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THE METAMORPHISM AND THE RELATIONSHIP BETWEEN INFRA AND SUPRASTRUCTURES
OF THE BİTLİS MASSIF - TURKEY

Metin ŞENGÜN*

ABSTRACT.- The infrastructure of the massife consists essentially of amphibolites, gneisses and micaschists intruded by a
biotite granite and the successive hololeucocratic phase. The mantling rocks of the suprastructure comprise metapelitic rocks
unconformably underlying metacarbonates dated as Middle Devonian- Mesozoic. The infra-suprastructure boundary is
interpreted as a surface of transgressive overlap. The rocks of infra and suprastructure are involved in isoclinal folds with ductile
deformation along most of the boundary conclusively suggesting in situ position of the suprastructure during the Alpine
deformation. The shear planes are discontinous, en echelon and run independent of the infra-suprastructure boundary. A
uniform sequence of Palaezoic rocks, which is not intruded by the granites of the infra-structure, together with the
infra-suprastructure boundary being a sedimentary contact, are conclusive evidence for the existence of a Precambrian event.
Eradication of Precambrian paragenesis occurs in the flanks of major folds where a complete Alpine zoning exists from very low
grade to anatectic conditions as exemplified by the Kesandere section in contrast to the preservation of Precambrian
parageneses in the unsheared competent rocks of the infrastructure of the hinge areas. There is no gap in physical conditions
with regard to a single episode of deformation. The gap occurring between the infra and the suprastructure is due to different
physical conditions of Precambrian and Alpine deformations. Retrograde effects are presumably due to an Alpine imprint on the
Precambrian parageneses, whereas they are attributed to a continous process of deformation with conternparaneous uplift and
progressive dimunition of physical conditions in the case of imprint on early Alpine parageneses. The interpretation herein
presented in relation to nature of infra and suprastructure boundary and metamorphism of Bitlis massive is consistent, for all
aspects, with the regional geologic data showing that it is the deformed Alpine passive margin of the Arabian plate.

INTRODUCTION

This paper aims to discuss and interpret
some of the topics of debate with emphasis on the
nature of the infra-suprastructure boundary and the
history of deformation of Bitlis massif, southeastern
Turkey. The presented argument is part of a docto-
rate thesis (Şengün, 1984) carried out in the Hacet-
tepe University, Ankara. The area of investigation
(Fig.1) was selected on the north-western hinge of
a major structure following a preliminary investiga-
tion.

The earliest work related to the topics dis-
cussed in this paper was by Yılmaz (1971) who, on
the basis of Rb-Sr isotopic data obtained from am-
phibolites (920±224 m.y.), paragneisses (596±89
m.y.) and granites (325±3 m.y. with re-interpretation
(Yılmaz et. al., 1981) to 570 m.y.), suggested that
the infrastructure was the Pan-African basement
unconformably overlain by a low grade metasedi-
mentary cover. Hall (1976) suggested that an
oceanic domain to the south of Bitlis massif was
consumed by Miocene through northward subduc-
tion. Existence of such an ocean known as the,
southern branch of Neotethys (Şengör and Yılmaz,

1981) resulted in a sceptical look on the sedimen-
tary nature of the infra-suprastructure boundary
(Yılmaz, 1971). It is unavoidable that the supras-
tructure, Paleozoic-Mesozoic in age, is allochto-
nous if the infrastructure of Bitlis is the active mar-
gin of the suggested ocean. This will help to explain
why the low grade Alpine metamorphism do not
eradicate the earlier deformations. However, inves-
tigations by Erdoğan and Dora (1983), Yurtsever et.
al. (1983), Çağlayan et. al. (1984) and Genç (1987)
brought in explicit information about the sedimen-
tary nature of the primary boundary between the in-
fra and the suprastructure, conforming with the ear-
liest suggestion of Yılmaz (1971). The fact that
granites of the infrastructure is unconformably
capped by Permian sedimentation (Göncüoğlu and
Turhan, 1985) and radiometric dating of Yılmaz
(1971) and of Helvacı (1983) are further evidence
supporting this interpretation. This paper defends
that the infra-suprastructure boundary is a sedimen-
tary contact corresponding to an angular unconfor-
mity of Precambrian age with transgressive onlaps
during Early Paleozoic.

Polymetamorphic nature of Bitlis is generally
accepted (Boray, 1973; Mason, 1975, Hall, 1976).
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STRATIGRAPHY

The rock sequence consists of a basement
complex (Yolcular fm.) unconformably overlain by a
sedimentary mantle (Kotum group). The basement
complex consists essentially of amphibolites, micro-

cline gneiss, biotite gneiss/schist and musccvite
gneiss/schist intruded by a biotite granite succeed-
ed by a hololeucocratic aplitic-pegmatitic phase.
The suprastructure is subdivided into Kuytu, Arpik
and Nasurdağı formations (Fig. 2).
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Yolcular formation

It consists of the rock types briefly described
below.

Amphibolite— It occurs as massive bodies of
various shapes dissected by granitic and pegmatitic
dykes showing isoclinal folding. Lenticular masses,
up to a few meters in diameter, are commonly
seen. The hand specimen is generally massive
showing occasional incipient foliation. Actinolitiza-
tion and chloritization are common along shear
planes. The generalised paragenesis is:

Hornblend+Quartz+Oligoclase+Alkali feld-
spar+Garnet±Rutile±Biotite±Magnetite±Apatite

Hornblend is nomenclated as "Ferroan Pargasite -
Ferroan Pargasitic Hornblend" according to Leake
(1978). The massive amphibolite has been convert-
ed, along Alpine shear zones, into well-foliated
rocks with a strong b-lineation with the generalised
paragenesis of

Actinolite+Quartz+Albite+Epidote+Mg-Chlorit
e ±Sphene±Biotite±Magnetite

Paragneiss/schist The rock types included
comprise microcline gneiss, muscovite gneiss/
schist and biotite gneiss/schist showing composi-
tional banding that form an alternating series
showing sharp boundaries with respect to rock
fabric, texture and colour. A rough generalization
of respective parageneses of these rock types
are as follows

Quartz + Albite (or Oligoclase) + Micro-
cline + Garnet + Biotite ±Epidote± Zircon ±
Sphene

Quartz + Albite (or Oligoclase) + Alkali
feldspar + Muscovite ± Biotite ± Zircon ±
Sphene

Quartz + Albite (or Oligoclase) + Alkali
Feldspar + Biotite + Muscovite + Garnet + Mg-
Chlorite ± Zircon + Sphene

These rock types show appropriate varia-
tions in mineral assemblages with respect to
metamorphic grade. Kyanite and incipient
growths of sillimanite (Fig. 3) are observed in
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several localities where anatectic conditions pre-
vailed (Fig. 4). Staurolite porphyroblasts (Fig. 5) are
also observed in biotite gneisses of favourable bulk
compositions in the Kesandere section (Fig. 12).

Granitic Rocks of the Infrastructure- The am-
phibolites, paragneisses and micaschists of the
basement complex are intruded by a biotite meta-
granite followed by its hololeucocratic phase. The
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biotite metagranite, correlated with the augen
gneiss of the northern flank of the major anticlinori-
um, is dissected by dyke swarms of quartzo-
feldispathic gneiss and metapegmatites. Leptinites,
locally preserving their original texture, constitute
the uppermost unit of the basement complex and
are interpreted as the extrusive equivalents of the
granite that is post-tectonic with respect to the Pan-
African event.

Biotite granite is a coarse grained, holocrys-
talline rock of hypautomorphic texture, generally
having a quartz monzonitic composition. A break
cleavage, mutually dissecting amphibolite lenses,
biotite granite and the leucocratic dykes, shows a
progressive change to flow cleavage of the augen
gneiss through an intermediate stage of shear
cleavage. Granitic origin of the augen gneiss is also
supported by the petrochemical analyses of Genç
(1987). The dykes of the leucocratic phase show
isoclinal folding resulting in boudinage of amphibo-
lites (Fig. 6) and other associated basement rocks.
The metapegmatites consist essentially of quartz

Kotum Group

The suprastructure, nomenclated as the Ko-
tum group, is subdivided into Kuytu, Arpik and Na-
surdağı formations.

Kuytu formation is composed essentially of
phyllites and chlorite schists with the generalised
parageneses of:

Quartz + Chloritoid + Muscovite + Chlorite +
Pyrite+Fe-rich carbonate (Fig.8).

Quartz + Chlorite + Muscovite + Albite + Py-
rite

Calcite + Dolomite + Chloritoid ± Quartz ±
Muscovite + Chlorite

Quartz + Albite + Muscovite ± Chlorite ±
Tourmaline,

Arpik formation consists essentially of inter-
fingering quartz schists and quartzites showing oc-
casional wave ripples and cross bedding. Sak
member consists essentially of medium to thick
bedded quartz marbles with occasional intercala-

with minor kyanite, dumortlerite, tourmaline and to-
paz suggesting the effectiveness of a volatile phase
(Fig. 7).

tions of shale. The generalised parageneses of the
Arpik formation and of the Sak member are respec-
tively given below.
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Quartz + Albite + Microcline + Muscpvite +
Biotite ± Zircon ± Apatite ± Tourmaline

Calcite ± Doldmite ± Muscovite ±Chlorite ±
Quartz ± Feldspar

Nasurdağı formation, a metacarbonate se-
quence thickened due to isoclinal folding, consti-

tutes the uppermost section of the suprastructure. It
is dated as Middle Devonian - Mesozoic(?). The
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base of the sequence yielded Middle Devonian co-
rals (Göncüoğlu and Turhan, 1983). The sequence
comprises fusulinid species (Yurtsever et. al., 1983;
Göncüoğlu and Turhan, 1983; Çağlayan et. al.,
1984). The dolomitic limestones comprise Glomos-
pirella Facilis Ho., and are Schytian - Lower Anisian
in age (determination by Prof. Dr. Demir Altıner of
M.E.T.U.). Nasurdağı formation is transitional to the
underlying Arpik and Kuytu formations. The transi-
tion is fulfilled by calcschists towards the east and
is realised through and alternating series of quartz-
ites and quartz marbles or alternations of any com-
bination of quartzites, calcschists, chlorite schists
and quartz marbles in the west. Arpik formation, lat-
erally transitional to the underlying Kuytu formation,
wedges out towards the east. Detrital rock and min-
eral fragments in the metacarbonates show all type
of variations. Quartz, chlorite, white mica and feld-
spar are major constituents especially in the case
of calcschists. Nasurdağı formation is covered by
the volcanic products of the Nemrut volcano in the
investigated area.

Alpine relations of the Kotum group on a block dia-
gramme (Fig. 9).

THE RELATIONSHIP BETWEEN INFRA AND SIN-
FRASTRUCTURES

The nature of the existing cartographic un-
conformity is of supreme importance in interpreta-
tion of many aspects of the geologic evolution of
the Bitlis massive. The following field observations
suggest that the cartographic unconformity corre-
sponds to an erosional surface, (a) Compositional
banding of the overlying metasedimentary rocks
are observed to extend parallel to the contact at
several localities, (b) Basement rocks show mutual
isoclinal folding with rocks of the suprastructure
suggesting conclusively the impossibility of post-
tectonic allochtoneity. (c) The quartzites (Şengün,
1984) and metaconglomerates (Göncüoğlu and
Turhan, 1985) contain fairly rounded fragments of
amphibolite and gneiss, (d) The sequence of the
suprastructure is extremely uniform and represents
a complete and undissected sedimentary wedge

The Kotum group is dissected by aplite arid,
diabase dykes that are implicitly considered to be
feeders of the Eocene volcanism (Çağlayan et. al.,
1984) A tentative attempt is made to show the pre-

(Fig. 9). (e) The shear planes dissect mutually
rocks of the basement and of the suprastructure im-
plying syntectonic movements are independent of
the primary sedimentary contact.
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The extreme resemblance of the suprastruc-
ture to the Arabian platform (Çağlayan et. al., 1984)
implies an erosional surface of Precambrian age

with transgressive overlaps during the Early Palae-

zoic. The uniformity of the sedimentary wedge im-

plies that pre-tectonic allochtony is also unlikely.

THE METAMORPHISM

There has been no dispute, so far, on the
polymetamorphic nature of the Bitlis massive. How-
ever, timing of deformational episodes is either
vague or controversial.

mentary to the deductions presented above, (a)
There is a large gap of physical conditions between
the Pan-African granites and those of the amphibo-
lites and the biotite gneisses. The metamorphism of
the former can be correlated with that of the supras-
tructure. The incipient gneissic foliation of the gra-
nitic rocks is penetrative into other basement rocks
with crystallisation of chlorite and white mica along
the mutual cleavage planes which show a complete
gradation from a break cleavage in the investigated
area to the flow cleavage of Kesandere region
through an intermediate stage of shear cleavage. (It
is not possible to confuse the Precambrian granitic

If the infra-suprastructure boundary is as-
sumed to be primarily a sedimentary contact, there
is one single path of deductive reasoning. (1) The
granitic dykes showing isoclinal folding are pre-
Devonian, in fact Precambrian in age on considera-
tion of regional geologic data. (2) The associated
country rocks display a medium to high grade met-
amorphism suggesting that they were deformed
prior to the granitic intrusions. (3) There have been
at least two episodes of metamorphism, one. pre-
dating the Precambrian intrusions and the cither
postdating Palaezoic-Mesozoic sedimentation.

The field evidence cited beiow is comple-

dykes with the seldom occurring post-Alpine granit-
ic rocks that are distinguishable by their discordant
relations to the country rock and their undeformed
nature (Fig. 10). (b) The low grade parageneses
seen in the peripheric shear planes of the amphibo-
lite boudins correlate well with those of the hosting
phyllites and chlorite schists with regard to the
grade of metamorphism as well as the penetrative
cleavage.

The physical conditions of the Precambrian
event is deduced from the following observations in
the anatectic areas outside of the investigated area.
The quartzo-feldispathic gneiss shows incipient foli-
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ation penetrating to the S2 planes of the biotite
gneiss and the amphibolite. The following paragen-
eses belong to the microlithons enclosed between
the referred cleavage planes of amphibolites and
biotite gneisses.

