varies between 50
cm to 10-15 meter. The typical outcrops of these
dikes can be traced along the northern part of the
Almus Fault zone (Figure 2).
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Figure 5. Generalized stratigraphic sections of a) Almus and b) Yildizeli regions (modified after Gogmengil et al.,

2018)

Sekil 5. a) Almus ve b) Yildizeli bélgelerinin genellestirilmis stratigrafik kesitleri (Gogmengil ve dig., 2018 den

degistirilmistir)
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Brecciated lava flows are corresponding to
deformed angular andesite, basaltic andesitic
lava blocks which are bounded by the same
composition lavas (Figure 7a). Their generation
controlled by the fracturing of the lava itself during
the propagation of the viscous flowing (i.e. flow
fragmentation, autobrecciation). They constitute
the major part of the Almus volcanics and found

Amf-basaltic
andesite®

Px-basaltic
andesite
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along whole range of Almus Group. The thickness
of brecciated lava flows varies from 10-15 cm to 3
meters. The most common blocks are amphibole-
and pyroxene-bearing basaltic andesites and
andesite with varying sizes (20 cm to 1 meter).
The matrix is basaltic andesite in composition
and contains rounded, octagonal pyroxenes and
plagioclase laths.

¥

Brecciated
lava
flow

Figure 6. a) Regular stratigraphic order of lava and brecciated lava flow alternation in Almus volcanic. b) Magmatic
foliation in lava flow and alternation of brecciated lava flow. ¢) General view of the amphibole basaltic andesite,
pyroxene basaltic andesite.d) Basaltic andesite dike which is cut the Bakimlidag Complex unit.

Sekil 6. a) Almus volkaniklerinde lav ve bresik lav ardalanmasindan olugan diizenli stratigrafik seri. b) Bresik lav
akintist ve magmatik foliasyon gésteren lav akintist ardalanmast . ¢) Amfibollii bazaltik andezit ve piroksenli bazaltik
andezitin genel goriiniimii. d) Bakimlidag Kompleksini kesen bazaltik andezit dayk.
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Volcanoclastic flow breccias are
corresponding to large - mega fragmented blocks
with varying size ranges 10-20 cm to 3-5 meter
in diameter (Figure 7b). They are generally crops
out at the northern part of the Almus town center.
Thicknesses of the volcanoclastic flow breccias
can be up to 10-15 meter. In general, they are
chaotically distributed, notwithstanding in some
areas they show poorly graded-stratified portions.
They are moderately heterogeneous in terms of
composition by the presence of basalt, basaltic
andesite and andesite blocks. The blocks are
generally sub-rounded to angular in shape and
matrix of the units also derived from the bulldozed
fragments of the lava blocks. In some areas,
there are sporadic blocks with jigsaw patterns
can also be found. This can be related with a
limited movement of the volcanic material from
their primary position. The characteristics of the
given above can be tentatively ascribed to instant
movement or the collapse of a volcanic edifice as
a debris flow. In the literature similar units with
jigsaw patterns and heterogenic epiclastic breccia
are termed as debris flow deposits or debris flow
deposits spawned from debris avalanches (Bernard
et al., 2009 and references therein). The presence
of scattered jigsaw cracks and fits together with
mixed facies characteristics indicate that the
volcanoclastic flow breccias can be interpreted as
re-deposited debris avalanches.

Several places along the Almus region are
tentavily ascribed to eruption centres since these
areas host coarse grained thick volcanoclastic
flow breccias deposits. Possible eruption centers
situated at the southern and western portion of the
Almus town center (Figure 2).

Epiclastic sedimentary units show distinct
thickness (cm to 30-35 meter) and shape along the
different parts of the stratigraphic sections. They
are represented by sandstone and conglomerates
and can be found together with concomitantly
developed with lavas and brecciated lava flows.
Due to extensive alteration, epiclastic units can
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display different colors such as green, grey and
yellow. The majority of minerals in the epiclastic
rocks are pyroxene, plagioclase and volcanic
fragments derived from the intercalating volcanic
units. In addition to that there is specific epiclastic
unit which is mapped as “Epiclastic red sandstone”.
This unit generally crops out at the uppermost
part of the stratigraphic sequences (Figure 5a).
It consists of poorly consolidated medium to
thick layers of red sandstone and conglomerate
horizons.

Trachyte dikes and plugs are widely distributed
eastern part of the study area (Go¢cmengil et
al., 2018). They are generally NW-SE/NE-SW
oriented at the northern part and W-E oriented at
the southern part of the study area. Their widths can
be up to 700-800 meter in diameter and they cut
the whole volcano-sedimentary package (Figure
7¢). They display both aphanitic and porphyritic
textures and consist of varied sized phenocrysts of
sanidine and minor plagioclase and quartz (Figure
7d).

Volcano-sedimentary development of the
Almus Group and particularly Almus volcanics,
have been investigated by four different measured
stratigraphic sections (MSS) (Figure 8). MSS in
Almus are labeled as A1-A1%; A2-A2%*; A3-A3%*;
A4-A4* . Their thickness varies ~70 to ~ 250 meters
(Figure 8). Except A1-A1%*; all other sections are
cut by W-E trending strike slip faults and the base
of the sections is disrupted. But in overall, MSS
display the similar stratigraphic order. Major
part of the four sections has been represented
by the alternation of brecciated lava flows and
lava flows. Sedimentary units and volcanoclastic
flow breccias are the second order units of all
sections. The sediment represented by epiclastic
units and foraminifera bearing sandstone are only
represented at the base of the MSS of A1-A1%*,
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Figure 7. a) Angular blocks of andesite and basaltic andesite in the brecciated lava flows. b) Different sized blocks
and mega-blocks of the chaotic volcanoclastic flow deposits. ¢) General view of trachyte dike/plug which is cut the
epiclastic red sandstone and andesitic lavas. d) Small sanidine phenocrysts in the trachyte dike (from Gogmengil et

al., 2018).

