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THE METAMORPHISM AND THE RELATIONSHIP BETWEEN
OF THE BITLIS MASSIF - TURKEY

INFRA AND SUPRASTRUCTURES

Metin SENGUN*

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 (Sengun, 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 Yilmaz (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 (3253 m.y. with re-interpretation
(Milmaz 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 (Sengor and Yiimaz,

1981) resulted in a sceptical look on the sedimen-
tary nature of the infra-suprastructure boundary
(Mlmaz, 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 Erdogan and Dora (1983), Yurtsever et.
al. (1983), Caglayan et. al. (1984) and Genc (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 Yilmaz (1971). The fact that
granites of the infrastructure is unconformably
capped by Permian sedimentation (Gonclioglu and
Turhan, 1985) and radiometric dating of Yilmaz
(1971) and of Helvaci (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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Fig. 1- Location map showing locations of the investigated area'and the Kesandere section shown of the map compied by Gadlayan et. al. 1984,
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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 Nasurdagi formations (Fig. 2).
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Fig. 2- Generalised columnar section of the investigated area.
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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+GarnettRutilexBiotitexMagnetitexApatite

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+BiotitexMagnetite

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 +Epidotex 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

Fig. 3-

Kyanite sillimanite association in biotite gneiss. (1.2x1.8 mm), plane light.
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several localities where anatectic conditions pre- Granitic Rocks of the Infrastructure- The am-
vailed (Fig. 4). Staurolite porphyroblasts (Fig. 5) are ~ phibolites, paragneisses and micaschists of the
also observed in biotite gneisses of favourable bulk ~ basement complex are intruded by a biotite meta-
compositions in the Kesandere section (Fig. 12). granite followed by its hololeucocratic phase. The

d X 1
Fig. 5- Staurclite megacrystal in garnetiferous micaschists (3.2x4.8 mm.), plana light.
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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 Geng
(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-
surda@ 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

I+

Quartz + Albite + Muscovite * Chlorite
Tourmaline,

I+

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-

Fig. 6-

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

The relation between amphibolite and quartzo feldispathic gneiss.

tions of shale. The generalised parageneses of the
Arpik formation and of the Sak member are respec-
tively given below.
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Fig. 7- A dumortierite megacrystal in metapegmatites. (3.2x4.8 mm.), plane light.

Fig. 8- Chloritoid micaschist. (3.2x4.8 mm.), plane light.

Quartz + Albite + Microcline + Muscpvite + Nasurdagl formation, a metacarbonate se-
Biotite + Zircon * Apatite * Tourmaline quence thickened due to isoclinal folding, consti-
Calcite + Doldmite + Muscovite +Chlorite +  tutes the uppermost section of the suprastructure. It
Quartz * Feldspar is dated as Middle Devonian - Mesozoic(?). The
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base of the sequence yielded Middle Devonian co-
rals (Goncioglu and Turhan, 1983). The sequence
comprises fusulinid species (Yurtsever et. al., 1983;
Goncuoglu and Turhan, 1983; Caglayan et. al,
1984). The dolomitic limestones comprise Glomos-
pirella Facilis Ho., and are Schytian - Lower Anisian
in age (determination by Prof. Dr. Demir Altiner of
M.E.T.U.). Nasurda@i formation is transitional to the
underlying Arpik and Kuytu formations. The transi-
tion is fulfiled 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. Nasurdagi 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 (Sengun,
1984) and metaconglomerates (Gonctioglu 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

Fig. 9-

Block diagramme showing the pre-Alpine relations of the Ketum group. 1. Precam-

brian basement 2. Granite 3. Kuytu formation 4. Arpik formation 5. Nasurdagr fm.

The Kotum group is dissected by aplite arid,
diabase dykes that are implicitly considered to be
feeders of the Eocene volcanism (Caglayan 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 (Caglayan 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

Fig. 10- Alpine aplite dyke. Note the discordant relation to the regional grain.

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 ftriple junction of the Al
SiO, 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).

SENGUN

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 Salica marble (Yurtsever et.al,
1983) and micaschists. The sequence continues
with phyllites and the Palaezoic-Mesozoic carbo-
nates. Sallica marble repeats itself in all of the met-
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Reactions between quartz, muscovite and feldspar (atter Winkler, 1976).
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Fig. 12- Siructural and metamorphic characteristics of the Kesandere section.

amorphic zones through isoclinal folding. The conti-
nuity of the Sallica 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
(Caglayan et.al., 1983), and the Eocene sediments
mutually covering the Bitlis massif and the ophio-
lites (Caglayan etal., 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 (Ozkaya, 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-Ciinglis 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
(Sengor and Yilmaz, 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 (Yilmaz,
1971; Helvaci, 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 (Sengdr and Yilmaz, 1981) lies in im-
mediate north of the Bitlis/Pitiirge massifs.
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ORIGIN AND PETROLOGY OF EKECIKDAG GRANITOID IN WESTERN CENTRAL ANATOLIAN CRYSTALLINE MASSIF
T. Kemal TURELI*; M. Cemal GONCUOGLU" 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 Ortakdy and is
called Ekecikdag. Ekecikdag granitoid, which is composed of monzogranites and granodiorites. intruded both the metamorphic
and ophiolitic host rocks. Ekecikdag 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. Ekecikdag granitoid has a calcalkaline character and
show aluminocafemic trend. It has features which favour both | 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 Ekecikdag 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 OZER* and Miikerrem FENERCI"

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 but, they are present in turbiditic sequence not inc-
luding volcanic interbedding in the Bayburt and Er-

The aim of this study is mainly to describe zurum area (Bektas. et al., 1984). Among these lo-

the new species of Caprinidae collected from the calities only the rudist fauna of Maden (Bayburt)

Sirataglar ridge, SW Maden-Bayburt area (Fig. 1). area recently determined by Fenerci (1992).

In the eastern Black sea, the Upper Cretace- The Caprinidae specimens are collected by
ous rudistid formations show sparse distributions present authors at the different times from Maden
(Fig. 1). The rudists occur in the volcano- area. The holotypes and paratypes of the new spe-

sedimenter sequence around Ordu, Giresun, and  cies are preserved at Geological Engineering De-
Trabzon (Ozsayar et al., 1981; Ozer, 1988, 1991),  partment of Dokuz Eyliil University, izmir.
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Fig. 1- Map showing distribution of rudistid outcrops'.‘hj in the Eastern Pontids and location (2) of the new species,
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STRATIGRAPHIC SETTING

The geology of Maden (Bayburt) area has
been studied by Ketin (1951), Gattinger et al.
(1962), Ozsayar et al. (1981) and Bektas 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. (Pl. IV, fig. 5; PI. V, fig. 3,4).

Vaccinites ultimus and Joufia cappadocien-
sis are characteristic for the Maastrichtian of Tur-
key (Ozer, 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 (Ozer, 1983, 1985). Vaccinites ultimus and
Joufia cappadociensis are also found in the Maast-
richtian of Kocaeli Peninsula (Kaya et al.,, 19866;
Ozer 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.
(PL. 1, fig. 1-5; PI. 1, 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 Pl. |, fig. 1;
PI. 1, fig. 1,2,3,4, and Text-fig. 2.

Type locality: In the southwest of Maden
(Bayburt) the Siratasglar ridge, map reference; Trab-
zon H44-c3; coordinate; 18.350:46.425 and
18.750:46750.

Type level: Maastrichtian.

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.

Diagnosis:

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) (Pl. 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. |, fig. 1; PL I, 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
(PL I, 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 (Pl. I, 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
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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 (Pl I, 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-
larites 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 (g), 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. N, fig. 1-5; P. IV, 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 Pl I, fig. 1, 2;
Pl. IV, fig. 1,4, and Text-Fig. 4, 5.

Type locality: In the southwest of Maden (Ba-
yburt) the Sirataslar 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 ()
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; PL. 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 (Pl lll, fig. 3, 4, 5; Pl
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 (Pl. 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. I, fig.
3-5; Pl. 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 Pl V.

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. lll, 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 (Pl. 1V,
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 (Pl. 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 (Pl. 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. 1V, 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
(PL. 1l 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 (Pl 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. 1V, 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-
Fig. 1-
Fig. 2-
Fig. 3-
Fig. 4-
Fig. 5-
uv, Lv
B,B’

mp, ma

Mitrocaprina madeniana n. sp.
Maastrichtian, Sirataslar ridge, Maden, Bay-
burt.

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.

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

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.

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

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

Upper and lower valves.
Posterior and anterior teeth.
Posterior and anterior myophores.
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PLATE-II

Fig. 1 -5-
Fig. 1-
Fig. 2-
Fig. 3-
Fig. 4-
Fig. 5-
uv, Lv
B, B

mp, ma

Mitrocaprina madeniana n. sp.
Maastrichtian, Sirataslar ridge, Maden, Bay-
burt.

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).

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

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

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

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

Upper and lower valves.
Posterior and anterior teeth.
Posterior and anterior myophores.
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PLATE-III

Fig. 1 -5-

Fig. 1-
Fig. 2-
Fig. 3-
Fig. 4-
Fig. 5-
uv, LV :

S, E :

Sabinia ornata n. sp.
Maastrichtian, Sirataglar ridge, Maden, Bay-
burt.

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

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.

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.

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

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

Upper and lower valves.
Posterior and anterior siphonal bands.
Interband.
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PLATE-IV

Fig. 1-4- Sabinia ornatan. sp.

Fig. 1-
Fig. 2-
Fig. 3-
Fig. 4-
Fig. 5-
L

Sp, Ep :
cv

mp

B,B,N:

Maastrichtian, Siratasglar ridge, Maden, Bay-
burl.

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.

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

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

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.

Hippurites sulcatoides Douville

Maastrichtian, Sirataglar 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.

: Ligamental ridge.

Posterior and anterior pillars.

: Central cavity.
. Posterior myophore.

Teeth.
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PLATE -V

Fig. 1-2- Sabinia ornata n. sp.

Fg. 1-
Fig. 2-
Fig. 3-
Fig. 4-
uv, LV :
S, E :
I .

L :
B, B’
Sp, Ep

mp, m

Maastrichtian, Sirataslar ridge, Maden, Bay-
burt.

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

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

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

Joufia cappadociensis (Cox)

Maastrichtian, Sirataslar 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.

Upper and lower valves.

Posterior and anterior siphonal bands.
Interband.

Ligamental ridge.

Teeth.

