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Abstract

ABSTRACT

The stratigraphy in the area starts with the Upper Miocene Kizildere
formation containing carbonates, sandstone, tuff and tuffite, followed by
Pliocene-Quaternary volcanic rocks. The sediments have been studied in
some detail.

The volcanic rocks are divided into three main suites; (1) a calcalkaline
suite consisting of Kizildere lavas, andesite, trachyandesite, dacite,
agglomerate, ignimbrite, rhyolite dome and dykes, pumice and the
Gurgurbaba lava; (2) the Meydan alkaline suite containing alkali olivine
basalt, hawaiite, mugearite, benmoreite and trachyte; (3) a transitional suite
containing the Aladag lava and the Zilan lava. All of these suites have
characteristic mineralogical and chemical compositions.

(1) In the calcalkaline suite, andesite, trachyandesite and dacite show a
variety of petrographical disequilibrium textures reflecting contamination
and magma mixing processes. The crystallization conditions obtained from
different mineralogical assemblages range 786-1074°C and fO»=1.56-1.98 for
andesite, 1015-1089°C for trachyandesite, 724-828(+75)°C, f{O2=1.71-1.76 and
P=5.08-8.90(£0.5) kbar for dacite. Ignimbrites indicate high temperature
emplacement with moderate to strongly welded textures, and crystallization
conditions of 750-921°C and fO2=1.42-2.29. A rhyolite dome and dykes also
show evidence of disequilibrium textures. Mineral thermobarometers for the
rhyolite dome and dykes gave 750-850°C, fO=2.21-2.29 and P=3-3.5 kbar.
Pumice tephra formed as pyroclastic fall and surge by mainly Plinian- and
Phreatoplinian-type explosive productions.

(2) The Meydan alkaline lavais show evolution from alkaline olivine
basalt to trachyte, with lack of ilmenite and alkali feldspar indicating
relatively high oxygen fugacity. Mugearite and trachyte show disequilibrium
textures as a result of magma mixing and disequilibrium crystallization.
Olivine-liquid thermometers yielded crystallization temperatures of 1142-
1248(+40) for alkali olivine basalt, 1025-1141(+40) for hawaiite, 1037-1085(x40)
for mugearite, and 913-964(+40) for benmoreite. Coexisting magnetite and
ilmenite in trachyte gave values of 825-1056°C and fO;=1.28-1.38 relative
FMQ.

(3) In the transitional suite, the Aladag lava formed under low and
falling oxygen fugacity, and at probably 869-1017°C and 14 kbar. Crystallization
temperature in the Zilan lava ranges between 1073 and 1095°C.

Plagioclase 380 values(7-9%o) in the Meydan alkaline lavas suggest a
contribution from 180-rich continental crust during the evolution of the
rocks. The degree of contamination is large for the evolved rocks.
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Furthermore, the variation of 87Sr/86Sr(0.7048-0.7056) in the Meydan suite is
evidence of open-system processes. 87Sr/86Sr values from the most primitive
samples are close to those characterizing an enriched mantle source. The
87Sr /86Sr(~0.7050) of the basaltic magma suggest that it may have undergone
some interaction with crust prior to its emplacement into a crustal magma
chamber. Small Sr-isotopic variations in the Meydan suite suggest
fractionation proceeded with assimilation of crustal rocks. Although isotopic
data contradicts with an AFC process in the evolution of the calcalkaline
suite, minor amounts of contamination have occurred in differentiated rocks.
O- and Sr-isotope covariations suggest a two stage process of (a) source
contamination controlled by hydrous flux from a subducted slab which gives
rise to a large range of Sr isotopes, and (b) followed by crustal contamination
and fractional crystallization. |

In the Meydan alkaline suite, mugearite, benmoreite and trachyte
magmas were modified by open-system fractionation and replenishment
with increasing fractional crystallization as a result of a long period in the
magma chamber. Crystal fractionation was the main factor controlling the
variations in bulk compositions. Hawaiites have been derived from an alkali
olivine basalt parent by fractionation of an augite-dominated assemblage at
high pressure. Olivine and titanomagnetite fractionations are also evident.
Plagioclase and apatite fractionations were significant in the more evolved
rocks. Generally, alkali olivine basalt represent fractionated liquids derived
from reservoirs at upper mantle levels. The degree of partial melting for the
near-primary basalt samples was calculated as between 4% and 12%. The
basaltic lavas are interpreted as large degree melts of a mantle source enriched
in LILE, LREE and 87Sr/86Sr.

Parental magma of the Meydan lavas may have undergone medium to
high pressure fractionation of olivine, augite and titanomagnetite, followed
by low pressure olivine, augite, plagioclase and titanomagnetite fractionation.
The chemical variability of the rocks is controlled by open system
fractionation and crustal contaminationtmagma mixing. The enrichments in
Ba and depletions in Nb are most likely the result of fluid metasomatism of
mantle material. Therefore, the chemical and isotopic variation of the
Meydan alkaline lavas reflect derivation from a variably enriched
subcontinental lithosphere.

Andesite, trachyandesite and dacite(medium-K suite) are cogenetic and
related to each other by mainly fractional crystallization and lesser
contaminationtmagma mixing during the evolution of crustal magma
chambers. Geochemical variations from andesite to trachyandesite reflect
fractional crystallization(and contaminationtmixing) within the mid to
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lower crust whereas variations from trachyandesite to dacite resulted from
upper crustal processes. Hornblende-dominated fractionation was the
dominant process in the evolution of the suite. Trachyandesite and dacite
formed by low pressure fractional crystallization and magma mixing. Lower
crustal contamination was significant in causing the compositional variation
from parent magma to andesite. The lower crustal contribution to parental
magma is probably a partial melt of subducted-slab derived material.
Therefore crustal differentiation controlled their eruptive compositions but
the extent of contamination was limited. Contamination involved
incorporation of partial melts of crustal wall rock, producing selective
enrichments in certain incompatible elements. Moreover, upper crustal
contamination caused significant enrichments of Rb and Th in evolved
magmas. Mineralogical and petrochemical data suggests disequilibrium due
to magma mixing which is also supported by mass balance modelling. Thus
magmas behaved as open-system in the evolution of trachyandesite and
dacite. Parental magma of the suite may have resulted from greater fluxing of
mantle by subducted slab-derived fluids. The composition of this parental
magma has been subsequently affected by crustal processes.

In high-K suite(ignimbrite, rhyolite dome and dykes, pumice tephra, and
Gurgurbaba lava), chemical variations indicate the involvement of fractional
crystallization, magma mixing, crustal melting, and the complexing of
volatiles and incompatible elements during magmatic degassing. Generally,
the rocks are non-minimum melts. The geochemical data points to an origin
by fractional crystallization of a hybrid magma with mantle and crustal
components. Differentiation of liquids involved biotite, amphibole,
plagioclasetK-feldspar, and Fe-Ti oxides. Pumice represent the most
fractionated liquids. Bulk magmas of the Gurgurbaba lava and pumices were
compositionally stratified in a magma chamber that shows a capping layer of
crystal-poor rhyolitic magma underlain by relatively crystal-rich rhyolitic
liquids. Sudden fluctuations in the volatile and chemical budget during
explosive eruptions have promoted brief periods of rapid crystallization along
the magma chamber walls. The parental magmas of the suite may have been
derived as partial melts of intermediate to transitional high-K calcalkaline,
metaigneous rocks in the continental crust. These source material may have
been derived from enriched subcontinental lithosphere.

The thesis contains microprobe analyses of olivine, augite, opx,
plagioclase, K-feldspar, hornblende, kaersutite, biotite, magnetite and
ilmenite, chemical analyses of sedimentary and volcanic rocks, REE analyses
of rocks, whole-rock 87Sr/86Sr, 180 of mineral separates, and a new geological
map of the area.

Page XXIV



Chapter 1. Introduction

CHAPTER 1. INTRODUCTION

1.1. INTRODUCTION

Eastern Anatolia is a high region with more than half of the area
lying at an elevation of about 1500 m. The late Cenozoic history of the
region is dominated by volcanism which shows wide variation in space,
time, and eruptive products. Alpine orogenesis in the area is considered to
be result of the convergence of the African and European plates.

Collision zone volcanism in Eastern Anatolia is thought to have
begun in the late Miocene(Innocenti et al., 1976), and forms part of a
volcanic province that occupies a zone 900 km long from eastern Turkey
through Armenia into northeast Iran. The province attains its maximum
width of 350 km in eastern Anatolia where it extends in a SW-NE direction
from the Arabian foreland to the Kars Plateau on the Armenia border.