Sekil 7. a) Bresik lav akintilart igerisinde yer alan koseli andezit ve bazaltik andezit bloklari. b) Kaotik volkanoklastik
akma birimleri icerisinde yer alan degisik boydaki blok ve mega-bloklar. ¢) Epiklastik kirmizi kumtasi ve andezitik
lavlari kesen trakit dayk/tikacinin genel goriiniimii. d) Trakit dayk: icersinde yer alan ufak sanidin fenokristalleri

(Gégmengil ve dig., 2018 'den alinmuistir).

Brecciated and massive lava flows are both
sharply and gradually alternated with each other
and generally represented by basaltic andesitic
(mainly pyroxene, rarely amphibole bearing
basaltic andesite) and andesitic lava flows (more
amphibole dominated lava flows) except for the
Al1-Al1* section which have not contain any
amphibole bearing lava. Through the middle to
upper part of the stratigraphic order, olivine-
bearing basalts are crops out (Figure 8).

142

The other prominent feature for the Almus
Group is the presence of volcanoclastic flow
breccias at the uppermost parts of MSS. Flow
breccias are geographically distributed at the
NW-SE trending zones in the northern part of the
Almus dam lake (Figure 2 and 8).

At the top of the sections, epiclastic red
sandstone units are detected in the A1-A1%* section
and marks the sub-aerial conditions are much
considerable during last phase of volcanism. The
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last product of the volcanism in the area is marked
by trachyte which is detected at the section A2-
A2*, This unit cut the uppermost part of the
section and constitutes the final products of the
volcanism.

When we consider the whole MSS along the
Almus region, the volcano-sedimentary sequence
started with foraminifera bearing sandstone and
epiclastic sandstone-conglomerate alternation.
These units are intercalated with pyroxene-bearing
basaltic andesite and brecciated lava flows but
nearly all sections (except A1-A1*) amphibole-
bearing basaltic andesite which have varying
thickness (3-20 meter) are crops out. To the top
of stratigraphic sections pyroxene-bearing basaltic
andesites and brecciated lava flows are dominated.
Olivine basalt layers have thicknesses of 1-2 to
15-20 meter and situated at the middle to upper
part of the all sections. Also the uppermost part of
the all sections, volcanoclastic flow breccias are
dominant which are generally distributed at the
northern part of the Almus dam lake. The youngest
Eocene units in the area are represented by trachyte
dikes and epiclastic red sandstone units.

Yildizeli Group.

Middle Eocene volcano-sedimentary successions
in Yildizeli area investigated under the different
sub-units in the previous studies. Sedimentary
rocks are classified as Tokus Formation (Yilmaz,
1984; Inan and Inan 1999) and the intermediate to
basic volcanic rocks are presented as the Kaletepe
volcanics and Pazarcik volcanics (Yilmaz et al.,
1995; Alpaslan 2000). More silicic members of the
volcanic unit are named as Cakmak trachyte and
Pamukpinar tuff (Yilmaz et al., 1995; Alpaslan,
1997).

To investigate the middle Eocene sequence
more thoroughly, we named the whole MEVSB
package in the Yildizeli areas under Yildizeli
Group. The sedimentary and volcanic parts of

143

the Yildizeli Group named as Tokus Formation,
Yildizeli volcanics respectively (Figure 5b).

The Yildizeli Group is spread over W-E
direction around the Yildizeli town which is
bounded by TAESZ units and Hidirnali Group
from the north and CACC from the southern part
(Figure 3). The northern boundary of the Yildizeli
Group is dissected by NE-SW directed strike
slip faults and late stage thrust faults (Figure 3).
Even though the volcano-sedimentary package of
the Yildizeli Group situated at the southern part
IAESZ, they display similar lithological order like
Almus Group (Figure 5b).

Tokus formation constitutes the bottom of the
middle Eocene volcano-sedimentary succession. It
consists of the basal conglomerates, foraminifera
bearing sandstones and limestone alternation.
Basal conglomerates contain quartzite, marble,
syenite pebbles and cobbles where it covers the
basement units of CACC; besides same unit
comprise chert, metabasite, basalt, gabbro and
serpentinite where it covers the TAESZ and/or
Hidirnali Group. Pebbles and cobbles are poorly
sorted; sub-rounded and have sizes varies between
1-2 cm to 25-30 cm.

Intercalation  of  foraminifera  bearing
sandstones and limestones are medium to thinly
beddeded and display grey and yellow colours
(Figure 3). Marble olistoliths and olistostromes
which were derived from the CACC are commonly
found in the Tokus formation. Presence of these
large blocks (up to 1 km in diameter) can be
related with tectonic controlled active deposition

during the beginning of the middle Eocene.