Posterior and anterior pillars.
Posterior and anterior myophores.
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THE LATE MIOCENE PERISSODACTYLA IN SAZAK (KALE-DENiZLi)
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; Yalcinlar, 1951; Taner, 1975).
Becker-Platen et al. (1975) recorded Hipparion sp.,
Diceros neumayri (Osborn) and Chilotherium
schlosseri (Weber) in Mahmutgazi (Cal-Denizli),
with reference to the Kinikk and Garkin fauna

groups. Staesche and Sondaar (1979) recognized
Hipparion matthewi Abel in Mahmutgazi, and sug-
gested a Middle Turolian age. Gokcen (1982) re-
corded a lower shallow marine and an upper conti-
nental Neogene sequence in the surroundings of
Mugla-Denizli, and established 10 lithologic subdivi-
sions ranging in age from Early Aquitanian to Pon-
tian, on the basis of ostracods. The Saraykéy 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
Kapusgabasi 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 (izmir).

Abbreviations used in this work are: breadth
(br); diameter (dia); metacarpal (Mc); Denizli-Kale-
Sazak (DKS); Canakkale-Gulpinar (CG); Mugla-
Yatagan-Eski Bayirkdéy (MYB); Mugla-Yatagan-
Salihpasalar (MYS); Afyon-Sandikh-Garkin (ASG);
Usak-Esme-Akcakdy (UEA); Samos 5 (S), Pikermi
(P), Saloniki (Sqg), 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  Sekkdy unit (limnic), the Pontian
Yatagan unit (terrestrial-fluviatile), and the Dasian
Milet unit (limnic). The Yatagan 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 Yatagan unit.

The studied section of the Yatagan 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 Gokcen's (1982)
Pannonian and Pontian deposits with Cypria sp.
and Darwinula brew's Straub, to Atalay's (1980)
Bayir member, and to Hakyemez's (1989) Yatagan
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 DP,-
DP, (DKS-1); left astragalus (DKS-2); left calcan-
eum (distal part) (DKS-3).

Description

DP,-DP,.- The height of the ramus is 28 mm.
under the middle of DP, and 37 mm under the mid-
dle of DP,. 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), Gulpinar (Kaya, 1986) and Salihpasalar

(Kaya, 1991) (Table 1,2,3).

Table 1- Measurements of DP,-DP, of Hipparion matthe
wi

Samas 5
DKS-1 Sendaar, Werhfr,
1971 19471
DP, length/width 279
DP tengthvwidih 24/8
CP, length/widih 26/6
CP,-DP, length 77 805 65

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-
talarticulation surface 22.6 mm.).

Suborder
Family

: Ceratomorpha Wood, 1937
: Rhmocerotidae Gray, 1821

Table 2- Measurements of astragalus of Hipparion matthewi. Samos5, Saloniki and Upper Maragha are taken from Fars-

ten (1968)
DKS 2 CcG MYS 5 Sg M

a Maximum length 45 48 43 49 2 37 456
b Length at the internal trochlea 44 41 42
c Length at the exlernal trochlea 39 K| 38
d Maximum breadth 39 3s 41
@ Breadth of the distal facet 3z 38 N Jxa 308 348
f Giameter of the distal facet 24 28 22
g Minimum breadth al the trochlea 19 21 20
a
- x 100 711 78 2 72 747 76 8 76 3
a
Table 3- Measurements of calcaneum of Hipparion mat- Subtarmily . Rhinocerctinae Gray, 1821

thewi Trbe . Dicerotini Groves, 1983

Genus . Ceratothenum Gray, 1867
DKS-3 CG MYS Type species : Ceratotherium simum {Bur-
chell, 1817)
a Distal breadth 4 - 34 Ceratotherium neumayr (Os-
b Distal chameter 38 a7 36 born. 1800) Geraads. 1988
Pi 1 fig.3.4.5

¢ Diameter of the corpus 3z : 3
d Breadth of the corpus 13 14 13 Material
d
— x 100 406 19 Right carpal-4 (DKS-4). nght metacarpal-lli
=

(DKS-5)
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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-ll- 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-1V, facet is vertical,
triangular-shaped and concave. The volar one is
rounded, concave and isolated.

Table 4- Measurements of carpal-4 of Dicerotini. ASG, MYB, D. neumayri {Heissig, 1975b); P, Rhinoceros pachygnathus
{Gaudry, 1862); P. Diceros pachygnathus (Guérin, 1980)

DKS-4 ASG MYB P P
a Maximum breadth 1 68 70 67 71
b Height 42 56 52 58 47
¢ Diagonal diameter 82 g : 36 9575
d Diameter 57 7175
e Bridia of the intermedium facel 3N 38.34 31 31
t Bridia of the ulnar facet 26:27 44 34 az
g Bridia of the Mc-1l| tacet 2218
h Bridia of the Mc-1V tacel 31:27 a4 a7
1 Bridia of the Mc-V facet 2217 23
a
—x 100 885 551 89 7 741
c
b
—x 100 512 651 604 49
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Mc-Il 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
Garkin and Eski Bayirkdy (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-Illl from Sazak resembles C. neu-
mayri from Salihpasalar, D. neumayri from Garkin
(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 Esme-Akcakdy (Heissig, 1975b) (Table 5).

Table 5 Measurements of melacarpal-lll of Rhinocerotinae. MYS, C. neumayri; ASG, UEA, D. neumayri (Heissig, 1975h);
P. D. pachygnathus (Guerin, 1980); H, D orientalis (Melenlis, 1970); F, P. mukirii (Hooijer, 1368)

DKS-5 MYS ASG UEA P H F
a 195 . 181 : - -
b 178 - 164 188 4 170 152
¢ 64 67 72 {62 632 58 56
d 47 47 59 49 53.5 53 43
e 43 46 46 a8
f 45 43 58 47
g 25 20 26 24
h 26 24 29 27 : - -
i 53 58 59 625 51 42
) 17 19 22 24.4 22 21
k 66 - 76 70.5 83 50
| 51 . 56 550 - 47
m a4 : 50 48,9 40 a7
IEX100 297 359 331 a0
k
~ % 100 37,0 463 a74 az

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, | - 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-Ill of C. neu-
mayri is shorter than that of D. orientalis from Shan-
si (Ringstrom, 1924: median length 187 mm., distal
breadth 68 mm.). The Mc-Illl 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
Kizilhisarpollenassociation.

AGE

In western Anatolia, the strata with H. mat-
thewi (e.g. Mahmutgazi-Denizli; Eski Bayirkdy,
Bayirkdy, Salihpasalar, Serefkdy, Akkavak-Mugla;
Kemiklitepe-Usak; Karain, Taskinpasa-Nevsehir;
Ebic-Kayseri; Kavakdere, Evcikdy-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 Kinik 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
Esme-Akcakdy and the Lower Torulian of Kayadibi,
and the large-sized ones are present in the Lower
Turolian of Garkin and the Middle Turolian of Kinik.
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 Yatagan unit, in-
clude Hipparion matthewi Abel and Ceratotherium
neumayri (Osborn). H. matthewi is similar to those
of Canakkale, Mugla, Samos 5 and Upper Mara-
gha. C. neumayri resembles those of Afyon, Mugla
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-
vironmentwith patches of bushes.
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PLATE-I
Hipparion matthewi Abel 1926

Fig. 1- Juvenile right mandibular fragment with DP,-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 PASINLER-HORASAN (ERZURUM) REGION

CevdetBOZKUS***

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 Cayarasi formation consisting of clastic rocks. The
basin is bounded by sinistral strike-slip faults controling 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 ANALY SIS 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 Alci 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 Alci 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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Fig. 1- Location map ot the study area.
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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), Hsu (1974), Gokgen and
Senalp (1975), Kogyigit (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 (Gokgen and Ozkaya, 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
(LUnel, 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 (Kogyigit 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 | 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,
0-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 ages ranging from Late
Jurassic (Oxfordian-Tithonian) to Early Cretaceous
(Berriasian-Hauterivian) (Olgun, 1988).

In the field, O-1 is about 35 m. in thickness
and its length is 1 km (Fig. 2). In O-l, 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-l
and it is 15 m. thick and 300 m. long. O-lll is inter-
bedded with marly limestones around Balkuyumcu
village. lIts 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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Lunel, 1987).

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-



OLISTOSTROMES BETWEEN BALKUYUMCU AND ALCI 35

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 / dixds ; 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
0-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, f25,f50, {75, f84 and
f95, are read off to calculate grain size parame-
ters, such as first percentile (C), median (M), mean
size (Mz), sorting (Gi), skewness (SKi) 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-I, 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 ((SKi), mean size (Mz)-
kurtosis (KGi), skewness (SKi),kurtosis (KGi), 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
(G1), mean size (Mz)-skewness (SKi), sorting (Gi)-
skewness (SKi), 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-
atureofolistostromes.

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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Table 2- Resulls of grain size diswribution percentiles.

PERCENTIWVES
Olistostrome No. or os o186 025 050 075 084 095
1220 1095 975 880 400 045 120 335
12.40 860 835 800 680 055 025 265
1285 1150 1040 [-1000 7 40 030 085 280
1090 920 780 715 100 055 170 320
815 730 670 630 420 050 135 300
I -9 80 810 -7 15 -5 50 {335 130 190 280
1075 930 810 730 100 165 225 300
-10 20 820 B0 720 2 90 0 %0 160 290
765 7 30 £ 70 625 510 020 120 320
I 730 700 860 635 540 070 080 290
725 700 630 610 560 220 025 260
720 £95 5 20 6 00 5 40 105 050 2 80
-8 00 -B 40 760 70 535 1 &0 085 255
IV -8 20 750 &8 70 o 20 4 30 010 130 270
745 6 EQ & 00 545 230 1G5 2 90 385
820 860 800 750 300 0 %0 170 295
1215 -10 90 940 903 T 495 20 220
v 1240 1150 10 20 10 00 500 6 00 015 230
1160 10 20 g 20 § 55 =60 400 010 215
1180 1070 520 87D -5 0 oS 100 280
1090 840 5 80 5 00 370 120 020 260
Vi 1050 830 650 5 i 320 060 100 280
920 720 570 500 355 045 [Ea] 290
11 20 940 B 35 B8 9t 440 170 230 255
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Table 3- Grain size distribulion parameters (in O units).