The volcanic rocks of Eastern Anatolia range in composition from
calcalkaline to moderate-strongly alkaline types. Alkaline volcanic rocks are
dominated by basanite, olivine basalt, hawaiite and more differentiated
types whereas calcalkaline rocks are represented by various types of andesite,
dacite, rhyolite and their pyroclastic rocks, ignimbrite and agglomerate.

The large volume of volcanic rocks makes Eastern Anatolia one of
the few places in the world where it is possible to study variations in lava
composition more or less continuously across most of the width of an active
continent-continent collision zone. This research centres around the
Meydan volcano north of Lake Van and covers about 350 km2(Figure 1.1).

1.2. THE AIM OF THE RESEARCH

The aim of this research is to map the sequence of different volcanic
rock types in the area, identify their mineralogical, petrographical,
geochemical and isotopic characteristics, and use all the information,
integrated together, to deduce the petrogenesis of the rocks, their sources,
and the magmatic processes that have operated. An important aspect will
therefore include consideration of current theories of petrogenesis of
volcanic rocks and computer modelling of the magmatic evolution.
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Chapter 1. Introduction

1.3. PREVIOUS WORK

Previous studies in Eastern Anatolia include those of
Blumental(1958) who described the regional setting within Turkey and
presented a general work on the region. He gave a general map, delimiting
areas of Lower Red tuffs, andesites, later basalts and surrounding sediments
in Ararat region.

Agrali(1966) gave a detailed account of the geology and coal resources
of Ercis-Zilan area. Altinli(1966) described the volcanism, orogeny and
tectonism in the region as a part of producing the Van section of the
geological map of Turkey at a scale of 1:500 000.

Ozpeker(1973) investigated petrologically and volcanologically the
Nemrut volcano , especially on the basis of Maxcon(1936)'s early studies.

Ongur et al. (1974) 1nvest1gated the geothermal potential of the Zilan
valley and surrounding areas, and the geologlcal evolution of the region.

Lambert et al. (1974) described a suite of lavas from Mount Ararat in
terms of chemical petrology and petrogenesis. They recognized two distinct
series(low Y and high Y) and discussed a subduction mechanism for the
origin of the volcanics, and suggested a lithospheric shear zone theory.

Innocenti et al. (1976) contributed geological and volcanological data
on the geotectonic evolution of Eastern Anatolia from Miocene to present,
and studied in detail what happens when converging plate motions
continue after the continental collision.

Saroglu and Guner(1979) considered the Caldiran fault and its part
continuation as the Tutak fault. They prepared a morphotectonic map of the
present investigation area. They showed the presence of strike-slip faults
and emphasized the region as an earthquake zone. Turkunal(1980)
compiled a summary of the geology of Eastern and Southeastern Anatolia.

Innocenti et al. (1980) described the geological and volcanological
features north of Lake Van. They contributed to an interpretation of the
deformation suffered by the Eurasian mass in a sector of maximum
compression with particular emphasis on the significance of associated
volcanism. Furthermore, in this study the mineralogy and petrology of
volcanic rocks were given in detail.

Gulen(1980 and 1982) studied the Sr, Nd and Pb isotope systematics of
the Mount Ararat and Suphan volcanic rocks, and deduced significant
crustal contamination for the Suphan rocks but with no significant crustal
contamination for the Ararat suites.

Saroglu and Guner(1981) outlined factors which effected the
evolution of Eastern Anatolia. Taskin(1984) studied geology of perlite areas
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around Meydandagi(Van-Ercis), Harmantepe village(Bitlis-Adilcevaz) and
Koseler village(Agri-Patnos).

Karamanderesi et al. (1984) investigated the Zilan valley (Van-Ercis)
in terms of possible geothermal potential, and studied the detailed geology
of the area.

Guner(1984) studied the stratigraphy, geomorphology and evolution
of Nemrut volcano. Saroglu and Yilmaz(1984) worked on the neotectonics
of Eastern Anatolia and related igneous activity.

Tokel(1984) investigated crustal deformation mechanisms and the
petrogenesis of young volcanic rocks in Eastern Anatolia. In this work, he
applied Turcotte's(1983) model for Eastern Anatolia, and schematized
possible deformation mechanisms during Neogene. In addition new ideas
were suggested on the origin of volcanic rocks.

Aktimur(1986) made a geological and tectonic investigation of the
Van-Ercis area using Landsat-4 TM(thematic mapper) pictures, and
provided data for studies being carried out on the geothermal power
resources of the region.

Guner and Saroglu(1987) studied Quaternary volcanism in Eastern
Anatolia and its importance in terms of geothermal power. They
investigated the stratigraphy and evolution of the major Quaternary
volcanoes; Agri, Nemrut, Suphan and Tendurek.

Yilmaz et al. (1987) described the geology of the Solhan area with a
view to understanding the environmental conditions during the initiation
of the young volcanism within the general geological frame work of eastern
Anatolia. They studied the volcanic sequence in the Solhan region together
with the surrounding rock groups, and discussed their relative timing and
the tectonic evolution of the region. Besides the petrographic investigation
of volcanic rocks, and interpreting geochemical data he also noted the
genetic meaning and importance of the volcanism which started to develop
in the initial stage of neotectonism. He concluded that these volcanic rocks
represent the first alkaline volcanic activity in Eastern Anatolia.

Yilmaz(1990) petrographically and geochemically compared the
young volcanic rocks of western and eastern Anatolia, and concluded that
the volcanic evolution of these two regions followed a similar pattern
producing highly contaminated calcalkaline lavas at the beginning and
evolving towards uncontaminated alkaline lavas at the end.

Ercan et al. (1990) reviewed previous work and provided data about
common Quaternary and Neogene volcanic rocks in eastern and
southeastern Anatolia. From geochemical, petrographical and other data
they interpreted the genesis of volcanics in terms of plate tectonics.
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Pearce et al. (1990) presented new geochemical, isotopic and isotopic
age data for the Neogene collision volcanics of eastern Anatolia, and used
the data to re-examine the nature and cause of compositional variations in
space and time within the province. Having first placed the volcanism into
its neotectonic and regional geological framework, they described the
volcanology and petrology of the areas and then examined the major
element, trace element and isotopic characteristics of the rocks, and deduced
the petrogenesis and tectonic significance of the data.

1.4. SAMPLING AND ANALYTICAL METHODS

Sampling involved collection of fresh unweathered specimens from
various localities taking particular care to ensure that the samples were
clean. Samples were collected as widely as possible from different levels.

Thin sections have been analysed for mineral assemblages,
proportions of minerals and matrix, rock texture and grain size distribution.
For the grain size investigation, the microscope had a calibrated eye-piece
micrometer. Throughout the study, modal analyses were made using a
polarizing microscope with a Swift automatic point counter unit attached to
its stage. The accuracy of the results depends largely on the numbers of
minerals to be counted, the grain size of the mineral constituents and the
degree of alteration and crystallization of minerals.

Chemical analyses were made by XRF analysis for both major and
trace elements. The principle and practice of X-ray fluorescence are well
documented(e.g., Norich and Chappell, 1977; Jenkins and De Vries, 1967)
and the application to the determination of major and trace elements in
geological samples have been described(Leake et al., 1969; Harvey et al.,
1973). The first step consists of reducing the size of the samples into small,
typically 0.8x0.5 cm chips and then crushing down to 100 mesh for major
elements and 250 mesh for trace elements. Conventional wet chemical
analysis determined the FeO, H,O and CO, .

