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ABSTRACT

1. INTRODUCTION

The study area is located around the town of Hatunsaray, approximately 40 km away
from the south-west of Konya. In this study, the petrological and geochemical
characteristics of the Bulumya ignimbrite, Detse ignimbrite and Sadiklar ignimbrite
observed in the region were revealed. The study area contains Upper Miocene - Lower
Pliocene aged Gilineydere formation and overlying Bulumya ignimbrite, Detse
ignimbrite, Sadiklar ignimbrite and Quaternary alluviums. All these units were formed
in the Upper Miocene - Lower Pliocene aged fluvial and lake environment and have a
lateral vertical transition with carbonate, clastic units. The gray-colored Bulumya
ignimbrite contains andesite-dacite rock fragments and large pumice grains. The Detse
Ignimbrite is yellow in color and shows a well sorted lapilli tuff composition. The
Sadiklar Ignimbrite, on the other hand, contains agglomeratic levels with yellow colored
slightly fused lenses and wedge geometry. All ignimbrite samples have porphyric
texture and were classified as “crystal-vitric tuff’ and “crystal lithic-vitric tuff” in the
glass-crystal-rock fragment classification. Petrographic investigations of ignimbrites
show that major components are quartz, plagioclase, plagioclase microliths, biotite,
amphibole, opaque minerals and rock fragments. Geochemical data shows that all
ignimbrite samples are subalkaline, trachy-andesite, andesite-basaltic andesite and
calc-alkaline in character. When the main oxide, trace and rare earth elements in
ignimbrites are evaluated, fractional crystallization controlled by feldspar minerals is
observed. In addition, the high K and Rb content in the spider diagrams indicate crustal
contamination. The distribution of the ignimbrite samples in the Rb/Y-Nb/Y diagram
suggests that the magma source forming the samples is enriched by subduction and/or
crustal components.

(Figure 1). Surrounded by the North Anatolian Fault
in the north and the African-Anatolian convergence

Extensive volcanic activity in Turkey developed
as a result of the Arabian plate colliding with the
Eurasian Plate before the Miocene. With this
collision, which marked the beginning of the
Neotectonic period, the formation of the East and
North Anatolian faults began. The Anatolian block
started moving westward along these two major
faults, and widespread volcanic activity in the
Neotectonic period occurred (McKenzie, 1972;
Sengodr et al, 1985; McKenzie and Yilmaz, 1991).
Depending on these activities, volcanic rocks
covered an area of approximately 85,000 km? in
Eastern, Central and Western Anatolia. The
predominantly calc-alkaline volcanic products
located in the west of Konya covering large areas

system in the south, this area is considered to have
developed under transtensive and transpressive
tectonic regimes that have been effective since the
Late Miocene (Sengor et al, 1985; Kempler and
Garfunkel, 1991) (Figure 1). According to Keller et
al,, (1977), volcanic activity in this area continued
from the Late Miocene (11.9 Ma) to the Pliocene
(3.35 Ma). A limited number of studies have been
conducted on these volcanics around Konya (Ota and
Dingel, 1975; Keller et al., 1977; Ulu et al., 1994; Kurt
et al, 2003; Kogak, 2012; Asan and Ertiirk, 2013;
Uyanik and Kogak, 2016; Kocak, 2017; Kocgak, 2021).
Petrological and geochemical data obtained from
volcanic rocks provide information about the
geodynamics of the study area. The aim of this study
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is to characterize the petrological and geochemical
properties of ignimbritic rocks in the Konya
(Hatunsaray) region and to interpret the origin of
magmas. In the vicinity of the study area, the
basement rocks form an ophiolitic complex with pre-
Miocene schist, marble, quartzite, and dolomitic
limestones (Eren, 1993; Kocak and Kaya, 2019).
Volcanic, volcano-sedimentary units and lacustrine
and fluvial sediments unconformably overlie these
units (Keller etal., 1977; Ulu et al., 1994; Temel et al,,
1995; Temel et al., 1998). Neo-autochthonous units
follow a regional angular unconformity on the
autochthonous and allochthonous paleotectonic
formations in the region. These units belonging to
the Late Miocene-Early Pliocene aged Dilek¢i group
formed in the neotectonic period begin with the Ulu
Muhsine formation, which is composed of lacustrine
limestones and marls at the bottom. The Kiigiik
Muhsine formation, which includes tuff-tuffite-
volcanic breccia and sandy-muddy clastics, is
conformably observed in the Ulumuhsine formation.
Erenlerdag1 volcanics formed by lava flows of
dacitic-andesitic composition overlie the Kiiciik
Muhsine formation. On the other hand, the
Plioquaternary  aged, horizontally  bedded,