Yildizeli volcanics consist of lava flows,
brecciated lavas, volcanoclastic flow breccias,
pyroclastic and epiclastic units with late stage
stocks and dikes. Majority of the volcanic units
in the area is represented by alternation of lava
flows and brecciated lavas (Figure 9a). Pyroclastic
rocks (Figure 9b) are distributed in W-E direction
and generally situated at the lower to middle part



of the general stratigraphic order. On the other
hand, epiclastic sedimentary units are randomly
intercalated with other volcanic lithologies (Figure
9c¢). Thinly intercalations of these rocks together
with the other volcanic and/or volcanogenic rocks
are differentiated as ‘“undifferentiated volcanic
units” on the geology map. Volcanological
evolution of the Yildizeli area isinvestigated by
four different measured stratigraphic sections
which will be discussed in the end of this section.

Yildizeli lava flows consisting of basalt,
basaltic andesite, andesite and dacite. Their
thickness varies between 1 to 5 m and in some
areas. They display distinct columnar jointing
and flow foliation (Figure 9d). In some areas due
to interaction with the water rich sedimentary
units some portion of the lavas display peperitic
textures (Figure 10a). Lavas of the Yildizeli
volcanic unit are mainly formed from the basalt,
basaltic andesite, andesite and dacites. Basalts
are generally dark grey in colour and consist of
olivine + pyroxene + plagioclase phenocrysts.
Nearly all olivines are iddingsitized due to the
pervasive alteration. Basaltic andesites green and
grey in colour, they have pyroxene + amphibole
+ plagioclase phenocrysts and display microlitic
and porphyritic textures. Pyroxene phenocrysts
are relatively large (up to 0. 5 cm) comparing
to the other phenocrysts (generally <0.2 cm).
Andesites are yellow and grey and display
the same mineralogical compositions with the
basaltic andesites, with the exception of its higher
amphibole contents. Amphibole phenocrysts
dominantly display acicular shapes (Figure 10b).
Dacitic lavas display prominent magmatic flow
foliation and are comprised of quartz + plagioclase
+ biotite phenocrysts with hypocrytalline matrix.

Brecciated lava flows display grey, green and
violet color. Majority of the blocks are basalt,
basaltic andesite and andesite in composition and
generally enveloped by altered basaltic andesitic
matrix. The size of the blocks varies between 10
cm to 1 meter.
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Volcanoclastic flow breccias crop out in
limited areas such as the eastern part of the Yildizeli
area. They are generally coarse grained, poorly
sorted and contain heterogeneous lithologies of
lava block and sedimentary lithic units in chaotic
distribution. Blocks of andesite and basaltic
andesite have subrounded to sharp contacts and
their size is varies between 15-20cm to 3 meter in
diameter. Besides sedimentary lithic units which
is made up of sandstone, chert, and basaltic clasts
and 3-5 cm to 15 cm in diameter. The general
characteristics of these units are similar to debris
flow units (e.g. Bernard et al., 2009).

Pyroclastic rocks are represented by ash
tuff, lapilli tuff and ash-block tuffs (Figure 9b
and Figure 10c). Ash tuff and lapilli tuff units are
generally situated at the base of the pyroclastic
deposits. They consist of mainly ash and lapilli
sized juvenile particles, pumices, minerals and
a few amount of lithic and accidental fragments
(Figure 10c). Their thickness can be up to 5 meter
and display well developed mm to cm scale
stratification. The colors of the lithologies are
yellow, white and grey due to extensive alteration.
In some areas cross stratified portions can be
detected.

Through the top of the pyroclastic piles,
ash-block deposits are advancing (Figure 10c).
These deposits composed of matrix of lapilli, ash
and pumice together with sub rounded different
sized blocks. The thickness of this part is changed
from 1 to 4 meter that displays chaotic internal
structure. Pumice fragments are reached 3-5 cm
in diameter in some layers. Lithic fragments are
derived from epiclastic units and lavas and 1-3 cm
in average in size. The blocks in pyroclastic units
are basaltic andesite in composition and their sizes
vary between 15-20 cm in diameter and they can
be up to 1.5 meter in some areas.

Depositional  characteristics and  thin
lamination of ash tuff and lapilli tuff deposits
represent similarities to pyroclastic fall units.
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Besides, lapilli and block sized fragment rich,
chaotic layers at the upper part of the pyroclastic
piles can be derived from block and ash flow
mechanism.

Epiclastic units are generally scarce;
however, they can be seen as thin intercalated
layers within all volcanic units (Figure 8c). They
display different thickness (cm to 5-10 meters),
generally thin to medium layered and display
yellow, grey and brown in colors. The major part
of the epiclastic units are represented by sandstone
and conglomerate alternations (Figure 9c). They
consist of mafic minerals and volcanic fragments

of andesite and basaltic andesite.

The youngest volcanic unit in the Yildizeli
volcanics is represented by trachyte and
trachyandesite stocks and lavas which are named
as “Latitporfir” (Tatar, 1977); “Yukarigakmak
volcanics” (Yilmaz et al., 1995) and “Cakmak
trachyte-porphyr”, (Alpaslan, 1997) in the previous
studies. The trachyte and trachyandesitic lavas are
only crops out at the eastern part of the study area
and covers approximately 15km?(Figure 3). These
lava flows constitute adome-like shape and disrupts
the original bedding of Tokus formation. Trachytic
and trachyandesitic lava flows are generally grey,
purple and violet in color. The trachyandesite
stocks in Yildizeli area show distinct magmatic
foliation through the east. Due to high viscosity,
the distribution of the trachyandesitic lava flow is
not widespread. Besides, there are also sporadic
epiclastic sedimentary sandstones (5 cm to 30-
40 cm in thickness) within the trachytic flows.
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Furthermore, different sized and oriented quartz
dikes are detected at the northern part of the
trachyte-trachyandesite stock (Figure 3). There
are also extensive silicification and hematitization
within the contact of the trachyte-trachyandesite
and carbonate rich units of Tokus Formation.