Ohstastrome no First Medan Mean Sortng Skowngess Kurtosis
Percentie Size

fc) {m) thdo) fuiy) IRLY] {KG)

-12 20 400 418 4 B3 0008 0811

12 40 6 80 497 345 0507 0652

-12 8BS 740 -5 62 489 0509 0573

-10 80 100 237 424 0 375 0622

-315 420 318 3587 03¢5 0597

It -3 60 035 187 39 0462 0 856

1075 -1 00 228 445 0 361 0563

10 30 250 313 428 0 057 0812

-7 65 S0 350 357 0587 a7n

t 730 540 73 335 0676 0682

725 560 383 209 0747 1009

720 540 370 315 oraz 0807

880 535. 400 380 0158 0816

IV 220 Fch) 323 355 0 38e 0 664

745 240 183 384 0183 0 550

920 300 310 418 G000 0 564

-1215 770 577 412 0 640 1 2006

v 1240 200 6 42 446 0774 1301

-11 00 790 573 303 0723 0 960

1180 700 597 446 0 584 0592

1030 370 343 342 Q130 0939

Vi 1050 320 293 158 0 0% 0 B58

920 355 . 28 313 0 303 16022

1t 20 -4 40 415 167 0125 0942
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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.



45

OLISTOSTROMES BETWEEN BALKUYUMCU and ALCI

i1 6.2 Yo ¢ SG 66 | Sg'C -
[¢:]) Ive WL | &5e | el 3 Ucec 1 961 202 80¢ | Zve punoy obeiond
SSAUPUNOY
ool | oov| 001| oov, a01 [oorlooifoor] 0oi| oor] ool |oor|cos[oorlootpor | oorloor| 001 loov| 0ot | 0ov| codooy @101
10
o ar [egi|er [2e1|ez Jos |1z e | sv | eei|re [set|ee [82t|ce kvi]so |ooz|sy fom|eg |iei{ee o6t e
\ 5 ._\u _____ d saufiag
S //\..l\
vs [t12|es [uge s |oreles [91e] 55 | @1g]o9 |s9¢|89 |2¢2lee ESE|se |ovi|ss [pz2| 29 |69g|2s |s02] _EseID IO
wa ssquny 10|
“ 1A 5 (0'9-05)
\\N papunol Aiap
\ \ L 1 1 il - o's-0v)
k&& A v |9 |eg o |29 ] |92 9 |¢ |=¢|¢ g€ Javiz |8 fv |9 |9 |92 pasuaoy
vy s |12 [t ]|ov |9z |swer (92 | o1 |es fou [ fou s s Bs |2 |8 |¢ [ez |2t |ev |or|iw | fov0e)
ﬁ.\\A\\ \ Al pepuncy-ang
_\“_\. \\ k e1 |25 |8 |6z |oz e {ue |ozi| a1 |2z |sz vou)zz jeoiler s Lot s |20 oz Lo |ap fo fos o072
\ P . JEmbuy-ang
i s
. ! e
\\\‘ & sz |96 [or 1vo |21 lov |21 [6a | 61 [s2 [21 oz Joz 28 Joe kerler Jos |iz feo loe [sni]ailoc | 02w
7 , ai
\\\ ! ot [se |2 1ee e gt ys |6s|¢ |22 |¢ ke g et by oi-o0
‘ i t ¢ 1ezlae |els |sefe o -
.\k & renbuy Lap
i I % oo io |nbo|ow|e|s |olx tole(al %l ol #f%|afjx] «|xe amag
) {0) oyl
YA
z i 2 ! ¢ ¢ b4 t i z 1 |ow epdumed
PepunoY popuroy | swnbuy
l e
R R D I Bttt A A Al i ! i oW SweSHisyC
q 1) T 1
1 ] 1
(£¢el ‘siamog uo peseg) swesBoisiy ssUPUNCS NBY] pue aWONSOISC Yoea jo sajdwes ydesBojoyd omy Jo} sanjea ssavpunoy -y 3iqe)l




46

Engin OLGUN and Teoman NORMAN

80 [F » Olistostrome |
-
A - 11
o - IV
x = Y
eps - o o " Vi
b 4 » .
G ik o L]
= a0 f- X 4 © .
‘-'," -] o
e u
2 &8°
5 ot
v
w ps\ Olst,de .
— f;ﬂ?;’;oh
e v,
1 Sits
20 o Uan'edm
[ Moy oo 2209
ﬂdp",re‘:s ;
ps ar “-\._____
Y River

30 -2 - 0 1 2 3 4
MEAN SIZE {Mz)-O

Fig. 7- Scatter diagram of Mean size {Mz)-Sorting {Gi}, (vws: very well sorted, ws: well sorted, ms
ps: poorly sorled, vps: very poorly sorted, eps: extremely poorly sorted).

. moderatelly sorted,

1o * Olistostrome |
- - Il
x a 1
- < = IV
x N x " v
vps x - a . VI
. @
=]
L o |
03
) - 2\ \
X n n a ° %,\ \
éa o1 T} =
@ I _Normai curve . o EY !
0.0 3
4 v . 4\ \ f
=z 03 TR
o g\
" ns o)
Fr " o
o o 2\ Beach Dune
[} '%\
L
w -
3
yns ) Q
D3
AR
I %
10 1 1 1 1 1 1 1 1 1 1 o o
8 -7 B 5 4 3 2 a0 1 2 3 4
MEAN SIZE (Mz}-O

Fig. 8- Scaner diagram of Mean size (Mz)-Skewness {SKi), (scs: strongly coarse skewed, ¢s: coarse skewed, ns; near

symimetrical, fs: ine skewed, sfs: strongly fine skewed).




OLISTOSTROMES BETWEEN BALKUYUMCU and ALCI

47

SKEWNESS (5K )-@

+10

03

a1

co
01

-1.0

[ #Clistostrome |
- . It
A - "
a k X le - v
Vs A x x - v
a » a - Vi
Y L]
o
ol
[ Q
4+ - ~
=1 River \
S
[+ \ RN \Q o °d
“ ) Beach / \u% ° a .
'l'l)ra -,
. |\ \ b Y 2
+ 2 g Ve
s \e 2 \2
®l\r 2 2y e-
gla & 2.1% .
: 1%
= 9.\
vns o ®
\
l \
s st mg H4e——pg —>| ¢ ¥Rs b ¢ aps ?
05 10 2.0 40 6.0
SORTING (¥)-Q

Fig. 9- Scatter diagram of Sorting (Gi}-Skewness (SKi}, {vws: very well sorted, ws; well sorted, ms; moderatelly son-
ad, ps: paorly sorted, vps: very poorly sorted, eps: exiremely poorly sorted and scs: strongly coarse skewed,
cs: coarse skewed, ns: near symmetrical, fs: fine skewed, sfs: strongly fine skewed).

8.0
70 T .
/ :; ’J; —
¢ 60 7 / —_— i
- =y
8 e / /
5 50 — T X ™ / i
E o / ] / !
> 40 4 [ * l! '
& . o. g
w [} / / ‘q._" .l
= \ n =
= i Olistostromes A O { 2
c 30 - A o f o J——
- (This study) - B & r 5 —
3 X P o / Ry —L
20 + X x 8 L —F g‘f ®  Ollstostrome |
— O / >§' / ! 9, 2 - i
—_—— I8 foE qa - i
10 T+ / st |e . W
/ / a.'fr’ x - v
» A § e ' rl » » A » ' D B VI
0.0 1 ] T i 1 (g ' ' i ' T T T
-10 -9 -8 -7 -8 -5 -4 -3 -2 -1 0 1 2 3

MEDIAN (Md)-O

Fig.

10- Scatter diagram of Median {M)-Quartile deviation (QDa) (Based on Buller and Mc Manus, 1972).



48 Engin

REFERENCES

Bayraktutan. M.S., 1982, Narman (Erzurum) havzasinin
Miyosen'deki sedimentolojik evrimi: Atatiirk Univ.
doktora tezi, 283 (unpublished).

Buller, AT. and McManus, 1.,.1972, Simple metric sedi-
mentary statistics used to recognize different envi-
ronments: Sedimentology., 18, 1-21.

Chayes, F., 1956, Petrografik Modal Analysis, An Ele-
mentary Statistical Appraisal: John Wiley and
Sons Inc., 356, Newyork.

Flores, G., 1955, Discussion in Beneo, E., -les Resultats
des etudes pour la recherche petrolifere en Scile
(Italie): Proc. 4th World Petrol. Congr. Rome,
sect. 1,259-275.

Folk, R.L, 1954, The distinction between grain size and
mineral composition in sedimentary nomencla-
ture: Jour. Geol., 62, 344-359.

———, 1964, A review of grain size parameters: Sedi-
mentology., 6, 73-93.

———, 1980, Petrology of sedimentary rocks: Hemphill
Pub. Co., Austin, 182, Texas.

and Ward, W.L, 1957, Brazos river bar; A study in
the significance of grain size parameters: Jour.
Sed. Petr., 27, 3-26.

and Mason, C.C., 1958, Differentiation of beach,
dune and aeolian ftot environments by size anal-
sis: Jour. Sed. Petr.. 28, 211 -226.

Friedman, G.M., 1961, Distinction between dune, beach
and river sands from their textural characteristics:
Jour. Sed. Petr.. 31. 514-529.

———, 1962, On sorting, sorting coefficient and the log-
normality of the grain size distribution of sand-
stones: Jour. Geol., 70, 734-753.

———, 1967, Dynamic processes and statistical parame-
ters compared for size frequency distribution of
beach and river sands: Jour. Sed. Petr., 37, 327-
354.

Gansser, A., 1959, Ausseralpine ophiolitith probleme: Ec-
logae Geol. Helv., 52, 2, 327-354.

Gokecen, S.L, and Senalp, M., 1975, Kayma olusuklari,
olistostromlar ve turbidit fasiyeslerinin ayirici ana
jeolojik, sedimantolojik élcitleri: TUBITAK, V. Bi-
lim Kongr. Teblig. 56-59.

——, and C")zkaya, l, 1981, Olistostrom ve turbidit fa-
siyeslerinin diskriminant analizi ve ayirimi: Yerbi-
limleri. 8,1-26.

Hoedemaeker, P.J., 1973, Olistostromes and delapsional

OLGUN and Teoman NORMAN

deposits and their occurrences in the region of
Moratall (Prov. of Muncia, Spain): Scripta Geol.,
19, 1-207.

Hsu, K.J., 1974, Melanges and their distinction from olis-
tostromes: modern and ancient geosynclinal ce-
mentation: Spec. Publ. Soc. econ Paleont. Miner.,
19, 321-333.

Jackson, J.A., and Bates, R.L., 1980, Glossary of Geolgy:
American Geological Institute Falls Church, 751,
Virginia.