diagenetic conglomerate, sandstone, mudstone
Toprakli formation overlies the lacustrine, volcano-
sedimentary and volcanic faces units forming the
Dilekci group with an angular unconformity. All
these units are covered by Quaternary alluvium,
especially around Hatunsaray (Turan et al. 1997;
Sogucakli, 2006). The geology of the study area and
its surroundings has been studied by Géger and Kiral
(1973), Ozcan et al. (1990) and Ulu et al. (1994) and
many researchers. Keller et al. (1977) and Temel et
al. (1995) conducted studies on the geology,
petrology and geochemistry and radiometric dating
of the volcanics in the region. According to Keller et
al. (1977), the age of the rocks was found to be 11.95-
3.35 Ma by fossil content and radiometric dating
method. In the study, ignimbrites cropping out in the
region were examined under four different names:
Kiziléren  ignimbrites, Erenkaya (Bulumya)
ignimbrites, Detse (Kuzagl) ignimbrites and
Sadiklar ignimbrites. This study aims to approach
the origin of ignimbrites by determining the
petrographic and geochemical properties of
Bulumya (Erenkaya) ignimbrites, Detse (Kuzagil)
ignimbrites and Sadiklar ignimbrites.
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Figure 1. A regional geological map (Keller et al., 1977).

2. METHOD

Within the scope of the study, the stratigraphic
relations of the units with each other were examined,
and samples were taken for petrographic and
geochemical investigations in the study area (Figure
2). Thin sections made for petrographic and
mineralogical examinations were examined under
polarizing microscope. These examinations were
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carried out in the Aksaray University Geological
Engineering Optical microscope laboratory. The
mineralogical, petrographic and textural properties
of the rocks examined under the polarizing
microscope were determined. According to
petrographic examinations, main oxide, trace and
rare earth element analyzes were made from the
least altered samples. The samples were ground to
approximately 200 mesh first in a jaw grinder and
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then in a ring grinder, were sent to ACME Analytical
Laboratories for major oxide, trace and rare element
analysis. Here, major oxide and trace elements were

analyzed by X-Ray Diffractometry (XRD) and rare
earth elements were analyzed by ICP-MS
(Inductively coupled plasma-mass spectrometer).

32°I9‘E 32“]2'E 32”;15’E 32“;18’E 32°|21'E
.................................. 5

t

]
& 4

o

r

| ]

n

: : Giineydere
=
?,g" L
&
Hatunsaday
e, Kayadibi
Z oy
34
OR S adiklar
Comakl ar
Catéren
=
34 Yesiltekke
5
O%SRIB#73 6 9 12
[ e— L))
Figure 2. Study area.
3. RESULTS ignimbrites formed as two separate eruption phases.

3.1. General Geology

The Upper Miocene - Lower Pliocene aged
Dilek¢i group forms the basis of the units in the study
area. The unit was named “Dilek¢i formation” for the
first time by Goger and Kiral (1969). These units
were later subdivided by Eren (1993) under the
name of the Dilekci group as Sille formation, Ulu
Muhsine formation, and Kiigiik Muhsine formation.
Since this study focuses on the petrographic and
petrological characteristics of the ignimbrites in the
region, no formation distinction was made in the
clastics and carbonates in the Dilek¢i group and they
were examined as a single formation as the
Glineydere formation. The Gilineydere formation is
Upper Miocene-Lower Pliocene aged and includes
Bulumya ignimbrite, Detse ignimbrite, Sadiklar
ignimbrite, Explosion breccia and nuée ardente
(Glowing cloud) members from bottom to top.
Alluviums consisting of loose sediments overlie
these units unconformably.

3.1.1. Bulumya Ignimbrite

The Bulumya ignimbrite, named for the first
time by Keller etal. (1977), consists of grey-coloured
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A nearly horizontal paleosol zone separated these
two phases with an inclination of 0-5 degrees
towards the south. In the lower levels of ignimbrite,
massive, poorly sorted, thickness varying laterally
according to topography, less fused, less crystalline,
pumice-predominant andesite, basalt dacite rock
fragments are observed in approximately 25 m thick.
In the upper levels, it has a better fused, coarse and
polycrystalline grain structure compared to the
lower level. Both levels in the Bulumya ignimbrite
have the same composition in terms of both chemical
and mineral presence, and it has been determined
that they are successive cooling units (Keller et al.,
1977). Below the unit, pyroclastic surge deposits are
located in lateral vertical transitions with clastic
carbonate units, where these deposits are absent
(Figure 3). Above it, Detse ignimbrite and Sadiklar
ignimbrite overlain by eruption breccia and
accompanying units where these units are not
present. The age of the Bulumya ignimbrite was
determined as 9-9.4 my in the age determination
made by the K/Ar method by Keller et al. (1977).
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Figure 3. Bulumya Ignimbrite a) separation of the lower and upper levels by the paleosol level b) agglomeratic
levels and tuff boundary view with massive blocks ¢) with massive block tuff and ground surge sediment d) course