Individual mineral analyses were carried out using a Cambridge
Instrument Microscan 5 electron microprobe. This machine analyses the X-
rays generated by an electron beam striking a finely polished and carbon
coated thin sections(90u thick). Each element produces a characteristic X-ray
energy spectrum which is measured by a solid state detector for a counting
time of 100 seconds. The total spectrum is processed by an on-line Data
General Corporation Nova 2 microcomputer using a program developed by
C.M. Farrow. '

Details of analytical techniques including isotope studies are given in
Appendix 1.
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CHAPTER 2. GEOLOGICAL SETTING

2.1. NEOTECTONICS OF THE EASTERN ANATOLIA

The Eastern Anatolian Collision Zone is characterized at present by a
plateau, a reflection of thick(50 km) continental crust, and diffuse, shallow
seismicity which is indicative of active deformation(Pearce et al., 1990).
Tectonic movement of most of Anatolia is taking place to the west by right-
lateral strike slip along the North Anatolian Fault(NAF) combined with left
lateral strike slip along the East Anatolian Fault(EAF)(Nowroozi, 1972;
McKenzie, 1972; Rotstein and Kafka, 1982; Jackson and McKenzie,
1984)(Figure 2.1). Current rates of slip are about 0.9 cm a! for the NAF and
0.2 cm al for the EAF; these rates combine to give a westward movement
rate for the Anatolian plate of 0.5 cm a- ! (Pearce et al., 1990). The NAF and
EAF(McKenzie, 1976) have been active since the mid-late
Miocene(Ambraseys, 1970; Tatar, 1975; Ketin, 1976) and show a well-
developed surface expression up to 1 km wide, with associated pull-apart
basin(Hempton, 1982; Hempton and Dewey, 1983). Tectonic slip along these
faults cannot remove much of the strain induced by the Arabian
convergence of 1.4 cm a"l(Dewey et al., 1986) and other processes must
therefore be active in accommodating the crustal shortening, such as crustal
thickening or diffuse, distributed strike-slip faulting(Saroglu et al., 1980;
Yilmaz et al., 1987).

The Eastern Anatolian Collision Zone(EACZ) region is cut by a
complex of faults which are either SE-trending with a dominantly right-
lateral strike slip displacements such as the Varto, the Caldiran and the
Balik Golu Faults or NE to NNE-trending with dominantly right-lateral
strike slip displacement such as the Malazgirt and Kagizman Faults. Faults
of either set may have subordinate vertical displacements, often with a
thrust sense(the Varto fault: Tchalenko, 1977). Some E-W trending faults
with a mainly thrust displacement are also present, in particular the fault
bounding the northern margin of Mus Basin, and its continuation into Lake
Van(Pearce et al., 1990). There is relatively minor folding of post middle
Miocene strata north of the Bitlis Thrust Zone which is associated with
ramp structures on thrusts. In general, however, there is no coherent
network of linked faults and folds north of the Bitlis Thrust Zone and no
obvious direct link between the North Anatolian and the Main Recent
Fault of the Zagros(Tchalenko, 1977).
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Normal faults and fissures in the EACZ are minor features compared
with the other faults. N-S fissures control the morphology of the
Karacalidag volcano on the Arabian foreland and fed the youngest, post-
caldera eruptions of Nemrut, implying minimal E-W extension in the
foreland and the southern margin of the EACZ(Pearce et al., 1990). Two
other volcanic edifices with N-S elongation are seen to the east of Cildir
Golu on the northern margin of the Kars Plateau, indicating minor
extension in this region. The Akcakale Graben, a small rift structure with N-
S normal faults, which is located to the SW of Karacalidag, is another
indicator of E-W extension, although this rift appears to act, at least in part,
as a transfer structure between some of the outer thrusts of the Arabian
foreland sedimentary sequence. The only normal fault- dominated structure
in EACZ is the Baskale Graben east of Lake Van on the border between
Turkey and Iran(Pearce et al., 1990). S -

2.2. PRE-COLLISIONAL GEOLOGY OF EASTERN ANATOLIA

The Eastern Anatolian Collision Zone is characterized geologically by
three terranes separated by suture zones containing melanges, accretionary
complexes and flysh-molasse basins. The southernmost terrane is the para-
autochthonous Arabian foreland which is made up of an almost
continuous stratigraphic sequence of mainly shelf sediments of early
Palaeozoic to Miocene age resting on a Precambrian basement. At its
northern margin, termed the Foothills Structural Belt, the sedimentary
rocks have experienced foreland-type thrusting and folding. The central
terrane is the Bitlis 'Massif, an allochthonous terrane of Palaezoic
metamorphic rocks, predominantly metasediments(Hall, 1976). The
northern terrane is the Pontide belt which comprises a metamorphic
basement of Palaezoic age overlain by Mesozoic shelf sediments which are
in turn overlain by volcanosedimentary complexes of late Cretaceous and
Eocene age, assumed, on the basis of their calcalkaline composition and
continous linear character, to be subduction related(Peccerillo and Taylor,
1976). The Black Sea is thought to have formed as a marginal basin behind
this Pontide arc. The Pontide Terrane experienced folding towards the end
of the Eocene(Brinkman, 1976) and granitoid intrusion from the late Eocene
to early Miocene.

Rocks of the Arabian foreland are seperated from the Bitlis Massif by
a complex imbricated zone, the Bitlis Suture Zone, which contains
ophiolitic and island arc assemblages of probably late Cretaceous
age(Robertson and Aktas, 1984). Mafic lavas overlain by middle Eocene
pelagic chalks within this zone show that an oceanic realm existed between
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Arabia and the Bitlis microcontinent at that time, although the lavas are of
transitional geochemical affinity, possibly indicating that they tormed part
of the crust of a small, extensitional basin rather than a major
ocean(Robertson and Aktas, 1984). No subduction related volcanic rocks
younger than late Cretaceous have yet been identified within the Bitlis
Suture Zone. Neogene strata, mainly volcanic rocks, obscure the contact
between the Bitlis Massif and the Pontide Terrane. The limited exposure
that does exist suggests that the pre-Neogene geology of this zone
dominated by an accretionary complex of Eocene or younger age(Sengor and
Yilmaz, 1981).

The Pontide Terrane is the product of northward subduction from
the beginning of the late Cretaceous to the end of the Eocene. It clearly must
have accommodated a large part of the convergence between Arabia and
Eurasia during the Palaegone since there is little evidence for subduction of
this age in the Bitlis Suture Zone(Pearce ¢t al., 1990). Collision of the Bitlis
Massif with the Pontide Terrane to form the Pontide Suture Zone probably
took place in the late Eocene, terminating the calkalkaline volcanism and
causing the folding and subsequent granite plutonism in the Pontide
Terrane (Sengor and Yilmaz, 1981).

2.3. TIMING OF THE COLLISION EVENT

The age of the initial contact between the northern edge of Arabia and
the Anatolia-Pontide-Caucasus margin of Eurasia has not yet been
concluded accurately. The minimum proposed age of 12 Ma(Sengor and
Kidd, 1979; Sengor and Yilmaz, 1981) is based on: (1) The age of the
transition from carbonate to flysch-molasse sedimentation seen in the
passive margin sedimentary section that is preserved in the thrust belt
south of the ophiolites of the BSZ; (2) The abrupt cessation of marine
sedimentation throughout Eastern Anatolia at this time; (3) the cessation at
this time of subduction related calcalkaline volcanism and plutonism in the
Karkas-Jebel e Barez region of the Zagros to the east.

The maximum proposed age of late Eocene(Robertson and Aktas,
1984; Michard ¢t al., 1984) marks the end of subduction related calcalkaline
volcanism in Eastern Anatolia, both in the Pontide volcanic province in the
north and in the volcanic sequences within the BSZ in the south. It is
generally agreed that an earlier, late Cretaceous ophiolite emplacement
event seen in the foreland thrust belt south of the Bitlis Suture Zone(Hall,
1976), in the Southern Zagros(Hallam, 1976) and Oman(Gealy, 1977) does
not require that the Arabia-Eurasia collision took place at that time,

although it does require collision between the Arabian margin and an
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ophiolitic forearc. The resumption of carbonate dominated sedimentation
over the ophiolitic melange in the Arabian foreland south of the Bitlis
Suture shows that the passive margin was essentially re-established during
the Palaegone prior to the main collision event(Pearce et al., 1990).

A further constraint on the age of initiation of the collision can also
be obtained from the amount of convergence since collision. An estimate,
made on the basis of the degree of crustal thickening(taken as 50%)
multiplied by the width of the collision zone yields a value of 250-300
km(Pearce et al., 1990).This estimate does not take account lateral slip which
is assumed, from the limited total offset on the North Anatolian
Fault(about 85+5 km: Sengor and Kidd, 1979), to make only a small
contribution to the accommodation of the convergence. A similar value for
the convergence is obtained by matching the Cretaceous ophiolites of the
' foreland margin with the possible equivalent complexes in Tfoodbs—Hatay-
Baer Bassit region of the Eastern Mediterranean that have experienced the
late Cretaceous, but not the Neogene, emplacement event. At current
convergence rates in the direction of maximum shortening of about 1.5 cm
a-1 (Dewey et al., 1986), collision would have to have started about 20 Ma
ago(Pearce ¢t al., 1990).