Kocyigit, A., 1979, Cordik olistostromlari: Turkiye Jeol.
Kur. Biilt., 22, 1,59-68.

and Linel, AT., 1987, Geology and tectonic set-
ting of Alci region: Ankara, M.E.T.U. Jour. Pure.
Appl. Sci., 20, 35-59.

Lunel, AT., 1987, Petrology of Balkuyumcu volcanic com-
plex-Ankara, M.E.T.U. Jour. Pure. Appl. Sci., 20,
67-136.

Marchetti, M.P., 1957, The occurrence of slide and flow-
age materials (olistostromes) in the Tertiary series
of Italy", 20th Int.Geol. Congr. Mexico City, 1956,
Sec. 5, 1,209-225.

Moiola, K.J., and Weiser, D., 1968, Textural parameters-
an evoluation: Jour. Sed. Petr., 38, 45-53.

Norman, T., 1975, Flow features of Ankara melange: 9th
Int. Congr. on sedimentology, Nice (France), 4,
261-269.

———, 1979, On the defination of melange formation: Ge-
ocome-l, 581-593.

Olgun, E., 1988, Sedimentary features of some Jurassic-
Cretaceous olistostromes between Alci and Bal-
kuyumcu, SW of Ankara: A Master's Thesis in
Geol. Eng. M.E.T.U. 103,( unpublished).

Passega, R., 1957, Texture as characteristic of clastic
deposition: Bull. Am.  Assoc. Petrol. Geol., 69,
1952-1984.

———, 1977, Significance of CM diagrams of sediment
deposited by suspension, Sedimentology, 24,
723-733.

Powers, M.C., 1953, A new roundness scale for sedimen-
tary particles: Jour. Sed. Petr., 23, 117-119.

Sahu, B.K., 1964, Depositional mechanisms from the size
analysis of clastic sediments: Jour. Sed. Petr., 34,
73-83.

Visher, G.S., 1969, Grain size distribution and deposition-
al processes: Jour. Sed. Petr., 39, 1074-1106.



MTA Dergisi 115, 71-76, 1993

CAN (CANAKKALE), ORHANELI VE KELES (BURSA) LINYIT ACIK OCAK iSLETMELERINDEKi

SEDIMANTER ISTIiFIN KiL SEDIMANTOLOJISI

Emel BAYHAN®: Abdurrahim SAHBAZ® ve Sezai GORMUS*

0Z._ Gan, Orhaneli ve Keles yorelerindeki Miyosen yagli komurlu sedimanter istifin kil fraksiyonu ayrilarak simektit, illit, kaolinit
ve klorit parajenezi saptanmistir. Monomineralik simektitlerde ana element gozumlemeleri yapilarak bunlarin dioktaedrik
(baydelit), trioktaedrik (saponit) karakterinde oldugu belirlenmis ve olusumlari irdelenmigtir. Tuflu serilere bagh simektitier
volkanik malzemenin bozunmasi sonucu; killi-karbonatl serilere bagh simektitler ise ya kinnul yerinde neoformasyonu ya da
kinntili simektitlerin transformasyonu ile olugurken, illit ve klorit ise metamortik kayaglardan turemiglerdir

GIRIS

Gan (Ganakkale), Orhaneli ve Keles (Bursa)
cevresindeki (Sek. 1) Miyosen yash sedimanter istif-
te stratigrafik kesitler olglimis ve 6rnek alinarak
mikromineralojik analizler yapiimigtir. Bu galigmada,

bolgede detayli galismalar yapan Kulaksiz ve
digerlerinin  (1991) tanimladigr gokel istifi kul-
lanilmistir (Sek. 1). Keles bolgesinde Yigitel ve
digerleri (1989) tarafindan ¢okel istifin yagi Miyosen,
Orhaneli bélgesinde ise benzer istif Orta-Ust Miyo-
sen, Cetin (1985) olarak belirlenmistir.
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Sek. 1- Calisma alanlarinin genellestiriimis gokel istifi ve lokasyonlari. A: Gan: Bt
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Calismanin amaci, inceleme alani igindeki
kirintili istifin kil mineral parajenezini ve bunlarin
kimyasal ozelliklerini saptayarak, istifin paleoklima-
tolojik, paleotopografik kosullarini  agiklamaya
galismaktir.

STRATIGRAFI

Gan bolgesi: Bu bdlgede kémirlli zonu da
icine alan Neojen yagli istifin altinda andezit, kaolin-
lesmis tuf ve aglomeralardan olusan taban
kayaglarn yer almaktadir (Sek. 1a). Galisma alani
icinde bazi lokalitelerde taban kayaglari iginde me-
tamorfikler ve spilitler de goézlenmigtir. Bu taban
Uzerine agisal uyumsuzlukla gri, kahve, kirmizi
renkli laminali kil taslarinin arabant halinde
gozlendigi, kalinhgi 35 metreye kadar ulasan
komirld zon yer almaktadir.

Orhaneli bdlgesi: Boélgenin g¢okel istifi Sekil
1b de goriilmekte olup, Neojen yasl istifin altinda
kristalize kiregtas! ve serpantinitlerden olusan taban
kayaglar bulunmaktadir. Taban kayaglarin izerinde
kiltagi, taf, tifit ardalanmali bir seviye, bulunmakta
ve bu seviyenin iginde iki ayri zon halinde kémur
yer almaktadir. Istif Uste dogru kanal dolgusu kong-
lomeralar, tif arabanth kiltaglari ve kaba taneli
kumtaslar ile devam etmektedir. Capraz tabakall
cakilli kumtag! ve kiltasi ardalanmasi bu seviyenin

Ustinde yer almakta olup, ince bir kiregtag! seviye-
sinden sonra bulundugu yerlerde aliivyon tiim sevi-
yeleri diskordan olarak értmektedir.

Keles bdlgesi: Cokel istifi Sekil 1c de gorilen
bu bdlgede en altta taban kayaglar olarak isimlen-
dirilen Paleozoyik yasli metamorfik kayaglar ile
rekristalize kiregtaglari yer almaktadir. Taban
kayaglarinin Uzerine agil diskordansla Neojen yasli
kémdirli zon gelmektedir. Kémirli zonun Ustinde
genel olarak konglomera, kaba kumtag! ve silttas
ardalanmasindan olusan bir istif devam etmektedir.
Bu istif iginde yer yer anahtar seviye olarak izlenen
tuf arabantlart mevcuttur. Konglomera, kumtas! ve
silttagi ardalanmasindan olugsan bu seviyenin
Uzerinde ince bir kiregtasi-marn ardalanmasi yer al-
makta olup, istifin en Ustinde g6zlenebildigi yerler-
de toprak 6rtUsl bulunmaktadir.

MATERYAL VE YONTEM

Galisma alani igerisinde U¢ ayr lokalitede
Neojen yash kémirli zonu da kapsayan tim istiften
6lcull kesitler boyunca alinan érneklerin kil fraksi-
yonundan itibaren X-isinlari difraktometresi ile
Gindogdu ve Yilmaz'a (1984) gore kil minerallerinin
yar kantitatif ylizdeleri saptanmistir. Ayrica kil frak-
siyonu iginde monomineral olarak bulunan simektit-
lerin kimyasal analizleri yapilarak ana element oksit

Simol
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S$ek. 2- Can, Orhaneli ve Keles yorelerinde kil minerallerinin dagilimi.
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degerleri belirlenmis ve yapisal formulleri hesap-
lanmistir.

KiL MINERALLERI

Can bolgesi: Bu yérede 6lgulu kesit boyunca
alinan orneklerin kil fraksiyonunda simektit, kaolinit,
illit mevcut olan minerallerdir (Sek. 2a). Bolgede
egemen kil minerali olan simektit tim &rneklerde
mevcuttur. Simektit érneklerin bir kisminda mono-
mineral olarak diger bir kisminda da en az 3
bollugunda bulunmaktadir. Kaolinit kémurld zonun
hemen altindaki érneklerde 3.5 bollugunda, hemen
Ustindeki  orneklerde ise 7.0  bolluguna
yukselmekte iken daha Ust seviyelerdeki drneklerde
1.0-2.0 arasinda degisen bolluklarda bulunmak-
tadir. Istiften alinan bir érnekte saptanan illit 2.0
bollugunda, klorit ise eser miktarda mevcuttur.

Orhaneli boélgesi: Bu yoredeki érneklerin kil
fraksiyonunda simektit egemen olarak bulunmak-

tadir (Sek. 2b). Analizi yapilan tim &rneklerde sap-
tanmig olan simektit 8-10 arasinda degisen bolluk-
larda mevcuttur. Bu bolgedeki kayag orneklerinde
bulunan diger kil mineralleri ise kaolinit ve illittir. Ka-
olinit orneklerde 1.0-3.5, illit 1.0-2.0 arasinda
degdisen bollukta ve klorit ise eser miktarda bulun-
maktadir.

Keles bolgesi: Diger bolgelerde oldugu gibi
Keles bélgesinde de egemen kil minerali simektittir.
Simektit tum orneklerde 2-10 arasinda degisen bol-
luklarda bulunmaktadir. 1-6 arasinda degisen bol-
lukta illit, orneklerde saptanan ikinci &nemli mineral-
dir. Simektitin  monomineral olarak bulundugu
orneklerin disindaki diger incelenen érneklerde bu-
lunan illittin bollugunda Gan ve Orhaneli bélgelerine
gore bu yoredeki rneklerde artig gdzlenmistir. Kao-
linit ise 0.5-3 bollugunda mevcut olup, Klorit, Can ve
Orhaneli bolgelerinde oldugu gibi eser oranda bu-

lunmaktadir.
A

Sek. 3- Simektitlerin Al-Fe-Mg Uggenindeki konumlari.
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SIMEKTITIN JEOKIMYASI ile DIGER KIL

MINERALLERININ OLUSUMU

Gan, Orhaneli ve Keles bolgelerinden alinan
érneklerin mikromineralojik incelenmesi sonucun-
da, monomineral olarak simektitin bulundugu besg
ornegin (G-7, ¢-8, C-11, K-2, O-12) ana element
gozumlemeleri yapilmigtir. Bu 6rneklerin d ¢, para-
metreleri toz érnekten itibaren X-isinlar difraktomet-
resi ile Olgllmisg, analiz sonuglar Calilere ve
Henin'e (1963) gore dederlendirilerek, bunlarin di-
oktaedrik ve trioktaedrik olarak belirlenen simektit-
lere uygunluk gosterdikleri saptanmigtir. Bu simek-
titterin ana element analiz sonuglar Cizelge1 de,
Al-Fe-Mg diyagramindaki dagilimlar ise Sekil 3 te
verilmistir. Dioktaedrik karakterdeki érnekler bayde-
lit bilesiminde olup, miktari 1.33-1.55 arasinda
degisen Al, oktaedrlerin ana katyonudur. Oktaedr-
lerde bulunan diger katyonlar ise Mg, Fe ve Ti'dir.

