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NEOGENE AND QUATERNARY VOLCANISM OF CENTRAL ANATOLIA:

A VOLCANO-STRUCTURAL EVALUATION

M.Cemal GONCUOGLU, Vedat TOPRAK

Department of Geological Engineering, Middle East Technical University, 06531, Ankara TURKEY

ABSTRACT

The central part of NE-SW trending Central
Anatolian volcanic province comprises various vol-
canic rocks of middle-late Miocene to Quaternary
age. Nine volcanic complexes are differentiated
within the study area. These are Kegikalesi,
Kizilgin, Tepekdy, Cinarli, Melendiz, Kegiboyduran,
Collidag, Hasandag and Karatas volcanics. Age,
lithology, flow pattern, eruption center and mor-
phology of volcanics are utilized to recognize these
complexes.

The field and the age data indicate that the vol-
canic activity has been continuous without a major
break since middle-late Miocene. Spatial distribu-
tion of these complexes suggest a close relationship
between faulting and volcanism.

I. INTRODUCTION

The Central Anatolian Volcanic Province
(CAVP) of Neogene-Quaternary age extends as a
voleanic axis of about 300 km in NE-SW direction
in Central Anatolia, Turkey (Fig.1). The formation

"

and evolution of the CAVP has been usually attri-
buted to the convergence between Afro-Arabian
and Eurasian plates (Innocenti et al., 1975; Batum,
1978; Tokel et al, 1978; Pasquare et al, 1988; Ercan et
al,, 1990). In most of the previous investigations the
studies were concentrated to interpret the geo-
chemical data and to assess the nature of the
source of the CAV. The first attempt to evaluate the
structural frame of the CAVP starts with Pasquare
et al., (1988). However, the field evidences on the
relations of different volcanic complexes, on the
structural control of the location of major and mi-
nor eruption centers, and on the regional tectonic
framework of the area are still quite poor.
Geological mapping started in 1990 aims to investi-
gate the relationship between the volcanic rock as-
sociations and the neotectonic events within the
CAVP, The study area, therefore, is selected to
comprise some of the major volcanic centers of the
CAVP (Fig.1). In this paper preliminary results on
the distribution and morphology of rock associa-
tions exposed in the area are presented.
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Figure 1. Geological setting of the Central Anatolian Volcanic Province
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II. GENERAL GEOLOGICAL SETTING

The CAVP is located to the south of Anatolide
belt which is one of major tectonic units of Turkey
(Ketin, 1966) (Fig. 1). In and around the study area,
the CAV is situated between Kirsehir and Nigde
massifs that collectively constitute the Central
Anatolian crystalline complex (Génciioglu et al,,
1991). The major Tuzgdlii Fault cuts across the
CAVP with a NW-SE direction. It has played an
important role in the evolution of volcanic centers
in its vicinity (Toprak and Génclioglu, in review, a).

Pre-Neogene rocks exposed in the region are
considered as basement rocks. The oldest rocks be-
long to the crystalline complex. They consist of
Paleozoic-Mesozoic metamorphic rocks, overthrus-
ted by Upper Cretaceous Central Anatolian ophio-
lites and intruded by late Cretaceous plutonic
rocks. Eocene is characterized by marine limestone
which is unconformably overlain by Oligo-Miocene
continental clastics (Génciioglu et al., 1991).

I1I. VOLCANICLASTIC PLATFORM

Volcaniclastic rocks are pyro- to epiclastic pro-
ducts of the volcanic centers exposed in the area.
They surround the volcanic complexes and have a
large areal extend. They are composed of different
lithologies of various age, interstratified with conti-
nental (fluvial to lacustrine) deposits and show ver-
tical and lateral facies change from place to place.

These rocks are not divided into different units and
are considered to form a “volcaniclastic platform”.
Detailed descriptions of these rocks can be found
elsewhere (i.e. Beekman, 1966; Pasquare, 1968;
Innocenti et al., 1975; Le Pennec et al., 1990).

The age of volcaniclastic rocks, showing a paral-
lelism with the evolution of volcanic centers, ranges
between Mio-Pliocene to Quaternary. The products
of each eruptive phase has covered and buried the
earlier volcanic rocks. For example, in three locali-
ties in the area (W of Nigde, NW of Kegikalesi,
and NWW of Ciftlik) the volcaniclastic rocks cover
the cinder cones and the lava flows of previous
eruptions whereas the same rocks are covered by
the lava flows of the recent activities.