pumice tuff and agglomeratic levels.
3.1.2. Detse Ignimbrite

Detse ignimbrite is a yellow-colored lapilli tuff
with well-sorted lower levels. This unit, which
contains coarse pumice grains, andesite, dacite and
basalt rock fragments towards the top, has a laterally
variable thickness. It is thick, where the topography
on which it flows is pits, and thin, where there are
bumps. There are lens and wedge-shaped
agglomeratic levels in places within the unit. In the
lower levels of Detse ignimbrite, it has a massive,
unbedded, tabular and occasionally irregular

geometry. It contains andesite, dacite and basalt rock
fragments in pumice and lapilli size. It is poorly
sorted and the grains are supported by tuff matrix. In
the upper parts, agglomeratic levels with lens and
wedge geometry are dominant. It is a medium round,
poorly sorted, consisting of andesite, dacite, basalt
and pumice blocks (Figure 4). Bulumya ignimbrite is
overlien by the Detse ignimbrite stratigraphically.
Where Bulumya ignimbrite is not observed, it is
laterally and vertically transitional with clastic and
carbonate units. This unit is covered by the eruption
and flow breccia and accompanying units.

Figure 4. Detse Ignimbrite a) land view b) Bulumya ignimbrite border relation
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3.1.3. Sadiklar Ignimbrite

Sadiklar ignimbrite generally contains yellow-
colored, less fused, agglomeratic layers with lens and
wedge geometry. In its upper levels, there are dust
cloud surge deposits. Sadiklar ignimbrite is mostly
homogeneous, fine-grained, sometimes ignimbritic
tuff containing andesite pebbles. The approximate
thickness of the unit is around 50 m. Sadiklar
ignimbrite continues with a pink-colored fine-
grained tuff level above the lapilli tuff levels

containing agglomeratic levels at the bottom.
Bulumya ignimbrite is located stratigraphically
under the Sadiklar ignimbrite. Where the unit is not
observed, it is laterally and vertically transitional
with clastic and carbonate units. The lower level of
the Sadiklar ignimbrite consists of lens-shaped,
coarse-grained tuff layers. This level contains coarse
tuff grains and fine lapilli with lens and wedge
geometry and shows reverse gradation from place to
place. Thick-bedded, poorly sorted, massive lapilli
tuffs are observed over this unit (Figure 5).

e adiklar lgn ’l‘l"‘f), 1

Figure 5. Sadiklar ignimbrite a) land view, b) Bulumya ignimbrite border relation.

3.1.4. Explosive breccia, nuée ardente and
associated continental deposits

Named for the first time by Keller et al. (1977),
this unit spreads over a very wide area in the study
area and the region. This unit consists of
agglomerate, red-brown colored tuff, conglomerate,
sandstone, siltstone and lava alternation. The unit is
approximately 50 m thick and laterally transitions to
conglomerate, sandstone and sometimes lacustrine
limestones (Ulu et al, 1994). In the age
determination, it is stated that the age of the unit is
5.76 Ma. According to this data, the age of the unit s
Upper Miocene - Lower Pliocene. The Detse
ignimbrite and the Sadiklar ignimbrite are located
under the unit. Alluvial deposits are unconformably
overlying the unit.

3.2. Petrography

In the geological literature, the term ignimbrite
was first used by Marshall (1935) to describe Taupo
tuffs with acidic composition, which are widely
spread and welded in some places. The definition of
ignimbrite is made in different ways by different
researchers. In these definitions, the term ignimbrite
is sometimes used to describe a lithological unit
corresponding to welded tuff. Sometimes it is used to
mean a sediment formed as a result of pyroclastic
flows. According to Sparks et al. (1973), ignimbrite is
defined as "a special type of pyroclastic flow deposits
containing abundant pumice, volcanic glass
splinters, regardless of volume and degree of
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welding". McPhie et al. (1993) define it as "rocks
formed by the combination of pumice fragments
ranging in size from bomb to lapilli size and lesser
lithic fragments by a matrix composed of vitric,
crystal and lithic ash". Ignimbrites result from the
collapse of an eruption column of a single explosion
or a series of successive eruptions. As a result of the
collapse of Plinian eruption columns, large volumes
of pumice flows with abundant pumice occur. The
pyroclastic material deposited from the Plinian
eruption column flows along the surface due to
gravity and is deposited in one place. Such flow
deposits are defined as ignimbrite. Generally, the
topography that fills the valley and depression areas
shows controlled settlement (Cas and Wright, 1988).