While it is a common consequence of collision for turbiditic clastics
to be deposited in a basin floored by the flexurally loaded continental
lithosphere of the impinging passive margin, it is difficult to envisage how,
at a yearly convergence rate of 1 cm or more, the initiation of crustal
thickening could have been much older than the change from shallow
water marine to orogenic clastic sedimentation(commonly flysch at the
base) that is observed in the oldest thrust sheets nearest to the suture. It is
possible , however, that the continents had made or almost made, contact at
the end of Eocene and that eastern Anatolia in the Oligocene and early
Miocene was marked by low angle subduction that generated little or no arc
volcanism, while steeper subduction along the same margin in Iran
continued to generate calcalkaline magmatism into the Miocene(Pearce et
al., 1990).

2.4. EVOLUTION OF COLLISION-RELATED VOLCANISM

In Eastern Anatolia, collision volcanism is found mainly at
Karacalidag, the Mus Basin, Nemrut, Suphan, Bingol, Tendurek, Ararat and
the Kars Plateau(Figure 2.1).

In the southern part, on the Arabian foreland, post-Pliocene
volcanism has formed the complex basaltic shield of Karacalidag. This

Page 10



Chapter 2. Geological Setting

volcano is fed by N-S trending fissures(Sengor, 1976) parallel to the nearby
Akcakale Graben.

The central part between the latitudes of Erzurum and the southern
edge of Lake Van, may contain the earliest collision volcanism. Yilmaz et al.
(1987) proposed a stratigraphic age of ?middle to late Miocene for the
initiation of volcanism in the Solhan-Mus district southwest of Erzurum,
and Innocenti et al. (1976) suggested volcanism began in the Upper
Burdigalian(early Miocene) (Figure 2.2). However, apart from one isolated
early-middle Miocene isotopic date (13.1 Ma) published by Innocenti et al.
(1976) from a lava near the Iranian border, the oldest set of isotopic ages(8.3-
6.0 Ma) have been obtained by Innocenti et al. (1982b) from the Cat area
south of Erzurum. The age of initiation of volcanism still requires
~confirmation. Innocenti et al. (1976) proposed that an initial calcalkaline
phase of volcanism related to northward subduction took place before about
6 Ma, forming a broad volcanic belt parallel to the Bitlis Suture Zone.
According to their model, continued volcanism in the same area gave more
alkaline volcanic rocks with ages of 6-0 Ma in response to extensional
tectonics. This concept of an early subduction related calcalkaline event is,
however, by no means a consensus view(e.g., Sengor and Kidd, 1979; Pearce
et al., 1990).

The northern zone is dominated by the Kars Plateau, which covers an
area of approximately 500 km? with an average elevation of 1.5 km. The
volcanic sequence has been described by Innocenti et al. (1982b) as
comprising lava flows with subordinate ignimbrite units and intercalated
sediments giving ages from 6.9+0.9 to 1.3+0.3 Ma and comprising an early
Aras lower sequence(7-4 Ma), followed by a Plateau sequence(4-2 Ma) and
finally by scoriaceous spatter cones of Pleistocene age. Most of the plateau
overlies shallow water sediments of Oligocene age which in turn probably
overlie the Pontide Terrane over most of its area.
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CHAPTER 3. STRATIGRAPHY

3.1. INTRODUCTION

The studied area is covered by Neogene-Quaternary volcanic rocks,
associated with marine and continental sediments of the same age.
Although the basement is not observed in the area, it probably extends
outside the area investigated and comes in contact with units of the Bitlis
Suture Zone(BSZ), in the south.

In the area investigated, the observed stratigraphy starts with a
volcanosedimentary sequence consisting of limestone, sandstone, marl, lava
flow, tuff and tuffite, and then follows the products of a continental type of
volcanism until today. Volcanism is represented by three evolutionary
cycles; early calcalkaline rocks, alkaline rocks and young calcalkaline rocks.
Each of these cycles has its own petrological and geochemical characteristics.

The Aquitanian-Late Burdigalian sediments underlying the volcanic
rocks do not contain any volcanic material. It has therefore been concluded
that volcanic activity in the area started post Late Burdigalian(Innocenti et
al., 1980). In addition, the Serravalian age of the initiation of the volcanism
has been confirmed by K-Ar dating on calcalkaline rocks, giving an age of
13.1 Ma(Innocenti et al., 1976).

In the area studied, the stratigraphic sequence can be defined as
follows in two sub-areas(Table 3.1). These sequences are given in the light of
field observations and recorded radiometric ages.

3.2. ALTERED ANDESITE

The lowest lava underlying the Kizildere formation is
characteristically brownish red and extensively hydrothermally altered. The
lava covers a small area east of Gecekoyagi Tepe and underlies the alluvium
of Zilan Dere. The lava is andesitic in composition but do not exhibit lava
flow features due to heavy alteration.

3.3. KIZILDERE FORMATION

The formation consists of volcanic lava flows, tuffite(tuff and
sediment), tuff, marl interbeds, clayey limestone, limestone and sandstone.
It covers a large area in the northeast of the studied area. The main locations
where it is observed very well are near Magara village, in the south of
Gelintasi Tepe, Kavak Tepe, Dimso Tepe and the south of Tavsan Tepe.

The Kizildere Formation changes.from carbonated clastics to
sandstone containing mainly volcanic material, tuffite and tuff.
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In addition, it contains lava flows varying in composition from basaltic
andesite to andesite. Therefore the formation reflects a volcanosedimentary
feature implying a significant volcanic activity at the time of sedimentation.

According to field observations and geological cross-sections, the
thickness of the unit is about 450-500 m. In the investigated area the
basement of the unit is not observed. However, in the northeast, outside of
the area studied it overlies unconformably the Gergili
formation(Karamanderesi et al., 1984) and granodiorite.

The lower members of the formation are lavas and sediments with
dominant volcanic clasts whereas at the upper levels, mainly sandstone and
clayey limestone together with volcanic material are observed.

In Magara village, the formation is dark grey or black fragmented and
altered, overlaid by pumice and tuff, and layering is not well developed. In
this location, the bottom part of the unit is represented by black fractured
limestone with 10-15 cm thick layers and then dark grey-black hard
limestone with 20-30 cm thick layers and having thin secondary calcite
veins. This limestone level passes into greenish purple sandstone. The
upper part of sandstones is carbonate cemented and well laminated,
exhibiting fragmented and altered exposures.

In the south of the area, massive, homogeneous, cream limestone
crops out at the base. Above this limestone, clayey limestone and sandstone
are present.

South of Gelintasi Tepe the unit is in contact with altered lavas, and
is cut by NNW-SSE trending fault which has caused vertical fractures in the
limestone. The lithologies comprise dark grey, hard and partially crystallized
limestone and brown-green sandstone. The limestones contain abundant
microfossils which can even be seen macroscopically. Some limestones
have thin yellowish brown coloration which may have formed by alteration
and in part hydrothermal from lava flows on top of the limestones. Where
heavily developed the alteration has destroyed the original rock texture.

In Kavak Tepe region, the unit underlies with altered tuffites, and
crops out as sandstone and limestone. The limestone is dark grey and well
bedded and overlies the dark brown-bordeaux of heavily altered basal
andesitic lava which has a spherical alteration surface.

Around Tavsan Tepe, sandstone and tuffite occur. West of
Hasanaptal village , the formation is well exposed and extends through the
Attepe region. At Attepe, it is represented by hard limestone with 25-30 cm
layers, clayey limestone and sandstone. South of Ilgi Tavlasi, Im of dark
grey-grey sandstone is present.
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Chapter 3. Stratigraphy

The formation contains the following microfossils within the lower
limestones: Miogpsinoides, Lepidocyclina, Miliolidae, Bryozoa. These fossils
give a Burdigalien age(Karamanderesi et al., 1984).

Limestones in the upper part of the formation contain the following
fossils: Miliolidae, Amphistegina, Miogypsina, Lepidocyclina, Victoriellidae,
Gypsina, Herostegina, Ratalidae, Globigerinidae, Alge, Austrotrillina,
Elphidium. These fossils give a Middle Miocene age(Karamanderesi et al.,
1984).

All these fossils indicate that the formation formed in a shallow
marine environment.