Hornblend + Oligoclase + Quartz + Garnet ±
Rutile

Biotite + Quartz + Muscovite + Garnet +
Oligoclase + Orthoclase + Kyanite ± Sillimanite ±
Zircon

The physical conditions, atributed to the Pre-
cambrian event necessarily following the discus-
sion given above, must be a little higher than the
value suggested by the triple junction of the Al2

SiO5 polymorphs. The temperature and the hydro-
static pressure at this locality was read from the in-
tersection of kyanite-sillimanite boundary (Winkler,
1976) with curves A (Storre and Karrotke, 1971)
and B (Tuttle and Bowen, 1958) giving the respec-
tive values of

650 C at hydrostatic pressures of 6.5 kbars,
and 630 C at hydrostatic pressures of 6.2 kbars
(Fig. 11).

Other parageneses of the amphibolites and
of the biotite gneisses suggest physical conditions
of the medium grade and the minimum physical
conditions correspond, probably to that of the epi-
dote amphibolite facies as suggested by the para-
genesis:

Quartz + Biotite + Muscovite + Mg-Chlorite +
Garnet + Albite

The physical conditions of the Alpine meta-
morphism varies from very low grade to probably
"biotite in" isograde in the investigated area. How-
ever, in the northern flank of the major structure, a
complete Alpine zoning occurs with total eradica-
tion of the Precambrian parageneses. This interpre-
tation is deduced from the stratigraphic and structu-
ral characteristics of the Kesandere section (Fig.
12). The core of the section consists essentially of
an augen gneiss, correlated to the biotite granite in
its lateral extension, with minor boudins of garnetif-
erous amphibolite. Kyanite bearing biotite gneiss is
also encountered in the core of the section. This as-
semblage is overlain by quartzites that laterally
grades into the Sallıca marble (Yurtsever et.al.,
1983) and micaschists. The sequence continues
with phyllites and the Palaezoic-Mesozoic carbo-
nates. Sallıca marble repeats itself in all of the met-
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amorphic zones through isoclinal folding. The conti-
nuity of the Sallıca marble is accepted as conclu-
sive evidence for progressive variation of physjcal
conditions. The metamorphism has to be Alpine in
age as the section comprises Mesozoic rocks in its
uppermost part.

The Alpine deformation is progressive in
time and space. The isogrades dip north in Kesan-
dere, are independent of the lithology and are par

allel to the axial planes of isoclinal folds. The early
foliation planes were subject to multistage shear re-
sulting in multidirectional cleavage. The cross-
sectional shortening, strikingly well-defined in the
medial parts of the major structure compared to the
western hinge (Fig. 1), is a clear illustration that the
intensity of deformation is also controlled by the ge-
ometry of the major structure. In other words, flanks
of folds are extremely sheared in comoarison to the
hinges.
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DISCUSSION AND CONCLUSION

The presence of a Mesozoic sequence cor-
relating well with that of the Arabian platform
(Çağlayan et.al., 1983), and the Eocene sediments
mutually covering the Bitlis massif and the ophio-
lites (Çağlayan et.al., 1984), may be regarded as
conclusive evidence for in situ position of the Bitlis
massif, implying that it is the northern extension of
the Arabian platform (Özkaya, 1982; Yazgan, 1984)
during the Mesozoic, also implying non-existence
of an oceanic domain south of Bitlis. Undeformed
nature of Mesozoic-Tertiary sedimentary units of
the northern margin of border folds and the pro-
gressive dimunition of intensity of Alpine deforma-
tion are complementary evidence for non-existence
of an ocean south of Bitlis. On the other hand, the
presence of an undeformed Cretaceous-Tertiary
sequence to the north of Lake Van and its incorrel-
atable nature with medial Eocene syndeformational
sedimentation (Maden formation) of northern Bitlis
complemented by the presence of undeformed
units in East Anatolia, shows that Neotethys lied in
immediate north of Bitlis. There has been an exten-
sional regime in southern parts of Bitlis coeval with
Alpine deformation of the northern segments. This
is ascribed to block rotations to close up the relicts
of Neotethyan domains. However, northward move-
ment of the Arabian plate (McKenzie, 1972) put a
brake on rifting of the Maden-Çüngüş foredeep be-
fore break-up of the continental crust. Planes of
movement were subject to Alpine deformation
(post-Eocene) while medium grade (Winkler, 1976)
metamorphism of the lithons were mostly pre-
served.

It may, thus, be said in conclusion:

1- The cartographic unconformity between
infra and suprastructures is an angular unconformi-
ty of Precambrian age, showing transgressive over-
laps during Early Palaeozoic.

2- An Alpine metamorphism, eradicating all
pre-Alpine deformations, with physical conditions
varying from very low grade to anatectic conditions,
is exemplified (Fig. 12) and it is suggested that the
Alpine deformation loses its intensity towards the
south, in fact, there is a co-existing distensional re-
gime in the southern segments. The effectiveness
of Alpine deformation has been controlled by struc-
tural elements such that the rock cleavage is pene-

trafive into the basement in crestal areas, repre-
senting mutually the retrograde metamorphism of
the basement and the very low grade metamor-
phism of the suprastructure. The Alpine metamor-
phism is restricted to the shear planes while Pre-
carnbrian parageneses are preserved in the lithons.

3- The infrastructure of Bitlis massive is not
an active Alpine margin. In case it is transported
(Şengör and Yılmaz, 1981) prior to Alpine deforma-
tions, the suprastructure has to be transported after
the Alpine deformation so that the granites can be
Alpine in age. In other words, magmatism of the
continental margin should dissect the infra and su-
prastructure mutually. Radiometric data (Yılmaz,
1971; Helvacı, 1983) also supports the fact that
granites belong to the Pan-African basement. The
following basic evidence is conclusive to show non-
existence of a south-lying oceanic domain that was
consumed with northward polarity, between Creta-
ceous and Miocene (Hall, 1976).

a- The Mesozoic-Tertiary units of the north-
ern segments of the border folds are entirely unde-
formed.

b- The Mesozoic units reported from south of
Bitlis province show a perfect match with those of
the Arabian platform implying Bitlis and the border
folds were on the same north facing Mesozoic plat-
form.

c- Alpine deformations show a progressive
dimunition of intensity towards the south.

d- The sedimentary sequence north of Lake
Van is a clear indication of an ocean lying in imme-
diate north of Bitlis. In other words, southern branch
of Neotethys (Şengör and Yılmaz, 1981) lies in im-
mediate north of the Bitlis/Pütürge massifs.
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ORIGIN AND PETROLOGY OF EKECİKDAĞ GRANITOID IN WESTERN CENTRAL ANATOLIAN CRYSTALLINE MASSIF

T. Kemal TÜRELİ*; M. Cemal GÖNCÜOĞLU" and Orhan AKIMAN"

ABSTRACT— A belt formed by a number of granitoid intrusions is situated at the western part of the Central Anatolian
Crystalline Massif. One of the granitoid intrusion at the southwest of the belt cropsout between Aksaray and Ortaköy and is
called Ekecikdağ. Ekecikdağ granitoid, which is composed of monzogranites and granodiorites. intruded both the metamorphic
and ophiolitic host rocks. Ekecikdağ granitoid is differentiated into following subunits with respect to their petrographical and
chemical composition: Borucu granodiorite-monzogranite, Sinandi mikrogranite, Hisarkaya porphyribc granite, Kalebalta
teucogranite and aplite granite. All these subunits are genetically related to each other. Borucu granodiorite-monzogranite
represents the main magmatic phase whereas aplite granite the latest. Ekecikdağ granitoid has a calcalkaline character and
show aluminocafemic trend. It has features which favour both I and S types of granite. Enclaves observed in granitoid is thought
to be xenoliths derived from pre-existing gabbroic rocks during the emplacement of the granitic magma. The geochemical data
suggest a post collisional tectonic setting and a continental crustal source for Ekecikdağ granitoid. In regard to regional data,
during Upper Cretaceous, the existence of an ensimatic arc to the north of the Central Anatolian Crystalline Massif is
suggested. It is also proposed that collision and obduction of this ensimatic are on to the Central Anatolian continental crust
caused crustal thickening and increase in the geothermal gradient in the region. This gave rise to the partial melting of the
continental crust and to the formation of a granitic magma.
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TWO NEW SPECIES OF CAPRINIDAE FROM THE BAYBURT AREA (EASTERN BLACK SEA,
TURKEY)

Sacit ÖZER* and Mükerrem FENERCİ"

ABSTRACT.- Two new species of Caprinidae Sabinia ornata n. sp. and Mitrocaprina madeniana n. sp. have been described
from the Maastrichtian sandy limestones of Maden (Bayburt) area.

INTRODUCTION

The aim of this study is mainly to describe
the new species of Caprinidae collected from the
Sırataşlar ridge, SW Maden-Bayburt area (Fig. 1).

In the eastern Black sea, the Upper Cretace-
ous rudistid formations show sparse distributions
(Fig. 1). The rudists occur in the volcano-
sedimenter sequence around Ordu, Giresun, and
Trabzon (Özsayar et al., 1981; Özer, 1988, 1991),

but, they are present in turbiditic sequence not inc-
luding volcanic interbedding in the Bayburt and Er-
zurum area (Bektaş. et al., 1984). Among these lo-
calities only the rudist fauna of Maden (Bayburt)
area recently determined by Fenerci (1992).

The Caprinidae specimens are collected by
present authors at the different times from Maden
area. The holotypes and paratypes of the new spe-
cies are preserved at Geological Engineering De-
partment of Dokuz Eylül University, İzmir.
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STRATIGRAPHIC SETTING

The geology of Maden (Bayburt) area has
been studied by Ketin (1951), Gattinger et al.
(1962), Özsayar et al. (1981) and Bektaş et al.
(1984).

The rudists are found in the reefal limesto-

nes overlying the ophiolitic serie. The rudist formati-
on is made up sandy limestones consisting abun-
dant rudists, gastropods, and hermatypic corals.
The rudist fauna is poor and consists of Hippurites
sulcatoides Douville, Hippurites sp., Vaccinites ulti-
mus Milovanovic, Joufia cappadociensis (Cox), and
Sabinia sp. (PI. IV, fig. 5; PI. V, fig. 3,4).

Vaccinites ultimus and Joufia cappadocien-
sis are characteristic for the Maastrichtian of Tur-
key (Özer, 1988, 1992). These species are well
known and determined with rudists and bentonic fo-
raminifers indicated a Maastrichtian age in the Eas-
tern Anatolia (Karacabey, 1972) and Central Anato-
lia (Özer, 1983, 1985). Vaccinites ultimus and
Joufia cappadociensis are also found in the Maast-

richtian of Kocaeli Peninsula (Kaya et al., 19866;
Özer et al., 1990), and Western Pontids (Kaya et
al., 1986a). Vaccinites ultimus is widespread in the
Maastrichtian of Eastern Als (Sladic, 1957; Sladic-
Trifunovic, 1978), Yugoslovia (Sladic-Trifunovic,
1977), Bulgaria (Pamouktchiev, 1961, 1981). and
Sicily (Camoin, 1983). Joufia capadociensis is
known from the Maastrichtian of Romania (Lupu,
1976).

According to the stratigraphic and geograp-
hic distribution of Vaccinites ultimus and Joufia cap-
padociensis in Turkey and also in the Eastren Me-
diterranean sub-province, a Maastrichtian age has

been proposed to the rudists of Maden (Bayburt)
area by Fenerci (1992). So, the Maastrichtian age
is also accepted here for the new species.

In the studied area, the rudistid reefal limes-
tones are unconformably overlain by the flysch-type
sediments of Eocene age.

PALEONTOLOGY

Classis: Bivalvia Linne, 1758

Ordo: Hippuritoida Newell, 1965

Super Familia: Hippuntacea Gray, 1848

Familia: Caprinidae d'Orbigny, 1850

Genus; Mitrocaprina Boehm, 1895

Mitrocaprina madeniana n.sp.

(PI. I, fig. 1-5; PI. II, fig. 1-5; Text-fig. 2, 3)

Derivation of Name: From Maden where the

specimens have been found.

Material: Three specimens with both of the
lower and upper valves and upper valve of one spe-
cimen.

Fig. 2- Mitrocaprina madeniana n.sp.
Transverse section of the upper valve passing 12
mm above the commissure, holotype, No. Pm 27.
The canal layer consists of two types canals such
as pyriform (prf) in the outer part and polygonal
(plg) in the inner part. In the posterior side, the ca-
nal layer comprise three rows of pyriform canals
and also two rows of polygonal canals. Note the
second row of polygonal canals which are elongat-
ed towards the cardinal area. The teeth (B, B') and
myophores (mp, ma) are well preserved. Com-
pare with the Fig. 3 in the PI. II.
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Holotype: Holotype is given in the PI. I, fig. 1;

PI. II, fig. 1,2,3,4, and Text-fig. 2.

Type locality: In the southwest of Maden
(Bayburt) the Sırataşlar ridge, map reference; Trab-
zon H44-c3; coordinate; 18.350:46.425 and

18.750:46750.

Type level: Maastrichtian.

Diagnosis: Lower valve short and conical.

Upper valve capuloid towards the anterior side.
Transverse section of the upper valve oval or sub-
circular. Teeth robust. Posterior myophore (mp)
thin and plate, anterior myophore (ma) grand.

Canal layer of the upper valve occupies almost a
whole periphery and consists of three outer rows of

pyriform canals and two inner rows of polygonal ca-

nals. Canal layer thick in the posterior side.

Description: The lower valve is short (50-80
mm) and conical in shape. On the surface of the
valve, only thin lamellae can be observed (PI. I, fig.
1). The transverse section of the valve is ovaloid.

The diameter is 60x100 mm in the holotype and
50x80 mm or 60x100 mm in the paratypes (PI. I,
fig. 3-5). The shell wall is thin (4-10 mm) and dark

colored in the inner part. The teeth and myophores
are clearly preserved in the paratypes. The anterior

myophore (ma) is more developed than the posteri-

or myophore (mp) (PI. I, fig. 3-5).

The upper valve is capuloid in shape and
inclined towards the anterior side overlapping the

commissure about 10-12 mm (PI. I, fig. 1; PI. II, fig.

1). The height of the valve ranges from 50.mm to
70 mm. The transverse section is oval or subcircu-

lar in shape and the diameter varies from 90x110
mm to 140x155 mm. The teeth are very robust and

clearly observed. In the holotype the posterior tooth
(B) is generally bigger than the anterior tooth (B)

and it cover the grand part of the cardinal area. The

anterior tooth is located above the posterior tooth

(PI. II, fig. 3, 2). The myophores are well preserved
in all of the specimens. The anterior myophore
(ma) is better developed than the posterior myop-

hore (mp). The posterior myophore (mp) begins

near the posterior tooth (B) being thin plate in
shape. The canal layer is well preserved around
the periphery of the valve. But, it is better develo-

ped in the posterior side of the valve (PI. II, fig. 3-5;

Fig. 2,3). The thickness of the canal layer is 40 mm

in the posterior side, whereas it is diminished to-
wards the anterior side, about 7-10 mm. The canal

layer consists of two types of canals such as pyri-
forms and polygonals. The outer part of the canal
layer comprises three rows of pyriform canals like
Plagioptychus Matheron and they are elongated

about 20-30 mm towards the inner part of the canal
layer, especially around the posterior side. The

inner part of the canal layer consists of two rows of

polygonal canals which are located around the pos-
terior side and near the cardinal area. The second

row of polygonal canals are generally elongated

Fig. 3- Mitrocaprina madeniana n.sp.
Transverse section of the upper valve passing
10 mm above the commissure, paratype, No.
Pm29.

The teeth are very robust and clearly ob-
served. Towards the anterior side, some sec-
tions (ac) showing resemblances with the ac-
cessory cavities of caprinids, could be seen.
Compare with the Fig. 4 in the PI. II.