The ignimbrites around Konya have been
studied by many researchers (Goger and Kiral, 1973;
Ozcan et al,, 1990; Ulu et al., 1994; Keller et al., 1977;
Temel et al, 1995). In these studies, ignimbrites
cropping out in the region were studied under four
different names: Kiziléren ignimbrites, Erenkaya
(Bulumya) ignimbrites, Detse (Kuzagil) ignimbrites
and Sadiklar ignimbrites. This study aims to
approach the origin of ignimbrites by determining
the petrographic and geochemical properties of
Erenkaya (Bulumya) ignimbrites, Detse (Kuzagil)
ignimbrites and Sadiklar ignimbrites. The
petrographic features of the Bulumya, Deste and
Sadiklar Ignimbrites identified in the study area
were revealed from the thin sections. In
petrographical studies, the main mineralogical
composition of ignimbrite samples was determined
as quartz + plagioclase + plagioclase microliths +
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biotite + amphibole + sericite + iron oxide + opaque

mineral + volcanic glass + lithic component.
Ignimbrites show a hypocrystalline porphyric
texture. In petrographical studies, the main

mineralogical composition of ignimbrite samples
was determined as quartz + plagioclase + plagioclase

microliths + biotite + amphibole + sericite + iron
oxide + opaque mineral + volcanic glass + lithic
component. Ignimbrites show hypocrystalline
porphyritic texture according to the grain state
(Table 1).

Table 1. Mineral compositions of ignimbrite samples detected in microscopic examinations.

Sample [Q |Plg |PlgMic. |Bi |Ser. [Op [Fe |Volc.Glass |Lyticcomp. [Name of the rock
B1 + |+ + + |+ + + + - Crystal-vitric tuff
B2 + |+ + + + + + + - Crystal-vitric tuff
B3 + |+ + + |+ + + + - Crystal-vitric tuff
B4 + |+ + + + + + + - Crystal-vitric tuff
B5 + |+ + + |+ + + + - Crystal-vitric tuff
B6 + |+ + + |+ + + + + crystal lithic vitric tuff
B7 + |+ + + + + + + + crystal lithic vitric tuff
B8 + |+ + + |+ + + + - Crystal-vitric tuff
D1 + |+ + - |+ + + + - Crystal-vitric tuff
D2 + |+ + - |+ + + + - Crystal-vitric tuff
D3 + |+ + + + + |+ + crystal lithic vitric tuff
D4 + |+ + + |+ + + + - Crystal-vitric tuff
D5 + |+ + - |+ - - + - Crystal-vitric tuff
D6 + |+ + + |+ + - + - Crystal-vitric tuff
D7 + |+ + - |+ + + + - Crystal-vitric tuff
D8 + |+ + - |+ + + + - Crystal-vitric tuff
S1 + |+ + - |+ + + + - Crystal-vitric tuff
S2 + |+ + - |+ + + + - Crystal-vitric tuff
S3 + |+ + - |+ + + + - Crystal-vitric tuff
S4 + |+ + - |+ + + + - Crystal-vitric tuff
S5 + |+ + - |+ + + + - Crystal-vitric tuff
S6 + |+ + - |+ + + + - Crystal-vitric tuff
S7 + |+ + - |+ + + |+ + crystal lithic vitric tuff
S8 + |+ + - |+ + + |+ + crystal lithic vitric tuff

(Q; quartz, San; sanidine, Pl; plagioclase, Bi; biotite, Kal; Ser; serizite, Op; opaque mineral, Fe; iron oxide mineral)

In addition, vitrophyric texture,
microcrystalline texture, poiklitic texture, glass
splinters and pumice fragments were found in the
ignimbrites. In the microscopic examination of the
samples, sericitization, iron oxidation, opacitization,
and chloritization type alterations are observed.
Quartz in ignimbrites has been determined as
different sizes and coarse-grained, and resorbing
and fractures in quartz are noteworthy. Biotites are
known as euhedral to subhedral, dark brown. In
addition, there are bending, twisting and fractures in
biotite. Alterations such as chloritization, iron
oxidation and opacification have been observed in
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the biotites. Plagioclase minerals observed in
different sizes, show polysynthetic and zonal
extinction, and it has been calculated that they have
oligoclase and andesine characteristics based on
their extinction angle. Plagioclase minerals mostly
show sericitization and argillization type weathering
according to the matrix (Figure 6). The ignimbrite
sampless were determined as “vitric tuff’ in the
classification of Schmid (1981) considering the
glass-rock fragment-crystal components. In the
classification made according to Carozzi (1993), the
examined samples range from crystal vitreous tuff to
crystalline lithic vitric tuff.



Turkish Journal of Geosciences, Vol; 4, Issue; 1, pp. 13-28, 2023.