Some Quaternary depressions located within
the volcaniclastic platform are observed in the area
(Fig.2). These depressions are volcanic and structu-
rally-controlled sub-basins that have been isolated
from the main basin (Toprak and Génctliogly, in re-
view, b). One of them, the Ciftlik basin, is located in
the central part of the area, This basin is proposed
to coincide with a huge caldera, "the Ciftlik cal-
dera”, that has erupted significant amount of pyro-
clastics in the region (Pasquare et al., 1988).
However, field mapping has shown that it is a sub-
basin surrounded by different volcanic bodies of
various ages that will be mentioned in the next
section.
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Figure 2. Geological map of the study area
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IV. VOLCANIC ROCKS

Nine volcanic complexes are differentiated wi-
thin the study area. They cover more than one-
fourth of the area. These complexes are grouped
and mapped according to their distinct arcal distri-
bution, spreading centers, age and composition,
However, none of them is composed of a single
lithology, but rather they are characterized by an
association of different lava flows and pyroclastics,
All of them are covered by their volcaniclastics
which interfinger with the continental deposits of
Mio-Pliocene to Quaternary age. These volcanics:
are explained below from the oldest to the
youngest,

1. Kegikalesi volcanics: These volcanics
constitute the oldest products of CAV within the
area. They are located to the SW of Hasandag in
the form of a caldera of about 45 km?2 (Fig. 2).
According to petrographic analysis the common
lithologies are andesitic to trachiandesitic lava
flows, interstratified with glassy tuffs and ignim-
brites. Based on radiometric data Besang et al.
(1977) assigned a middle-late Miocene age
(Table 1) which is consistent with the stratigraphical
data (Génciioglu et al., 1991). Although it is the ol-
dest volcanic center in the area, the original shape
of the center is still well preserved. According to
Emre (1991) this is because the center was buried
until recently by a voleaniclastic cover that protec-
ted the caldera from erosion.

2. Kizilgin volcanics: The complex is located
to the northeastern part of the study area (Fig. 2)
and covers an area of about 65 km2, [t is composed
of highly altered and brecciated andesitic-dacitic
lavas with agglomeratic interlayers. The field data
which need to be analyzed in more detail suggest
that it is the remnant of an ancient and mostly des-
troyed and /or buried caldera located further north.
Radiometric data show that it is late Miocene in
age (Batum, 1978).

3. Tepekdy volcanics: These volcanics are ob-
served at the eastern part of the area with a semi-
circular distribution of about 80 m2. They are expo-
sed at the upthrown (eastern) block of a NNW-SSE
trending fault which separates these volcanics from
Melendiz volcanics. The western half of Tepekéy
volcanics is believed to be buried beneath
Melendiz volcanics. The observable eastern part of
Tepekdy volcanics is covered by late stage parasitic
flows of Melendiz volcanics most of which could not
be shown at the present map scale. These volcanics
are composed of hydrothermally altered and varia-
ged breccia and andesitic to dacitic lava, intruded
by porphyritic dykes. The most intensive alteration
and brecciation that corresponds to the center of
the body is observed in the north of Tepekoy. There
is no age data for Tepekdy volcanics. However, ha-
ving the same stratigraphic position and similar
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composition with the Kizilgin volcanics, it is sugges-
ted that the age of Tepekdy volcanics is also late
Miocene.

4. Cinarli volcanics: They are located to the
east of the study area (Fig. 2) with an exposure of
about 50 km2. The complex is in the form of an ero-
ded composite cone with multiple vents. The volca-
nics are composed dominantly of dacitic to andesi-
tic pyroclastics with thick andesitic lava flows. There
is no age determination of these volcanics.
However, since they underlie the lava flows of
Melendiz volcanics (Pliocene), an age of late
Miocene is assigned to Cinarli volcanics.

5. Melendiz volcanics: Melendiz volcanics
with their circular distrubution to the north and
northeast of Nigde cover an area of about 315 km2
The center is built over a central vent with a diame-
ter of 6 km and a subsidary smaller vent (1.5 km) lo-
cated to the south of central one. The stratigraphic
position of the lavas erupted from both vents indi-
cate that the conduits are contempareneous. The
vent materials consist of agglomerates, brecciated
and hydrothermally altered basaltic andesites.
Pyroclastics are represented by tuffs with blocks
and volcanic bombs. They range in size from small,
spindle shaped pellets upto agglomerate bombs of
tens of cm's. Lava flows which almost cover all the
center are composed of augite-hypersthene ande-
site and hornblende-augite andesite, The latest
products of Melendiz are represented by tongue-
shaped lava flows of basaltic andesites erupted
from numerous parasitic cones in the northeastern
part of the complex. Radiometric data (Besang et
al., 1977) suggest an early Pliocene age for the
Melendiz volcanism (Table 1). Location of vents of
Melendiz volcanics coincides with a buried fault
that extends in NW-SE direction being parallel to
Tuzgélt Fault. It is one of the major faults (Toprak
and Goncliogly, in prep.) that controls the evolution
of Melendiz and Kegiboyduran volcanics.