(20-37 mm) towards the cardinal area. In the anteri-

or part, one row of little polygonal canals are also

present. In the anterior side of some specimens,

some sections showing similarities with the acces-

sory cavities of caprinids could be seen (PI. II, fig.
4,5; Fig. 3).
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Discussion: The canal layer of the speci-
mens shows principal features of the genus Mitro-
caprina Boehm. The specimens present some simi-

larities to Mitrocaprina vidali Douville and
Mitrocaprina bulgarica Tzankov, by the organizati-
on of the canal layer of the upper valve. But, they
differ from these species by the presence of many
pryform canals, and by the inclination of the upper
valve towards the anterior side, while Mitrocaprina
vidali Douville and Mitrocaprina bulgarica Tzankov
have a beak inclined to the cardinal area (Douville,
1904; Tzankov, 1965). Mitrocaprina madeniana n.
sp. distinguish from the all known species of the
genus Mitrocaprina Boehm by the oval or subcircu-
lar transverse section of the upper valve, by the

canal layer which are almost observed around the
periphery and by the position and well preservation
of the cardinal area of the upper valve.

Fig. 4- Sabinia ornata n. sp.
Transverse section of the lower valve passing
15 mm below the commissure, holotype, No.
Pm25.

The canal layer consists of fusiform (f), rectan-
gular (r), quadrangular (q), and polygonal (plg)
canals. Around the central cavity (CV), the fusi-
form sections (fs) showing some resemblances
with the canals of caprinids, are also present.
Compare with the Fig.1 in the PI. IV.

Genus: Sabinia Parona, 1909.

Sabinia ornata n.sp.

(PI. Ill, fig. 1-5; P. IIV, fig. 1-4; PI. V, fig. 1,2; Text-

fig. 4-6)

Derivation of Name: Because of the orna-
mentation of the siphonal region of the lower valve.

Material: One sample wiith two valves, three
lower valves with partly preserved upper valve and
five lower valves.

Holotype: Holotype is given PI. Ill, fig. 1, 2;
PI. IV, fig. 1,4, and Text-Fig. 4, 5.

Type locality: In the southwest of Maden (Ba-

yburt) the Sırataşlar ridge, map reference; Trabzon
H44-c3; coordinate; 18.350:46.425 and

18.750:46.750.-

Type Level: Maastrichtian.

Diagnosis: Siphonal region of the lower valve

ornamented with longitudinal costae and grooves.
Posterior band (S) longitudinal costae, whereas the

anterior- band (E) a smooth groove. Interband (I)
very wide than the other bands and it represented

by the longitudinal costae. Lamellae densely imbri-
cate in the cardinal area. Ligamental ridge (L) long

and truncated at the top. Canal layer of lower valve
consists of four type canals such as fusiform, rec-

tangular, quadrangular and polygonal. Canal layer
of the upper valve thin and compose with fusiform

and polygonal canals in small-size.

Description: The lower valve vary from coni-
cal to cylmdroconical shape (PI. Ill, fig. 1, 3-5; PI. V,

fig. 1, 2). The holotype is conical in shape and 60
mm in length, whereas the paratypes are cylindro-
conical in shape and 80 mm to 120 mm length. The

external characters of the valve are not clearly pre-

served in the holotype, whereas, some lamellae

which are characteristic of the new species, could
be observed near the cardinal area. The surface of

the paratypes is ornamented with 2-3 mm thick cos-
tae and grooves 2-3 mm wide (PI. Ill, fig. 3, 4, 5; PI.

V, fig. 1, 2). The costae and grooves are located
around the siphonal region where the growth lamel-

lae cut the costae a strong zigzag pattern. In the

cardinal area of the paratypes, the lamellae are

densely imbricated (PI. V, fig. 1). The ligamental
ridge (L) can be seen at the surface as a 0.5 mm

wide groove. The posterior band (S) is characteri-

zed by a 10 mm wide longitudinal costae (PI. Ill, fig.

3-5; PI. V, fig. 2). The anterior band (E) is marked
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Fig. 5- Sabinia omata n. sp.
Transverse section of the lower valve passing
8 mm below the commissure, paratype, No.
Pm26.

The teeth (B, B') and sockets (b, b') are well
preserved. Only some canals such as rectan-
gular (r) and polygonal (plg) are observed.
Compare with the Fig. 2 in the PI. IV.

with a 11 mm wide groove along the lower valve.
This groove is very smooth but not deep. Interband
(I) is typically very wide (35-40 mm) than the-other
bands, and it consists of 6-7 costae which are the
same size with those of the posterior and anterior
parts (PI. Ill, fig. 3, 4, 5). The shape of the transver-
se section is subcircular to circular. The thickness
of the shell wall of the holotype is not the same

everywhere; it is 15 mm thick in the siphonal regi-
on, whereas 10-20 mm thick between the anterior
and cardinal area. The holotype and some paraty-
pes have an inward inflexion in the anterior side of
the lower valve, near the ligamental ridge (PI. IV,
fig. 1, 3). The shell wall consists of regular polygo-
nal cells about 0.5 mm in size, and sometimes they
are elongated. In some transverse section, the sip-
honal bands show a slight curve the inner side of
the shell wall and cause to ondulate the prismatic
cells. The ligamental ridge (L) is thin (1-1.5 mm),
long (9-22 mm), and it is truncated at the top and

widen towards the anterior side. At the top of liga-
mental ridge (L) black calcite filling is generally ob-
served. The teeth (B, B') are well preserved and

they show zigzag conturs (PI. IV, fig. 2; fig. 4, 5).
The anterior tooth (B') are generally bigger than the
the posterior tooth (B). The tooth of the lower valve
(N) is partly preserved. The myophores are not pre-
served, because of the recrystalization. Only, in
one sample, the posterior myophore (mp) can be

partly observed (PI. IV, fig. 2). The central cavity
(CV) is oval in shape and more nearer to the sipho-
nal area.

The canal layer of the lower valve is 10-20
mm thick and it comprises of four canal types.
These are fusiform, rectangular, quadrangular, and
polygonal. These canal types are typically observed
in the holotype (PI. IV, fig. 1; Fig. 4), whereas the
paratypes have some canals such as rectangular
and quadrangular. The polygonal canals are obser-
ved both of sides of the ligamental ridge and at the
contours of the upper valve's teeth. Around the liga-
mental ridge, the polygonal canals are generally of
the same size, but some of them are elongated to-
wards the shell wall. In the siphonal area a single
row of 11 polygonal canals are also observed.
These canals are very large, about 3-7 mm in size,
than the other polygonal canals. Many quadrangu-
lar canals are located between the ligamental ridge
and posterior side of the lower valve. A row of rec-
tangular canals are observed between the quadran-
gular and polygonal canals in the posterior side,
and also between the fusiform and polygonal ca-
nals in the anterior side of the valve. In the anterior
side, 10-15 mm length, 9 fusiform canals are obser-
ved. Some fusiform canals are elongated near the
rectangular canals. There are also some fusiform
sections around the central cavity (CV), showing re-
semblances with the canal structures.

The upper valve is strongly inclined towards
the cardinal area and the beak overlapping the
commissure line descending about 10 mm below
(PI. Ill, fig. 1). The height of the valve is 90 mm in
the holotype. A lot and thin radial canals are seen,
because the outer layer is partly eroded (PI. Ill, fig.
2). The transversal section, passing 10 mm above
the commissure, is circular in shape and the diame-
ter is about 100 mm (PI. IV, fig. 4). The ligamental
ridge (L) is thin, long (14-15 mm), truncated and en-
larged at the top towards the posterior side. The
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Fig. 6- Sabinia ornata n. sp.
Transverse section of the upper valve passing
10 mm above the commissure, holotype, No.
Pm25.
The cardinal area is well preserved. The canal
layer consists of fusiform (f) and polygonal (plg)
canals. The section of the beak (bk) containing
canals is also seen in the upper part of the fig-
ure. Compare with the Fig. 4 in the PI. IV.

teeth of the valve are clearly preserved. The anteri-

or tooth (B') is bigger than the other. The edge of

the teeth are mostly zigzag in shape. The tooth of

the lower valve is well developed. The posterior

myophore (mp) is partly preserved.

The canal layer of the upper valve is not
wide, about 3-5 mm, and it consists of fusiform and
polygonal canals (PI. IV, fig. 4; Fig. 6). The fusiform
canals are 1-5 mm in length, and made generally of

one row. However, in the siphonal region two row

of the fusiform canals are observed. In the inner

part of the canal layer, very little (1 mm) one row of

numerous polygonal canal are arranged. In the
both side of the ligamental ridge, many polygonal
canals are also observed.

Discussion: Sabinia ornata n. sp. shows

some resemblances to Sabinia klinghardti Bohm

with the shape of the upper valve (Bohm, 1927), to
Sabinia aniensis Parona and Sabinia serbica Kuhn
and Pejovic with the shape of the canal of the

upper valve (Parona, 190.8; Kuhn and Pejovic,
1959). But, it differs from these species by the dis-
position of the canals of the upper and lower valve.

New species distinguish from all known spe-

cies of Sabinia Parona by the characteristic structu-
re of the siphonal region.

Manuscript received February 19, 1993
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PLATE-I

Fig. 1 -5- Mitrocaprina madeniana n. sp.
Maastrichtian, Sırataşlar ridge, Maden, Bay-
burt.

Fig. 1- Upper and lower valves, posterior side, holo-
type, No. Pm 27, X0.6 Note thin lamellae (ar-
row) on the surface of the lower valve.

Fig. 2- Upper valve, view of the radial canals, para-
type, No. Pm 28, X0.5.

Fig. 3- Lower valve, transverse section near the com-
missure, paratype, No. Pm 31, X0.8. Some ca-
nals (arrow) of the upper valve are also ob-
served in the posterior side.

Fig. 4- Lower valve, transverse section near the com-
missure, paratype, No. Pm 31, X0.7. Note the
canals (arrow) of the upper valve.

Fig. 5- Lower valve, transverse section below 10 mm
of the commissure, paratype, No. Pm 29 X0.7.

UV, LV Upper and lower valves.
B , B ' Posterior and anterior teeth.
mp, ma Posterior and anterior myophores.
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PLATE-II

Fig. 1 -5- Mitrocaprina madeniana n. sp.
Maastrichtian, Sırataşlar ridge, Maden, Bay-
burt.

Fig. 1- Upper and lower valves, anterior side, holo-
type, No. Pm 27, X0.6. Note the capuloid
shape of the upper valve overlapping the com-
missure line (arrows).

Fig. 2- Upper and lower valves, external surface, holo-
type, No. Pm 27, X 0.5. Note the radial canals
(arrows) of the upper valve.

Fig. 3- Upper valve, transverse section above 12 mm
of the commissure, holotype, No. Pm 27, X0.6.
Compare with the Text-Fig. 2

Fig. 4- Upper valve, transverse section above 10 mm
of the commissure, paratype, No. Pm 29, X0.7.
Compare with Text-fig. 3.

Fig. 5- Upper valve, transverse section above 7 mm of
the commissure, paratype, No. Pm 31, X0.7.

UV, LV Upper and lower valves.
B, B' Posterior and anterior teeth.
mp, ma Posterior and anterior myophores.
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PLATE-III

Fig. 1 -5- Sabinia ornata n. sp.
Maastrichtian, Sırataşlar ridge, Maden, Bay-
burt.

Fig. 1- Upper and lower valves, external view, holo-
type, No. Pm 25, X0.5.

Fig. 2- Upper and lower valves, view of the siphonal
region, holotype, No. Pm 25, X0.6. Note the ra-
dial canals (arrow) of the upper valve.

Fig. 3- Lower valve, external view of the siphonal re-
gion, paratype, No. Pm 14, X1. Note the cos-
tae of the interband (I) showing the resem-
blance with those others costae.

Fig. 4- Lower valve and partly preserved upper valve,
view of the siphonal region, paratype, No Pm
16.X0.5.

Fig. 5- Lower valve and partly preserved upper valve,
external view of the siphonal region, No. Pm
18, X0.9.

UV, LV : Upper and lower valves.
S, E : Posterior and anterior siphonal bands.
I : Interband.
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PLATE-IV

Fig. 1 -4- Sabinia ornata n. sp.
Maastrichtian, Sırataşlar ridge, Maden, Bay-
burl.

Fig. 1- Lower valve, Transverse section below 15 mm
of the commissure, holotype, No. Pm 25, X0.7.
Compare the canals (r, f, plg, q) with the text-
fig. 4.

Fig. 2- Lower valve, transverse section below 8 mm of
the commissure, paratype, No. Pm 26, X0.8.
Compare with the text-fig. 5.

Fig. 3- Lower valve, transverse section, commissure
unknown, paratype, No. Pm 14, X1.2. Note the
rectangular canals (r).

Fig. 4- Upper valve, transverse section above 10 mm
of the commissure, holotype, No. Pm 25, X0.7.
The section of the upper valve's beak (bk) is
also seen. Compare with the text-fig. 6.

Fig. 5- Hippurites sulcatoides Douville
Maastrichtian, Sırataşlar ridge, Maden, Bay-
hurt. Lower valve, transverse section, commis-
sure unknown, No. Pm 6, X1.3. The ligamental
ridge shows a slight bending inward. The pos-
terior pillar is short while the anterior is slightly
narrow-necked.

L : Ligamental ridge.
Sp, Ep : Posterior and anterior pillars.
CV : Central cavity.
mp : Posterior myophore.
B, B', N : Teeth.
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PLATE -V

Fig. 1 -2- Sabinia ornata n. sp.
Maastrichtian, Sırataşlar ridge, Maden, Bay-
burt.

Fig,. 1- Lower and partly preserved upper ,alve, view
of the posterior side very near to the cardinal
area, paratype, No. Pm 26, X0.6. Note the la-
mellae (arrow) densly imbricated around cardi-
nal area

Fig. 2- Lower valve, external view of the siphonal re-
gion, paratype, No. Pm 15, X0.8.

Fig. 3- Vaccinites ultimus Milovanovic
Maastrichtian, Sırataşlar ridge, Maden, Bay-
burl. Lower valve, transverse section, commis-
sure unknown, No. Pm 12 X0.9.

Fig. 4- Joufia cappadociensis (Cox)
Maastrichtian, Sırataşlar ridge, Maden, Bay-
burt. Upper valve, transerve section nearer the
commissure, No. Pm 22, X0.8. The cardinal
area is well preserved. Note the canal layer
consisting of a single row radial canals.

UV, LV : Upper and lower valves.
S, E : Posterior and anterior siphonal bands.
I : Interband.
L : Ligamental ridge.
B, B' : Teeth.
Sp, Ep : Posterior and anterior pillars.
mp, m : Posterior and anterior myophores.
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THE LATE MIOCENE PERISSODACTYLA IN SAZAK (KALE-DENİZLİ)

Tanju KAYA*

ABSTRACT.- A new mammalian fauna is recognized in the southwest of Sazak (Kale-Denizli). Hipparion matthewi Abel and
Ceratotherium neumayri (Osborn) are described and compared with similar forms from Turkey and Eurasia. The Perissodactyla
is indicative of a late Late Miocene (Middle Turolian) age The paleoecologic characteristics suggest a steppe environment with
patches of bushes.

INTRODUCTION

The objective of this paper is to describe the
Perissodactyla of a new fauna in Sazak, and to dis-
cuss their biochronological and the paleoecological
aspects.