Figure 6. Ignimbrite samples a) Polysynthetic twinned plagioclase (double nicol) b) zoned plagioclase (single
nicol) c) sericitization type alteration (cross nicol) d) resorbed edges biotite mineral (double nicol) e) significant
fractures in the quartz mineral (double nicol) f) opacified amphibole g) biotite mineral (double nicol) h) biotite

mineral (single nicol).
3.3. Geochemistry
3.3.1. Major and Trace Element Geochemistry

Major, trace and rare earth element analyses
were carried out to determine the geochemical
properties of the ignimbrite samples. The analysis
results were interpreted using different diagrams,
and the character and chemical properties of the
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magma forming the ignimbrites were constrained. In
the samples, Al203 content varies between 5.31%-
21.31%, SiOz 53.16%-75.39%, MgO 0.01-1.09%,
Fe203* 0.01-5.55%, TiO2 0.43-0.82%, CaO 0.08-
2.6%, Na20 content 0.03-1.63%, K20% It varies
between 1.31-4.22, P20s 0.08-0.86%, MnO 0.01-
0.05% according to the matrix. The geochemical
analysis of the ignimbrite samples is given in Table 1
and 2.
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Table 2. Major oxide analyses of the ignimbrites.

Sample SiO2 TiO2 Al0s Fe203 MnO MgO Cao Na:0 K20 P20s LOI TOTAL
% % % % % % % % % % % %
S5 73,99 0,67 8,42 0,01 0,01 0,01 0,08 0,03 1,66 0,3 15,9 101,08
S6 71,31 0,78 8,33 0,01 0.01 0,01 0,13 0,13 2,29 0,19 16,2 99,38
S7 57,68 0,66 21,19 0.02 0.02 0.01 0,16 0,09 4,22 0,86 17,01 101,86
S9 62,02 0,65 9,08 0,5 0,03 0,5 0,48 0,47 3,43 0,23 20,6 97,99
D2 73,1 0,74 6,86 0,1 0,01 0,1 0,27 0,32 217 035 15,7 99,72
D3 68,19 0,8 11,73 0,08 0,02 0,08 0,22 0,35 287 0,82 14,2 99,36
D5 75,39 0,82 5,31 0,37 0,02 0,37 0,48 0,16 1,31 0,22 15,8 100,25
D6 71,77 0,81 6,72 0,19 0,01 0,19 0,29 0,79 2,8 0,29 16,3 100,16
D8 72,37 0,55 7,56 0,15 0,03 0,15 0,63 0,45 2,11 0,85 14,3 99,15
B2 60,35 0,63 8,86 3,09 0,04 1,09 1,67 1,23 2,12 0,08 191 98,26
B3 60,49 0,56 6,02 4,81 0,05 0,81 0,98 0,71 1,9 0,68 20,2 98,21
B4 59,63 0,59 8,53 5,02 0,04 1,02 1,58 1,13 2,11 0,08 18,3 98,3
BI6 55,16 0,59 21,31 5,55 0,04 0,9 1,01 0,83 1,97 0,84 11,9 100,1
BIS 58,77 0,63 18,54 5,43 0,04 0,87 2,61 1,63 2,18 0,16 10,2 101,06
Table 3. Trace element results of ignimbrites.
Samp. Sc Ba Cs Ga Hf Nb Rb Sr Ta Th U \" W Zr Y Cu Pb ZIn Ni As Au
ppm_ ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm_ ppm _ ppm ppm
S3 13 1211 124 629 6,6 186 425 14085 1,3 335 62 413 3,1 2127 5 12,8 101,5 26 09 1619 34
S5 3 969 3,2 406 38 138 8,5 272,7 1,1 178 51 231 38 1299 21 2,5 244,7 17 0,5 73 1,1
S6 5 1014 93 22,7 57 135 37 234,2 1,2 11,1 22 143 28 2011 15 3,7 159,1 15 0,5 47,1 2,2
S7 5 1347 1,7 252 5,1 12 19,3 969,3 1 34,2 2 186 19 1788 19 2,7 13252 10 0,6 3296 <0.5
S9 45 769 15,5 18,3 3 9,5 78,6 11625 05 181 44 365 24 1371 3,8 15 18,3 83 5,8 14,8 <0.5
D2 10 923 4,7 104 55 123 434 800 08 295 45 78 1,8 196,5 6,6 4,4 142,1 14 0,9 36,3 3,6
D3 11 1262 4,7 272 55 133 387 17066 09 36,7 52 224 22 1912 83 56 57,8 15 0,6 66,5 2,8
D5 7 718 82 236 69 16,7 40,7 604 16 193 54 168 35 256 6,3 12 22,2 40 4,6 8,5 3,1
D6 6 1281 3,5 8,1 51 13,6 481 404,4 08 288 51 91 2,1 2008 61 3,2 30,4 6 0,3 37,7 1,6
D8 8 1785 56 21,1 34 9,1 59,3 25396 04 752 5 207 1,4 1319 11 16,1 13,8 35 1,8 19 1,3
B2 16 684 134 153 54 10,1 1094 4749 0,7 153 6,7 118 1,7 1909 14,1 25,3 16,9 54 4,7 1,5 7,6
B3 9 922 10,1 199 4 10,2 113 2307 07 198 66 137 0,6 159 15,6 14,8 9,5 46 2,5 1,3 1,2
B4 15 680 12,3 151 43 104 109 471 08 161 63 105 1 160 13,4 221 15,8 50 3,9 1,2 3,2
Bl6 12 1191 126 173 58 11,8 1098 28341 08 21,7 86 124 19 2124 21,7 2572 9,7 45 3,4 2,5 1,9
BI8 12 769 78 174 4,1 10 98,8 747,8 08 166 87 120 18 152,7 335 29,6 13,4 100 4,8 0,8 13,8

