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Abstract: The Çamlıdere area, in the Galatean Volcanic Province (Ankara), Turkey, is composed of rhyolitic, andesitic, trachytic,
dacitic and locally basaltic rocks. The older volcanic rocks in the studied area are rhyolitic and the younger ones basaltic. The
phenocrysts from all the volcanic rocks exhibit some petrographic disequilibrium features such as: (a) coexistence of reversely,
normally and oscillatory zoned sieved or unsieved plagioclase in the same rock; (b) wide compositional variation of An% in feldspar
phenocrysts; (c) sieved, unsieved, normally and reversely zoned pyroxenes occur together in a single rock; (d) some orthopyroxene
phenocrysts are surrounded by clinopyroxene; (e) reaction textures, and normal and reverse zoning of amphibole; (f) euhedral
phenocrysts such as plagioclase, pyroxene coexist with resorbed phenocrysts of the same type. 

Such features indicate that a wide change of melt composition and/or temperature occurred in the magma reservoir or conduit
during the production of the Çamlıdere volcanic rocks and may reflect an open-system process such as magma mixing. Injection of
mafic magma into a felsic magma could generate a chemically zoned magma chamber and subsequent magma mixing process. This
process is also supported by major elements modelling. However, a simple mixing process is not consistent with the formation of all
Galatean volcanic rocks, and fractionation of basaltic parental liquids led to evolved magmas. 
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Çamlıdere Volkanik Kayaçlarının Evriminde Magma Karışımı için Dokusal ve
Bileşimsel Kanıt (Galatya Volkanik Provensi), Orta Anadolu, Türkiye

Özet: Galatya Volkanik Provensi (Ankara, Turkiye)’nde yeralan Çamlıdere bölgesi, riyolitik, andezitik, trakitik, dasitik ve bazaltik
kayaçlardan oluşmaktadır. Çalışma bölgesindeki en yaşlı volkanik kayaçar riyolitik, en genç olanlar ise bazaltik karakterdedir. Tüm
volkanik kayaçlardaki fenokristaller, petrografik açıdan bazı dengesizlik özellikleri sergilemektedir: (a) ters, normal ve salınımlı
zonlanmış elek dokulu veya elek dokusuz plajiyoklaz minerallerinin aynı kayaç içerisinde birarada bulunuşu; (b) feldispat
fenokistallerinin %An içeriğindeki geniş bileşimsel değişimler; (c) aynı kayaç içerisinde, elek dokulu, elek dokusuz, normal ve ters
zonlanmış piroksenlerin birlikte bulunması; (d) çevresi klinopiroksenle çevrilmiş bazı ortopiroksen fenokristallerinin varlığı; (e)
amfibollerde gözlenen normal, ters zonlanma ve reaksiyon dokusu; (f) plajiyoklaz, piroksen gibi özşekilli fenokristallerin aynı tipteki
kemirilmiş fenokristallerle birarada bulunuşu.

Bu gibi özellikler, Çamlıdere volkanik kayaçlarının oluşumunda, magma odasında veya magmanın yükselimi sırasında gerçekleşen
eriyiğin bileşimindeki ve/veya sıcaklığındaki değişimi göstermekte olup, bu durum magma karışımı gibi bir açık sistem sürecini
düşündürmektedir. Mafik bir magmanın daha felsik bir magma içine karışımı kimyasal olarak zonlanmış bir magma odası ve bunu
takip eden magma karışım sürecini meydana getirebilir. Bu süreç aynı zamanda ana element modellemesiyle de desteklenmiştir.
Bununla birlikte, sadece magma karışımı süreci değil, bazaltik ana magmanın fraksiyonel kristalleşmesi de Galatya Volkanik
Kayaçlarının oluşumunda etkendir. 