3.3.1. TUFF AND TUFFITE

White, greenish white, cream and yellow tuff and tuffites form thick
sequence at the base of the Kizildere Formation. Generally ,fresh parts of the
tuffite are white in colour but an extensive alteration to clays is
characteristic.

The sequence is typically observed around the Varikani plain, Binok
Dere and extends to the north of the area. Despite the alteration to clay
minerals, transparent fine crystals of quartz can be seen. Tuffites are exposed
around Dimso Tepe and are overlaid by dacite flows in the north. Tuffites
underlying the dacite flows are much compacted and contain varying size of
large clasts, at about 7-10% in the whole rock.

Within the tuffite unit, beds of marl 15-20 cm thick and very thin
limestone layers are also present.

3.3.2. LAVA FLOWS

One of the significant features of the Kizildere Formation is presence
of different types of calcalkaline lavas varying from basaltic andesite and
andesite to rhyolite.

Rhyolites are largely at the basal levels of the Kizildere Formation
whereas the andesitic lavas are present in the upper levels of the formation.
All of them have suffered from alteration producing clay and carbonate
minerals. Four main lava flows were recognised; hyalorhyolite, two
different andesites and a basaltic andesite.

Hyalorhyolite occurs south of Hudud Dere as a laminated grey to pink
or pale red glassy lava containing a much glassy matrix and a small amount
of crystals.

Carbonated andesites crop out the south of Dimso Tepe and

northwest of Tavsan Tepe. They are columnar jointed greenish brown and
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Chapter 3. Stratigraphy

reddish brown lavas with phenocrysts ot teldspar and matic minerals but
the rocks are commonly altered to carbonates.

Andesites occur south of Dimso Tepe, south of Kuzubulak Lake and
southeast of Sirakayalar Tepe and Kurttepe. Their characteristic colour is
grey-pinkish purple. In some places, these andesite flows cut carbonated
andesite flows. Compared with carbonated andesite, the andesite has less
phenocrysts but more matrix.

Basaltic andesite is observed only the west of Dimso Tepe. Generally it
is reddish brown and brownish black, with large phenocrysts of mafic
minerals. The flow is overlain by dacite in the north of the area.

3.3.3. ALTERED AND SILICIFIED TUFFITE

An altered and silicified yellow to red-brown tuffite unit is present at
the top of sandstones and limestone, typically the west of Kavak Tepe,
Menekse Dere, Koycuk village and Berrus Tepe.

The original rock structure and texture has been destroyed by the
hydrothermal alteration and weathering. The freshest parts of the rock are
white with feldspar altered to clay minerals, mainly kaolin. The unit
weathers smoothly except where thin(<1 cm) silicified veins intersect each
other.

At Berrus Tepe and around Koycuk village, the tuffite is unbeded,
extremely silicified and has a conglomeratic resting on it in which there are
clasts slicified after deposition.

The tuffite is overlaid by a andesite flow in the west and a
trachyandesite flow in the east.

3.4. ANDESITE

Andesites are generally dark grey-black and brownish red and occur
observed around Kohkalesi Tepe where there is laminated flow banding,
particularly in the eastern part of Kohkalesi Tepe. Transition to thick lava
flows overlain by tracyhandesite flow which are chemically transitional to
upper lavas of andesite.

Brownish red andesites also occur northeast of Kardogan village
where at the base is an agglomerate unit 15 m in thick bedding followed
upwards by 4 m of dark grey to black andesite and then the main brownish
red andesite about 75 m overlain by the Aladag lava in the west and an
ignimbrite flow in the east.

Page 16



Chapter 3. Stratigraphy

3.5. TRACHYANDESITE

Trachyandesites crop out along both west and east side of the Zilan
stream. They are brownish grey to grey but fresh surfaces are generally grey.

East of the Zilan stream, they overlie silicified tuffites and sediments
of the Kizildere Formation and underlie dacite flows. Macroscopically, their
colour and presence of elongated hornblende phenocrysts are notable.
Around Purnisin Dere, the basal levels are dark brown and black and flow
banding is absent and.

In the west, they cover large area around Misir Tepe and Kale Tepe.
The colour changes from pink-brownish to red. At Misir Tepe, agglomeratic
bands containing andesitic clasts of small blocks and lappili 2-4 cm are
present. Therefore some explosive action producing agglomerates occurred
during the eruption of the trachyandesite lava which is itself transitional to
andesite. At Kurttepe, laminated flows are occur.-

3.6. DACITE

Dacite lavas occur in two zones, one at Omeraga Tepe and to the east
and the other at the Alikalesi Tepe region in the west. They are commonly
dark grey and grey or brownish red due to alteration.

In the eastern zone, they crop out along Kardogan Sirti and in the
west lie above ignimbrite and andesite. A few metres of agglomerate is
present at the base. At Omeraga Tepe, a basal agglomerate is also present and
well developed flow structures, laminated like flow banding(25-30 cm
thick). Clasts in the agglomerate are relatively large, reaching 10 cm and
have almost rounded edges. South of Sakiran Tepe dacites overlie
sandstone levels of the Kizildere Formation, and show flow folding. In the
Zilan valley, the dacites are faulted and post-fault hdyrothermal fluids
caused intense alteration so that the original texture and mineralogy are
transformed with the formation of clay minerals, and silicification.

In the western zone, the dacites cover large areas around Alikalesi
Tepe and Kohkalesi Tepe. On the hill, columnar jointing occurs. Porphyritic
texture containing laths of feldspar and hornblende are characteristic. They
overlie trachyandesites and underlie rhyolite and obsidian of the
Gurgurbaba volcano. Their areal distribution, flow direction and
morphological shape suggest that dacites in this zone may have been
erupted in situ, and flowed to the south from a hidden feeder.
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3.7. ALADAG LAVA

In the northern part of the studied area grey trachytic lavas cover
large areas and extend outside the area investigated. They appear to have
came from outside of the present area, possibly from the Aladag range.

Near Goktas village in the northwest, the lavas are whitish grey and
contain many feldspar phenocrysts. The lava flows have laminated flow
banding, flow folding and columnar jointing and are overlain by
mugearites, and cut by 1-1.5 m diabase dykes trending NW-SE or N-S, and a
rhyolite dyke.

Around Magara Dere, the lavas are overlaid by ignimbrite and
hawaiite flows.

3.8. AGGLOMERATE

Poligenetic heterogeneous agglomerates underlie ignimbrite flows at
near Dimso Tepe. Both their distribution and thickness(50 m) are limited.
Clast sizes vary from a few cm to 1 m in diameter and the compositions are
andesitic and dacitic. Clasts form 60-70% of the rock and are cemented by 30-
40% white-cream tuffaceous matrix.

Clasts and matrix are hydrothermally altered with silicification and
the presence of jasper nodules up to 10 cm. Some large blocks(75¢cm-1m in
diameter) are significantly rounded, and some of the large blocks
themselves contain clasts, implying reworking of old agglomerate.

3.9. IGNIMBRITE

Ignimbrite flows cover large areas in the northeast of the area and
extend outside the studied area. They are best exposed to the west of Evbeyli
village, Semikayalari Sirti, northwest of Kuzubulak Golu, southeast of Isbasi
village and Demek Tepe. There were three main phases distinguished by
composition, welding, colour and structural featured. The lowest ignimbrite
is black, glassy and closely horizontally fractured and showing plate
cleavage. Above this flow, there is a white-yellowish cream tuffaceous
ignimbrite which shows some sedimentary structures namely parallel
lamination, slightly graded bedding and cross bedding. Above second flow,
upper ignimbrite is present with less glass except at very top.

Among these ignimbrite flows , unwelded tuffs are present. Tuffs
show longitudinal transition to the main ignimbrite flows. Generally, the
thickness of whole ignimbrite flow unit varies from place to place from
about 75 m down to zero. Generally, this ignimbrite unit has elongated glass

and pumice fragments, lithic fragments such as metamorphic
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rocks(metasedimentary) and volcanic lavas, alignment of feldspar crystals
and blocky structure.

West of Evbeyli village a thick(50 m) ignimbrite has a flow breccia at
the base with abundant angular sedimentary lithic fragments. The top is
much welded and exhibits alignment of glassy fragments and crystals. Lithic
clasts of volcanic lavas are also present.

East of Magara village the unit overlies the Aladag lava. Two
distinctive layers are seen on the hill; the lower is dark grey-black, strongly
welded and shows typical compaction welding structure with accompanying
columnar jointing. The upper layer is pale grey to whitish cream , poorly
welded and contains some glassy fragments.