6. Kegiboyduran volcanics: Kegiboyduran
volcanics are observed around Kegiboyduran
mountain which is situated between Hasandag and
Melendiz mountains. The volcanic complex has an
alliptical base with a long axis of about 18 km in
NE-SW direction and covers an area of 120 km?2.
The central part of the volcano is constituted of a
circular vent, 5 km in diameter. The dominating
lithologies, in the central part of the volcano, are
highly brecciated and hydrothermally altered an-
desitic lava, agglomerate and tuff. The vents, to the
NE and SW, are covered by pyroclastics of an
effective period, which is followed by hornblende-
biotite andesite and hornblende-augite andesite
lavas, which have flowed radially from the central
conduit. Similarities in lava morphology, composi-
tion and overall volcanic form with the early
Pliocene Melendiz volcanics (Besang et al., 1977)
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suggest that Kegiboyduran voleanics are also early
Pliocene in age.

7. Gélliidag volcanics: Rhyolitic domes of
Gélliidag volcanism are located to the north of
Giftlik basin. The volcanic complex has a circular
pattern and covers an area of about 90 km?. The
central part of Gélliidag volcanics is composed of
rhyolitic and rhyodacitic lava, which is surrounded

at the periphery by rhyolitic tuffs, obsidians and
perlitic rocks. Small-scale rhyolitic domes are ob-
served to the north of Gélliiddag main body, howe-
ver, the genetic relationship between these masses
and the main center still needs clarification. Based
on radiometric data Batum (1978) has assigned an
early Quaternary age for the Gélliidag volcanics
(Table 1).

Yolcanie Radiometric data 1ge Bominant lithology | Area | Type of volcano
conplex Razge (m.y.) Kethod (kat)

Karatag 0.4240.04 - 0.08:0.01) X/ar (1) l:te-Qu:ternuy Basalt 400 | Nonogenetic centers

Tasandad f.58¢ = 0.08¢ K/t (1) | late Quaternary Rndesite-thyodacite | 230 | Composite cone

6ol liday 0.980.2 - 0,8640,1 | Pis.Tr. (}) | early Quaternary Rhyolite-rhyodacite 10 | Dome

Kegiborduran early Pliocens Bndesite 120 | Composite cone

Kelendit §.5¢0.2 = 5.140.15 | Kfhc (%) | early Pliocene Indesite 115 | Compasite cone

Gunarh piddle-late Niocene | Andesite 50 | Composite cane (?)

Tepekdry niddle-late Miocene | Andesite-dacite 80 | Caldera

Kizilen 13.740.3 - 6,580.2 [ X/ht  (?) | middle-late Miocene | Andesite-dacite 65 | Caldera (?)

Recitalesi |13,740.3 - 12.480,6 | R/ar  (*) | niddle-late Niocens | Andesite 45 | calders

(1) Erean et al. (19%0)
(1) Batum (1374)
() Besang et al, (1977)

Table 1. Summary of the major characteristics of the volcanic complexes exposed
within the study area

8. Hasandag volcanics: Hasandag volcanics
are observed in the western part of the area around
Hasandag mountain (Fig.2) which is a composite
volcano with numerous vents located on a pipe of 3-
6 km in diameter. Hasandag volcanics have a NW-
SE trending elliptical shape with a long axis of
about 25 km. Four main lithologic groups are reco-
gnized within these volcanics: 1) The earlier pro-
ducts of the volcanic activity is represented by daci-
tic ignimbrites and andesitic tuffs, 2) Lavas of the
first period are restricted to the NW flank of the
volcano. They consist of hypersthene-augite ande-
sites and biotite-augite andesites which may be
correlated with the "Meso Hasan Dagi" of Aydar
and Gourgaud (1990). 3) The following pyroclastic
period is characterized by extensive biotite-rich
welded tuffs and ash flow which cover the NW part
of the volcanics in the form of radial bodies. 4) The
lavas of the last period dominate on the eastern
and southern flanks. They have a dacitic-andesitic
to rhyodacitic composition. Radiometric data
(Ercan et al,, 1990) suggest that lava flows of the last
period are late Quaternary in age. The most recent
activity, (probably of solfataric type?) has been
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illustrated by ancient inhabitants of Catalhdyiik
village on the wall of their holy site at 6200 B.C.
(Mellard, 1967) which is believed to be the oldest
geological document (Génctioglu, 1981). Control of
the Tuzgdli fault zone on the evolution of
Hasandagi volcano is discussed by Toprak and
Gonciioglu (1992).