Anahtar Sözcükler: Çamlıdere, Türkiye, zonlanma, elek dokusu, reaksiyon dokusu, magma karışımı

Introduction

Magma mixing is an ubiquitous process in the evolution of

arc magmas, caused by injection of a basic melt into an

acidic one, that occurs either in a magma chamber or in a

conduit (Eichelberger 1978; Dungan & Rhodes 1978;

Sakuyama 1979; Feeley & Dungan 1996; Geshi 2000).
The evidence of magma mixing in a volcanic rock sample
can be recognized petrologically from disequilibrium
features such as sieve-textured phenocrysts, coexistence
of normal and reverse zoning of phenocrysts in a single
rock, reaction textures etc. 
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In this article, a detailed study of petrography, and
mineral and major element chemistry of different types of
lava flows from the Çamlıdere area, in the Galatean
Volcanic Province (GVP), NW of Ankara, Turkey is
presented. The aim of this study is to identify the role of
magma mixing in the evolution of the Çamlıdere volcanic
rocks using textural, mineral and major element
compositional evidence. Chemical modelling is carried out
to quantify the process. 

Geological Setting

The study area is located around the town of Çamlıdere, 80
km NW of Ankara, in the Galatean Volcanic Province (GVP),
situated within the Pontide Tectonic Unit (Ketin 1966)
(Figure 1a). The development of the GVP started in the
Late Cretaceous and is related to the closure of the
northern branch of Neotethys and to the collision of the
Anatolide-Tauride and Pontide platforms during Late
Paleocene–Eocene time (Şengör & Yılmaz 1981; Koçyiğit
et al. 1995, 2003). A number of previous studies
suggested that these subduction and collision processes
were continuing during the evolution of the GVP (Keller et
al. 1992; Tankut et al. 1998; Wilson et al. 1997; Koçyiğit
et al. 2003; Telsiz 2004; Muratçay-Varol 2006). This is
an important area for the understanding of collision-related
volcanism.

The province consists mainly of lacustrine sedimentary
deposits, pyroclastic deposits (fall and flow deposits) and
volcanic lava flows and domes (Figure 1b). The lacustrine
sedimentary deposits are seen in some isolated basins in
the southern part of the studied area. These basins are
surrounded by volcanic rocks. Toprak et al. (1996) and
Süzen (1996) indicated that the deposition in the lacustrine
basin began in the Early Miocene and continued in the
Pliocene. These sedimentary deposits are interbedded with
volcanic units and pyroclastic deposits in some places, so
that the deposition of sedimentary units was coeval with
the volcanic activity. The volcanic activity started at the end
of the Cretaceous (Keller et al. 1992; Koçyiğit et al. 2003)
and resumed from the Early Miocene to the Late Miocene
(Türkecan et al. 1991; Tankut et al. 1995, 1998; Wilson
et al. 1997; Süzen & Türkmenoğlu 2000; Adıyaman et al.
2001; Schumacher et al. 2001; Telsiz 2004; Muratçay-
Varol 2006). In the studied area, K-Ar ages for six volcanic
samples range from 22.5 Ma to 18.8 Ma (Early Miocene)
(Muratçay-Varol 2006). The volcanic activity started with
the explosive eruption of rhyolitic pyroclastic deposits,

followed by rhyolitic, and then andesitic, trachytic and
dacitic volcanism. The pyroclastic deposits, embedded in
the basin-fill deposits, were not observed extensively in the
field, because they are covered by younger volcanic rocks.
These younger volcanic rocks are mainly rhyolitic, trachytic,
commonly andesitic, dacitic and locally basaltic rocks. The
rhyolitic volcanic rocks crop out in the northeast and the
basaltic rocks in the northwest of the studied area and
were emplaced respectively as lava flows, small domes and
dikes. The andesitic lava flows are brecciated. Trachytic
rocks exhibit rounded andesitic enclaves of various sizes.
The dacitic lava flows display flow banding and are also
brecciated. The andesitic and dacitic lava flows are
observed as block-and-ash flow in some places.
Sedimentary deposition continued after the cessation of
volcanism and Quaternary alluvium unconformably overlies
these sedimentary units.