According to the analysis results of the
ignimbrite samples, a total alkali (%Naz0+ Kz0) -
silica (%Si02) diagram was prepared to determine
the character of the magma, and it was determined
that the samples placed in this diagram fell into the
subalkaline area (Figure 5a). The ignimbrite samples
showing a subalkaline magma character were
collected in the calc-alkaline area in the AFM
diagram developed by Irvine and Baragar (1971)
(Figure 5b). Examples are located in the high-K calc-
alkaline series and Calc-alkaline series areas in the
SiOz vs. K20 diagram (Peccerillo and Taylor, 1976). It
is known that the K calc-alkaline boundary of the
K20-Si0: diagram is a feature that reflects the active
continental margin and continental orogenic
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regions. In addition, samples with high calkali
properties show high values in the orogenic series of
large ion lithophile elements (e.g. K, Rb, Ba, Sr and
Zr). Elements such as Zr, Nb, Y, TiO2, which are
known to be stable against chemical events such as
alteration, metamorphism and metasomatism, are
frequently used especially in nomenclature of the
volcanic rocks, determining their petrological
properties and tectonic formation environments. In
the Nb/Y-Zr/Ti02*0.0001 rock naming diagram
(Pearce, 1996), created by using Nb, Y, Zr and TiO:
elements, the samples are mostly found in trachy-
andesite, andesite - basaltic andesite areas according
to the matrix (Figure 7).



Turkish Journal of Geosciences, Vol; 4, Issue; 1, pp. 13-28, 2023.

de Ib
1 <
A Sadiklar ignimbrite
> n\:‘li,“;a f,r : ,‘.,‘ A Sad kiar ignimbrite
® Detse ignimbrite ® Bulumya ignimbrite
Detse ignimbrite
e
<
o Tholeiite Series
o~
Alkaline Subalkaline/Tholeiitic
0}
R
A = Calc-alkaline Series
g T T T T T T T
40 45 50 55 60 65 70
SiOz A M
C@ A Sadiklar ignimbrite d N /
® Bulumya igni N
® Detse ignimbrite i N
w | 2 \ Alkali
5 1 Rhyolit
N i 4 Phonolite
Shoshonite Series // L
-« | High-K calc-alkaline 'Z':i?:" Y Trachytel e
Series | — \ono\®
) | /_/ == o™
' 8 —al g™ —
o E 2 ==l . P
- N e f\\wﬁ&‘“ .
Calc-alkaline = pas? Pt i
A =
o m W Series = s
i — Alkali .
AR m L Basak Foidite
8.
= b=
Tholeiite Series Basalt
e I I 1 1 1 I § r T .
45 50 55 60 65 70 75 0.01 0.10 1.00 10.00
Si0, Nb/Y

Figure 7. Nomenclature diagrams of the ignimbrite samples a) Si02(%)-Na20+Kz0 (%) (Irvine and Baragar, 1971),
b) AFM diagram (Irvine and Baragar 1971) c) SiO2(%)-K20(%) diagram (Peccerillo and Taylor, 1976 (d) Nb/Y-

Zr/Ti02*0.0001 diagram (Pearce, 1996).

Harker diagrams were made to examine the
behaviour of major and trace elements against SiOz.
No coherent variations were observed in the
variation diagrams prepared by using the main oxide
and trace element contents of the ignimbrite samples
against SiO2. In the main oxide element change
diagrams of the samples, it is seen that MgO, Fez03,
Al203 and CaO elements show a negative trend as
Si02 amount increases. Also, in harker diagrams, the
Bulumya samples differ from other samples and
exhibit better correlations; SiO2 contents increase
with increasing CaO, Na:0 and K20.This can be
explained by the reduction of MgO, Fe203, Al203 and
Ca0 elements by incorporating them into anorthite-
rich plagioclase (Ca plagioclase), amphibole, biotite
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and opaque minerals (magnetite, titanomagnetite).
The negative correlation with Al203 indicates the
plagioclase fractionation in the development of
ignimbrite samples. As the amount of SiO: increases,
a positive increase is observed in the amount of Na20
The observed positive increase in Na:0 can be
explained by the incorporation of Na into the
minerals formed later.In addition, against Si02, MgO,
Ca0 and. The decrease in Fe203 with the increase of
SiO:z indicates the fractionation of magnetite and
titanomagnetite (Fe-Ti oxides). The reduction in
MgO content probably associated with the
clinopyroxene fractional while the reduction in
Fe203 content be associated with the pyroxene and
Fe-Ti oxide fractionation (Figure 8).
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Figure 8. Main oxide element variation diagrams of ignimbrite samples versus SiO2.