Trachyte and trachyandesite lavas display
distinct porphyritic and trachytic texture and
comprise sanidine + amphibole + biotite &= quartz
+ pyroxene phenocrysts. Sanidine phenocrysts can
be up to 8 cm and display compositional zoning
(Figure 10d). Lobate shaped monzonitic enclaves
with varying sizes (5 to 35 cm) are occasionally
found within these lavas (Figure 10d).

Four different sections have been measured
to understand the volcanological evolution of the
middle Eocene sequence in Yildizeli area, likely
to the Almus area. The thickness of the MSS of
The
sections are comprised brecciated lava flows,

Yildizeli varies between 80-150 meters.

epiclastic units, pyroclastic rocks, lava flows and
volcanoclastic flow breccias (Figure 11). Major
parts of the sections are made up alternation of
brecciated lava flows and epiclastic units. The lava
flows and pyroclastic units are less voluminous
and volcanoclastic flow breccias are scarce. There
are also basal conglomerates which are marked
by the presence of pebbles and cobbles from the
basement units. Basal conglomerates are located
at the base of the sections Y3-Y3* and Y4-Y4*
and their thickness is less than 5 meter.
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Figure 8. Measured stratigraphic sections along the Almus area (abbreviations: a.b.s: average block size). The
evolution of the sections is discussed in the text.

Sekil 8. Almus bolgesinden é6l¢iilmiis olan stratigrafik kesitler (kisaltmalar: 0.b.b: ortalama blok boyutu). Kesitlerin
evrimi metin igerisinde tartisilnmigstur.
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Figure 9. a) Basaltic andesitic lava flows and brecciated lava flows relations b) General view of alternation of ash
tuff, lapilli tuff and block rich layers. ¢) Thinly laminated epiclastic sedimentary units (sandstone) and brecciated
lava flow contact zone. d) Distinct columnar jointing in basaltic lava flows.

Sekil 9. a) Bazaltik andezitik lav ve bresik lav akintisimin arazi iliskisi. b) Kiil tiifii, lapilli tiif ve blok¢a zengin

kesimlerin ardalanmasinin genel gériiniimii. ¢) Ince katmanl epiklastik sedimanter birimler (kumtasi) ve bresik lav
akintisinin kontak zonu. d) Bazaltik lav akintilarinda yer alan belirgin siitunsu ¢atlaklar

Lower parts of the sections from Yildizeli stages of volcanism in Yildizeli region Through
region are dominated by the epiclastic sedimentary the top of the MSS; brecciated lava flows, olivine
units together with amphibole basaltic andesite and basalt and pyroxene basaltic andesite are advance

andesite. At the middle to upper part of the Yildizeli and they are constitute the main products at the
MSS, pyroclastic units; pyroxene basaltic andesite upper part of the MSS in Yildizeli area (Figure
lavas and related brecciated flows are became 11). Epiclastic sedimentary units are intercalated
more dominant lithologies. The pyroclastic units with all other lithologies most commonly in the
can be traced along the sections Y1-Y1%*; Y2- Y4-Y4* section.

Y2* and Y3-Y3* and corresponding to explosive
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Figure 10. a) Peperitic textures between lava and sedimentary rock interactions. b) Acicular shaped amphibole
phenocrysts in andesitic lava flows. ¢) General view of the pyroclastic deposits in Yildizeli region. Ash block deposits
become more dominant through the upper part of the pyroclastic pile. d) General view of the trachyte-trachyandesite
lavas with mega sanidines and monzonitic enclaves (from Gégmengil et al., 2018).

Sekil 10. a) Lav ve sedimanter kaya etkilesimiyle gelisen pepetirik dokular. b) Andezitik lav akintilarinda yer alan
ignemsi sekilli amfibol fenokristalleri. ¢) Yildizeli bolgesinde yer alan piroklastik ¢okellerin genel goriiniimii. Kiil
blok ¢okelleri piroklastik istifin tist kismina dogru daha baskin hale geliyor. d) Mega-sanidin ve monzonitik anklaviar
iceren trakit-trakiandezit lavlarinin genel gériiniimii (Gogmengil ve dig., 2018 'den).

Generation of the middle Eocene sequence
along the Yildizeli area is started with the
basal and shallow marine
sedimentary units; during this stage volcanism
also concominantly started and mainly produced
amphibole basaltic andesite, andesite and
brecciated lava flows which are intercalated with
the shallow marine units. Through the middle

conglomerates
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part pyroclastic deposits and volcanoclastic
flow breccias (only in Y4-Y4*) are advance.
Upper part of the volcanic succesions mainly
represented by pyroxene basaltic andesite, olivine
basalt, and accompanying brecciated lava flows.
Notwithstanding the youngest volcanic products
in the area are trachyte-trachyandesitic lava flows.
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Figure 11. Measured stratigraphic sections along the Yildizeli area (abbreviations are same as Figure 8).

evolution of the sections is discussed in the text.