There is no published data which is directly
concerned with the geology of the Sazak area
(Kale-Denizli). Regional studies have dealt with
some units, which in part may be correlatives of the
Neogene continental deposits in the Sazak area
(e.g. Nebert, 1956; Yalçınlar, 1951; Taner, 1975).
Becker-Platen et al. (1975) recorded Hipparion sp.,
Diceros neumayri (Osborn) and Chilotherium
schlosseri (Weber) in Mahmutgazi (Çal-Denizli),
with reference to the Kınık and Garkın fauna

groups. Staesche and Sondaar (1979) recognized
Hipparion matthewi Abel in Mahmutgazi, and sug-
gested a Middle Turolian age. Gökçen (1982) re-
corded a lower shallow marine and an upper conti-
nental Neogene sequence in the surroundings of
Muğla-Denizli, and established 10 lithologic subdivi-
sions ranging in age from Early Aquitanian to Pon-
tian, on the basis of ostracods. The Sarayköy lig-
nites are late Middle Miocene and early Late
Miocene in age (E. Akyol, 1992, oral communica-
tion).

The fossils presented in this paper have been
recovered from the continental strata exposed at the
Kapuşçabaşı Mevkii, between Kurt Tepe and Yayla
Tepe, 1 km. southwest of Sazak (Kale) (Fig. 1).
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The osteological and odontological terms
and systematics used for Hipparion and Ceratothe-
rium follow those of Forsten (1968), Gromova
(1952) Prothero and Schoch (1989) and Heissig
(1972, 1989), and Klaits (1973). The geological
scale is according to Steininger et al. (1989). Mam-
malian zones are according to Mein (1975). Meas-
urements are given in mm. The material is stored in
the Natural History Museum (İzmir).

Abbreviations used in this work are: breadth
(br); diameter (dia); metacarpal (Mc); Denizli-Kale-
Sazak (DKS); Çanakkale-Gülpınar (ÇG); Muğla-
Yatağan-Eski Bayırköy (MYB); Muğla-Yatağan-
Salihpaşalar (MYS); Afyon-Sandıklı-Garkın (ASG);
Uşak-Eşme-Akçaköy (UEA); Samos 5 (S), Pikermi
(P), Saloniki (Sq), Halmyropotamos (H)-Greece;
Upper Maragha-Persia (M); Fort Ternan-Kenya (F).

STRATIGRAPHY

Becker-Platen (1970) subdivided the Neo-
gene deposits of southwest Anatolia into four major
rock units, in ascending order: the Helvetian-
Tortonian Turgut unit (limnic-fluviatile), the Sarma-
tian-Pontian Sekköy unit (limnic), the Pontian
Yatağan unit (terrestrial-fluviatile), and the Dasian
Milet unit (limnic). The Yatağan unit, which is widely
exposed in southwest Anatolia, consists of two
parts: a lower part of gray clayey limestone, inter-
stratified tuffite and claystone, and an upper part of
tuffite, brownish limny mudstone, conglomerate,
claystone and gray limestone. The fossils of this
study have been recovered from the brownish clay-
stone layers in the upper part of the Yatağan unit.

The studied section of the Yatağan unit cor-
responds to Taner's (1975) early Early Pliocene de-
posits with Radix (Adelinella) phrygovata Oppen-
heim and late Early Pliocene strata with Didacna
(Pontalmyra) tosunlari Taner, to Gökçen's (1982)
Pannonian and Pontian deposits with Cypria sp.
and Darwinula brew's Straub, to Atalay's (1980)
Bayır member, and to Hakyemez's (1989) Yatağan
formation.

PALEONTOLOGY

Order : Perissodactyla Owen, 1848
Suborder : Mesaxonia Marsh, 1884
Infraorder : Hippomorpha Wood, 1937
Superfamily :Equoidea Gray, 1821
Family :Equidae Gray, 1821
Subfamily :Equinae Gray, 1821

T r i b e : : Hippotheriini Bonaparte,
1850

Genus : Hipparion de Christol, 1832
Type species : Equus primigenius Von

Meyer, 1829
Hipparion matthewi Abel,
1926
PI. I,fig. 1,2

Material

Juvenile right mandibular fragment with DP2-
DP4 (DKS-1); left astragalus (DKS-2); left calcan-
eum (distal part) (DKS-3).

Description

DP2-DP4.- The height of the ramus is 28 mm.
under the middle of DP2 and 37 mm under the mid-
dle of DP4. The teeth are high-crowned. The exter-
nal depression between the protoconid and the hy-
poconid is shallow. The enamel of the borders of
the anterior and posterior fossetula is slightly cren-
ellated. The protostylid and the ectostylid have not
reached the occlusal surface. The cement and the
enamel are thick.

Astragalus.-The astragalus is small. On the
plantar view there are three facets for the calcan-
eum. Proximally the ectal facet meets the trochlea
in an acute edge. There is a gap on the lateral part.
The ectal facet meets the small and the long calca-
neal facet in a blunt cret. The sustentacular facet is
long and convex in proximo-distal direction. It ex-
tends all along the height of the astragalus. The dis-
tal surface is occupied by the navicular facet, which
is convex in dorso-plantar direction. The cuboid fac-
et is quadrate-shaped and small, it forms almost a
right angle with the navicular facet. The medial tu-
ber is rounded.

Calcaneum-The calcaneum and the astrag-
alus belong to the same individual. The tuber calca-
nei is broken. On the dorsal view the sustentaculum
tali forms an acute elbow. There are three articula-
tion facets for the astragalus. The ectal facet is
proximally convex, distally concave. The calcaneal
facet is narrow and long towards the distal direc-
tion. The sustentacular facet is long and concave in
proximo-distal direction. The distal facet (for the cu-
boid) is quadrate-shaped, ending rather abruptly in
the plantar direction. The lateral surface of the cal-
caneum is rough.
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Comparisons

In respect to the morphology and size of the
teeth and bones, Hipparion matthewi from Sazak is
similar to those from Samos 5 (Werhli, 1941; Son-
daar, 1971), Saloniki (Arambourg and Piveteau,
1929; Forsten, 1968), Upper Maragha (Bernor,
1978), Gülpınar (Kaya, 1986) and Salihpaşalar
(Kaya, 1991) (Table 1,2,3).

Table 1- Measurements of DP2-DP4 of Hipparion matthe-
wi

H. matthewi is a small Hipparion. The size of
H. matthewi is close to H. gromovae Villalta and
Crusafont from Valdecebro (Spain) (Sondaar, 1961:
astragalus height 43.5 mm., astragalus breadth dis-
tal articulation surface 32.7 mm.) and H. macedoni-
cum Koufos from Ravin des Zouaves (Greece)
(Koufos, 1987a: astragalus height 41.5 mm.,
astragalus breadth distal articulation surface 32
mm.). H. matthewi is smaller than H. elegans Gro-
mova from Pavlodar (Siberia) (Forsten, 1968:
astragalus height 47.4 mm., astragalus breadth dis-
tal articulation surface 35 mm.). H. matthewi is dif-
ferent from very small-sized H. periafricanum Villal-
ta and Crusafont from Valdecebro (Sondaar, 1961:
astragalus height 30.5 mm., astragalus breadth dis-
tal articulation surface 22.6 mm.).

Suborder : Ceratomorpha Wood, 1937
Family : Rhmocerotidae Gray, 1821
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Description

Carpal-4.- The dorsal surface of the Sazak
specimen is very large and flat. The ulnar facet
slightly encroaches upon the dorsal surface. The
posterior parts of proximal facets are free of
grooves. The above mentioned characteristics be-
long to Rhinocerotini (Heissig, 1972).

The ulnar facet is convex in antero-posterior
direction. It is lacking a volar appendix. An acute
angle exists between the ulnar and intermedium
facets. The intermedium facet is concave vertically,
and separated from the carpal-3 facet by an acute
ridge. There is a dorsal groove in medio-lateral di-
rection in the middle of the dorsal surface.

On the medial view the carpal-3 facet is
quadrate-shaped, smooth and deeper than it is
wide.

The metacarpal-lll facet is slightly concave
and narrow in dorso-volar direction. The Mc-IV fac-
et is convex transversely, and broad in front. It is
narrow in dorso-volar direction. The Mc-V facet is
concave and narrower than the Mc-IV facet in dor-
so-volar direction. The Mc-V facet is separated
from the volar projection by a deep groove.

The protuberance is broad and rounded
proximo-distally as well as transversely. The volar
projection ends bluntly.

The medial tuber is situated below the cret
between the ulnar and intermedium facet, and well
developed. The lateral tuber is slightly developed
and situated on the farther lateral part of the dorsal
surface.

Metacarpal-lll- The carpal-4 and the meta-
carpal-lll belong to the same individual. The proxi-
mal end is narrower than the distal one. The proxi-
mal tuberosities are flat. A shallow groove
separates the tuberosities, The medial tuberosity
spreads in the middle and lateral parts of the bone.
The lateral tuberosity is small and situated below
the cret between the carpal-3 and carpal-4 facets.
The above mentioned characteristics belong to
Rhinocerotini (Heissig, 1972).

The proximal mam facet for the carpal-3 is
triangular-shaped and deep. It is narrow and con-
cave -in medio-lateral direction. Its hind part is
turned medially. There is a triangular-shaped hump
between the volar Mc-IV facet and carpal-3 facet.
The carpal-4 facet is convex and deep. It is separ-
ated from the carpal-3 facet by an acute cret.

On the lateral view, the Mc-IV facet consists
of two separate facets. The distance between these
facets is 9 mm. The dorsal Mc-IV, facet is vertical,
triangular-shaped and concave. The volar one is
rounded, concave and isolated.
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Mc-ll facet is deep in dorso-volar direction
and narrow vertically.

A shallow groove with proximo-distal exten-
sion exists above the dorsal part of the distal
trochlea. On the volar view the sagittal keel is
sharp. The shaft is flat and rough on both sides.
The volar part of the distal trochlea bears two ver-
tical grooves.

Comparisons

The carpal-4 of C. neumayri from Sazak re-
sembsles those of Diceros neumayri (Osborn) from
Garkın and Eski Bayırköy (Heissig, 1975b), Rhinoc-
eros pachygnathus Wagner from Pikermi (Gaudry,
1862), and Diceros pachygnathus (Wagner) from
Pikermi (Guerin, 1980) in shape as well as in size
(Table 4).

The carpal-4 from Sazak is larger than Rhin-
ocerotini type 1 and 2 from Siwalik (Pakistan)
(Heissig, 1972; type 1 breadth 51 mm., height 42
mm., diameter 54 mm.; type 2 breadth 57 mm.,
height 47 mm., diameter 62 mm.). The size of the
Sazak material is intermediate between Dicerorhi-
nus sumatrensis (Fischer) from Sumatra (Hooijer,

1966: maximum breadth 61 mm.) and Dicerorhinus
ringstroemi Arambourg from Shansi (China) (Hooij-
er, 1966: maximum breadth 78 mm.).

The carpal-4 from Sazak is similar to Rhino-
cerotini type 1 by the presence of the narrow Mc-IV
and Mc-V facets in dorso-volar direction, and by
having a deep groove between the Mc-V facet and
volar projection. The Mc-V and Mc-IV facets are
deep in Rhinocerotini type 2 (Heissig, 1972). These
facets are independent surfaces in Brachypotheri-
um brachypus (Lartet) from Sansan (Klaits, 1973).
C. neumayri is close to the Rhinocerotini type 2 by
the absence of the volar appendix of the ulnar facet
(Heissig, 1972).

The dorsal surface of carpal-4 is very large
and flat, whereas it is small and flat in Elasmotheri-
ni, and it is very narrow and high in Aceratherini
(Heissig, 1976; Yan and Heissig, 1986).

The Mc-lll from Sazak resembles C. neu-
mayri from Salihpaşalar, D. neumayri from Garkın
(Heissig, 1975b), and D. pachygnathus from Piker-
mi (Guenn, 1980) in shape as well as in size (Table
5). The Sazak specimen is larger than D. neumayri
from Eşme-Akçaköy (Heissig, 1975b) (Table 5).

a- Maximum length, b- median length, c- proximal breadth. d- proximal diameter, e- breadth of the carpal-3 facet, f- diameter
of the carpal-3 facet, g- breadth of the carpal-4 facet, h- diameter of the carpal-4 facet, i- breadth in the middle of the shaft, j-
diameter in the middte of the shaft, k- distal breadth, I - breadth at the trochlea. m- diameter at the trochlea
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The Sazak material is longer than Dicerorhi-
nus orientalis (Schlosser) from Halmyropotamos
(Melentis, 1970) and D. sumatrensis (Hooijer,
1966: median length 158 mm, distal breadth 59
mm). The measurements of the proximal and distal
ends are similar (Table 5). The Mc-lll of C. neu-
mayri is shorter than that of D. orientalis from Shan-
si (Ringström, 1924: median length 187 mm., distal
breadth 68 mm.). The Mc-lll from Sazak is relative-
ly longer than that of Paradiceros mukirii Hooijer
(Hooijer, 1968) from Fort Ternan (Table 5).

PALEOECOLOGY

The fossils occur in lenticular masses of
brownish claystones. The bones have been accu-
mulated by fluviatile transport. The connected skel-
etal parts may suggest slight water movements, or
a short fluviatile transport.

H. matthewi is a steppe species: (Forsten,
1968). Its teeth structure and gracile bones are in-
dicative of adaptation to a xerophytic environment.
C. neumayri (Heissig, 1975a) and the other faunal
elements, Pachytragus sp. and Gazella sp. (Berg,
1975) suggest, as a whole, a habitat of open coun-
try and shrub. The paleoecologic characteristics of
the fossils suggest a steppe environment with
patches of bushes.

The above environmental evaluation is com-
patible with the steppe-like to semi-arid conditions
proposed by Benda and Meulenkamp (1990) for
the Turolian in western Anatolia on the basis of
Kızılhisar pollen association.

AGE

In western Anatolia, the strata with H. mat-
thewi (e.g. Mahmutgazi-Denizli; Eski Bayırköy,
Bayırköy, Salihpaşalar, Şerefköy, Akkavak-Muğla;
Kemiklitepe-Uşak; Karain, Taşkınpaşa-Nevşehir;
Ebiç-Kayseri; Kavakdere, Evciköy-Ankara) are of
Turolian age (Becker-Platen et al., 1975; Atalay,
1980; Kaya, 1991). The above mentioned faunas
have usually been considered to be correlative of
the Kınık fauna group (MN 12) (Staesche and Son-
daar, 1979; Kaya 1991). The Upper Maragha and
Samos 5 faunas with H. matthewi were assigned to
Middle-Late Turolian MN 12, MN 13, respectively)
by Steminger et al. (1989). H. matthewi has also
been recorded from the Pontian of Ploski Blagoev-

radsko, from the Meotian of Ezerovo (Bulgaria),
and'from the Turolian of Beluska and Vozarzi (Mac-
edonia) (Forsten, 1978a; Forsten and Garevski,
1989).