Itis seen that, in the trace element results of the
ignimbrite samples examined in general, the large
ion lithophile (LIL) element (K, Sr, Rb, Ba) amounts
were higher than the high field strength (HFS)
elements (Y, Hf, Zr, Ti, Nb). According to these
diagrams, there is a negative relation between
incompatible elements such as Rb and Ba and SiOz,
and a positive relation between compatible elements
such as Sr and Nb. As the silica content increases, the
incompatible element contents increase and the
compatible element contents decrease, which is
explained by fractional crystallization. It indicates
that the rocks with these changes in the main oxide
and trace elements may have been derived from the
main magma by fractional crystallization. It is
thought that the rocks with these changes in the
main oxide and trace elements may have been
derived from the main magma by fractional
crystallization. However, the main magmatic event
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in the development of these rocks is not thought to
be the effect of other magmatic events. (magma
mixing, crustal contamination, etc.) The positive
correlation of incompatible element K20 against SiO2
and increases in incompatible elements indicate that
they are enriched probably due to crustal
contamination and alteration. Since K-containing
minerals (K-feldspar and biotite) are the last
crystallized products in the magmatic melt, an
increase is observed in the Rb element in parallel
with the increase in SiOz. The first increase and then
decrease in Ba content against SiO2 indicates the
formation of sanidine in rhyolite-type tuffs
(Rollinson, 1993). Since Hf and Zr elements have
similar ion radii, they act together in the magmatic
system. Zr is seen in large amounts in the last
crystallized  products during crystallization
according to the matrix (Figure 9).
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Figure 9. Trace element variation diagrams of ignimbrite samples versus SiO2.

The main magma was tried to be determined by
drawing the trace element distributions of the
samples normalized according to the primary mantle
and chondrite. When looking at the spider diagrams
normalized to the Primary Mantle, a significant
lithophile element enrichment with a large ion
radius and significant negative anomaly are
observed in elements with high persistence. In the
fractional crystallization process, the presence of
positive anomalies in Sr and Ba elements shows the
effect of feldspar minerals, and the presence of
positive anomalies in Ti element (except for
Bulumya samples) shows the effect of Fe-Ti oxide
minerals. While the enrichment in K, Rb and Th
elements may have resulted from crustal
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contamination, the presence of Nb anomaly indicates
the effect of subduction and/or crustal components
on the development of the main magma of the
volcanic. When we look at the chondrite normalized
spider diagrams, it is noteworthy that a lithophile
element with a significantly large ion radius and
elements with high enrichment and persistence, Pb,
P and Ti are also consumed in REEs with significant
negative anomalies. Lithophile element enrichment
may result from continental crustal contamination.
Excessive enrichment of rocks (especially K, Rb and
Th) in terms of large ion lithophile elements (LILE)
and depletion in terms of Nb and Ti are characteristic
features observed in trace element distributions
according to the matrix (Figure 10 and Figure 11).
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Rare Earth Element Geochemistry

Values of rare earth elements of ignimbrite
samples in the study area are given in Table 4. All
sample distributions show parallelism with each
other in the Rare Earth Element (REE) variation
diagram normalized according to the chondrite of
the examined samples. When the Rare Earth Element
distributions were examined, it was seen that light
rare earth elements (LREE) were more enriched by
heavy rare earth elements (HREE). The high
LREE/HREE ratios of the samples indicate an
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enriched mantle source. This suggests that the
magma from which the ignimbrites are derived may
have been influenced by the crust. This suggests that
the magma from which the ignimbrites are derived
may have been affected by the crust. More
pronounced Negative Eu anomaly is observed in
Sadiklar and Detse samples compared to Bulumya
ignimbrite. Negative Eu anomaly in Sadiklar and
Detse  samples indicates that plagioclase
fractionation plays an important role in the
development of these rocks (Figure 12).
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Table 4. Rare earth element contents (ppm) of ignimbrite samples.