. ) Epiclastic sandstone
Epiclastic sandstone -conglomerate

4 -conglomerate

IAESZ units

The

Sekil 11. Yildizeli bélgesinden dlgiilen stratigrafik kesitler (kisatlamalar Sekil 8 deki ile aymidir). Kesitlerin evrimi

metin i¢inde tartigilmistir.

Yildizdag magmatic complex

Main bulk of the Yildizdag magmatic complex
represented by a NE-SW orientated gabbroic
intrusion. It covers approximately 2 km? surface
area and cut the Hidirnali Group units. The large
part of the contact between two units is sealed
by slope waste and moraine deposits (Figure 4).
The boundary of the two units and the contact
metamorphism can be seen at the eastern portion
of the intrusion. Apart from the main body; diorite
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dikes with varying orientation are also cut the
gabbroic main body and the Hidirnali Group units
as a dyke swarm.

Three different lithologies are identified
in gabbroic main body of Yildizdag magmatic
complex. These are pyroxene rich and pyroxene
poor gabbro (anorthositic) and marginal zone
diorites. Main part of the intrusion is represented
by pyroxene rich gabbro which represents micro-
rhtymic lamination (Figure 12a). The second unit,



pyroxene poor gabbro, displays a limited outcrop
and has more anorthositic character. Both gabbroic
lithologies are crosscutting and layered with each
other in random order (Figure 12b). Both units
are marked by presence of pyroxene + olivine
+ plagioclase + amphibole + biotite minerals
in varying order and display ophitic textures.
Gabbroic rocks gradually pass into the diorites
in the eastern portion of the intrusion (Figure 4).
These marginal zone diorites display sub-ophitic
texture, and made up of plagioclase + amphibole
+ pyroxene minerals (Figure 12c). Apart from
these units, there are scarce troctolitic enclaves
embedded in the gabbroic main body which are
5-40 cm in diameter and display poligonal textures.

Goneng GOCMENGIL, Zekiye KARACIK, S. Can GENC

Dioritic dikes cut the both gabbroic main
body and the Hidirnali Group units (Figure 12d).
The width of the dikes dispersed 5-10 cm to 20-25
meter. They display porphyrithic, sub-ophitic and
microgranular textures and made up of plagioclase
+ amphibole + pyroxene minerals. They display
different orientation such as NE-SW; NW-SE and
N-S but the main dominant trend is NE-SW.

Yildizdag magmatic complex is a zonal
magmatic body with a gabbroic center, a dioritic
marginal zone and related NE-SW and NW-SE
oriented dioritic dikes.

All volcanic lavas and plutonic are names
compatible with the whole rock —geochemical
features presented in recent studies (Figure 13,
Gogmengil et al., 2017, 2018).

=

Figure 12. a) Micro-rythmic layering in pyroxene rich gabbro. b) Pyroxene rich and poor gabbroic unit alternation
in main body of Yildizdag gabbro. ¢) General view of the marginal zone diorites. d) Dioritic dyke in the sandstone

units of Hidirnali Group

Sekil 12. a) Piroksence zengin gabroda gézlenen mikro-ritmik katmanlanma. b) Yildizdag gabrosu ana kiitlesi
icerisinde yer alan piroksence zengin ve piroksence fakir gabro ardalanmasi. ¢) Kenar zonu diyoritlerinin genel
goriiniimii. d) Hidirnali Grubu igerisinde yer alan diyoritik dayk.
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Figure 13. Total alkali vs silica diagram (Le Maitre et al., 1986) for the three stage lavas from Almus and Yildizeli
regions and plutonic rocks of the Yildizdag complex. (data taken from Gogmengil et al., 2017,2018 TB: trachybasalt;
BTA: basaltic trachy- andesite; TA: trachy-andesite; T: trachyte; B: basalt; BA: basaltic andesite; A: andesite; D:
dacite; R: Rhyolite, G: Gabbro, P: Peridot Gabro; IB: Irvine and Baragar (1971), K: Kuno 1966).

Sekil 13. Almus ve Yildizeli bélgelerindeki ii¢ farkl seri lav ve Yildizdag kompleksinde yer alan pliitonik kayalarin
toplam alkaliye karst silika diyagrami (Le Maitre ve dig., 1986, veriler Gogmengil ve dig., 2017 'den alinmigtir, TB:
Trakibazalt, BTA: bazaltik traki-andezit; TA: traki-andezit; T: trakit; B: bazalt; BA: bazaltik andezit; A: andezit; D:
dasit; R: riyolit, G: Gabro, P: Peritod Gabro; IB: Irvine ve Baragar (1971), K: Kuno, 1966).

DISCUSSION

Early Cenozoic tectono-magmatic events along
the NE part of IAESZ.