At Semikayalari Sirti, flamme texture and elongated glassy pumice
fragments and the matrix are both cream coloured. NW of Kuzubulak Golu,
ignimbrites are generally black and contain many glassy fragments. In this
area the ignimbrite unit overlies dacite in the north and andesite in the
south. The base of the unit is a 5 m agglomerate.

Ignimbrite flows extend to the southeast of the area. They are
characteristically exposed at Demek Tepe, overlying agglomerates which are
above hawaiite flows.

3.10. ALKALI OLIVINE BASALT

Alkali olivine basalts are one of the dominant volcanic lavas in the
Meydan alkaline association, and were the first alkaline products derived
from volcanic centres situated southwest of the area.

They are black or dark grey and generally massive lava flows.They
crop out in the southwest of the area, around Pinarli, Gumusoluk and
Gultepe villages. Since they are mainly covered by pumice and tuffs, they
are not well exposed. Furthermore, as they also grade into hawaiite flows
they are not easily mapped.

These lavas flowed to form a plateau dependent on the
paleotopography of the area forming thick massive lavas in small valleys
and thin layered lavas on slopes. Commonly there are vesicles at the
bottom and, or the top of flows. Near Gumusoluk village, tlow layering(5 to
10 ¢m thick), small minor folding and the presence of phenocrysts of olivine
and pyroxene are very characteristic near the bottom of the lava.

Around Pinarli village alkali olivine basalts are exposed where
covering pumice and tuff were eroded. Later faults have caused flows by
showing fractures and brecciated structures(e.g. at Pinarli Tepe).
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3.11. HAWAIITE

Hawaiite lavas form the second most voluminous rock within the
alkaline association and are represented by two main volcanic eruption
centres located in the southwest at Topsini Tepe and Kartepe, and in the
northeast at Kucuk Deveci Tepe. Other hawaiite areas also occur but they
were fed from vents, outside of the studied area.

Hawaiites are represented by both black or dark grey lava flows and
brownish red pyroclastic products such as scoria and lapilli, especially
around volcanic cones. Plateau lava flows cover large areas in the north and
southeast parts of the area.

One of the main Kartepe-Topsini Tepe centres is located southwest of
the Meydan caldera. Both lava flows and pyroclastics are present. Lavas are
black in colour and massive. Red-brown pyroclastics are also .common as -
scoria and lapilli. In some places, they form thin layers of reddish brown soil
cover. At Topsini Tepe, lavas are seen as layered flows and have vesicles in
the lower zones. In addition blocky parts and spherical flow surfaces occur.
Hawaiites overlie alkali basalts in the south, and underlie with late
trachytes of the Meydan volcano.

The Kucuk Deveci volcanic centre, north east of the Meydan caldera,
also exhibits typical eruption centres with hawaiite lava flows, scoria, lapilli
and bombs. At the base agglomerate consisting of hawaiitic clasts is present
while the upper parts contain mainly pyroclastic products. The same type of
basal agglomerate level is also seen at Sait Tepe and passes into lava flows
upwards. :

Around Goktas village is another volcanic centre which is slightly
ellipsoidal in shape and about 150 m in diameter. Pyroclastic rocks with
characteristic reddish brown colour are common. In the same locality, a
mixture of blocks, lapilli, scoria and bombs are present. These pyroclastics
could be an indicator of an old parasitic volcanic conduit now filled.

In the north of the area lavas form a horizontal plateau overlain by
thin pumice deposits are well seen in the stream beds of Mirza Dere, Boga
Dere and Yayla Dere. In this region the hawaiites overlie mugearites and
contain many vesicles at the contact. At Maruf Tepe and Kottepe thin lava
flows overlie a perlitic rhyolite dome. The contact with the rhyolite is an
agglomerate which includes clasts with vesicles. On the east side of the
hilllout of the area) pyroclastics appear again and may indicate a relict
volcanic centre.

At Semikayalari Sirti, hawaiite flows overlying mugearites are
massive and thick(150 m) but the basal parts on the valley side exhibit well
developed flow lamination and vertical jointing.
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In the studied area, the presence of small volcanic centres from which
basaltic rocks were erupted and the field relationships suggest that alkaline
volcanism started primarily as fissure eruptions and then continued by the

central Meydan volcano producing more differentiated rocks.

3.12. MUGEARITE

Mugearites are quite distinctive rock types black-dark grey and reddish
brown in colour, with large feldspar crystals reaching 1-2 cm and common
vesicles. They are exposed very well at Kuyruk Tepe, Kottepe, Meydan Tepe,
Cayirbicen Dere, Kocagavur Dere, Huseyin Dere and around Goktas village.

The mugearite flows can be divided into two layers. At the bottom,
mugearites are greenish grey or black in colour, contain large tabular
plagioclase crystals, less vesicles, and show exfoliation structure. The higher
- layers are reddish brown to black and contain large lath-shaped plagioclase
crystals and numerous vesicles.

Between Amca Tepe and Kottepe the mugearites have a 2 m basal of
agglomerate and are cut by small rhyolite dykes.

In the north of the area, around Goktas village, mugearites form thick
flows overlying the Aladag lavas. They exhibit exfoliation structures or
onion-skin type weathering 50-70 cm in diameter. Similarly at Semikayalari
Sirti, they show the same type of spherical blocks and are highly vesicular
and reddish brown in colour. North of Cayirbicen Dere, the bottom 15 m of
the lavas is greenish grey, massive, less vesicular and lacking large feldspar
crystals. Generally, mugearite flows are almost horizontal and their flow
was controlled by the paleotopography. Mugearites overlie ignimbrite flows
in the east, the Aladag lava in the north, and underlie with hawaiite flows
in the west.

3.13. BENMOREITE

Benmoreites are dark green to black and sometimes yellowish brown
on the surface. They occur as a dome at Basri Tepe, NE of the Meydan
caldera.

They are restricted to a small area(600 m?), commonly altered, rarely
vesicular and compared with the mugearites, feldspar crystals are small. The
benmoreite is overlain by rhyolite and obsidian flows of the Gurgurbaba
volcano which limit the benmoreite exposure in the east of the dome. In the
west the benmoreite dome is surrounded by trachytic lavas of the Meydan
volcano.

From the above the evolution of the benmoreite dome should have
taken place after the first eruption stage of Meydan.
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3.14. TRACHYTE

Trachytes within the Meydan alkaline association appear to be
homogeneous rock type, less vesicular, grey to dark grey or rarely pinkish
brown and occur along the west side of the Meydan volcano and in the
north.

West of Meydan Deresi, trachytes form thick flows trending to the
south with cooling joints and laminated flows at the base. These laminated
flows are well seen east of Cinpinari where laminates vary between 10-20 cm
in thickness. The upper part of the lava exhibits cream or whitish grey
spherical weathering. Trachytes are overlain by a thin pumice and tuff
cover.

Along the west wall of the Meydan caldera, trachytes are observed as
following trom bottom to top: At the bottom they are dark grey and mainly
covered by blocks fallen from the upper zones. In the middle zones, pinkish
grey layers are present together with grey-black layers containing large
feldspar crystals, and lava flow direction is to the west and southwest. In the
upper zone, around Kurttepe, they are fractured and spheroidally altered.
North of Meydan Tepe and surrounding areas, they also form thin flows
following mugearites and overlie mugearites.

Since the trachytes represent the latest evolved product of the
Meydan volcano, the in high west wall formed by trachytes gives a clue to
the internal morphology of the volcano.

3.15. THE ZILAN LAVA

In the area studied the Zilan lava is the youngest basalt of the alkaline
suite. They are generally dark grey-black, sometimes pinkish black massive
40 m lava from that underlie alluvial deposits within the Zilan valley at
Attepe and near Hasanaptal village.

They are aphyric with columnar jointing. Lava flows showing a NE
trend extend along the Ilica stream bed as underlying old alluvial deposits of
the stream where indicates that the flow came from a volcanic centre in the
northeast, probably Hudavendigar. The lava was controlled by the
paleotopography and a major fault trending NE.

3.16. RHYOLITE DOME AND DYKES

In the studied area, rhyolites form a dome at Maruf Tepe and dykes to
the south of Kottepe. They are vesicular, generally grey, whitish grey and
cream, and sometimes perlitic, with minor - crystals of feldspar and matfic
minerals set in glass.
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Between Maruf Tepe and Kottepe, the rhyolites are vesicular,
porphyritic, sometimes perlitic, often heavily altered with a tuffaceous cover
on top. Rhyolites extend through Goktas village and to the east as a result of
dome structure.