C. neumayri is known in Late Miocene (Val-
lesian and Turolian) faunas (Heissig, 1975a), and
exhibits an increase in size in its evolutionary trend.
The small specimens occur in the Vallesian of
Eşme-Akçaköy and the Lower Torulian of Kayadibi,
and the large-sized ones are present in the Lower
Turolian of Garkın and the Middle Turolian of Kınık.
Strong specimens are known in the Late Turolian
Amasya fauna.-The measurements of the Sazak
specimens indicate a Middle-Late Turolian age.

In conclusion, the Perissodactyla of Sazak
may indicate a Middle Turolian age.

RESULTS

-The Perissodactyla in Sazak, which are rec-
ognized in the upper part of the Yatağan unit, in-
clude Hipparion matthewi Abel and Ceratotherium
neumayri (Osborn). H. matthewi is similar to those
of Çanakkale, Muğla, Samos 5 and Upper Mara-
gha. C. neumayri resembles those of Afyon, Muğla
and Pikermi. The size of C. neumayri indicates a
high evolutionary level. These fossils are of a late
Late Miocene age (Middle Turolian). The paleoeco-
logical characteristics are indicative of a steppe en-
vironment with patches of bushes.
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PLATE-I

Hipparion matthewi Abel 1926

Fig. 1- Juvenile right mandibular fragment with DP2-DP4

(DKS-1) (occlusal view) (X1)

Fig. 2- Left astragalus+calcaneum (DKS-2, DKS-3) (dor-
sal view) (X1)

Ceratotherium neumayri (Osborn, 1900)
Geraards, 1988

Fig. 3- Right carpal-4 (DKS-4) (distal view) (X1)

Fig. 4- Right metacarpal-lll (DKS-5) (dorsal view) (X1/2)

Fig. 5- Right metacarpal-lll (DKS-5) (volar view) (X1/2)





STRATIGRAPHY OF THE EASTERN SECTION OF THE PASİNLER-HORASAN (ERZURUM) REGION

Cevdet BOZKUŞ***

ABSTRACT— In the eastern part of the Pasinler-Horasan Neogene basin, the lowermost section consists generally of tuffs,
andesites and basalts. This association is nomenclated as "Karakurt volcanics" They are underlain by an ophiolitic melange of
Lower Cretaceous age which is unconformably overlain by the Oligocene Çayarası formation consisting of clastic rocks. The
basin is bounded by sinistral strike-slip faults controlling sedimentation of various continental detritic rocks. These are
distinguished as Aras and Horasan formations, both Pliocene in age, representing respectively marls and claystones of deep
lagoonal environment, conformably overlain by fine grained sediments. Terrace gravels, alluvial fans and colluvium represent
the Quaternary sedimentation.
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GRAIN SIZE ANALYSIS OF SOME OLISTOSTROMES BETWEEN BALKUYUMCU AND ALCI (SW
ANKARA)

Engin OLGUN* and Teoman NORMAN*

ABSTRACT._ Sedimentary features and the detailed grain size analyses of six olistostromes (debris flows) have been
examined; they are located between Alcı and Balkuyumcu villages, 40 km. southwest of Ankara. Photograph-grid method and
sieving methods are used for gram size distribution analyses. The distribution of clast sizes within olistostromes are shown as
histograms and cumulative curves. After calculating the main gram size parameters, their relations with respect to each other
are examined on distribution diagrams (scatter diagrams). So, some of the distinguishing characteristics of olistostrome clast
size distributions have been established. Studies on the clast size distribution and clast roundness indicate that, olistostromes
are, in general, very poorly sorted, either negatively or positively skewed, mostly platykurtic. Clasts are angular to sub angular.
Generally, scatter plots of grain size parameters of olistostromes are distinct when compared with other sedimentary deposits.

INTRODUCTION

Olistostromes are considered to be submarine
debrisflow deposits with heterogeneous material in
different sizes ranging from clay to block. Grain size
analyses have been carried out on six different olis-
tostromes, occurring in an area covering 17 square

kilometers, located between Alcı and Balkuyumcu
villages, 40 km southwest of Ankara (Fig.1).

Each olistostrome has been sampled for
grain size distribution at four, close but separate, lo-
calities. The sampling has been carried out at two
levels: 1. Photographic grid sampling, 2. Sieve
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sampling of matrix material. In addition, 70 thin sec-
tions of clasts and matrix material have been studi-
ed to identify the ages of olistostromes. During the
studies of grain size distribution, the standard
model analsis technique is applied to determine the
volumetric distribution of different clasts within the
matrix of olistostromes.

Flores (1955) first defined the term "olistost-
rome", from the Greek words "olistomai" (to slide)
and "strome" (accumulation) as "accumulation due
to sliding". Flores argued that olistostromes are suf-
ficiently continuous to be mappable, lithologically
heterogeneous, more or less admixed, showing no
true bedding, consisting of rocks accumulated as a
semifluid body. Other related studies are made by
several workers; Marchetti (1957), Gansser (1959),
Hoedemaker (1973), Hsü (1974), Gökçen and
Şenalp (1975), Koçyiğit (1979), Norman (1975 and
1979) and Bayraktutan (1982). Recently, olistostro-
mes are defined as a sedimentary deposit consis-
ting of a chaotic mass of intimately mixed heteroge-
neous materials (such as bloks and muds) that
accumulated as a semifluid body by submarine gra-
vity sliding or slumping of unconsolidated sedi-
ments (Jackson and Bates, 1980).

Some grain size distribution studies have
been made by Passega (1957 and 1977) Folk
(1954, 1964 and 1980), Folk and Ward (1957), Folk
and Mason (1958), Friedman (1961, 1962 and
1967), Sahu (1964), Visher (1969), Buller and Mc
Manus (1972) for river, dune, beach and turbidite
sediments, using different grain size distribution pa-
rameters. One study (Gökçen and Özkaya, 1981)
deals with the discrimination of olistostromes and
turbidites by some sedimentary parameters; other-
wise, very little published work on the distribution of
grain size properties of olistostromes is available.

STRATIGRAPHIC POSITIONS, AGES GEOMET-
RIES AND THICKNESSES OF OLISTOSTROMES
STUDIED

The oldest rock units are the Late Jurassic to
Early Cretaceous limestones in the study area
(Lünel, 1987). They are observed as megablocks
(olistolith sizes larger than 500 m) and olistostro-
mes within an ophiolitic melange which also con-
sists of different sizes of blocks of radiolarian chert,
serpentinite and pillow basalts (Koçyiğit and Lunel,

1987). These different blocks are seen in a fine gra-
inec matrix composed of greenish to gray colored
shales, sandstones and pelagic mudstones. The
studied six olistostromes are all situated in the ophi-
olitic melange and appear as blocks and lenses
(Fig. 2). Where the boundary relations are clear, the
olistostromes are seen to be conformable with the
sedimentary rock units above and belove (Fig. 3).
In the northern part, the units of the ophiolitic me-
lange are unconformably overlain by thick continen-
tal and shallow marine deposits of I ertiary age. In
the southern part of study area, (Fig. 3), they are
unconformably overlain by Tertiary volcanics and
Pliocene clastic deposits.

Two types of olistostromes (matrix supported
and clast supported) are recognized in the study
area. Matrix supported olistostromes are O-I, O-ll,
O-V and O-VI, in which the clasts are dispersed in
a fine grained matrix forming lobe or lens shape fe-
atures (olistostromes are briefly denoted as "O").
Clast supported olistostromes are O-lll and O-IV, in
which the clast framework accomodates little amo-
unt of matrix. Matrix supported olistostromes have
generally a polygenic composition, having different
limestone clasts together with many ophiolithic
constituents of Late Cretaceous age (Santonian-
Early Maastrichtian). On the other hand, clast sup-
ported olistostromes are moncgenic consisting of
only limestone clasts with aqes ranging from Late
Jurassic (Oxfordian-Tithonian) to Early Cretaceous
(Berriasian-Hauterivian) (Olgun, 1988).

In the field, O-I is about 35 m. in thickness
and its length is 1 km (Fig. 2). In O-I, a lobe shape
is recognized and its longitudinal section shows a
"snout" like feature towards west. Generally, coarse
clasts are observed at this "snout" part, showing re-
verse grading. O-ll shows a parallel trend to O-I
and it is 15 m. thick and 300 m. long. O-lll is inter-
bedded with marly limestones around Balkuyumcu
village. Its thickness is 28 m. and length is 400 m.
O-IV is observed as a lens; its lateral extension is
600 m. and thickness is 20 m. O-V is, also, lens
shaped, with a thickness of 18 m. and length
650 m. O-VI occurs parallel to O-V; it is about 25 m.
in thickness and 1 km. in length. These olistostro-
mes generally show a lateral extension in NE-SW
direction. No clast preferred orientation or internal
structure, except reverse gradation, is detected.
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GRAIN SIZE ANALYSES OF OLISTOSTROMES

a) Method: Since the olistostromes have
very coarse size clast fractions (larger than any
mesh or hole size of the available sieves) it is ne-
cessary to study their size distributions on photog-
raphs of outcrops in the field (Olgun, 1988).

To study the whole size range (mud to block)
of an olistostrome, the "photograph-grid method"

and the "sieving method" are combined to obtain
the full grain size distribution.

Four photographs are obtained of each olis-
tostrome outcrop (a scale is included in the photog-
raphs). In the laboratory, photographs are projected
onto a grid of 50x50 cm. area, providing 400 grid
points 2.5 cm. apart. On the image over the gridded
screen, at each grid point, the longest and the shor-
test diameter of each clast is measured and cover-
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ted to length measurements in the field, based on
the scale included on the photograph. Then, to ob-
tain the clast size the geometrical mean of its dia-
meters is calculated by / dlxds ; dl= the longest di-
ameter (mm.), ds= the shortest diameter (mm.).
Standard modal analysis technique (Chayes, 1956)
is applied to determine the areal distribution of this
clast size within the total amount. In this way, for
each size class, a frequency (%) is obtained lea-
ding to the size distribution of the total sediment in
the photograph. This process is repeated for all the
photographs of the same outcrop.

In this study, the clast sizes between -2f
(4mm.) and -10f (1024 mm.) are analyzed at 1f
intervals, based on Wentworth grade scale. The co-
unted grid points of clasts falling into the same size
are added to obtain the proportion at that size class
within the total area (i.e. the total number of points
in the grid area). This proportion is used as the
basis to calculate the size class distribution in the
same area.

In the projected photographs, the grains finer
than -2f (4mm.) are not clearly recognisable to
make size measurements on them; this fraction is
considered the "pan" fraction of the analysis. Sie-
ving method is applied to this size fraction (repre-
sented by matrix) in order to separate them into dif-
ferent size classes. The sediment samples (matrix)
are collected within the same locality of photog-
raphs. The sieve analysis is carried out using a
stack of 7 sieves with apertures ranging from -1.0f
(2 mm.) down to 5.0f (0.031 mm.) based on Went-
worth grade scale. Then, each sieve fraction is we-
ighed and the percentage sieve fractions are calcu-
lated to obtain the grain size distribution in the
sieved sample.

Each olistostrome comprises two different
sets of data: from grid analses on photographs, and
from sieve analyses. The former measures size
distribution by the number of grid points which
gives areal proportions. The latter is based on the
weight distribution of each size fraction which is we-
ighed and calculated to obtain the size distribution
in the sample. Since areal percentages in the firsi
method are proportional to the volumetric percenta-
ges (Chayes, 1956), and the weight percentages of
the second method are also proportional to the vo-

lumetric percentages, the data of the two methods
used on the same sample can be combined on vo-
lumetric percentage basis to obtain total grain size
distribution of the olistostrome on a single data
sheet (Table 1). During this combination, sieve re-
sults of each matrix sample are multiplied by certain
conversion factors to bring them into the same
range as photographic grain size analyses. The
combined data results are used to obtain the class
percentage and cumulative percentage values, re-
peated at four localities on each of the six olistost-
romes. Histograms and cumulative curves of olis-
tostromes are constructed and evaluated according
to these results.

b) Results: Generally, bimodality is characte-
ristic for all size distribution of the olistostromes stu-
died (Fig. 4). The most common model size ranges
for coarse materials are between -9.5f and -5.5f
(boulder to pebble), and for finer (matrix) materials
0.5f and 4.5f (coarse sand to coarse silt). The ge-
neral trend is almost trimodal for the histograms of
O-ll and O-IV. Third mode value between coarse
and fine size concentrations range from -2.5f to -
1.5f (pebble to granule) with a relatively low con-
centration value, the histograms of O-VI have an
appearance of unimodal trend except for several
small submode values.

The cumulative curves of O-l, O-ll, O-IV and
O-V show three different populations of grain size
distribution. These separate populations (especially
fine and coarse populations) are easily identified
with their mean and standart deviation on the log-
probability plot (Fig. 5). Generally, the coarse popu-
lations range between -13f (2048 mm.), and -
50(32 mm.), and fine populations between -10
(2 mm.) and 4.5f (0.044 mm.). After constructing
cumulative curves for each olistostrome, percentile
values f1, f5, f16, f 2 5 , f 5 0 , f75, f84 and
f95, are read off to calculate grain size parame-
ters, such as first percentile (C), median (M), mean
size (Mz), sorting (Gı), skewness (SKı) and kurtosis
(KG), as proposed by Folk and Ward (1957) (Table
2 and 3). The first percentile values of the olistost-
romes range from -12.85f (7500 mm.) to -7.20f
(150 mm.) with anaverage of -9.97f (1000 mm.).
The mean size values of the olistostromes range
from -6.420 (86 mm.) to -1.83f (3.5 mm.) with an
average of -3.79f (14 mm.). The sorting values
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range between -3.00 (8 mm.) and -5.00 (32 mm.),
the results fall into very poorly to extremely poorly
sorted category (Terminology from Folk, 1980),
with an average of -3.900 (15 mm.). The bimodality
is contributing greatly to the very poor sorting (Fig.
4). The skewness values of the olistostromes range
from -0.462 (strongly coarse skewed) to 0.774
(strongly fine skewed) with an average of +0.29
(fine skewed). Nearly symmetrical distribution with
zero skewness is also present. O-l, O-ll have both
positive and negative skewness values, while O-lll,
O-IV, O-V and O-VI have positive skewness. The
kurtosis values range from 1.301 (leptokurtic) to
0.563 (very platykurtic) with an average of 0.806
(platykurtic) (Folk, 1980).

In order to establish the nomenclature of the
major textural groups of sediments forming the olis-
tostromes, the proportions of gravel, sand and
mud, calculated from each olistostrome sample,
are plotted in a ternary diagram (Fig. 6), proposed
by Folk (1954). The sediments of olistostromes are
mixtures of gravel, sand and relatively minor amo-
unts of mud, and vary from sandy gravel to muddy
sandy gravel as seen in the triangular diagram. The
most striking feature is the, high amount of gravel
size material which is generally more than the sum
of other sediment types. The average valuers bet-
ween 49.51 % and 74.53 % in the olistostromes
studied. Average sand fractions range from 25 %-
35 % and mud fractions from 2.64 %-5.20 %. The
dominant mud class is coarse silt.