Emel BAYHAN; Abdurrahim SAHBAZ ve Sezai GORMUS

Baydelitlerde oktaedrik katyon toplami 2.00-2.07
arasinda degismektedir. Diger taraftan bir 6rnek ise
(O-12) ise trioktaedrik simektit olup, saponitik karak-
terdeki bu o6rnegin Al-Fe saponit oldugu belirlen-
migtir. Benzer Al-Fe saponitler Bigadig, (Glndogdu,
1985), Emet (Yal¢in ve Gindogdu, 1985) ve Burdur
(Bayhan, 1992) yorelerinde de bulunmugtur. Bu tip
saponitik simektitin  oktaedrik katyon toplami
2.28'dir. Bu durum coktaedrlere énemli miktarda Al
ve Fe girmesi ile agiklanabilmektedir,

Millot (1964), Grim (1968) ve Gindogdu'nun
(1982) belirttigi gibi tuflere bagli bulunan dioktaedrik
simektitlerin, volkanik malzemenin bozunmas! so-
nucunda olustugu dislncesi géz 6nlne alinarak
Can bdlgesindeki dioktaedrik simektitlerin de ben-
zer bir mekanizmanin Urinl olabilecedi dugundl-
mektedir.

Cizelge 1- Simektitlerin kimyasal analiz sonuglari ve yapisal formiilleri

Yore ) Gan Keles Orhaneli
Ornek G1-7 c1-8 c1-11 K1-2 0-12
No
% Sio 626 3 59 45 62.59 6188 5186
o ALO, 18.67 1963 20.11 2106 16.9
K TiO, 08 059 0.7 055 0.59
S Fe,O, 5.99 7.14 4.88 301 9.2
| MnO 004 oos8 0.03 001 0.11
T MgO 3.41 356 331 364 9.12
L CaO 1.43 1.55 11 1.15 2.37
E K,0 1.17 133 113 007 12
N Na,O 0.23 023 0.31 0.06 047
M P.Oq 0.04 0.04 002 003 006
E H,O 9.04 B.06 887 894 105
Top. 103 42 101.66 103 05 100 4 102.38
Tetraedral Si 396 384 395 396 3.51
Al 0.04 016 005 004 049
Al 1.35 1.33 144 155 0.86
Oktaedral Ti 004 003 003 003 0.03
Fe 0.29 035 0.24 014 047
Mg 0.32 034 0.31 035 092
Ca 0.1 011 007 oo8 017
Yapraklar Na 0.03 003 004 006 006
Arasi K 0.1 011 009 007 0.1

—

e e A = T T



GAN LINYITLERININ KIL SED'IMANTOLOJ'IS'. 75

Tuflu birimlere bagh olan simektitlerin diginda
likarbonatli birimlere bagl olan simektitlerin ise
pienetik olarak olugabilecekleri Singer (1984)
grafindan pelirtimektedir. Orhaneli ve Keles
iresinde de killi-karbonatl birimlere bagh olan si-
~ektitier de epijenetik olup kirintil malzemeden iti-
paren olugmus olmalidiriar.

Orhaneli yoresinde bir srnekteki (O-12) si-
nektitin saponit karakterinde oldugu saptanmistir.
ili-karbonath birimlere bagl olarak bulunan sapo-
nitler ya Kirintil malzemenin yerinde neoformasyo-
wile ya da kinntili simektitlerin transformasyonu ile
slugmaktadir. Orhaneli yoresindeki simektitin Al-Fe-
Ti gibi ¢ozunuruligu diguk olan elementlerce zen-
gin olmast, Ataman (1966) ve Trauth (1977)
farafindan da pelirtildigi gibi, kinntili malzemenin
fransformasyonu ile saponitin olustugunu disun-
dormektedir.

Simektitin diginda her iig yorede de belirle-
nen kil minerallerinden kaolinit feldispatl kayaglarin
digiik pH'll ortamda alterasyonu ile olugmusgtur. liit,
iabandaki metamorfik kayaglardan turemekte ve
muskovitlerin kil boyu bilegenini tegkil etmektedir.
Eser miktardaki klorit ise taban kayaglari olan meta-
morfik kayaglar ile ofiyolitlerden tiremiglerdir.

Incelenen yorelerde kdmur olugumunun
varhg, kil minerallerinden kaolinitin mevcut olmasl,
Neojen devresinde kuzey-kuzeyball Anadolu'daki
mevcut gdl ortamlannda gokelen kinntili kayaglarin
kaynak balgesinin sicak ve yagigh bir iklim ile iyi
drenajli, peneplen topografyaya sahip bir bdlge
oldugunu dﬁgﬂndﬂrmektedir. Bu yorum $ahbaz ve
Gormug'n (1992) Keles yoresindeki yaptiklar kay-
nak bolge ve gdkelme ortami galigmalarini da des-
teklemektedir.

SONUG

Bu galigma sonucunda elde edilen bulgulari
- sugekilde belirtebiliriz:

1. Simektit hakim Kil minerali olarak U¢g
yorede de tespit ediimig ve az olarak illit, kaolinit ve
eser halde klorit bulunmustur.

2. Galigma alan! icindeki simektitlerde ana
element t;,t':zﬂrniemeleri yapilarak bunlarin baydelit
ve saponit karakterinde oldugu saptanmigtir.

3. Tiflere bagimii simekitlerin volkanik mal-
zemenin bozunmasi sonucu, killi karbonatli birimle-

re bagll simekditlerin epijenetik ve Kinntili simektitle-
rn transformasyonu sonucu olustuklar
di}:;ilnﬂlmektedin

4. Kil parajenezinde mevcut olan illit ve klorit-
ler taban kayaglardan turemistir.

5. Simektit ve ilitlere eslik eden kaolinitler
feldispatga zengin kayaglarin dosik pH, sicak iklim
ve iyi drenajll ortamda alternasyonu ile olugmustur.
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TEK BORAT PARCALANMASI YONTEMI KULLANILARAK REFRAKTER SILIKATLARDA ESAS,

YAN VE IZ ELEMENT ANALIZLERI

Bahattin AYRANCI®

0Z._ Oksitleyici olmayan kosullarda, induksiyon firimi kullanilarak yapilan eritme pargalanmasi, refrakter bilegenler igeren
oémeklerin ayristinimasina alternatif bir yéntem olup bu sekilde, demirin oksidasyon bigimlerinin ve diger esas, yan ve iz
elementienn analizleri tek bir rek pargalanmasi ile yapilabilmektedir

GIRIS

Silikatlarin esas, yan ve iz element analizleri,
genel olarak ya borat pargalanmasi (disintegras-
yon) ve presleme ile tabletlenmis toz drneklerin
XRF-teknigi ile analizi, ya da érneklerin asitte
ayristinlmasi (dekompozisyonu) ile yapilmaktadir.
Bilesenler aygitsal yontemlerle  lgiimektedir
(6rnedin, AAS, ICP, ICP-MS).

Borat-ergitici (flaks) kullanilarak (érnegin lit-
yum metaborat, ergime noktasi 840°C: lityum tetra-
borat, ergime noktasi yaklagik 950°C) orneklerin
ayngtinimasi genel olarak atmosfer kosullarinda
yapiimakta olup ergime sirasinda valans durumlari
korunamamaktadir. Bundan dolayi, ek bir analitik
islem gerekli olmaktadir: Demirin oksidasyon evre-
lerinin elde edilebilmesi igin yapilan ayristirmada
ornedin ceyreklenmis bir .bolumi oksitleyici olma-
yan bir asitle aynigtirilir.

Oksitleyici  olmayan kosullarda gergek-
lestirilen tek 6rnek pargalanmasi (Ayranci, 1978),
aygitsal yontemler kullanilarak demirin oksidasyon
evrelerinin ve Ornek iginde bulunan diger bilesen-
lerin de saptanmasini mimkin kilmaktadir,

Refrakter bilesenler (6rnegin kromit, granat-
lar, spineller, stavrolit, zirkonlar) iceren silikat
ornekleri, asit muamelesi sirasinda tamamen
¢ozUnmeyebilirler. Buna bagll olarak, demirin va-
lans durumu ve yine diger bilesenlerin belirlenme-
sinde bazen hatali degerler verebilir.

Bitiin bilegenlerin analizleri (demirin valaris
durumu ve ugucu bilesenler de dahil olmak iizere)

tek bir silikat 6rnek geyreginden yapilabilir. Bu pro-
ses iki agamada gergeklestirilir:

1- Oksitleyici olmayan kosullarda, borat-
ergitici kullanilarak 6rnegin parcalanmasi ve bunu
takiben ugucu bilegenlerin (6rnegin H,O, CO,, H,S,
S0,) belirlenmesi,

2a- Katilagmis ergiyigin, demirin valans duru-
munu saptamak Uzere oksitleyici olmayan sartlarda
analizi igin gézUndurtlmesi,

b- Demirin oksidasyon evrelerinin tespiti igin
katilagmig ergiyik geyreginin kullaniimasi, geri kalan
ergiyikten esas, yan ve iz elementlerin XRF ile ana-
lizi igin cam disk hazirlanmasi, veya 6rnek
gOzeltisinden arta kalan katilagmis  ergiyigin
¢6zundlrdlmesinden sonra AAS ve ICP-MS ile
bilegenlerin analizi.

Demirin valans durumunun belirlenmesi icin
yapilacak analizlerde refrakter silikatlarin
aynigtirlmas! igin borat-flaks (NaF+B,0,) kul-
laniimasi, Rowledge (1934) tarafindan 6nerilmistir.
Rowledge teknigi gelistiriimis (6rnedin Novikova
1966; Donalson, 1969) ve mikroanalizlerde kul-
laniimigtir (Meyrowitz, 1970). Demirin valans duru-
munun saptanmasi igin kullanilabilir ve ¢ogaltilabilir
degerlerin elde ediimesindeki zorluklar daha énce
Ayranci'da(1992) tartigiimistir.