Samp. La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
S3 48,8 62,3 4,54 12,3 1,66 0,33 1,18 0,21 0,77 0,2 0,65 0,09 0,6 0,12
S5 11,1 10 0,76 2,6 0,43 0,05 0,29 0,04 025 009 024 003 026 0,03
S6 9,5 11,8 1,04 3,5 0,39 0,03 0,25 0,03 009 003 011 003 029 0,05
S7 28 18,2 1,56 52 0,63 0,12 0,35 0,05 038 005 014 004 026 0,04
S9 40,5 52,8 5,21 15,3 1,99 0,49 1,34 0,18 0,7 0,13 051 0,07 049 0,08
D2 35,9 51,4 4,28 12,5 1,66 0,27 1,07 018 1078 026 077 012 093 0,17
D3 84,4 88,7 571 17,2 2,12 0,37 1,42 022 135 036 098 016 1,25 0,2
D5 45,9 74,4 7,42 23,1 2,7 0,54 1,76 024 135 024 072 013 076 0,13
D6 28,1 39,2 3,17 10,5 1,25 0,21 0,95 0,15 1,04 021 078 011 076 0,16
D8 1784 339,2 3797 1288 1658 3,09 10,11 0,88 3,32 0,41 1,2 0,16 096 0,17
B2 38 66,1 6,84 21,2 3,64 0,95 2,72 0,46 2,64 0,5 1,52 024 182 0,26
B3 143 284 32,4 125 18,5 4,19 13,7 1,33 58 0,79 2,21 024 1,37 0,2
B4 40,6 70,2 7,1 24,2 3,79 0,99 2,83 046 198 047 145 022 146 0,25
BI6 137,7 2728 3086 1205 17,52 3,74 1237 139 549 089 225 033 204 0,25
BI8 37,5 73,4 8,2 33 5,49 1,79 5,77 099 531 1,2 331 055 349 0,55
P1 27,7 44,5 4,38 14,6 2,42 0,72 2,5 045 259 054 1,76 027 186 0,32
P2 27,2 45,5 3,97 12,3 1,73 0,39 1,25 022 115 026 083 0,13 1,07 0,14
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Figure 12. Rare earth element distribution plots of ignimbrite samples normalized to Chondrite (Normalization
values are taken from Boynton, 1984).

Source Magma  Features and  Crustal

Contamination

Various diagrams have been prepared in order
to determine which minerals play an active role
during the fractional crystallization process in the
magma from which the ignimbrite samples are
derived. In these diagrams, fractionation of
plagioclase, olivine and apatite is observed in the
samples with incompatible elements that are
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enriched in the melt during the fractional
crystallization process. Their ratios to each other are
known to remain constant. It is possible to determine
which subplate enrichment and/or crustal
contamination and in-plate enrichments are
effective in developing igneous rocks with diagrams
using trace element ratios such as Th/Y, Nb/Y and
Rb/Y. The RbY-Nb/Y diagram was created to
determine the origin of the main magma for the
ignimbrite samples. In the Rb/Y-Nb/Y diagram, the
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Rb/Nb=1 line shows intraplate enrichments, while
the vertical variation shows subduction zone
enrichments and/or crustal contamination
(Edwards et al, 1991). The ignimbrite samples

placed in this diagram show a vertical distribution
(Figure 11b). This suggests that the magma source
forming the ignimbrite samples is enriched by
subduction and/or crustal components (Figure 13).
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Figure 13. Nb/Y versus Rb/Y (Edwards et al., 1991) variation diagrams of ignimbrite specimens.

4. CONCLUSIONS

The study area is basically Upper Miocene -
Lower Pliocene aged Giineydere formation and
overlying Bulumya ignimbrite, Detse ignimbrite,
Sadiklar ignimbrite and Quaternary alluviums. All
these units were formed in the Upper Miocene -
Lower Pliocene aged fluvial and lake environment
and have a lateral vertical transition with carbonate
and clastic units. The grey-colored Bulumya
ignimbrite contains andesite-dacite rock fragments
and large pumice grains. The Detse ignimbrite is
yellow in colour and shows a well-sorted lapilli tuff
composition. The Sadiklar ignimbrite contains
agglomeratic levels with yellow-coloured, slightly
fused lenses and wedge geometry. All ignimbrite
samples have porphyritic texture and were classified
as “crystal-vitric tuff’ and “crystal lithic-vitric tuff” in
the glass-crystal-rock fragment classification. In
petrographic investigations of ignimbrites, general
mineral paragenesis consists of quartz, plagioclase,
plagioclase microliths, biotite, muscovite,
amphibole, opaque minerals and rock fragments.
When geochemical data are evaluated, it is observed
that all ignimbrite samples are sub-alkaline, trachy-
andesite, andesite-basaltic andesite and calc-alkaline
in character. When the primary mantle and
chondrite normalized spider diagrams are
examined, a significant lithophile element
enrichment with a large ion radius and significant
negative anomaly in elements with high persistence
and depletion in REEs are observed. When the Rare
Earth Element distributions were examined, it was
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seen that light rare earth elements (LREE) were
more enriched by heavy rare earth elements (HREE).
The high LREE/HREE ratios of the samples indicate
an enriched mantle source. In addition, the high K
and Rb content in the spider diagrams indicate shell
contamination. The Rb/Y-Nb/Y diagram suggests
that the magma source constituting the ignimbrite
samples is enriched by subduction and/or crustal
components.
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