Almus region also did not contain any prominent
Paleocene unit similarly to whole range of IAESZ.
Whereas in southernmost extreme of the study
area (Yildizeli area) there are poorly known and/or
suspected Paleocene aged sedimentary units which
are sandwiched inside or tectonicaly overlain by
IAESZ units (Figure 1b and 14a). These unitcrops
out at the northern part of the Yildizeli region and
have been described in the literature by different
names as mentioned above (Paleogene Flysch,
Tatar 1977; Kiligh Olistostromal Unit, Yilmaz
et al., 1995; Hidirnali Group, Yilmaz et al,
1997b, Keskin et al., 2008; Bogazkdy Formation,
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Akcay and Beyazpiring, 2017). Paleocene units
corresponding to a trapped-remnant basin which
have been fed by accretionary complex units;
paleo-forearc basin together with the metamorphic
and magmatic units of the CACC during the
collisional stages between Pontides and CACC
(Keskin et al., 2008; Figure 14a). The abundance
of the different mega olistoliths (pelagic
limestones, serpentines, recrystallized limestones,
marble, phyllite and rare spilitic basalt blocks)
surrounded by the sedimentary package of the
Hidirnali Group suggest that this unit developed
during the compressional stage of the collision
event. The age of the sedimentary matrix of the
Hidirnali Group documented as Cretaceous to
Early Eocene (Yilmaz et al., 1997b). However, the
ages of the basaltic lava flows and differentiation



of the sedimentary package of the Hidirnali Group
still poorly defined and needs further examination.

The first products of Early Cenozoic
magmatism are marked by sporadic adakitic
intrusive units along the northeastern part of the
IAESZ (~ 57 Ma to 48 Ma) and possibly related
with the syn-collisional stage along the Anatolide-
Tauride and Pontides tectonic blocks (Topuz et al.,
2005; Karsl et al., 2011; Eyiiboglu et al., 2013).
This phase is interpreted as products of the melting
of thickened continental crust which is active at
that time interval (Topuz et al., 2011).

At the beginning of the Lutetian, a region
wide subsidence together with the change of
tectonic contractional to extensional phase takes
place along the IAESZ (Keskin et al., 2008 and
references therein) which is also dominantly
effects Yildizeli and Almus areas (Figure 13b).
The reason for the subsidence and transition
from contractional to extensional phase are
interpreted as slab-pull down force effect of the
subducted oceanic lithosphere of northern Neo-
Tethyan oceanic slab under the Pontides (Keskin
et al., 2008) or tectonic collapse of the thickened
continental crust (Topuz et al., 2011) for the
Central and Eastern Pontides regions respectively.

Geological record of the region-
wide subsidence, transgression and marine
sedimentation along the both sides of the suture
zone represented by the deposition of the
sedimentary units in Almus Group and Tokus
Formation in the Yildizeli area (Figure 14b).

This shallow marine sedimentation disrupted
by the concomitant magmatism along the both
sides and probably along the suture zone itself
during the middle Lutetian with the development
of volcanic products and intrusive units. First
products of the volcanism started at the shallow
marine environment as depicted by the presence of
the peperitic textures and intercaleted foraminifera
bearing sandstones and volcanics. Volcanism
started with hydrous and anhydrous mineral-rich
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lava flows (amphibole-bearing basaltic andesite
and andesite/pyroxene-bearing basaltic andesite)
brecciated lava flows and coeval volcanoclastics
and epiclastics. There are also sporadic pyroclastic
units also accompanied the volcanism in Yildizeli
area contrary to Almus which documents the
explosive stages also operational at that region.
During the course of volcanism, pyroxene-bearing
basaltic andesite and olivine basalt lavas are
become dominant lithologies in both areas. After
the development of the more anhydrous mineral
rich volcanic units; volcanism shift towards the
more acidic members by the presence of trachyte
and trachyandesite dykes, plugs and stocks and
these products marks the final manifestations of
the volcanism for both regions. This late stage
pulse can be accounted for the more silica rich,
assimilation and fractional crystallization induced
magmatism in the eastern part of the Pontides
(Arslan et al., 2013; Yiicel et al., 2014; Temizel et
al., 2016, Gogmengil et al., 2018).

Additionally, gabbroic intrusions and
coevally developed dioritic dykes probably
developed in same magmatic phase with the first
phase hydrous volcanic activity of the Almus and
Yildizeli region. This interpretation is evidenced
by the presence of widespread hydrous minerals
(amphibole, biotite) in the gabbroic intrusion and
its marginal dioritic zones. Furthermore, sporadic
hydrous Eocene gabbroic intrusive are also
reported along the other sections of the Eastern
Pontides (e.g. Temizel et al., 2014; Eyiiboglu et
al., 2016) which can be accounted to the same
magmatic phase. On the other hand, Boztug et
al., (1998) propose that Yildizdag gabbroic units
derived from %25 partial melting of upper mantle
units. However, Yildizdag magmatic units are
heterogenous in cm to mm scale with cumulate
settling and common occurance of the hydrous
minerals contradicts with direct melting origin
from the upper mantle. Thus, generation of the
gabbroic intrusion probably generated by melting
of water rich magma source areas which contain
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amphibole, phlogopite in varying degrees which
is suggested for middle Eocene volcanic units by
Gogmengil et al., (2018).

Generation of the middle FEocene post-
collisional magmatism along the Almus,
Yildizeli and Yildizdag areas.

The measured stratigraphic sections demonstrate
that, even though the volcanic units developed
on different tectonic blocks, they display similar
style of volcano-sedimentary evolution. The data
presented above can be supportive for all magmatic
units decribed above probably governed by the
same tectono-magmatic event which is developed
along the whole scale of lithospheric mantle below
the IAESZ at the Eocene.