At Maruf Tepe they form three layers with glassy part at the base , a
middle resistive, pinkish grey in colour and more crystalline layer with flow
banding 5 to 10 cm thick and at the top are perlitic and tuffaceous rhyolite.
These are covered by hawaiite flows on the summits of Maruf Tepe and
Kottepe. These rhyolites overlie mugearite flows in the north and the east.

Maruf Tepe with a dome structure is thought to be the eruption vent
for rhyolites which thin to the east and finally disappear underneath
hawaiite flows.

South of Kottepe rhyolites occur as dykes cutting mugearite flows.
Four dykes trend NW-SE and N-S. These dykes are related to the rhyolite
dome and evolved at the same time. Another important rhyolite dyke
which extends out of the area occur north of Goktas village. Although these
dykes show similar features with rhyolite flows, the dykes are more
crystalline and have glassy outer zones due to rapid cooling in contact with
the country rock.

3.17. PUMICE AND TUFF

South of the studied area, pyroclastic deposits(mainly pumice and
sometimes perlitic tuff) show a wide distribution with an almost flat
topography in a E-W direction, the old basin of Lake Van. They are common
around Doganci and Yetisen villages and along the Ercis-Patnos road.

This pyroclastic unit shows features of both pyroclastic fall and surge.
Generally pumice deposits in the west reflect pyroclastic fall whereas tuffs in
the east exhibit surge features. The deposition of pumice in the old basin of
Lake Van resulted in interbedded lake sediments especially at the bottom of
the pumice deposits. These pyroclastic deposits form valley fills and thin
covers on slopes and hills. They sometimes show almost horizontal bedding
depending on the paleotopography with sloping inclination on hillsides.

Pumice deposits are generally whitish grey, grey and sometimes
yellowish cream due to weathering. The clast size is mainly less than 6 cm
and large clasts(10 cm) are rare. Deposits do not have a characteristic
sequence since they show local changes in both thickness and depositional
features. However, the lower parts are composed of a main coarse pumice
and the upper parts comprise fine pumice and tuff. Each of these parts
exhibits significant depositional features within itself. In the main pumice
deposits, there is no distinctive grading but slightly zonal changes are
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present. They contain lithic fragments in various size. In addition, large
rounded fragments of basaltic and trachytic rocks can be seen in the upper
levels around Pinarli village. The deposits are generally thick in valleys and
thin on slopes. Perlitic tuffs, sometimes containing fine pumice clasts, are
observed as thin covers in the north and south east of the area. The tuffs can
have thin bedding and cross bedding, indicating a pyroclastic surge feature.
They were later redeposited within stream beds by recent events.

Two typical quarries were examined for depositional and
stratigraphical features of these deposits: In the first quarry near Ercis-Patnos
road, the lower part is a more than 10 m containing volcanic clasts varying
from a few mm up to 10 cm. The pumice clasts are mainly 2-5 cm but less
than 10 cm in diameter. The upper part is a 1 m fine tuffaceous pumice
composed of small pumice clasts (<1cm) and common volcanic fragments of
the same size. In addition there are small lenses of coarse pumice(2-3 cm in
clast size). At the top 25-50 cm of soil occur. In the second quarry located at
the NW of Kocapinar village the bottom more than 2 m part contains the
pumice which shows slight grading with clasts smaller than 2 cm. The
upper 3 m layer is composed of thin(4-10 cm) beds of perlitic tuff with some
cross bedding.

3.18. GURGURBABA LAVAS

The Gurgurbaba lavas are composed of grey-black rhyolite, black-
brown obsidian flows and grey perlite layers, all within the half dome
structure of the Gurgurbaba and the Coban hills. Since they evolved within
the dome, the distribution of rhyolite, obsidian and perlite is irregular and
intricate, and is difficult to map separately. The lavas are the youngest
calcalkaline rocks in the investigated area.

Rhyolites are variable in appearance from grey to reddish brown,
white, cream and sometimes greenish grey and are poorly vesicular at
Gurgurbaba and Coban Tepe. Flow banding and flow folding on a small scale
is common.

West of Gurgurdere, the rhyolites are reddish grey and sometimes
black and pass upwards into obsidian layers with lineation along the flow
direction of the lava. West of the Zilan stream the lava forms an arch shape
above pumice deposits. They form about 50 m sequence of rhyolite mainly
at the bottom and obsidian at the top with irregular obsidian bands, lenses or
blocks. Perlitic layers are not common within flows but flow folding and
banding occur north of Afgan village. North of Cagdas village, again the
base is rhyolite and the upper part is obsidian and perlitic obsidian.
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Obsidian is well seen within the small stream beds to the south of
Gurgurdere, Cataydere and Pisviran dere ranging from 20 cm to 2 m within
flows. On the weathering surfaces of the obsidian, lineation indicating flow
direction is observed.

From field observations, the Gurgurbaba lava containing rhyolite and
obsidian flows are thought to have evolved mainly along a fissure
extending from Gurgurbaba Tepe to Coban Tepe. In addition, at least 5 lava
flow cycles have followed each other after the pumice deposits.

3.19. TRAVERTINE

Travertines occur associated with a fault in the west of Isbasi village,
in the Zilan valley. They form a small area of about 300 m2 in contact with
the alluvial deposits of Ilica Dere. A NE-SW fault has provided the fissures
along which hot springs travel to the surface.

Travertines are generally yellow, brownish yellow and rarely cream
and white. They are formed as irregular thin beds depending on hot spring
flow direction being to the southeast. At the base pebbles of alluvium are
cemented within these deposits. In the east travertines sit on top of
limestone and sandstone of Kizildere formation.

3.20. OLD ALLUVIUM

Old alluvial deposits of the Magara and Ilica streams cover large areas
along Zilan valley and extend almost parallel to young alluvial deposits and
form terraces. They contain various sizes of volcanic rocks. Generally,
around Magara village boulders and sometimes half rounded blocks
indicate a high energy environment. The deposits also contain small black
lenses of probably organic materials, and yellowish brown tuffaceous
materials.

3.21. ALLUVIUM

Alluvial deposits associated with existing streams are observed along
the Zilan valley, in the south of Cagdas village and within the Meydan
caldera. Compared with the old alluvium, they are composed of smaller
sized pebbles and in some places redeposited materials of old alluvium.
Their thicknesses change from a few meters to a hundred meters.
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Chapter 4. Petrography

CHAPTER 4. PETROGRAPHY

4.1. INTRODUCTION

This chapter defines the main sedimentary and volcanic rock types
found in the Meydan-Zilan area in terms of their mineralogy and
petrography, and particularly considers the volcanic rocks. The mineral
chemistry of phenocrysts within the lavas is discussed in order to establish
the nature of the phases involved in the magmatic processes(e.g., fractional
crystallisation, crustal contamination, and possibly magma mixing) and to
characterise the lavas.

Polished sections of representative samples of each volcanic rock were
analysed by electron microprobe to determine the compositions of all major
- minerals. Cores of crystals were analysed to investigate the composition of
phases which might have been involved in fractional crystallization.

One of the major uses of analyses of igneous rocks is to test hypotheses
of fractional crystallization of observed phases from parental magmas to
derive differentiates. Since fractionation takes place at a range of depths in
the crust, or upper mantle it is necessary to determine the composition of
phases which have crystallized under both high and low pressure
conditions. The assemblages found in lavas may not be high pressure
phases, as these may have already been removed from the magma at depth
by resorption or by crystal settling. Evolved lavas may have assemblages
which are dominated by crystallization on or near the Earth's surface and it
is difficult to determine the nature of their high pressure phases.

Cores of large zoned crystals are more likely to be relics of higher
pressure crystallization and may approximate to the composition of
extracted phases. This is almost certainly the case for megacrysts in basic
magmas which include highly Mg-rich olivines and aluminous
clinopyroxenes.
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4.2. KIZILDERE FORMATION

4.2.1. CARBONATES

4.2.1.1. PETROGRAPHY

Generally, the carbonates are biomicrites, biomicrosparites and
biosparites according to the classification sheme of Folk(1962). They show a
transition from almost pure carbonates up to those with a high terrigenous
content. They commonly contain variable amounts of marine
microfossils(see Chapter 3).