Petrography

The Çamlıdere volcanic rocks consist of rhyolitic, andesitic,
trachytic, dacitic and basaltic volcanic rocks in composition.
The pyroclastic units are rhyolitic fall and flow deposits. 

The oldest rhyolites contain plagioclase, biotite and
quartz microphenocrysts in a glassy rhyolitic groundmass.
The rhyolitic lava flows and domes are grey and exhibit
porphyritic textures, with plagioclase, biotite and quartz
phenocrysts in a groundmass of plagioclase, biotite, opaque
microlites and brown glass. In some rhyolitic lava flows,
clear, unsieved plagioclase phenocrysts occur. Some of
them exhibit sieved textures: a clear core with a sieved rim
(or vice versa); sometimes whole phenocryst is sieved. They
were observed coexisting in the same rock. The biotite
phenocrysts are reddish to dark brown in colour or have
been completely replaced by Fe-Ti oxides. They occur as
inclusions in some plagioclase phenocrysts. Rare quartz
phenocrysts are corroded and embayed.

The andesitic lavas are porphyritic and contain
clinopyroxene, orthopyroxene, plagioclase and amphibole
phenocrysts in a groundmass consisting either of
plagioclase and pyroxene microcrysts or totally of glass.
The pyroxene phenocrysts are predominantly zoned. There
are also typically normally zoned, clear, unsieved
plagioclase phenocrysts. Some of them show sieved texture
dominantly at the rims (Figures 2a, g, h). Pyroxene and
plagioclase phenocrysts display typical glomeroporphyritic
textures. The amphiboles have been completely replaced
by Fe-Ti oxides. Inclusions of small crystals of the opaque
minerals are common in other phenocrysts.
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Figure 2. Photomicrographs from different types of Çamlıdere volcanic rocks showing
disequilibrium textural features: (a) clear and sieve-cored and rimmed
plagioclase phenocrysts in andesite; (b) clear, unsieved and completely sieved
plagioclase phenocrysts and opacitized amphibole phenocrysts in dacite; (c)
clear, unsieved and sieve-rimmed plagioclase phenocrysts in dacite; (d) sieved-
core plagioclase phenocryst in dacite; (e) euhedral, clear and sieve-cored
plagioclase phenocrysts and amphibole phenocrysts with reacted core and
rim in a trachytic rock; (f) sieve-cored and rimmed plagioclase phenocrysts in
dacite; (g) oscillatory zoning in sieved and unsieved plagioclase phenocrysts
in andesite; (h) zoned plagioclase phenocrysts with sieved texture in andesite;
(i) euhedral, clear and sieve-cored plagioclase phenocrysts in dacite.



The trachytic lavas display typical flow banding textures
with aligned plagioclase microlites, and a porphyritic
texture. Clinopyroxene ± orthopyroxene + plagioclase +
amphibole + biotite generally occur as phenocrysts. Oxide
minerals occur as inclusions in the phenocrysts. The
groundmass contains the same minerals. Some
orthopyroxenes are rimmed by clinopyroxene. The
clinopyroxene phenocrysts are sometimes coated by thin
reaction zones of amphibole and contain abundant glass
inclusions. Together with normal clear plagioclase
phenocrysts, there are also sieved core or rim plagioclases
(Figure 2e). The reddish amphibole phenocrysts exhibit
reaction rims or are completely replaced by Fe-Ti oxides.
Biotite occurs occasionally as inclusions in the amphibole.
Fe-Ti oxides were observed as microphenocrysts. The
groundmass contains microlites of the same minerals and
occasionally sub-spherical vesicles.