Bu galigma, gok bilesenlilerin analizlerinde
bir geyreklenmis drnek kullanilarak asit muamelesi
ve eritmeyle ayrigtirma iglemlerinin bitinlestirimesi
amacinitagimaktadir. ‘

* Isveg Federal Teknoloji Enstitiist Yerbilimleri BIuma, Zurih (ETH-Z)
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ANALITIK TEKNIK

Asidik borat ergiticilerinin (6rnegin lityum tet-
raborat, ergime noktasi yaklagik 950°C),
pargalanma iglemi oksitleyici olmayan ortamda
yapildig! taktirde, ayrigtirma sirasinda elementlerin
valans degistirmesini kolaylagtirmadigi iyi bilinmek-
tedir (Bock, 1979). Oksitleyici olmayan kosullarda
silikat drneklerinin asidik borat (6rnegin lityum tetra-
borat) kullanilarak ayrigtinimasi ayni ayrigtirma

isleminden  farkli aletsel yontemlerle birgok
bilesenin  analizlerinin  yapilmasini  mimkin
kilmaktadir: Pargalanma iglemi sirasinda g¢ikan

ugucu bilesenler (6rnegin H,O, CO,, SO,), uygun
aletler (6rnegin GC, IR) kullanilarak analiz edilebilir.

Refrakter silikatlarda sadece demirin valans
durumu saptanacaksa, orneklerin asidik borat ergi-
tici ile aynigtirilmasinin (Argon atmosferinde, Au-Pt
(5:95) pota kullanilarak) indiksiyon firininda

yapiimasi, tip bigimli firindan daha uygundur (Row-
ledge, 1934; Groves, 1851; Donalson, 1969; Mey-
rowitz, 1970).

Induksiyoa firini (Sek. 1), bir seferde yalnizca
bir érnegin aynistirlmasi igin kullanilabilir. Daha
biylk bir indiiksiyon firini kullanilarak birden fazla
6rnek ayni anda ayrigtirilabilir. Buna karsilik, birgok
6rnedin ayni anda ayrigtinlmasi sirasinda ugucu
bilesenlerin analizlerinin yapilamayacagi da agiktir.

Ornegin aynistiriimasi

Ornek (10-1000 mg), agirhginin 5-10 kati
agirlikta, 6nceden kizdirnlmis asidik borat ergitici
(lityum tetraborat, ergime noktasi 950°C) ile
karistinlir ve daha sonra Au-Pt potada (5:95) ilave li-
tyum tetraborat ile kaplanir. Tamamen kapatiimig
pota daha sonra oda sicakhiginda bir indiksiyon
finrnina yerlestirilir. Kuvars firrminin (Sek. 1) vakum

Pompa

Ornek+Lityum-tetraborat (1:10)

%

Pota (Pt+Au 95:5)

Ornegin indiksiyon
finnina transfen

Jf:ﬁ

=

Pompa

Kuvars Cami

Kuvars Cami

ISITMA

_—

1050° C'a kadar indukleyici 1sitma

Seodutulmus ergiyik (50 ml, saf H,O+

A'l A“Havat 2.5 ml. H,50 +1 ml. HF ile gozundurdimis)

Cézelmis solusyonun transferi

:

Ceyreklenmis ornegin
FeO-tanimlanmasiigin
kullanilir.

Sofutma

Manyetik karigtiric,

Olqﬂm §15€5!

Sek. 1- Oksitleyici olmayan kosullarda, silikat Greklerinin ergiticilerle bozundurulmasinda kullanilan bir indiksiyon

firininin semasi.




REFRAKTER SILIKATLARDA ELEMENT ANALIZLERI 79

Kuvars cami

/ (Gaz Analiz Aygiti)

Pirometre

Peses|

-ARGON-

p
oznspa —é 3 yonid tapa

Isi regulatorli HF jeneratord

SAS

1%

= € Bakir bobinlenn sogutulmasi igin su dolagimi

\

O-Halkas!

Sek. 2- Orneklerin ergitiimesi ve ¢ozundirulmesi ile eritme bozundurmasindan sonraki analizler (sematik olarak).

kiitlemesi O-halkas! kullanilarak yapilir (Sek. 1 ve
2). Kapall sistemdeki hava, 104 torr basingla
basilan AR-kalitesinde Argon gaz ile degistirilir. Bu
islem sirasinda 6rnegin nemi 105°C civarinda
Argon akig! ile giderilir.

Gaz dlgim cihazina (6rnegin; GC, IR) Ug
yonlG bir tipa takilarak firin sicakhg 600°C'a kadar
yukseltilir. Organik ugucu bilesenlerin  uzak-
lagtinlmasi igin bu gereklidir. Daha sonra firin
sicaklii dereceli olarak artirilarak 5 dakikalik siir2
iinde 10007°C'a gikarilir. Ornegin tamamen ergi-
mesi igin, 1050-1100°C'da 2-3 dakika isitiimasi ge-
rekmektedir. Firin daha sonra kapatiir ve pota,
firnin soguk zonuna yikseltilir. Ug yonli tipa oda

atmosferine agilarak eriyik kuvvetli bir argon akimi
ile yikanir ve sondirdlir (Sek. 2). Potanin oda
sicakhgina sogutulmasindan sonra, Ug yonli tipa
kapatilir ve katilagmig eriyik keki firindan alinir. Bu
kekin geyreklenmis bir bélimi demirin oksidasyon
halinin belirlenmesi igin kullanilirken (Sek. 2), eritil-
mig 6rnedin geri kalan kismi ise diger bilegenlerin
XRF, AAS, ICP, ICP-MS ile analizi igin kullanilabilir.
Bu yontem, analitk sonuglarin gogaltilabilirligine
bagl olarak, tek analitik evrede birgok bilesenlerin
analizinin yapilabilmesi agisindan biyik bir avantaj
saglamaktadir (Cizelge 1). Silikat érneklerinin mik-
rutin  analizlerinde fayda

roanaliz teknigi ve

saglamaktadir.
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Cizelge 1- Gesitli uluslararasi referans malzemeye ait analitik veriler. Orneklerin bozunduruimasi oksitleyici olmayan

atmosferde Argon gazi kullanilarak ve indiiksiyonlu finnda gerceklestiriimistir.

Ornek Kullanilan érnek+ergitici Saptanan Hesap.” Onerilen

(flaks) agirhigi (gram) konsantrasyon konsantrasyon'*

FeO XFe, 0, Fe, O, FeO Fe,O,

BM 0.200+1.000 Li,B,0, 7.35 975 1.75 7.28 1.60
JB-1 0.200+1.000 Li,B,O; 6.05 9.05 2.30 6.00 2.28
JG-1 0.200+1.000 Li,B,0, 165 225 0.42 163 0.39
JR-1 0.200+1.000 Li,B,0, 0.40 1.05 0.61 043 0.40
Hesap." : Toplam demirden iki degerlikli (Fe,O5) demir konsantrasyonlari olarak hesaplanmistir

(Toplam demir Fe,O,-FeOx 1.1113-ug degerlikli demir konsantrasyonu olarak).

Onerilen konsantrasyon®* : Grovindaraju (1989).
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SIVRIHISAR'DA (ESKISEHIR) SEDIMENTER-DIYAJENETIK OLUSUMLU YENI BIR LULETASI
TURU
Mefail YENIYOL®

0Z._ Bu galisma olugumu, yataklanma tarzi, dokusu ve bilesimi agisindan klasik yumru tipindeki lUletaglarindan farkl bir
lletagini tamimlamaktadir. Bu luletagi Sivrihisarin giineyinde Neojen dolomitli istifin Ust kesimlerinde yer alan sedimenter
sepiolitierle birlikte bulunur. Tabakali, mercek bigimli ve detritik kinntilar halinde temsil edilen dolomit ve/veya Kalsit
minerallerinden meydana gelir. Sepiolit yeniden islenmis ve gokelmis olan karbonat malzemesinden sonra diyajenez evresinde
olugmusg olup tanelerarasi hacmi gesitli oranlarda kaplar. Incelenen bu liletaglarindan en iyi nitelikte olanlar, gozenekli, hafif ve

beyaz renkli olup suyla i1slatildiklarinda kolayca yontulabilmektedirler.

GIRls

Liletas, beyaz, kompakt, hafif ve gozenekli
dogal bir malzeme olup sepiolit mineralinden mey-
dana gelir ve pipo, agizlik ile biblo gibi bazi sus
esyalarinin  yapiminda  kullanilir.  Turkiye'de
yuzyillardir bilinen ve isletilmekte olan luletagina ait
yataklar Eskisehir gevresinde bulunur. Neojen hav-
zasinin kenar kesimlerindeki bu yataklarda luletas!
taban konglomeralari iginde gakillar halinde yer alir
(Retrascheck, 1963; b; Brennich, 1965; Oncel
1971: Oncel ve Denizci, 1982; Yeniyol ve Oztunali,
1985). Kayitlara gore (Oncel, 1971) 15. ylzyil son-
larindan itibaren igletildigi bilinen bu yataklardan
diinyada bilinen en kaliteli luletag! Uretilmektedir.

Yayinlanmig galismalardan igletiimis olduklari
bilinen ve isletilen diger luletagi yataklar Kenya ile
Tanzanya siniri dolayinda ve bu sinirin kuzeyindeki
Amboseli havzasindaki liletaglar (Stoessell ve
Hay, 1978; Hay ve Stoessell, 1984) ile Ispanya'da
Madrid yakinindaki Vallecas'ta (Galan ve Castillo,
1984) olanlardir. Bunlardan Vallecas'ta lUletag!
Uretimi 16. yluzyil sonlarindan itibaren yapilmistir.
Sedimenter kékenli olan ve dunyanin bilinen en
blyUk sepiolit yataklarindan biri olan Vallecas'taki
bu yataktan halihazirda gesitli endistri dallarinda
kullanilmak (zere sepiolit Uretimi yapilmaktadir.
Tanzanya ve Kenya'daki liletag! yataklari ise bulun-
dugumuz ylzyilin ikinci yarisinin baglarinda ortaya
gikmiglardir. Sedimenter kdkenli olan bu yataklarda
luletagl, dolomitlerle birlikte kalig bresleri iginde
duzensiz cepler ve ince damarlar halinde bulunur.
lyi kalite pipo yapiminda kullanilan ve halen
isletiimekte olan Amboseli'deki yataktan her 1 m?3

yantagtan 7.3 kg dolayinda liletagi Uretile-

bilmektedir (Hay ve Stoessell, 1984).