Biomicrite contains 10-20% of microfossils that may be recrystallized
or replaced by sparry calcite. In addition, detrital quartz, a few feldspars, clay
minerals, patchy areas or grains of oxidised opaque minerals and veinlets of
calcite, or less commonly ferroan dolomite or rarely iron oxide, are present.
The veinlets vary from microscopic to megascopic and are up to a few mm
wide in some samples. The shape of veinlets is variable, including irregular,
branching and net-like forms. There are some microstylolites resulting from
pressure dissolution during later burial, or tectonic pressure(Wanless, 1979).
Partial dissolution and replacement by silica(chalcedony) is also observed.

Biomicrosparites include 15-30% microfossils that are mainly
recrystallized or replaced by sparry calcite. They may also contain subhedral
ferroan dolomite, 2-5% of subangular fragments of siltstone(quartz+mica),
quartzite, glauconite and detrial quartz as mono-, or polycrystalline grains
one of which includes zircon. In some samples, minor feldspar, biotite and
muscovite are observed. There are also subhedral crystals of dolomite
enclosed in fine calcite crystals(MA-109). Even some of these dolomites are
partially replaced by fine-grained silica. Silica(chalcedony) and calcite can
also occur as pore or cavity filling. Silicification can be earlier than calcite
development. It seems that first calcite formed and then was overgrown by
dolomite in the pores. Stylolites sometimes mark grain boundaries with
dark colour. Thin iron-oxide veins indicate late fluid interaction. In the
rocks, quick burial produced rapid compaction, because large bioclasts in
several mm occur cemented together. Neomorphism and silicification of
bioclasts(e.g., silicified mollusc fragments) are very characteristic.

Biosparites contain 60-70% of marine microfossils that are
recrystallized or replaced by sparry calcite, forming a medium grained
mosaic. A few. detrital grains of quartz, volcanic ash and oxidised opaque
grains are also present. The rocks appear to be well sorted, and reflect a high
energy environment.

Dolomitic- carbonates are also present. These are finely crystalline
with a mosaic texture made up of subhedral to euhedral dolomite crystals.
Pores are filled by clay or silica(calcedony). However, a few spherical cavities
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contain large rhombs of calcite and dolomite(MA-111). The rock formed as a
result of replacement of microsparite. In some samples, gypsum is also
present as a primary sediment and, or, cavity filling. It is thought that
volcanic activity in the region provided heat which drove the circulation
required for replacement.

4.2.1.2. DIAGENESIS

The analyses of fabrics and their paragenesis display variations in
these carbonates. However, a diagenetic sequence has been proposed. It is
believed that the bulk of the present fabrics are secondary in origin.

The microscopic investigation of the carbonates shows that they have
undergone differential diagenesis which has resulted in the development of
new fabrics. The carbonates range from almost complete preservation of
their original fabric to complete obliteration of the primary fabric by
diagenesis. The newly formed fabrics have different compositions and
crystal characteristics from the primary ones.

Biomicrite is of primary origin. This assumption is based principally
on the fact that it has a very fine texture, and has not been found replacing
other fabrics. The carbonate portion of the biomicrite originated through
primary chemical or biochemical precipitation. Biomicrites are thought to
have been the parent rocks for other carbonates(biomicrosparites, biosparite,
and dolomitic carbonates). Neomorphism(Folk,1965) is suggested as the
main diagenetic process in the development of these carbonates.
Biomicrosparite and biosparite are considered to be products of
neomorphism. Dolomitic carbonate has resulted from both replacement
and metasomatism.

4.2.1.2.1. NEOMORPHISM

Neomorphism is a term proposed by Folk(1965) to describe the
products of both inversion and recrystallization processes. The effect of
neomorphism can be patchy as well as pervasive. The resultant fabric can be
finer(degrading) or coarser (aggrading). In the carbonates examined,
aggrading neomorphism yielded coarse microspar, and recrystallization or
replacement of microfossils.

The change in the fabric of biomicrite is obviously of an aggraditional
nature as the texture can be seen to be altered gradually from its assumed
original shape through stages in neomorphism to a relatively coarse crystals
in varying size. The newly formed fabric suggests that the gradational
nature in the crystal size is possibly a consequence of neomorphism. Locally,
relatively coarse crystals are present. These have been produced by
neomorphism, but they are probably replacing cavity cement which could
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have been either primary dolomite or replacive after calcite and, or,
gypsum.

4.2.1.2.2. METASOMATISM

Metasomatism is a very widespread phenomenon in carbonate rocks
which results mainly in dolomitization and calcitization.

Dolomite is common in the carbonate intervals in the Kizildere
formation. The occurrence of gypsum may indicate that gypsum played an
important role in bringing about dolomitization. In the dolomitization of
calcite, neomorphism is assumed to have operated with metasomatism,
possibly simultaneously in some instances.

4.2.1.3. CARBONATE FORMATION MODEL

It is suggested that carbonates were formed in a quiet water shallow -

marine environment. Most coarse grains are bioclasts but this environment

also received various amounts of terrigenous material(mainly clay) and

volcanic material during deposition of the carbonate. It is believed that

there were at least three stages in the formation of the carbonates involving
neomorphism, silicification and dolomitization.

The rate of evaporation in addition to the availability of the
concerned elements is, however, suggested to be the major factor
determining the formation of carbonates. Volcanic activity has at the same
time provided material and thermal heat for the occurrence of dolomite
with the Mg coming from hydrothermal fluids.

4.2.2. SANDSTONES

4.2.2.1. PETROGRAPHY

Detailed petrographic investigations of sandstones from the Kizildere
formation were undertaken. Generally, the rocks are feldspar and lithic
greywackes(Pettijohn et al., 1973) with small proportions of angular quartz.
The matrix in some samples equals or exceeds the volume of the detrital
grains (ranging from 20% up to 65%). The rock fragments, which range in
size from 0.5 to 2 mm, are often angular and subangular volcanic lava
fragments, tuffaceous material with abundant plagioclase, and occasionally
quartzite.

Epidote(clinozoisite), K-feldspar, calcite, and chlorite occur and
opaque minerals(magnetite and hematite, pyrite) are found in minor
amounts. Detrital muscovite and biotite are present in some samples.
Detrital chlorite, including a deep green variety, may also be present in
minor amounts. Clay minerals are common in the matrix, and include both
detrital and authigenic components. Accessory apatite and zircon are
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present in some samples. Although the rocks show variations in the
abundance of components, the main components are the matrix(20-65%),
plagioclase(10-25%), quartz(3-25%), carbonates(5-30%), lithic fragments(5-
15%), opaques(2-15%).

Generally, the rocks are mineralogically immature, suggesting
deposition close to a source area with little reworking from the source area
of limited physical and chemical alteration.

Some of the rocks show transitions towards mudstone with
increasing proportions(75-80%) of fine matrix. In these, banding of fine
grained and coarse grained parts can even be seen microscopically. Coarse-
grained bands contain patchy or composite grains of calcite(60%),
quartz(10%) and altered lithic fragments(7%) within a clay and fine-grained
- quartz matrix. Conversely, fine-grained bands are made of only clay(60%) -
and quartz(25%), rare muscovite(1%) and patchy areas of clay+muscovite
display alignments.

In some samples, there is an abundance of feldspar(30%) and lithic
particles in a matrix consisting of a fine-grained intergrowth of sericite and
chlorite together with some silt-sized quartz, and feldspar. Some of samples
have volcanic quartz, volcanic rock fragments, and zoned and, or, broken
crystals of plagioclase.

Some of the samples are calc-arenaceous containing up to 50%
carbonate grains(mainly calcite and rare dolomite). They are developed
presumably in carbonate producing areas where there is a large influx of
terrigenous clastics. In the rock, calcite forms angular discrete crystals or
patchy areas of pore filling, and dolomite is in discrete grains or associated
with calcite.

From these descriptions it is clear that there are substantial variations
in the greywackes. These variations are related both to formation and to
changes in the source material, diagenesis and secondary alterations.

4.2.2.2. DESCRIPTION OF THE FRAMEWORK GRAINS

The more abundant framework grains in the greywackes are
described below and include quartz, feldspar and lithic fragments. A brief
summary of the matrix is also given.

QUARTZ

Quartz occurs as subangular to very angular fragments. It is generally
of monocrystalline grains sometimes with strongly undulose extinction,
and rarely as polycrystalline aggregates with sutured crystal interfaces.
Quartz grains derived from volcanic rocks are typically monocrystalline
with uniform extinction.
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