The dacitic rocks consist mainly of plagioclase ±
clinopyroxene ± orthopyroxene + amphibole ± biotite ±
quartz + Fe-Ti oxides. They formed in a groundmass of
plagioclase + amphibole ± biotite + opaque minerals and
transparent glass and exhibit porphyritic textures.
Clinopyroxene and orthopyroxene were found in some
dacitic samples as phenocrysts or microphenocrysts and
are often zoned, although clear pyroxenes are less
abundant. Clear, unsieved, zoned, sieved rim and core or

completely sieved euhedral to subhedral plagioclases occur
together dominantly in dacitic lava flows (Figures 2b, c, d,
f, i). The amphiboles are characteristically reddish to dark
brown and are completely replaced or just rimmed by Fe-
Ti oxides. Clear amphibole phenocrysts are also present.
Rare biotite also exhibits reaction rims. These rocks contain
also a small amount of quartz. The groundmass is
composed of the same minerals.

The youngest basaltic lavas crop out as dikes and
exhibit scarce phenocrysts of olivine, clinopyroxene,
plagioclase ± orthopyroxene and opaque minerals. Olivine
reaction rims of pyroxene were observed. The
clinopyroxenes are generally zoned and include glass
inclusions. Zoned and sieved rim plagioclases also occur in
these rocks. Fe-Ti oxides are accessory minerals or
inclusions. 

Mineral Chemistry

Olivine

Olivine phenocrysts are scarce and limited to basaltic rocks.
Representative olivine analyses are listed in Table 1. The
compositions range from Fo74 to Fo68. Some crystals are
surrounded by reaction rims. All the crystals are
dominantly normally zoned with Fo-rich cores. 
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Table 1. Representative olivine analyses from basaltic rocks (c– core; r– rim)(cations per 4 oxygens).

Basaltic rocks

GM-171

c--> r c--> r c--> r

SiO2 37.58 37.46 37.82 37.08 36.86 36.44
TiO2 0.08 0.00 0.06 0.05 0.03 0.02
Al2O3 0.04 0.02 0.02 0.02 0.01 0.01
FeOt 24.19 25.92 23.78 27.42 25.96 27.88
MnO 0.51 0.68 0.47 0.77 0.62 0.75
MgO 37.58 36.29 37.82 34.74 36.43 34.84
CaO 0.31 0.32 0.33 0.25 0.31 0.28

Total 100.29 100.68 100.31 100.33 100.21 100.22

Si 1.00 0.99 0.99 0.99 0.98 0.98
Ti 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00
Fe(ii) 0.53 0.57 0.52 0.61 0.58 0.63
Mn 0.01 0.02 0.01 0.02 0.01 0.02
Mg 1.46 1.43 1.48 1.38 1.45 1.40
Ca 0.01 0.01 0.01 0.01 0.01 0.01

Fo 73.1 70.9 73.5 68.7 71.0 68.4
Fa 26.4 28.4 25.9 30.4 28.4 30.7



Pyroxene

The pyroxene phenocrysts include both ortho- and clino-
pyroxene. Representative pyroxene analyses are listed in
Tables 2 and 3. Orthopyroxenes and clinopyroxenes in the
andesitic rocks are enstatite, augite and diopside with
compositions of En78–81Wo3–4Fs16–18 and En39–50Wo39–46

Fs9–21, respectively. The ortho- and clino-pyroxene
phenocrysts of dacitic rocks exhibit a compositional range
of En71–82Wo2–3Fs15–26 and En40–49Wo41–46Fs8–18,
respectively, and are also enstatite and augite, diopside in
composition. The clinopyroxene phenocrysts in the basaltic
and trachytic rocks have ranges of En40–44Wo42–45Fs13–16

and En43–56Wo39–46Fs9–15, respectively and are augite or
diopside in the classification of Morimoto (1989) (Figure
3). Normally zoned pyroxene phenocrysts (ortho- and
clino-pyroxene) with Mg-rich cores coexist with reversely
zoned pyroxenes phenocrysts with Mg-rich rims in a single
rock. Oscillatory zoning of pyroxenes is also common in
the lava flows. Some orthopyroxene phenocrysts are
coated by clinopyroxene rims (Figure 4).