The clast roundness measurements are
made on projected photograph samples, (two from
each olistostrome, Table 4). The average round-
ness class intervals is computed by multiplying the
mid points of the-roundness class intervals with the
areal percentage values of those roundness clas-
ses (Powers, 1953). The computed results fall in
partly angular to sub-angular (1.95-2.79) range.

DISCUSSION AND INTERPRETATION OF THE
RESULTS

Grain size parameters are environmentally
sensitive and combination of these parameters may
permit seperation and .identification of different de-
posits (Mason and Folk., 1958). Different combinati-

ons of grain size parameters are plotted against
each other, such as mean size (Mz) - sorting (G),
mean size (Mz)-skewness ((SKı), mean size (Mz)-
kurtosis (KGı), skewness (SKı),kurtosis (KGı), medi-
an (M)-first percentile (C) and median (M)-quartile
deviation (QDa), and compared with the same pa-
rameter combinations from previously known envi-
ronments. In the plots of mean size (Mz)-sorting
(Gı), mean size (Mz)-skewness (SKı), sorting (Gı)-
skewness (SKı), the plots of olistostromes are seen
at the outside of previously constructed trends (Fi-
gure 7, 8 and 9). In the scatter diagram of quartile
deviation (QDa) versus median (M), the plots of
olistostromes occur within an envelope which is dif-
ferent from the envelopes of flaxoturbidites and pro-
ximal-distal turbidites (Fig. 10).

CONCLUSIONS

The conclusions reached in this study may
be outline as follows:

1. Both bimodal and trimodal grain size distri-
butions are characteristic for the studied olistostro-
mes and the bimodality contributes to the very poor
sorting. Skewness is not a significant parameter for
olistostromes, varying in a wide range from strongly
coarse skewed to strongly fine skewed. On the
other hand, the kurtosis values are in platykurtic
range due to poor sorting and polymodal nature;
this may be considered one of the characteristic fe-
ature of olistostromes.

2. The sediment types of olistostromes vary
from sandy gravel to muddy sandy gravel, in which
the average mud fraction is less in amount than
gravel and sand.

3. Scatter plots of grain size parameters fall
generally outside the limits of river, beach and dune
environments of several previous workers. Howe-
ver, plots of quartile deviation (QDa) versus median
(M) seem to hold the best promise for distinguishing
olistostromes from deposits of other environments.

4. The average roundness values of clast
constituents of olistrostromes range from angular to
subangular.
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Fig. 5- Cumulative curves of olistostromes (Combined results of grain size analysis by photograph-gind method and
sieve method). Four samples per olistostrome.
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Fig. 6- A. Ternary classification of grain sizes in clastic rocks (Folk, 1954); 1. Gravel, 2. Muddy gravel, 3. Mud-
dy sandy gravel, 4. Sandy gravel, 5. Gravelly mud, 6. Gravelly muddy sand, 7. Gravelly sand, 8. Slight-
ly gravelly sand, 9. Slightly gravelly sandy mud, 10. Slightly gravelly muddy sand, 11. Slightly gravelly
sand, 12. Mud, 13. Sandy mud, 14. Muddy sand, 15. Sand.
B. Distribution of sediment types in six olistostromes.
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AN EXAMPLE TO SEPIOLITE FORMATION IN VOLCANIC BELTS BY HYDROTHERMAL
ALTERATION: KIBRISCIK (BOLU) SEPIOLITE OCCURRENCE

Taner İRKEC* and Taner ÜNLÜ**

ABSTRACT— Geological, mineralogical and chemical properties of a sepiolite occurrence, located in the south of Kıbrıscık
township of Bolu Province, northcentral Turkey, have been investigated in detail, and new mineralogical data have been
obtained. Differing from the sedimentary sepiolite deposits, mostly associated with the carbonate/evaporite sequences, Kıbrıscık
sepiolite occurs in the Köroğlu (Gallatian) Volcanic Belt, and has formed by the hydrothermal alteration of the vitric tuff unit of
Middle Miocene aged Deveören Volcanites. The mineral, which shows a similar XRD pattern to sepiolite, gives DTA and IR
patterns with close resemblance to those of palygorskite, in addition to its chemical composition with rather high alumina
content. There are indications of monoclinal symmetry, determined by XRD, and it is thought to be possible that the material
represents a new mineral phase.

INTRODUCTION

Kıbrıscık sepiolite occurence is located at the
Uşakgöl yaylası (plain) district, about 25 km south
of the Kıbrıscık town, 70 km southeast of Bolu Prov-
ince. The mineralization is included within the Bolu
H27 b3 topographic map sheet.

The investigated area is located within the
Köroğlu Volcanic Belt, formerly recognized as the
"Gallatian Massif", on the tres hold between Central
Anatolia and Western Black Sea regions. Elevation
of the area ranges around 1000-1900 m. Kıbrıscık-
Beypazarı road crosses the investigated area ap-
proximately in the north-south direction (Fig. 1).

Geological investigations carried out around
the study area may be stated in chronological order
as; Leonhard (1903), Milch (1903), Chaput (1931),
Stchepinsky (1942), Blumenthal (1948), Erol (-1-952,
1954), Rondot (1956) and, more recently Türkecan
et. al. (1991). In the study of Türkecan et. al.
(1991), stratigraphy of a wide area, bordered by
Seben-Gerede (Bolu Province), Güdül-Beypazarı
(Ankara province) and Çerkeş-Orta-Kurşunlu
(Çankırı province) has been outlined, and geologi-
cal mapping in 1:25 000 scale has been realized.

The occurrence was discovered during the
ceramic raw materials exploration program of MTA
in 1988, and reported by İrkeç and Kırıkoğlu (1989).
In later years, 1:25 000 and 1:5 000 scale geologi
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cal maps have been prepared, and the extension of
the mineralization was outlined by trenching, fol-
lowed by the mineralogical characterization of the
ore (İrkeç, 1991,1992).

Various laboratory works in addition to field
surveys were carried out around the mineralization
area. Thirty five rock specimens were investigated
under polarizing microscobe for petrographic deter-

Fig. 3- Geological map of the sepiolite mineralization area around Uşakgöl Yaylası (Plain) and its vicinity (after İrkeç,
1992).
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minations. To figure out the crystallographic fea-
tures and mineral paragenesis of Kıbrıscık sepiolite,
93 clay and altered rock samples were investigated
by X-ray diffraction method. X-ray diffractograms of
oriented, ethylene glycole treated and fired KIB-6C
sample were obtained, and "step-scanning" applied
in a trial to calculate the unit cell parameters. JEOL
JDX-8P and RIGAKU-Geigerflex diffractometers
were used.

Differential thermal analysis (DTA) and ther-
mal gravimetric (TG) methods were applied on 9
sepiolite and altered tuff specimens to investigate
the thermal behaviour, dehydroxilation steps,
phase transformations and weight loss of the clay
material. RIGAKU-DPS/8151 (Ver. 2.00) instrument
was used.

Infrared spectroscopy studies were carried
on 6 clay samples by JASCO Super 200 IR instru-
ment, to determine the absorption bands due to the
vibration and stretching of chemical bonds.

Scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) studies
were conducted in GIRIN Laboratories, to investi-
gate the microstructural and micromorphological
features. Seven sepiolite, one tuff and diatomite
specimen each were investigated by HITACHI S
530 S and JEOL JEM-4000 FX scanning and trans-
mission electron microscobes, respectively.

Chemical analysis performed consist of rock,
sepiolite and spring water analysis. Chemical anal-
ysis of 20 rock and sepiolite samples for geochemi-
cal interpretations were realized in the laboratories
of MTA by titration and optic emission spectrosco-
py. In addition, 25 sepiolite samples were analysed
in both GIRIN and MTA Laboratories, by titration,
X-ray fluorescence (XRF), energy dispersive X-ray
(EDX) and atomic absorption spectrometry (AAS)
methods; and 3 present-day spring water specimen
by EDTA, flame-photometry, spectrophotometry,
AAS, titration and gravimetric methods.

Various technological tests were conducted
to determine the specific surface area by BET
method, water and oil absorption rates, bleaching
capacity, cation exchange capacity, brightness,
specific gravity and firing state for ceramic applica-
tions, in both GIRIN and MTA Laboratories (İrkeç,,
1992).

GEOLOGICAL SETTING

Lithological units, distinguished in the investi-
gated area and its close vicinity consist of the vol-
canic and sedimentary rocks of the "Köroğlu
group"; Pliocene Ilgaz formation and Quaternary al-
luvium (Türkecan et. al., 1991). The Köroğlu Group,
which is exposed in a wide area comprise,

Uruş formation,

Hüyükköy formation,

Bakacaktepe volcanites,

Deveören volcanites,

Ilıcadere volcanites,

Kirazdağı volcanites,

Karasivri volcanites,

Uludere pyroclastites, and

Hırka formation, in geochronological order.

Sedimentary and volcanic units except for
the Uruş formation, Kirazdağı and Karasivri volca-
nites are observed in the investigated area. Gener-
alized stratigraphic columnar section of the area is
given in Figure 2.

Kıbrıscık sepiolite occurrence crops out with-
in the Deveören volcanites, which cover the north-
ern half of the study area (Fig. 3), and is named af-
ter the Deveören village, around where it is
exposed best (Bolu H27 b2 map sheet) (Türkecan
et. al., 1991).

Deveören volcanites are composed of ba-
salt, andesite and dacitic lava, tuff and agglomer-
ate. Lavas are gray, black, green and brown in col-
or, and the most typical property is the platy flow
structure they show. They generally exhibit crypto-
crystalline texture with very fine and random pheno-
crysts. Tuffs are white to pinkish, and agglomerates
reddish in color.

In thin section studies, mineralogical compo-
sition of Deveören volcanites range on the boun-
dary between andesite and basalt, and may occa-
sionally be difficult to identify. Andesites (Va) are
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generally in hyalopylitic texture, with relicts of pla-
gioclase and opaque mafic mineral phenocrystals.
The matrix consists of volcanic glass, plagioclase
microliths and crystallites. Basaltic lava (Vb) exhibit
fluidal structure and are composed of pyroxene and
plagioclase microphenocrysts. These occur in a
matrix of parallel aligned microliths and granules of
opaque minerals filling the interspaces. Together
with the basaltic lava, silica flows (Vs), sometimes
reaching a thickness of over 1 m are common.
These siliceous rocks may exhibit very different col-
ors (red, white, blue etc.) and texture, and may oc-
cur as massive bodies, or oolitic and/or brecciated
occurrences of silica replacement. In addition, silica
precipitation around hot springs, forming chalcedo-
ny, are common (Irkeç,, 1992).

Tuffs of the Deveören volcanites bear signifi-
cance, considered the occurrence of sepiolite with-
in them. Tuffs are exposed in the Öküzçayırı stream
and the mild slopes in northwest. Volcanic breccia
crop out at the steep flanks, surrounding the
Uşakgöl plain. Thickness of the unit ranges around
40-80 m.

Tuffs show a sequence of crystalline tuff,
crystalline+vitric tuff, vitric tuff and resedimented
tuff/tuffite transported by small braided streams, in
ascending order. Crystalline tuff is dominant at the
Uşakgöl plain, while vitric tuff and ash predominate
at the northwestern flanks of the Öküzçayırı stream.

Vitric tuff, ash and pumiceous tuff generally
exhibit aphanitic texture. They are slightly compact-
ed, and show yellow, dirty white and whitish colors.
Argillization is common, and they occasionally carry
manganese dendrites and stainings in millirhetric
scale along fractures. Zeolitization, recognized by
its pale green color is also common. Pumice frag-
ments, less than 1 cm in diameter, and irregular
shaped, white silica nodules of variable size, which
are thought to have generated from silica-rich intra-.
formational water are occasionally identified. Be-
sides, dark gray-greenish colored, silicified clay
veinlets may also be distinguished. Borders of
these veinlets with the tuff itself are gradational.
These have been interpreted as extremely argil-
lized volcanic intrusions in acidic composition, emr-
placed as veins or veinlets, cutting the tuffs. Angu-
lar chert fragments, which may occasionally reach

coarse block size have been interpreted as intra-
clasts within the tuff, which was displaced after dep-
osition, probably due to the tectonic activities and
the collapse of the crater, during which the frag-
ments of the late-stage silica flows were trapped
within them.

Sepiolite occurrences are observed within
the vitric tuff. They are irregularly distributed show-
ing gradation into tuff, mostly discontinuous and oc-
casionally silicified, with variable dimensions. Man-
ganese dendrites and staining are also observed
within the sepiolite occurrences.

Small scale channel deposits, 1-5 m wide,
are found within the tuffs, in the northwestern flanks
surrounding the Öküzçayırı stream. These deposits
have formed by the alternation of three zones. The
system starts with well rounded and spherical vol-
canic pebbles (mostly augite-andesite), 1-12 cm in
diameter, which lie over the luffs on an erosional
surface (Zone A). Pebbles are supported and the
imbricate structure is well developed. Groups of
pebbles are supported by a matrix in silt and sand
size, whose components are again pyroclastic and
volcanic origined material. Over Zone A lies a vol-
canogenic Zone B, comprising clay-silt and sand
size material, without any pebbles and internal
structure. The uppermost Zone C composes of fine
and laminated volcanogenic material which make
trough cross-bedding. Paleo-flow direction is
thought to extend from north to south and south-
east, according to sedimentological findings (İrkeç,
1992).

Volcanic breccia occurs in two varying char-
acters. The first one comprises volcanic rock frag-
ments, supported by yellow-grayish colored, semi-
compacted tuff and pumice. Volcanic fragments,
which are angular, having variable dimensions (1-
40 cm) are distributed irregularly within the tuff and
pumice. They are exposed at the steep flanks in the
southeast and east of the Uşakgöl,plain, underlying
the basal crystalline tuff, and also exhibiting a com-
plex lateral gradation into the latter. Grains are not
supported. Sorting has not developed. In the sec-
ond type of volcanic breccia, volcanic rock frag-
ments are more abundant, and rather supported,
with a we 11-compacted, red colored, ferrous and
welded matrix.
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The basement of the tuff and breccia is not
observable at the area, due to the overburden. The
unit is overlain by basalts in general, and rarely by
andesites. It is frequently observed at the same ele-
vations with the andesites.

Fossil content is very poor. Some white col-
ored, porous diatomaceous zones have been dis-
tinguished in the upper vitric tuffs. In the marginal
zones and close to the channel deposits, locally
abundant root-casts and carbonatized root rem-
nants have been identified. Diameters of the root-
casts are generally a few mm, and penetrate verti-
cally. Thus, they are thought to be the casts of
rushes in a limited swamp.

Structural Units

Very effective volcanic activity, lava flows
and pyroclastic material deposition, generally
makes the identification of structural units impossi-
ble. Generally, NE-SW and NW-SE trending normal
faults are recognizable.

The Köroğlu volcanic belt has undergone the
influence of NNW-SSE trending compressional re-
gimes, until Late Miocene. Synclines, anticlines and
recumbent folds have formed in the Upper Juras-
sic-Lower Cretaceous formations. Compressional
forces, which prevailed until Late Miocene has giv-
en rise to the formation of intermountain type ba-
sins. North Anatolian Fault has become active in
Late Miocene-Early Pliocene. Related tensional
stresses have formed normal faults (Türkecan et.
al., 1991).