Wide spread occurrence of the middle Eocene
magmatic units along the both sides of the suture
zone and other parts of the Pontides; CACC and
even Caucasus suggest that the possibilty of
slab break off related magmatism is less feasible
to explain the generation of the middle Eocene
magmatism along the IAESZ, since the Eocene
magmatic units are not confined in a narrow
range. Additionally, distinct geochemical features
of the middle Eocene volcanic rocks such as
alkalinity (Keskin et al., 2008) is not related with
the deep sourced asthenospheric melts since these
lavas display low Mg# contents; low Ni (ppm)
with highly fractionated geochemical patterns
(Gogmengil et al., 2017; 2018). Hence recent
publication of Go¢mengil et al (2018) suggest
that the first and second stage volcanic episode of
Almus and Yildizeli regions might be related with
melting of metasomatized peridotitic mantle in
lithospheric depths.

Regarding the geological data in the
literature, given below, and the data presented
above, the possible governing agent of Early
Cenozoic tectono-magmatic events are more
compatible with the development of collision
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related Rayleigh-Taylor instability changes and
subsequent delamination and/or lithospheric
removal process related mechanisms.

Rayleigh-Taylorinstabilities and delamination
and/or lithospheric removal processes can generate
the melting of the sub-continental lithospheric
mantle (SCLM) and can help to generate the
various magmatic products along the major
orogenic zones around the world such as Trans-
Mexican Belt (Mori et al., 2009); Sierra Nevada,
(Elkins-Tanton and Grove, 2003); Andean Arc
(Kay and Kay, 1993) and Mediterranean region
(Lustrino, 2005).

Tectonic stacking of the Pontides and the
CACC at the Paleocene generate continental
thickening which gave rise the generation of
Early Eocene aged adakitic intrusive rocks
(Topuz et al., 2011; Karsl et al., 2011; Eyiiboglu
et al., 2013). Ongoing contraction probably lead
the development of the density differences in
the SCLM which subsequently leading to the
development of delamination and/or lithospheric
removal related processes is also suggested for the
other parts of the Eastern Pontides (Arslan et al.,
2013; Temizel et al., 2016).

The tectonic loading and density changes of
the sub-continental lithospheric mantle can help
the subsiding of the whole region and can be
responsible for the generation of the region wide
transgression (Figure 14b). Furthermore, coevally
developed magmatic pulse in the all three distinct
region can be governed by sinking and denuding of
the dense parts of the sub-continental lithospheric
mantle (Figure 14c) which is exemplified in many
Alpine-Himalayan belt post-collisional magmatic
regions (GoOgiis et al., 2016 and references therein).
We tentatively suggest that this mechanism also
be suitable for the post-collisional middle Eocene
magmatism along the Almus-Yildizdag-Yildizeli
range.
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Deposition of Hidirnali Group
and scarce magmatic activity

End of Early Eocene
(compressional;
contractional phase)

Almus Group Deposition of shallow marine Tokus
sedimentary units sedimentary units formation

(b)

==

=

Beginning of Middle Eocene
(transgression; shallow marine
sedimentation and subsidence
in whole region)

?

Almus volcanics Yildizdag Yildizeli volcanics
gabbroic complex

==

Middle Eocene
(effusive and explosive
volcanism in sub-aerial

environment and gabbroic

intrusions)

Sinking of more “dense” mantle domains ?

Figure 14. Cartoons which showing the Early Cenozoic tectono-magmatic evolution of the southern part of the
Pontides region, with special reference to Almus, Yildizdag and Yildizeli areas (Inspired by schematic cartoons of
Keskin et al., 2008). a) Early Eoecene tectono-magmatic evolution of the aforementioned regions. This time interval
marks a contractional phase in the southern side of Pontides region due to collisional stages. In this time interval
trapped remnant basin Hidirnali Group is developed. Concomitantly with the sedimentation, sporadic magmatism is
also developed. b) Regionwide extension and coeval transgression concominantly developped with middle Eocene
shallow water sedimentation. Tokus formation and sedimentary part of the Almus Group are deposited unconformably
at the basement units in the southern part of the Pontides. ¢) During the later stages of middle Eocene, magmatism
developed along the whole range of IAESZ and volcanic and coevally intrusive units are coevally developed. In
Almus area volcanism represented by mainly by effusive products. Besides, in Yildizeli area both effusive and
explosive volcanism is active. In Yildizdag region only intrusive (gabbro and diorite) units are developed. The reason
of the region-wide concomitant magmatic pulse can be tentatively ascribed to a denuding and sinking sub-continental
lithospheric mantle domains after the collisional phase along the IAESZ.
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Sekil 14. Pontid bolgesinin giiney kesiminin erken Senozoyik tektono-magmatik evrimini Almus, Yildizeli ve
Yildizdag bélgesi dzelinde gosteren ¢izimler (Keskin ve dig., 2008 deki matik ¢izimlerden esinlenilmistir). a) S6z
konusu bolgelerin Erken Eosen tektono-magmatik evrimi. Bu dénem ¢arpisma siire¢lerine bagli olarak Pontidlerin
giineyinde sikismali bir evreye karsilik gelmektedir. Bu zaman araliginda sikisik kalik havza Hidwrnali Grubu
gelismistir. Sedimantasyonla es zamanl olarak nadir magmatizma da olusmugstur. b) Bolgesel gerilme, es zamanli
olarak gelisen transgresyon ve Orta Eosen sig denizel sedimantasyonu. Tokus Formasyonu ve Almus Grubu’na ait
sedimanter birimler bu dénemde Pontidlerin giiney kismindaki temel birimleri uyumsuz olarak ortmektedir. c¢) Orta
Eosen doneminin ilerlerleyen zamanlarinda, magmatizma IAESZ bolgesinin biitiin kesimlerinde gozlenmekte olup
bu dénemde es zamanl olarak volkanik ve intriizif birimler gelismistir. Almus bolgesinde volkanizma genel olarak
efiizif iiriinlerle temsil edilir. Buna karsin Yildizeli bolgesinde hem efiizif hem de patlamall volkanizma aktif olmugtur.
Yildizdag bélgesinde ise sadece intriizif birimler gelismistir. Bélgesel olarak es zamanli olusan bu magmatik evrenin
gelisimi muhtemelen ¢arpisma sonrasinda IAESZ boyunca yer alan kita alti litosferik manto kesimlerinin soyulmasi
ve batmasi ile iligkilendirilebilir.