Plagioclase

Representative plagioclase analyses are presented in Table
4 and shown in Figure 5. Plagioclase is the most abundant
phenocryst phase in all lava types. The compositions range
from An27 to An59 as labradorite, andesine and oligoclase in
andesitic rocks, An28 to An56 as labradorite, andesine and
oligoclase in trachytic rocks, An24 to An67 as labradorite,
andesine, oligoclase in dacitic rocks, An43 to An65 and is
labradorite and andesine in basaltic rocks, respectively. The
plagioclase of the groundmass displays a wide
compositional range (An20–63). Both normal, reverse (e.g.,
labradorite cores to andesine rims or andesine cores to
labradorite rims) and oscillatory zoning were observed in
sieved and unsieved plagioclase phenocrysts in the same
lava flows (Figures 2g, h & 6).

Amphibole

Euhedral and subhedral amphibole phenocrysts, found
mainly in trachytic and dacitic lava flows, are calcic
amphiboles and classified as magnesio-hastingsite, and
tschermakite using the Leake et al. (1997) classification
(Figure 7). Representative chemical analyses are given in
Table 5. Most of the crystals exhibit opaque rims and some
of them become opaque either around the core or
throughout the crystal (Figures 2b, c, e, f, i). Unzoned

crystals have little difference in composition from core to
rim, but zoning when it occurs is normal and/or reverse
with decrease or increase of Mg# from core to rim,
respectively.

Biotite

Biotite phenocrysts occur in trachytes, dacites and
rhyolites. The amount of biotite increases with increasing
silica content. Most of the crystals exhibit reaction rims and
some of them were observed as inclusions in other
phenocrysts. Together with the normally zoned crystals,
reversely zoned biotite crystals were also observed to have
narrow Mg-rich rims. Representative biotite analyses are
listed in Table 6.

Oxide

The Fe-Ti oxides are mostly magnetite and
titanomagnetite, abundant in the groundmass and as
inclusions in other phenocrysts. Ilmenite occurs rarely in
trachytes as an accessory phase.

Discussion and Conclusion

The SiO2 contents of the Çamlıdere volcanic rocks range
from 49 to 72 wt% (Table 7), as basaltic to rhyolitic types.
The observed disequilibrium features, chemical mineral
compositions and major element data are discussed below
in order to determine the effective processes controlling
the evolution of these volcanic rocks.

Some orthopyroxene phenocrysts are rimmed by
clinopyroxene. For example, such a rim is attached to a
resorbed, anhedral clinopyroxene phenocryst (Figure 4),
and this type of feature was observed in many samples.
Such features are not common with subhedral, rimmed
phenocrysts after resorption of another phenocryst that
has the same composition. Nakamura & Kushiro (1970)
suggested that orthopyroxene and clinopyroxene are in a
cotectic relationship and cannot be produced by simple
fractional crystallization. Euhedral orthopyroxene and
clinopyroxene phenocrysts also coexist with resorbed
orthopyroxene and clinopyroxene. They display both
normal and reverse zoning in the same rock.

Amphibole phenocrysts exhibit rounded reacted cores
and rims (Figures 2e, f, h). These reaction textures indicate
the reduction of pH2O due to decompression and/or
temperature increase (Gill 1981). However, it is difficult to
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explain the rounded reaction zone with decreasing of pH2O
because Mazzone et al. (1987) suggested that the
morphology of amphibole phenocrysts remains under
subsolidus dehydration reactions.