Asymmetrical anticlines and synclines may
be observed in the Hırka formation in particular, to
the south of Bolu H27 b3 map sheet, covering the
investigated area. These are discontinuous and
small scale tectonic structures.

Direct relation of the investigated sepiolite
occurrence with regional tectonism may not be for-
warded. It has developed by the effect of small-
scale convective systems around the vein-like intru-
sions close to rhyolite in chemical composition,
which filled the local fracture systems formed dur-
ing volcanic activity.

MINERALOGICAL PROPERTIES

X-Ray Diffraction Results

Sepiolite and palygorskite are clay minerals
belonging to in the phyllosiiicate group. According
to the determination of Brindley and Pedro (1972),
they contain two dimensional continuous tetrahe-
dral sheets in T2O5 (T=Si, Al, Be...) composition,
and discontinuous octahedral sheets, which is the
most prominent difference from other clay minerals.
Such a feature gives rise to the formation of a chan-
nel structure, in rectangular cross section.

The first study on the structural model of
sepiolite was carried out by Nagy and Bradley
(1955), who suggested the possibility of both ortho-
rhombic and monoclinal symmetries, yet favored
the C2/m space group. Later, Brauner and Preising-
er (1956) and Preisinger (1959) proposed a new
model in the Pnan space group of the orthorhombic
system. The main difference between the two mod-
els lies in the description of the inversion of tetrahe-
dral sheets, in the centre or edge of the Si-O-Si zig-
zag chains.

Number of the octahedral cation positions
per unit formula is 8 for sepiolite and 5 for paly-
gorskite. However, all positions need not be occu-
pied. Octahedral vacancy/cation ratio may be toler-
ated up to 4/1 for palygorskite, and 7/2 for sepiolite.
In sepiolite, tetrahedral silisium may be substituted
by AI3+ and Fe3+ in a ratio of 0.2-1.3 per 12 posi-
tions. Total octahedral cation number is between
7.0 and 8.0. Octahedral cations are generally
Mg2+, however, AI3+, Fe3+, Fe2+, Mn2+ and Ni2+
substitutions may be possible. By the distribution of
occupied octahedral cation positions within the 2:1
chain structure, instead of a regular alternation be-
tween the adjacent chains, A2/a (C2/c) space
group of monoclinic structure is also theoretically
possible.

The Brauner and Preisinger model, thus the
Pnan space group of orthorhombic symmetry has
been emphasized in numerous studies (Brindley,
1959; Zvyagin, 1967; Gard and Follet, 1968; Rautu-
reau et. al., 1972; Rautureau, 1974; Rautureau and
Tchoubar, 1974; Yücel et. al., 1981). On the other
hand, one of the few findings indicating monoclinal
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sepiolite structure is a sepiolite occurrence in a vol-
canic sequence, exposed around the Karaşar vil-
lage of Beypazarı town, Ankara Province. Analytical
data from XRD, IR and DTA-TG studies yielded sig-
nificant variations from those of the sedimentary
sepiolite. The most outstanding difference in the

Mineral paragenesis of 42 specimens collect-
ed from the trenches marked in Figure 3, deter-
mined by XRD analysis, are given in Table 1. Amor-
phous material predominating in most of the
specimens may be vitric tuff, volcanic glass or diat-
omite origined. Amorphous silica from tuffaceous

hkl: reflection surface l/lo: intensity NR: not resolved B: broad

1. Kıbrıscık sepiolite; Irkeç, 1991, 1992; 2. Eskişehir-Sivrihisar-Ahiler sepiolite (VN-3); Irkeç., 1991, 1992; 3. Tintinara

(South Australia) Al-sepiolite; Rogers et. al., 1956; 4. Vallecas (Spain) sepiolite; Brindley, 1959

comparison of the XRD patterns is the splitting of

131 and 331 reflections. 3 angle was determined to

be 96,80, suggesting the monoclinal symmetry
(lrkeç, 1992).

material and volcanic glass dominates in UY-3,5.7

and 10 trenches, while tuff+diatomite dominate in

UY-14 trench. Tuff origined amorphous material is
generally accompanied by feldspar, quartz and cris-
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tobalite. Occurrence of clay minerals such as sepio-
lite and montmorillonite have been identified locally
in certain trenches and horizons. These are gener-
ally accompanied by zeolite minerals.

UY-6 trench is the one where sepiolite for-
mation is most intensive. The uppermost 30 cm
section of the 1,5 m deep profile consists of weakly
altered, medium to fine particled, abundant feldspar
bearing crystalline tuff. In the XRD pattern of the
KIB-6A specimen characterizing this section (Fig
4A), reflections of feldspar [plagioclase (An:38 %)]
have been determined (3.211 A, 4080A, 3.766A,
2.527A). (110) reflection of sepiolite at 12.21 A and
(060) reflection at 4.479A reflect a weak alteration.
(421) reflection of heulandite at 3.931 A is typical
The rising up of the background starting from 20
= 18° shows the inclusion of amorphous material.

Down the tuff horizon, alteration becomes
more effective. KIB-6B specimen has been taken
from this horizon, which is fine grained, light brown
to beige colored when wet with a dotted texture.
The most prominent feauture in the XRD pattern is
the increase in the distinction and intensities of the
sepiolite reflections (Fig. 4A). 8.84 A and 3.93 A ze-
olite reflections (possibly heulandite) are deter-
mined.

At the basement of the second tuff horizon,
80 cm deep, massive sepiolite horizon lies, from
which the KIB-6C sample has been taken (Fig. 4A).
The sample is beige colored and has a soapy ap-
pearance when wet. It has a very low density
(~0.66 gr/cm3). XRD recording of ethylene glycollat-
ed, oriented and EG+oriented sample has been
taken. Step-scanning XRD has been conducted on
the centrifugated sample, in a trial to calculate the
unit cell parameters. Basal reflections determined
and comparison with other sepiolites are presented
in Table 2.

No significant shift has been determined in
the positions of the reflections, for the EG treated
sample (Fig. 4B), as sepiolite and palygorskite do
not have the property of swelling by the absorption
of organic compounds into their channels. Only
some slight shifts in the postions of the reflections
with the c-parameter may occur by 0.2-0.3 A. In the
KIB-6C sample, 11.904 A peak has shifted to 12.45
A position after glycollation. As the absorption cen-

teris are mostly structural channels and there occur
no exchangable cations (CEC=5-40 meq/100 g) in
the interlayer space, swelling does not occur.

On the other hand, the intensity of (110) re-
flection increases considerably and shifts to 12.81
A position in oriented samples. (Fig. 4C). By the
glyeollation of oriented sample, (110) reflection
shifts to 12.628 A position (Fig. 4D).

Heating at 200°C causes no significant
change in the position of the (110) reflection. At
400°C, this reflection shifts to lower 20 angle (6-7
A) position.

Data obtained by step-scanning XRD have
been refined by computer program, to calculate the
unit cell parameters. These are, a=13,73 A,
b-26.52 A, c=5.00 A, and B=90° (orthorhombic).

Aluminum is an element that can make sub-
stitution in the tetrahedral and octahedral sheets of
the sepiolite crystal lattice. High alumina content of
the Kıbrıscık sepiolite is comparable to the Tintinara
Al-sepiolite in southern Australia (Table 2). Tintina-
ra sepiolite is a pedogenic occurence and consists
of montmorillonite, illite, kaolinite and fine grained
dolomite, as a mixture with sepiolite (Rogers et. al.,
1956). Basal reflections determined from the XRD
pattern of the acid treated clay fraction of the Tinti-
nara sepiolite yielded the values given in Table 2,
which accord well with those of several others. Tin-
tinara sepiolite contains 52.43 % SiO2, 7.05 AI2O3,
and 15.08 MgO. Chemical composition of Kıbrıscık
sepiolite resembles that of palygorskite, however,
XRD data do not support it.

At the basal part of the UY-6 trench, frac-
tures and fissures cutting the massive sepiolite oc-
currence from bottom to top contain a black colored
mineral, stuccoed and impregnated. XRD pattern of
the black colored material yielded 2.401 A, 2.186 A,
3.47 A and 1.423 A reflections, which are charac-
teristic to manganese oxide minerals. These reflec-
tions possibly characterize manjiroite [(NaK)
(Mn2+Mn4+)0.1.64H2O] and hollandite [BaK2)
(Mn4+Mn2+

2)O16.2H2O] These veinlets and dissemi-
nations of manganese oxide minerals show that the
hydrothermal activities in the region continued after
the hydrothermal stage that produced the sepioliti-
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zation. Temperature of the solutions should be less
than 100°C, considered the paragenetic relation-
ship. Sepiolite and manganese oxide occurrences
are overlain by andesitic and basaltic lava flows
around the hill with 1666 m. elevation.

At the UY-14 trench, located about 50 m.
SSW of the UY-6 trench, some important features
have been determined. Crystalline tuff that proceed
into vitric tuff toward the upper portion dominate at
the basal parts. Nodular chalcedony occurrences,
5-7 cm. in diameter, are common together with an-
gular silica blocks. Vitric tuff contains diatomile
matts, and siliceous and altered volcanic veins. In
this trench, gradation from vitric tuff into sepiolite
may be observed by barren eye. A completely al-
tered, pinkish-beige colored volcanic structure
yielded a chemical composition close to. rhyolite
(Table 3). A sample from the west wall of the
trench, on the vitfic tuff-sepiolite gradation has

yielded sepiolite reflections with low intensity, in ad-
dition to opal-CT. Splitting of the (131) reflection re-
minds monoclinal symmetry. Lithological and para-
genetic relations in this trench point to a
hydrothermal effect.

Mineral paragenesis for the Kıbrıscık sepio-
lite may be summarized as follows:

sepiolite + feldspar (mostly plagioclase);

sepiolite + plagioclase + quartz + a-
cristobalite;

sepiolite + zeolite (heulandite, clinoptilolite) +
feldspar,

montmorillonite + sepiolite + heulandite + pla-
gioclase + quartz;

montmorillonite+ plagioclase+ quartz (+ a -
cristobalite) + mica;
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opal-CT + quartz+ a-cristobalite.

Paragenetic relations reflect a hydrothermal
origin. No carbonate sequence has been deter-
mined around the hill with 1666 m. elevation. The
presence of heulandite, which is a Ca-zeolite, show
a silica saturated or oversaturated environment.
This mineral is not stable over 400°C, and is syn-
thesized at 200-360°C, under 15.000-37.000 psi
pressure.

Sepiolitization is concentrated around the fis-
sures and fractures, which have served as conduits
for the uprisal of the hydrothermal fluids. Probably
the same fluids, which have produced the alteration
into sepiolite, has continued to be effective after the
formation, and given rise to the occurence of man-
ganese oxide veinlets. Some of these fissures have
later been filled by silica forming veins.

DTA and TG investigations

Palygorskite and sepiolite generally exhibit

similar thermal behaviour (Caillere and Henin,
1957; Hayashi et. al., 1969; Imai et. al., 1969; Mar-
tin Vivaldi and Fenoll, 1970; Nagata et. al., 1974;
Serna et. al., 1975; Mifsud et. al., 1978). DTA pat-
terns of these minerals may be examined in three
temperature ranges: (1) low temperature region
(<300°C), (2) central region (300-600°C), and (3)
high temperature region (>600°C).

Due to the extroordinary chemical composi-
tion with rather low magnesia and high alumina
content, which is related to the mode of occurence
by hydrothermal alteration, DTA pattern of Kıbrıscık
sepiolite varies significantly from that of a sedimen-
tary one (Fig. 5). The endothermic peak related to
the loss of absorbed and zeolitic water below
300°C appears around 110-120°C, being broader
and lower in intensity. In the central region, instead
of two characteristic endothermic peaks at 350°C
and 500-550°C in sedimentary sepiolite, due to the
loss of coordination water, Kıbrıscık sepiolite gener-
ally yields a single and weak endotherm at 460-
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480°C, reflecting the pattern of palygorskite. In the
high temperature region over 600°C, the sharp en-
dothermic peak at 800°C due to the complete dehy-
droxilation of the structure is not observed for the
Kıbrıscık sample; and enstatite formation is more
gradual. Some weak endotherms at around 780-
820°C, which may be due to the feldspar content,
are observable, a-cristobalite conversion probably
starts at around 1000°C for the investigated sam-
ple, which should normally be expected around
1200°C.

Infrared (IR) investigations

IR pattern of the Kıbrıscık sepiolite shows dif-
ferent pecularities from the other sepiolites (Fig. 6).
In the IR pattern of KIB-6C sample, 3685-3625 cm.
1 bands due to the Mg-OH vibration (Otsuka et. al.,
1968) have not developed well. Instead of a single
band at 1200 cm-1 due to Si-O-Si p bonding, a
broad band appears combined to the 1100-1000
cm.1 bands. Intensity of the 470 cm-1 band is in-
creased probably due to a chemical composition
rich in silica. Possible substitution of AI3+ in the tet-
rahedral layer for Si4+, and that of AI3+ and Fe3+ for
Mg2+ in the octahedral layer have affected the IR

spectrum considerably. The absence of the 3685
cm.-1 and 1200 cm-1 bands resembles the IR spec-
trum of palygorskite.

SEM and TEM investigations

Three sepiolite, one tuff and one diatomite
specimen from the Uşakgöl area have been investi-

gated under SEM. Instead of the characteristic fi-
brous structure (fibres generally being longer than
5 m) observed under SEM for sedimentary sepiolite,
Kıbrıscık sepiolite composes of laths, whose length
ranges in nanometer scale. In the SEM micrograph

of KIB-6B specimen (Plate 1, Photo 1), glass-shard

structure is seen to be preserved, while alteration
becomes more effective and total crystallization
trend increases locally (Plate 1, Photo 2).

In the TEM micrograph of KIB-6C specimen
(Plate 1, Photo 3), sepiolite laths growing on the
margins of volcanic glass particles are typical.
Length of these laths, which have not obtained a fi-
brous form yet, ranges around 50-200 mm.

GEOCHEMICAL INVESTIGATIONS

Chemical analysis of rock samples

To make an approach to the mode of occur-
ence of Kıbrıscık sepiolite by geochemical methods,
20 rock and clay samples have been collected and
analysed under 8 groups (Table 3). Results of the
rock chemistry studies are summarized below:

1- Almost similar elemental composition de-
termined in all the samples shows that the sepiolite-
bearing area has continuously been effected by hy-
drothermal alteration, which produced homogeniza-
tion among the elements.

2- The oldest hydrothermal alteration stage
that could be determined in the field is the spilitiza-
tion of basic rocks, and points to an aqueous envi-
ronment, which is thought to compose of shallow
and intermittent lakes.

3- The next hydrothermal alteration stage is
that caused by the intrusion of veins, in rhyolitic
composition, around which hydrothermal convec-
tive cells with meteoric and occasionally magmatic
water interference have produced local alterations
in the host rocks. Sepiolite formation is possibly in
close connection with this system.