CONCLUSIONS the Early Cenozoic time is much compatible with
a delamination and/or lithospheric removal related
processes for the generation of the middle Eocene
magmatism along the Almus-Yildizdag-Yildizeli

Geological mapping and volcano-stratigraphy
along the NE part of the IAESZ demonstrate that the
middle Eocene magmatism coevally developped
along a vast area. Intrusive part of the magmatism
is manifested by hydrous mineral-rich gabbroic

range, however this interpretation highly tentative
and should be confirmed by further petrological

intrusions and small-scale dioritic dike swarm in studies.
the Yildizdag area. Besides, volcanic units from
the Almus and Yildizeli areas are developed in ACKNOWLEDGMENTS
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ve bununla beraber Orta-Anadolu Kristalen
Masifi’nin  Paleosen doneminde ¢arpismasiyla
gelismistir (Sengor ve Yilmaz 1981). Bu ¢carpisma
donemi Erken FEosen zamanina kadar siirmekte
olup biitiin tektonik bloklarda asinmaya sebep
olmustur (Okay ve Tiiysiiz 1999). Carpisma ile
es zamanlt olarak Ge¢ Paleosen-Erken Eosen
doneminde, IAESZ nin orta ve dogu kesiminin
giineyinde adakitik magmatizma gelismistir (Topuz
ve dig., 2005; Karsl ve dig., 2011). Bu dénemden
sonra gelen orta-Eosen doneminde ise kalk-alkali
ve alkali magmatizma yayginlasmistir (Keskin
ve dig., 2008). Almus, Yildizeli ve Yildizdag
bolgelerinde bu donemde yaygin bir magmatizma
gelismis olup, bu magmatizma tiriinlerinin jeolojik
ve stratigrafik gelisimi, istiflenmesi, yanal ve diisey
degisimleri ayrintili olarak ortaya konmamustir.
Orta Eosen magmatizmast Almus ve Yildizeli
bolgelerinde volkano-sedimentar istiflerle temsil
edilmektedir. Buna karsin Yildizdag bolgesinde
gabroik ve dioritik sokulumlar magmatizmanin
genel iiriinleridir. Almus ve Yildizeli bolgesindeki
volcano-sedimanter istifler alt kesimlerinde sig
denizel cokeller, orta ve tist kesimleride ise lav
akintilart ve volkanoklastik birimler ile temsil
edilmektedir. Almus ve Yildizeli bélgelerinden
olgiilen sekiz adet volkano-sedimanter istifile siitur
zonunun iki farkli tarafinda yer alan, es zamanda
olusmus volkanik birimlerin evrimi anlasiimaya
calisiimigtir. Her iki bolgede ii¢ stratigrafiye bagl
olarak farkli volkanik evre tespit edilmistir. Ilk
evre tiriinleri amfibollii bazaltik andezit, andezit
ve dasitlerden olusmaktadir. Ikinci evre bazaltlar
ve piroksenli bazaltik andezitlerden meydana
gelmektedir. Uciincii evre iiriinleri ise trakit ve
trakiandezit dayk ve stoklarindan olusmaktadir.
Calisilan  tic  alandan elde
stratigrafik  olarak  volkanizmanin,
gelistigi tektonik bloktan bagimsiz olarak benzer
zamanda ve sekilde meydana geldigini ortaya
koymaktadwr. Bunun yan swra sokulum kayaglart
iceren Yildizdag bolgesinin de volkanizmanin
birinci

edilen veriler

lizerinde

evresi ile benzer zamanda olusmus
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olabilecegi  diisiiniilmektedir.  Literatiirdeki
yeni yapilan yaywmlarda bolgedeki ilk evre ve
ikinci evre volkanizmanin, metasomatize olmus
peridotitik bir kaynak alanin kismi ergimesi ile
olusabilecegi iddia edilmistir (Gé¢mengil ve dig.,
2018). Elde edilen veriler biitiin bélgelerde olusan
magmatizmanin benzer bir tektono-magmatik olay
sonucunda gerceklesmis olabilecegine isaret eder.
Bu siire¢ delaminasyon veya litosferik ayrilma
ile gelismis olup, kita alti litosferinin aginmasi
ile alt kita kabugunda ergime ve buna bagl
genis bir bolgede es zamanli magmatizmanin
gelismesi ile ac¢iklanabilir. Bu durum Akdeniz
bolgesindeki ¢arpisma sonrast magmatizmasinin
da ana sebeplerden biri olarak gériilmekte olup
(Lustrino, 2005, Gé6giis ve dig., 2016), [AESZ nin
dogu kesiminde gerceklesen erken Senozoyik
magmatizmasni da agiklayabilir.
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