Bilinen yumru tipteki luletaglar diginda 1960
li yillarda yapilan galigmalarla Turkiye'de sedimen-
ter olusumlu ve tabaka yapil sepiolitierin de varligi
ortaya konmustur (Akinci, 1967; Oncel ve Denizci,
1982). Bu tipteki sepiolit yataklarindan biri Sivrihisar
ilcesinin glneyinde yer alan Yenidogan Koylnin
bitisiginde bulunur (Sek. 1). Yeniyol (1992),
sbzkonusu yatakta ve bunun kuzeyindeki alanda ta-
bakall sepiolitlerle birlikte liletagi niteliginde malze-
menin de var oldugunu saptamigtir. Bu galigma bili-
nen klasik yumru luletag tipinden farkli bir olugum
ve yataklanma sunan bu lUletagini incelemeyi ve
tanimlamayi amaglamaktadir.

GENEL JEOLOJI

Inceleme alani (Sek. 1) bolgesel bdlgekte
buyuk bir yayim gosteren Neojen havzasinin gok
kigUk bir kesimini kaplar ve timi Pliyosen yasl
kayaglardan meydana gelir. Havzanin taban ve
cevre litolojisini temsil eden Tersiyer oncesi
kayaglar, alanin diginda yer alirlar ve kuzeybati-
giineydogu gidigli morfolojik ylkseltileri meydana
getirirler (Erentdz, 1975). Bu yasl litoloji 25 km
kadar glneybatida rekristalize kiregtaglari ile ser-
pantinitler (Yeniyol, 1982); 7 km kadar kuzey-
doguda mermer, rekristalize kiregtaslari, gnays, sist
ve granodiyoritler ile 30 km kadar kuzeybatida
asinan Neojen ortUsi altinda mostra veren ultrama-
fik kayaglarla temsil edilir. Pliyosen sedimentleri pe-
neplenlesmis  sbzkonusu yash litolojiye  ait
yUkseltilerin sinirlandirdigr  gokuntu alanlarindaki

* Istanbul Universitesi, Jeoloji Mihendisligi Bélumi, Istanbul
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Sek. 1- Yenidogan dolayinin litoloji haritast.
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kmyasal gollerde, kurak ve yarikurak iklim
kosullarinda gokelmislerdir (Yeniyol, 1992).

Bolgesel dlgekte oldugu gibi, incelenen alan
sinirlan igin de Pliyosen litolojisinde egemen kayag
fileri  dolomitik marnlar ve dolomitlerdir. Bu
kayaglar ve bunlarla birlikte ancak daha digik
oranlarda bulunan diger kayag torleri, inceleme
aaninin glineyinde gorundr kalinhgi 200 metreyi
asan bir istif meydana getirirler (Yeniyol, 1992).
Gineydoguda, Sakarya Nehri vadi tabanindan iti-
baren istif; volkanik malzeme (asidik tf) ile bazan
detritik arakatkilar da igeren ve sik sik silislesmis
dolomit seviyelerinin yer aldigi bir dolomit ve dolo-
mitk marn ardalanmasliyla baglar. Alanin sadece
gineydogu  kesiminde gorunen bu toplulugun
izerinde Yenidogan koéyl, Karabent Burnu ve As-
keroglu Sirtinin guneydogu kesimlerinde yayilim
gosteren, Jips seviyelerinin de bulundugu korrensit-
ii killer ile dolomit ve dolomitik marn ardalanmasi
yeralir.

Istifin Ustind, iginde sepiolit ile sepiolitli
oluguklarin da yer aldigi dolomit ve dolomitik marn
ardalanmasindan meydana gelen bir kayag toplu-
lgu temsil eder. Bu topluluk Yenidogan Koyl
dolayinda 70 metreyi agkin bir kalinlik gosterir. Ta-
banda magnezitli-dolomitli bir karbonat seviyesiyle
baglar ve alt yarisinda baglica iki ayri seviyede sepi-
olit zenginlegmesi yer alir. Her iki seviye, % 90 dan
fazla sepiolit igeren "sepiolit kili" ve gesitli oranlarda
ancak % 50 den az dolomit igeren "dolomitli sepio-
it tabaka ve merceklerinin ardalanmasindan
olusur. Ustteki sepiolitii seviye alttakinden daha
kalin (en gok 10 m) olup yanal yonlerde duzenli ola-
rak ve daha genig bir alanda yayilim gosterir. Bu
seviyenin Ust kesimlerinde yer yer ve luletas! niteligi
gbsteren sepiolitli malzeme yer alir.

Iginde sepiolit oluguklarinin yer aldig! Pliyo-
sen istifinin Ust kesimi inceleme alaninin bir gok ye-
rinde aginmigtir. Aginmanin daha az oldugu ve
boylece sepiolitli seviyelerin de korunabildigi bir
bagka kesim, alanin kuzeydogusundaki Keremlioz
Deresi dolayidir. Burada da sepiolitin yer aldigi
kayag toplulugu Yenidodan koyu dolayinda oldugu
gibi tabanda magnezitli-dolomitli karbonat seviyele-
riyle baglar, Uste dogru dolomit ve dolomitik marn
ardalanmasiyla devam eder. Yenidogan Koylnde
oldugundan gok daha az kalinlkta olan bu toplu-
lugun Ust kesimi aginmig olup Uzerinde diskordan
olarak muhtemelen Ust Pliyosen veya daha geng

yastaki bir konglomera seviyesi yer alir. Sepiolit
olusuklari Keremlioz vadisinin yamaglari boyunca 1-
15, km bir mesafede izlenir. Dolomit ve dolomitik
marn ardalanmaslyla birlikte baglica iki ayri seviye
halinde gozlenen bu oluguklardan sepiolit kili, sade-
ce vadinin giney yamacinda ve Ust kesimlerde,
yaylhmi az olan ince bir seviye halinde bulunur.
Diger yerlerde ise dolomitli sepiolit tirinde malze-
me egemendir ve lUletas niteligindeki malzeme
bunlarla birlikte bulunur.

Luletasi

Luletag, Yenidogan koyl dolayinda; Tekke
Tepenin kuzeydogusunda, batisinda ve
glneybatidaki 851 m yikseklikteki tepenin bati
yamacinda olmak Uzere (Sek. 1) ug ayri yerde bu-
lunmaktadir. Bu yerlerde luletagl Ust sepiolitli seviy-
enin en Ust kesiminde mercekler halinde yer alir
(Yeniyol, 1992). Liletas! birlikte bulundugu dolomitli
sepiolitierden bazi farkl fiziksel ozellikler gosterir.
Mostra verdiginde hizla su kaybederek kurur ve
bazan 30-40 cm kadar bilyiklikte pargalar verecek
tarzda seyrek, 1 cm\kadar genislikte konkoidal
yuzeyli poligonal kuruma gatlaklari meydana gelir.
Kuruyken hafif ve darbeyle kuru tahta sesi veren
luletasi, beyaz, kirli beyaz renklerde, siki ve masif
yapilidir. Bazan gok ince kum boyutunda iri kirintili
ve gozle gorllebilecek boyutta detritik dokuludur.
Bazan da submikroskobik boyutta ince taneli ve
porselen gorunisgludir. Islatilinca suda daglimaz ve
pargalara ayriimaz, sabun gortnigl kazanir, rengi
koyulagarak kirli beyaz-gok agik bej rengini alir ve
kolayca kesilip yontulabilir.

Liletasi ve daha dusik kalitede benzeri mal-
zeme igeren merceklerin kalinliklari 30 cm ile1.4m
arasinda degisir. Tabanda dolomitli sepiolit bulunur
ve iki farkli tipteki malzeme arasinda bir kag santi-
metrelik bir aralikta dereceli gegis gozlenir. Tavan-
da ise bazan dolomitli sepiolit (Sek. 2), genellikle
tum sepiolitli seviyenin de Ust sinirini meydana geti-
ren sert bir dolomit seviyesi yer alir. Luletag! yanal
yonlerde, ancak daha genig araliklarda, dolomitli
sepiolite dereceli gegis gosterir.

Liletasi, Keremlioz vadisinin yamaglarinda
dolomitli sepiolitlerle birlikte sepiolit mineralinin zen-
ginlesme gosterdigi baslica iki ayri seviyede bulu-
nur. Bazan dolomitik kumtasi veya kumlu dolomit
karakteri kazanan ince bir dolomitle birbirinden
ayrilan bu seviyelerde luletag ayr mercekler halin-
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de yer alir. Bu seviyelerde lUletasi niteligindeki mal-
zeme tabanda, tavanda veya timini meydana ge-
tirecek tarzda farkl stratigrafik konumlarda buluna-
bilmektedir (Sek. 2). Yataklanma bigimi ve fiziksel
ozellikleri agisindan Yenidogan Koy dolayinda bu-
lunan liiletaglarina benzerler. Bir gok yerde ve birey
merceklerin degdigik kesimlerinde, gokelme Uriind iri
birincil karbonat kirintilari; ikincil bogluk ve gémulen
organizma izi veya gatlak dolgusu olarak kalsit, do-
lomit bazan da kuvars igerirler. Bazan ince kum bo-
yutlu malzeme igeren ve giplak gbzle bile gozlenen
detritik dokulu olan luletaglarinin iyi nitelikli kesimle-
ri submikroskobik boyutta gok ince taneli olup dolgu
veya iri kinntil malzeme igermezler. Renk, genellik-
le beyaz ve kirli beyaz olup bazan gatlak ylUzeyleri
boyunca demirli sularin etkisiyle agik kizilkahve
renklerde de boyanmis olabilmektedirler.

Liletagi karakterindeki malzeme vyanal
yonlerde dolomitli sepiolite dereceli gegis gosterir.
Bu yénlerdeki yayilimi birkag on metre ila 300 met-
reyi agan de§erler arasinda degisir. Disey yonde
ICletag! ya dolomitli sepiolit ile bir kag santimetre

aralikta gézlenen dereceli gegiglidir veya dolomit ile
oldukga keskin sinirlidir. Iginde marn ve digik nite-
likli veya niteliksiz kesimler de igeren lUletagl ve
benzeri karakterde malzemenin bulundugu mercek-
lerin kalinliklan 25 cm ila 2.7 m arasinda degisir.

BILESIM DOKU VE FIZIKSEL OZELLIKLER
Materyal ve Metod

Analitk g¢alismalarda inceleme alaninda
degigik yerlerden alinan 18 adet numune ve
kargilagtirma yapmak Uzere klasik yumru tipindeki
IGletagini temsil eden bir numune incelenmistir.