4- Aluminum source for the Kıbrıscık sepio-
lite, which is a Mg-AI silicate, is the vitric tuft itself.
Values given in Table 3 clearly reveal it. On the oth-
er hand, these tuffs are almost sterile, considered
Mg. Thus, an external source of Mg needs to be
looked for. This source is thougth to be essentially
basalts, and to a minor extent, the andesites.

5- Occurence of sepiolite at the contacts be-
tween the tuff and the veins in rhyolitic composition
and the high SiO2 and MgO contents versus other
components in these veins, are results arising from
the effective role of these veins in the leaching of
the neighbouring rocks. As supported by field evi-
dence, local temperature changes produced by
these veins and the percolating solutions have dis-
solved Mg from the basalts and andesites, and mi-
grated into tuffs, where Al was also supplied, thus
producing the unusual Mg-AI silicate mineral.

6- Final ring of this effective hydrothermal al-
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teration chain is represented probably by the vein-
let systems, rich in Mn and Ba, cutting all the for-
mer products, Mg content of these vemlets are
again considerably high, in accordance with its mo-
bile character. This geochemical cycle has been
tried to be schematised in Figure 7.

7- Assuming that the final weathering pro-
cess had effected all the samples under the same
conditions, final alteration effects have not been
taken into account.

Chemical composition of the sepiolite

One of the most prominent properties of
Kıbrıscık sepiolite is the unusual chemical composi-
tion of the material. It resembles that of palygorsk-
ite, and is thought to be in close connection with
the composition of the host rock and mode of for-
mation. Chemical analysis results of sepiolite sam-
ples collected around the Uşakgöl Plain are given
in Table 4.

An approach has been made to calculate the
structural formula of the BK-13A sample, whose
XRD pattern contains only the reflections specific-to
sepiolite. Assumed that there is no other crystallinte
phase intercalated in the sample, the structural, for-
mula has been calculated as;

and the mineral described as AI-Fe Sepiolite.

By plotting of (AI+Fe)vl and Mgvl values, cal-
culated according to 6+charge in octahedral layer,
on the Weaver and Pollard (1973) and Foster
(1960) diagrams, Kıbrıscık sepiolite is located at the
compositional gap region, and seems to be close to
palygorskite; but trivalent cation number is lower.

These data suggest that the Kıbrıscık sepio-
lite may be a new clay mineral with its own charac-
teristics, but detailed crystallographic investigations
still remain to be carried out.

Chemical analysis of some present-day
spring water were carried out, and the activity coef-
ficients calculated according to the Debye-Hückel
equation were plotted on the MgO-SiO2-H2O activi-
ty diagram of Wollast et. al. (1968). It was seen that
the values plotted lie on the border between the
sepiolite precipitation and amorphous silica satura-
tion areas. pH of the water specimens range
around 9-9.5 and concentration of silica is very
high. Thus, it was decided that direct chemical pre-
cipitation of sepiolite from present-day spring water
is not possible.



64 Taner İRKEÇ and Taner ÜNLÜ

MODE OF OCCURRENCE

Contrary to the sedimentary type sepiolite
occurrences, which are generally associated with
the carbonate/evaporite sequences, Kıbrıscık sepio-
lite has formed in a volcanic sequence, by the alter-
ation of pyroclastic material. The source rock
proved to be vitric tuff, according to field observa-
tions and mineralogical evidence.

Alteration and recrystallization processes of
natural glasses under hydrothermal conditions
have been investigated by many researchers
(White, 1983; Crovisier et. al., 1983; Thomassin,
1983; Touray and Thomassin, 1984; Thomassin et.
al., 1989). Wirsching (1976), Holler and Wirsching
(1978), and Barth-Wirsching and Holler (1989)
have simulated the formation of natural zeolites us-
ing various glasses in open and closed systems.
Different zeolites have been synthesized depend-
ing on the chemical composition of the starting ma-
terial, pH and concentration of the solution, temper-
ature and pressure conditions.

One of the most recent and detailed investi-
gation on the alteration of natural glasses under
various physicochemical conditions is that of Lar-
sen et. al. (1991). Basalt wool, diabase wool, glass
wool and glass fiber have been used as the starting
materials. Samples that were ground to 100 mm.
were treated with deionized water at 100°, 125°,
150° and 200°C under autogenous pressure and at
200°C under 2000 bar pressure, without stirring the
solution. The tests were carried out under closed
system conditions and in 2-30 days period. Glass
wool has produced analcime and sepiolite, at
125°C and 30 days of reaction period. Formation of
analcime accords well with the findings of Abe and
Aoki (1976), for closed systems. According to these
researchers, analcime easily forms around 100°C
and at pH values over 10. According to the pub-
lished data of Bowen and Tuttle (1962), Echle
(1974) and Hast (1956), sepiolite starts to form at
125°C and pH>10, and the process continues up to
200°C.

Under experimental conditions, hydrothermal
alteration is controlled by the solubility of the glass,

and formation of the amorphous and crystalline re-
action products. Glass solubility is controlled by the
removal of modifying ions from the crystal structure
producing a hydrated glass tayer, followed by the
dissolution of the components of structure (Holland,
1966; Scholze, 1988). This process also prevails
for the hydrothermal alteration. High content of Na
and K in the starting material increases the reactivi-
ty of the material and alteration proceeds faster.

Experimental conditions and findings seem
to suit well with those of the natural associations.
Mineral paragenesis of Kıbrıscık sepiolite is consid-
erably different from the Sivrihisar sedimentary sep-
iolites, with zeolites (mainly heulandite and clinopti-
lolite, to a lesser extent phillipsite and mordenite)
mostly accompanying sepiolite, in addition to feld-
spar, quartz and montmorillonite. High Na and K
content of the Kıbrıscık sepiolite is another impor-
tant criterion indicating the different mode of occur-
ence. Observations and findings indicating the hy-
drothermal alteration for the formation of Kıbrıscık
sepiolite may be summarized as follows:

1- Kıbrıscık sepiolite occurence is completely
located in a volcanic sequence of the Köroğlu vol-
canic belt, without any neighbouring carbonate or
evaporite sequence.

2- As revealed clearly in UY-14 trench, alter-
ation increases gradually from the vitric tuff towards
the veins in rhyolitic composition, and sepiolite for-
mation is accelarated. Silica veins and nodules in
the same trench also show the hydrothermal activi-

ty.

3- Manganese oxide minerals determined
within sepiolite in UY-6 trench (manjiroite and hol-
landite) contain high amount of alkalies. Especially
the high content of Ba in hollandite reveal the effect
of hydrothermal activity. In the KTU-20 sample giv-
en in Table 3, Ba content as high as 3000 ppm has
been determined.

4- As stated in Coombs et. al. (1959), heu-
landite is a zeolite mineral characterizing the envi-
ronments saturated or oversaturated by silica. For-
mation by the hydrothermal alteration of acidic



KIBRISCIK SEPIOLITE 65

volcanic rocks or volcanic glass is very common. It
forms at a temperature range of 200-360°C, and
the structure is deformed over 400°C. Thus, tem-
perature of the hydrothermal solutions may be esti-
mated to be between 125°C and 360°C.

5- X-ray diffraction data reveal a sepiolite
structure; however, other mineralogical analysis,
such as DTA, IR and the chemical analysis results
yield data more closer to those characteristic for
palygorskite. It seems quite possible that the mate-
rial described as AI-Fe sepiolite in this study may
be a new mineral species, with an intermediary
composition between sepiolite and palygorskite.

6- Microtextural interpretations, especially
the "mineral growth with total crystallization trend"
accompanying "solution breccia" like structures,
specified by SEM and TEM studies, point to a stat-

ic-inhomogenous environment.

7- Sr content of Kıbrıscık sepiolite is lower
than Sivrihisar sedimentary sepiolite, while it is
characterized by higher contents of Cu, Mn, Ti, V,
Zr and Ba (İrkeç, 1992). These elements have a ge-
netic meaning in the identification of hydrothermal
activities, and their relationship with each other
yield important hint points in the establishment of
genetic models.

8- As mentioned earlier, source of Mg2+ ions
is thought to be the neighbouring widespread basic
volcanic rocks, from which it is mobilized by perco-
lating hydrothermal solutions. Due to the very limit-
ed extention of the veins in rhyolitic composition,
which realized heat transfer to the convection, alter-
ation and mass transfer in the host rocks were limit-
ed. Possibly a weakly developed connection be-
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tween the fissures that served as the conduits for
hydrothermal fluids, and free discharge to the sur-
face limited the system as small convective cell,
and did not permit the formation of a widespread
mineralization.
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PLATE-I

Photo 1- SEM micrograph of the KIB-6B sample (pre-
served glass-shard texture).

Photo 2- SEM micrograph of the KIB-6B sample (ef-
fect of alteration and total crystallization
trend).

Photo 3- TEM micrograph of KIB-6C sample (sepiolite
aths and volcanic glass relicts).
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ORIGIN AND PETROLOGY OF EKECİKDAĞ GRANITOID IN WESTERN CENTRAL ANATOLIAN CRYSTALLINE MASSIF

T. Kemal TÜRELİ*; M. Cemal GÖNCÜOĞLU" and Orhan AKIMAN"

ABSTRACT— A belt formed by a number of granitoid intrusions is situated at the western part of the Central Anatolian
Crystalline Massif. One of the granitoid intrusion at the southwest of the belt cropsout between Aksaray and Ortaköy and is
called Ekecikdağ. Ekecikdağ granitoid, which is composed of monzogranites and granodiorites. intruded both the metamorphic
and ophiolitic host rocks. Ekecikdağ granitoid is differentiated into following subunits with respect to their petrographical and
chemical composition: Borucu granodiorite-monzogranite, Sinandi mikrogranite, Hisarkaya porphyribc granite, Kalebalta
teucogranite and aplite granite. All these subunits are genetically related to each other. Borucu granodiorite-monzogranite
represents the main magmatic phase whereas aplite granite the latest. Ekecikdağ granitoid has a calcalkaline character and
show aluminocafemic trend. It has features which favour both I and S types of granite. Enclaves observed in granitoid is thought
to be xenoliths derived from pre-existing gabbroic rocks during the emplacement of the granitic magma. The geochemical data
suggest a post collisional tectonic setting and a continental crustal source for Ekecikdağ granitoid. In regard to regional data,
during Upper Cretaceous, the existence of an ensimatic arc to the north of the Central Anatolian Crystalline Massif is
suggested. It is also proposed that collision and obduction of this ensimatic are on to the Central Anatolian continental crust
caused crustal thickening and increase in the geothermal gradient in the region. This gave rise to the partial melting of the
continental crust and to the formation of a granitic magma.

STRATIGRAPHY OF THE EASTERN SECTION OF THE PASİNLER-HORASAN (ERZURUM) REGION

Cevdet BOZKUŞ***

ABSTRACT— In the eastern part of the Pasinler-Horasan Neogene basin, the lowermost section consists generally of tuffs,
andesites and basalts. This association is nomenclated as "Karakurt volcanics" They are underlain by an ophiolitic melange of
Lower Cretaceous age which is unconformably overlain by the Oligocene Çayarası formation consisting of clastic rocks. The
basin is bounded by sinistral strike-slip faults controlling sedimentation of various continental detritic rocks. These are
distinguished as Aras and Horasan formations, both Pliocene in age, representing respectively marls and claystones of deep
lagoonal environment, conformably overlain by fine grained sediments. Terrace gravels, alluvial fans and colluvium represent
the Quaternary sedimentation.

CLAY SEDIMENTOLOGY OF SEDIMENTARY SEQUENCE BELONG TO ÇAN (ÇANAKKALE). ORHANELİ AND KELEŞ

(BURSA) LIGNITE OPEN PIT MINE

Emel BAYHAN***; Abdurrahim ŞAHBAZ*** and Sezai GÖRMÜŞ***

ABSTRACT— In this study clay fraction belonging to the Miocene aged sedimentary coal bearing sequence from Çan, Orhaneli,
Keleş districts have been seperated and smectite, illite, kaolinite and chlorite paragenesis have been defined. Major element
analysis have been made of monomineralic smectites. These are dioctahedral (beidellite) and trioctahedral (saponite) in
character, and occurrences of these smectites have been examined. Smectites belonging to the tuffaceous series have been
formed from the alteration of volcanic material whereas those from clayey carbonaceous series either as in situ neoformation of
detrital materials or as the transformation of detrital smectites, kaolinite have been formed as a results of alternation of rocks
with feldspar, while illite and chlorite have been denved from metamorphic rocks.



MAJOR-. MINOR-, AND TRACE-ELEMENT ANALYSES OF REFRACTORY SILICATES USING A SINGLE BORATE

DISINTEGRATION METHOD

Bahattin AYRANCI*

ABSTRACT._ Fusion disintegration performed under non-oxidizing conditions using an induction oven is an alternative
procedure for the decomposition of samples containing refractsry components, so that the oxidation states of iron as well as
major-, minor-, and. trace-element analyses can be determined from a single sample disintegration.

A NEW TYPE SEDIMANTARY-DIAGENETIC SEPIOLITE IN SİVRİHİSAR (ESKİŞEHİR)

Mefail YENİYOL**

ABSTRACT._ This study describes a meerschaum sepiolite that differs from the conventional meerschaums of lump type with
respect to its genisis, mode of occurrence, texture and composition The present one is found together with layered sepiolite
deposits in the upper section of Neogene dolomitic sequence in the south of Sivrihisar It is layered, lens shaped and consists
of dolomite and/or calcite minerals as detritic grains Sepiolite had been formed during diagenesis, after deposition of reworked
carbonate material, and occupied the intergranular space in varying proportions The best ones are porous, ligthweiht, white
and they can be easily carved when they are immersed in water.

A HUMIC ACID STUDY OF THE BEYPAZARI-ÇAYIRHAN LIGNITES USING IR-SPECTRAPHOTOMETER

Gültekin KAVUŞAN***

ABSTRACT.- Davutoğlan and Kuzey faults are two impontant tectonic features in Beypazarı-Çayırhan (Türkiye) basin. The
basin has 3 scams of coal, one in the lower horizon with narrow extension and two in the upper horizon with an overall
thickness of 3 m on the average The samples were obtained by drilling several boreholes in the perpendicular direction to the
faults and ground to 0.25-0.70 mm Hummite macerals were seperated with ZnCI2 solution (d= 1.44-1.50 gr/cm3) Maceral-rich
samples were then treated with KOH solution (%5) and the alkali-soluble fraction was then precipitated with concentrated HCI.
The humic acids so purified were exammated by IR-spectroscopy The H/C ratios of coal seams display an increasing trend in
van Krevelen diagrams due to the increasing burial depth and it has been seen that the H/C-O/C values of the seams taken
from the drills close to Davutoğlan fault, lower than the average seam values This behavior indicates that an increase in
coalification rate is the consequence of the rise in temperature and tectonic pressure caused by Davutoğlan fault The strong IR
band at 1600-1620 cm-1 indicates the presence of >C=C< bands and remarkable aromatization in the structure. On the other
hand, characteristic C-H stretching bands at 2800-3000 cm-1 is an indication for the presence of -CH2 and -CH3 groups.
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