The plagioclase and pyroxene phenocrysts exhibit
normally, reversely and oscillatory zoning in terms of An%
and Mg#, respectively and have a wide compositional range
(An% 24–67) from core to rim. In the Çamlıdere volcanic
rocks, clear, unzoned, normally, reversely and oscillatory
zoned, sieved and unsieved plagioclase and pyroxene
phenocrysts coexist in a single rock (Figures 2a–c, e–i).
Both normal, reverse and oscillatory zoning are found in
sieved and unsieved phenocrysts. Sieved ones contain melt
inclusions in either core or rim (Figure 2f). Melt inclusions
in the phenocrysts can be trapped with either increasing
temperature (e.g., dissolution) or rapid crystallization due
to rapid cooling (e.g., decompression) (Roedder 1984;
Nelson & Montana 1992) or increasing pH2O. Increasing
pH2O reduces the melting temperature of phenocrysts and
can generate a melt of more calcic composition. These
events can explain resorbed, embayed phenocrysts and
reverse and oscillatory zoning of plagioclase, but cannot
explain the wide compositional variation and coexistence
of normal, reverse zoned, sieved and unsieved plagioclase
and pyroxene phenocrysts in the same sample (Sakuyama
1984; Tsuchiyama 1985; Halsor & Rose 1991).

Such features may reflect an open-system process such
as assimilation, magma mixing, etc. and indicate a physical
and/or chemical change in the magma chamber or conduit.
This is because experimental studies show that such sieved,
dusty textures and complex zoning within phenocrysts
demonstrate that temperature and chemical composition
variations are the determinant parameters for forming
these disequilibrium textures (Tsuchiyama 1985;
Nakamura & Shimakita 1996). Furthermore, according to
Gerbe & Thouret (2004), wide An% variations and
resorption may be caused by injection of a more mafic
magma into a more differentiated magmas in the reservoir.
A simple fractional crystallization process cannot explain
all the petrographic features observed above. A reasonable
explanation for the changes of these parameters and the
wide compositional variations and disequilibrium features
of phenocrysts, could be magma mixing process. However,
the formation of all rocks from rhyolite to basaltic andesite
cannot be explained by a simple magma mixing process.
There are also clear, unsieved and unzoned phenocrysts in
the rocks, suggesting that fractional crystallization of
parental basaltic magmas occurred before the mixing
event. The injection of more mafic magmas at the base of
a felsic reservoir may constitute the subsequent mixing
event. Our observations may imply that the petrographic
features of the Çamlıdere volcanic rocks were essentially
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Figure 3. Plot of ortho- and clino-pyroxene compositions on the Wo-En-Fs diagram (after Morimoto 1989).
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formed by fractional crystallization coupled with a
subsequent mixing between mafic and felsic magmas.
Although the effects of fractional crystallization can be
further examined for the origin of the magma source and
detailed evolution of the rocks, our purpose in this study
is especially to demonstrate the effects of magma mixing.
Hence, major element modelling was done using least-
squares mass balance calculations (Bryan et al. 1969). The
whole-rock chemistry in the modelling is summarized in
Table 7. These data are consistent with a dominant process
of magma mixing. The acid end-member of the suggested

mixture is a rhyolite, and the mafic one a basalt (Muratçay-
Varol 2006). The blended mixes tested are trachyandesites.
A series of models were calculated using procedures
proposed by Wright & Doberty (1970). Four tests are
presented in Table 8. The results clearly indicate that the
mixing model is compatible with the available data because
of the low value of the sum of residual square (ΣR2 < 1).
So, thorough chemical hybridization is a possible means of
generating trachyandesites, after mechanical mixing
between basaltic and rhyolitic magmas. Such a result fits
the mineralogical data.

A
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ba
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60

40

20

0

5 10 15 20 25

A B

Ca

Mg

c

Figure 4. (a) SEM micrograph of a small orthopyroxene coated by a clinopyroxene rim
attached to resorbed orthopyroxene phenocrysts; (b) mapping image of an
enlargement of the circled area in a); (c) compositional profile of Mg, Ca in the
pyroxene.
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On the basis of these data, the scenario could be
conceived as follows: The mafic magma is presumably the
product of partial melting of the mantle and the felsic
reservoir could be the product of partial melting of crustal
material and/or fractional crystallization of mafic magma.
The fractionation of these two end-members continued
over a period of time. After the separation of olivine
phenocrysts through the basic magma, the magma density
decreased and the magma started to rise, intruding the
rhyolitic reservoir (Sparks & Huppert 1984). This intrusion
resulted in the formation of a stratified magma chamber
containing a mafic magma injected into a felsic magma