9. Karatas volcanics: Karatas volcanics are
the latest products of the CAVP in the studied area.
They are distributed as separate outcrops scattered
in the area. The name is given by Ercan et al. (1990).
They occur as individual scoria cones and their lava
flows. The lava flows consist of olivine basalt -
hypersthene basalt. The cones which are 0.1 to 2
km in diameter are mostly aligned along segments
of the Tuzgolii fault zone. This alignment of the
cones and local observations on the lava flows indi-
cate that they have been extruded in the form of
dykes (Toprak and Gonciioglu, in review, a).
Karatas volcanics are the parasitic products of the
latest activity of Hasandag composite volcano.
Radiometric data (Ercan et al., 1990) reveal that
their age ranges between 420.000 to 65.000 years
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B.P. (Table 1). This range, however, is obtained from
various outcrops of Karatas volcanics exposed in a
wide area between Hasandag and Karacadag
mountains (Fig. 1). The age of volcanics according
to the determinations in the vicinity of type section
(Karatas village and its southern section) is 120.000
to 65.000 years B.P.

V. CONCLUSIONS

Nine volcanic complexes are differentiated and
mapped within the study area. General characte-
rictics of the rocks are illustrated in Table 1. Based
on field relations and age data of these complexes;
the following conclusions can be drawn:

1. Almost all the volcanic complexes can be
distinguished by their eruption center and morpho-
logy. Three of the complexes (Kegikalesi, Kizilgin
and Tepekdy) are in the volcanic form of caldera,
four of them (Cinarli, Melendiz, Kegikalesi and
FHasandag) in the form of composite volcano, one
of them (Goélliidag) as dome and one (Karatas) as
monogenetic centers.

2. Spatial distribution of the main bodies and
the major structural trends indicate a genetic rela-
tionship between volcanism and faulting (Fig.2).
The monogenetic centers, are scattered throughout
the area, but there is a certain grouping and con-
centration of these centers along some well-defi-
ned trends. These trends coincide with the exten-
sional fault segments within the active Tuzg6li
Fault system which can be utilized in the determi-
nation of the recent tectonic framework and buried
faults in the region (Toprak and Génciioglu, 1992).

3. According to the previous studies (i.e.
Pasquare et al,, 1988) a periodicity of volcanic acti-
vity is proposed. Accordingly these periods are se-
pareted by important deformative and erosive
events. However, as depicted by the age data
(Table 1), through the evolution of the CAPV during
middle Miocene-Quaternary, there is no remar-
kable break in the volcanic activity. The age data
display a time gap during late Pliocene. The age of
Hasandag is assigned as late Quaternary (Ercan et
al., 1990). However, this age corresponds to the last
phase since the samples analyzed belong to the la-
test lava flows; but an age determination based on
the systematic sampling could date early
Quaternary and /or late Pliocene for the initiation
of Hasandag composite volcano. Therefore, it is
suggested that the volcanic activity of the CAVP
has been continuous in time. On the other hand,
the location of activity has been shifted and diffe-
rent eruption centers have been used during the
chronological evolution.

4. Monogenetic centers are not formed only
during recent activity. Field data suggest that all
major volcanic complexes had their own monoge-
netic centers during their activity, as suggested by
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the presence of scoria cones buried beneath the
volcaniclastic cover. A detailed study of the rela-
tionship between major and minor (monogenetic)
centers may reveal the geometry of buried fracture
system and, thus, help to evaluate the pre-Karatas
neotectonic events in the region.

5. Giftlik basin which was suggested to be a cal-
dera by Pasquare et al. (1988) is a Quaternary de-
pression surrounded by different volcanic bodies.
The spreading centers, however, for the huge mass
of pyroclastics mentioned in the area can corres-
pond to late Miocene - early Pliocene volcanic
bodies, namely, Ginarli, Tepekdy, Melendiz and
Kegiboyduran volcanics.
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