chamber, which could be stratified upward from basalt to
rhyolite, as explained by Huppert & Sparks (1980). Based
on this scenario, as explained before, it can be concluded
that the rhyolitic magma overlay the basaltic magma in a
stratified magma chamber and the volcanic activity started
with the explosive eruption of the rhyolitic pyroclastic
deposits, followed by rhyolitic lava flows and domes.
Subsequent mixing of the rhyolitic and basaltic liquids may
have generated andesitic, trachytic and dacitic magmas,
while the youngest basaltic dikes that crop out locally in
the studied area, are interpreted as mafic magma emplaced
at the base of the chamber. 
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Figure 5. Plot of plagioclase composition on the Ab-An-Or diagram of basaltic, andesitic, trachytic and dacitic rocks. 

Figure 6. (a) SEM micrograph of an oscillatory zoned plagioclase phenocryst; (b) compositional profile of Ca, Na in this plagioclase.
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Table 8. Mixing tests results for selected volcanic rocks from Çamlıdere region.

Test 1 Test 2
Basaltic Rhyolitic Observed Calculated Basaltic Rhyolitic Observed Calculated

end-member end-member trachyandesite trachyandesite end-member end-member trachyandesite trachyandesite
GM 57 GM 100 GM 70 GM 57 GM 100 GM 41

SiO2 48.37 71.64 60.26 60.26 48.37 71.64 59.24 59.35
TiO2 1.39 0.34 0.91 0.84 1.39 0.34 1.20 0.90
Al203 18.13 14.96 16.44 16.43 18.13 14.96 17.18 16.65
Fe2O3 9.44 2.14 5.57 5.63 9.44 2.14 5.43 6.01
MnO 0.17 0.02 0.07 0.09 0.17 0.02 0.05 0.10
MgO 4.41 0.13 2.58 2.18 4.41 0.13 2.01 2.40
CaO 8.81 1.91 5.11 5.21 8.81 1.91 5.80 5.57
Na2O 4.85 4.02 4.14 4.40 4.85 4.02 4.48 4.46
K2O 1.79 3.30 2.88 2.57 1.79 3.30 2.63 2.50
P2O5 0.86 0.09 0.48 0.46 0.86 0.09 0.60 0.50

% Basalt 47.9 53.0
% Rhyolite 51.8 47.0
SR2 0.35 0.96

Test 3 Test 4
Basaltic Rhyolitic Observed Calculated Basaltic Rhyolitic Observed Calculated

end-member end-member trachyandesite trachyandesite end-member end-member trachyandesite trachyandesite
GM 175 GM 100 GM 72 GM 175 GM 100 GM 51

SiO2 50.75 71.64 60.40 60.45 50.75 71.64 59.32 59.39
TiO2 1.26 0.34 0.81 0.87 1.26 0.34 0.91 0.87
Al203 16.08 14.96 16.27 15.78 16.08 14.96 15.99 15.58
Fe2O3 8.01 2.14 5.32 5.54 8.01 2.14 5.41 5.54
MnO 0.16 0.02 0.08 0.10 0.16 0.02 0.14 0.10
MgO 5.34 0.13 2.89 3.13 5.34 0.13 3.10 3.15
CaO 8.31 1.91 5.66 5.61 8.31 1.91 5.40 5.61
Na2O 3.82 4.02 3.71 3.95 3.82 4.02 4.23 3.90
K2O 2.29 3.30 2.08 2.76 2.29 3.30 2.12 2.71
P2O5 0.80 0.09 0.40 0.50 0.80 0.09 0.33 0.50

% Basalt 57.6 57.9
% Rhyolite 43.6 41.9
SR2 0.88 0.73

In conclusion, our petrographic observations, such as
disequilibrium textures and complex zoning in all rocks,
combined with geochemical data and modelling can
reasonably be explained by magma mixing that continued
throughout the generation of the Çamlıdere volcanism.
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