Kalitatif mineral analizleri Philips X-igini dif-
raktometresi ile yapilmig, dogal durumlarindaki
lUletagi numunelerinin 6glttimesiyle elde edilen
yénlenmemis toz preparatlardan X-igini difraksiyon
(XRD) kayitlan ahinmigtir. Kantitatif bilesimi ortaya
koymak igin ise oda sicakliginda kurutulan ve toz
haline getirilen numunelere IM Hcl eklenerek karbo-
nat binyeden gikartilmigtir. Numuneler damitik
suyla yikanip tekrar kurutularak tartilmis ve aradaki
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agirlik farki numunenin igerdigi karbonat miktari ola-
rak hesaplanmigtir. Hem dolomit hemde kalsit
iceren liletaglarinda bu iki mineralin bilegimdeki %
lerini hesaplamak igin; XRD kay tlarinda bu mineral-
lere ait maksimum piklerinin siddetleri dlgUimis ve
toplam  karbonat yUzdesiyle oranti kurarak
bilesimdeki oranlari ortaya konmustur (Schultz,
1964).

Mineralojik ve dzellikle dokusal incelemeler
iin JSM-T330 tarama elektron mikroskobundan
(SEM) yararlaniimig, analizlerde altinla kaplanmig
dogal haldeki numuneler kullaniimistir.

Porozite (gdzeneklilik) ve baglica bundan
kaynaklanan hafiflik, lUletaginin ticari degerini belir-
leyen baslica 6zelliklerdendir. Bu ozellikleri kabaca
ortaya koymak igin, numuneler oda sicakliginda 10

gin kurutulmusg sonra duzgun yuzeyli geometrik
sekiller elde edecek tarzda kesilmiglerdir. Bu
sekillerin hacimleri ve agirliklarindan "birim hacim
agirliklan” hesaplanmigtir. Daha sonra bu numune-
ler damitik suya konarak 4 saat bekletilmis ve
gbzenekleri suya doygun hale gelmesi saglanmisgtir.
Sudan ¢ikartilan numunelerin digilen agirliklan ile
bunlarin kuru agirliklan arasindaki fark porozite
ylzdesi olarak kabul edilmistir. S6zkonusu fiziksel
ozellikler, XRD ve asitle gozindurme islemleriyle
hesaplanan mineral bilesimleri ile ilgili degerler
toplu olarak Gizelge 1 de verilmistir.

Bilesim ve Doku

XRD verilering gore luletaglari baglca sepi-
olit dolomit ve/veya kalsit minerallerinden meyda-
na gelmektedirler (Sek. 3). Bu minerallerden sepio-

KY-2/3

KY-15/2
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121
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Sek. 3- Liletagi érneklerinin XRD analiz sonuglar
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lit, iyi nitelikteki luletaglarinda ana bilegen olup
bilesimde % 50 den fazla oranlarda yer almaktadir.
Kalsit ve dolomit, sepiolitten daha disik oranlarda
temsil edilirler. Bilesimde birlikte bulunduklarinda
kalsit ve dolomitin bolluk siras! degisir. Daha dusik
sepiolit igerikli malzeme gittikge llletagl olarak
degersiz hale gelir ve sepiolitik marn veya sepiolitli
dolomit niteligi kazanir (Cizelge 1).

Cizelge 1- Liletaglarin bazi fiziksel ozellikleri ve
bilegimleri
Numune Birim porozite  Sepiolit ~ Dolomit Kalsit
No. (*)  hacim % % % %
aqirfigi
(gricm3)
S-1 0.52 75 100
KY-15/2 0.79 88 60 10 30
KY-2/3  0.91 81 78 22
Ss-5 1.08 51 65 28 7
KY-3/5 0.91 43 26 74
KY-11/2 1.04 51 32 ‘Gok az 68
KY-7/3 1.08 55 36 - 64
KY-3/1 1.17 66 34 66
KY-3/2 1.22 57 31 40 V28
KY-5/1 1.41 49 30 19 51

(') S-1 Yunak liletagi yatagindan (Yeniyol ve Oztunali,
1985), Ss-5 Yenidogan Koylnden, KY serisi ise Ke-
remliéz'den alinan numuneleri gostermektedir.

Incelenen liletaglari, SEM altinda bazan
tane destekli bazan da hamur destekli gorinen
kinintilar ile tanelerarasi hacimde yer alan sepiolit-
ten meydana gelen tipik bir detritik doku ozelligi
gosterir. Taneler bazan kdseli, genellikle kit kdseli,
yuvarlak veya yar yuvarlaktir. Liletasi olarak iyi ni-
telikteki numunelerde tane boyutlu 2-10 p arasinda
degigir (Levha |, sek. 1-3) ve genellikle detritik
kokenlidir.

Tane ylzeyleri genellikle sepiolitle kapli ol-
duklarindan bunlarin SEM altinda analiz edilmeleri
gugtir. Ancak XRD analizleriyle bu kirintilarin dolo-
mit ve kalsit bilegiminde olduklari anlagiimaktadir.
Ayrica kalsit ve dolomit yaninda daha diusuk oranda
ve intraklastlar halinde sepiolitin de bilesimde yer
almasi olasidir. Kalsit ve dolomit genellikle sedi-
mentasyon asamasinda  kinintilar  halinde

¢Okelmisglerdir (Levha |, sek. 1-3; Levha Il, sek. 1,
2). Bunlardan kalsit diyajenez sonrasi evrelerde
olusmus, mekik bigimli tipik kuruma gatlaklarinda
dolgular halinde de bulunabilmektedir. (Levha IlI,
sek. 1). Ayrica bazi sepiolit liflerinde SEM ile
yapilan analizlerde olaganin gok Uzerinde % Ca
degerlerinin elde edilmesi, kalsitin geg evrelerde se-
piolit liflerinin yizeyinde ince bir film halinde de
¢Okelmis olabilecegini telkin etmektedir. S6zlU edi-
len karbonatlar disinda, yine detritik kirintilar halinde
ve gok az miktarlarda magnezyumlu mikanin da
(muhtemelen biyotit) bilesimde yer aldigi, gerek
binokuler mikroskop gerekse SEM ile yapilan ince-
lemelerde goézlenmistir.

Tum lUletagi numunelerinde sepiolit minerali-
nin tane ¢okeliminden sonra ve diyajenez evresinde
olustugu agikga gorilmektedir. Sepiolit, lifler halinde
once tane ylzeylerine paralel, sonra bunlara dik ve
Isinsal olarak biuyumuslerdir. Bu lifler genellikle 0.5-
1 p uzunluklarda ve oldukga duzgUndlr. Ayrica
daha geg evrede biuyumis 3.5-5 p kadar uzunluk-
larda olabilen lif ve lif demetleri de vardir. Bunlar
gesitli yonlerde buyumis ve kenetlenmis veya birbi-
rine paralel ve yari paralel konumlarda tanelerarasi
boslukta ve gozenekleri degisik oranlarda kaplaya-
cak tarzda bulunurlar (Levha II, sek. 2, 3). Buna
ragmen, taneleraras| gézenek hacmi blyik olglde
korunmus olup sepiolit lifleriyle doldurulmamis ve
15 u blylUklige varan bosluklarin varligi SEM
altinda gézlenebilmektedir (Levha |, sek. 1-3; Levha
I, sek. 1).

Klasik yumru tipindeki lUletasi ¢ok daha farkh
dokusal ozellikler gosterir. Levha lll, sekil 3 de
goruldugu gibi, bu luletaginin bilesiminde yer alan
tek mineral sepiolittir. Degisik yonlerde gelismis ve
birbirine kenetlenmis lif ve lif demetleri bu
lUletaglarina ag veya slUnger bigimli bir doku ka-
zandirirlar. Bazi kesimlerinde ise sepiolit 4-5 p
uzunluklarda oldukga diizgln veya hafif bikiimus,
birbirine paralel ve yari paralel lifler halinde gozlenir
(Levha lll, sek. 2).

Birim Hacim Agirlik ve Porozite

Klasik yumru tipinde bir lUletagini temsil eden
S-1 isaretli numune iyi kalitede ve gok hafif bir mal-
zeme olup birim hacim agirhig 0.5 gricm®
dolayindadir. Inceleme alanindaki liletaglarindan
en iyi nitelikte olanlar; Sekil 1 de Ss-5, KY-2 ve KY-
15 isaretli yerlerden alinanlardir. Bu numuneler,
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yumru tipteki liletaglarindan biraz daha agir olmak-
la birlikte birim hacim agirliklar 1 gr/ecm? dolayinda
veya daha dusuktir. Olglilen porozite degerleri ise
yaklagik % 50 ila % 90 arasindadir. Sepiolit adsorb-
siyon yetenedi yinsek olan bir malzemedir.
Dagiimaya mekanik direng gostererex hayli yuksek
oranda sivi adsorpe edebilir. Bu 6zelligi gdozonune
alindiginda, bu yéntemle hesaplanan porozitenin bir
kisminin, sepiolitin suyu adsorbe etmesinden kay-
naklandigini ézellikle sepiolit igerigi yuksek olan nu-
muneler igin dikkate almak gerekir. Ancak bu
yéntemle elde edilen sonuglar, yine de malzemenin
porozitesi ile ilgili yorum ve kargilastirma yapabil-
mek igin yeterli oldugu kanisini vermektedir.

Yukarida s6zlU edilen liletaglarin sepiolit
icerikleri ylksek, tane boyutlari gok kigik ve 0.2-10
p arasinda degisim gosterirler. Bu nedenlerden
dolay! islatildiklarinda dizglin ve pirtiksiz yuzey
elde edebilecek tarzda kolayca yontulabilmektedir-
ler. Bunlardan Ss-5 en iyi nitelikte olup kuru-
dugunda gatlamamaktadir. KY-2 ve KY-15 isaretli
yerlerden alinan bazi numuneler ise kuruduktan
sonra gatlamakta bazilari da Ss-5 numuneleriyle
benzer nitelikler gosterirler.

Gizelge 1 de yeralan ve diger baz liletas:,
merceklerinden alinan numuneler, mostrada
lUletagina  benzer  gorinis ve  ozellikler
gostermelerine ragmen bunlar daha dusik nitelikte
veya degersizdir. Poroziteleri % 40 ila % 65
arasinda degisen bu numunelerin birim hacim
agirliklari, genelde 1 gricm® ten daha fazladir. Sepi-
olit igerikleri ise % 35 ten azdir. Bunlar ya iri taneli
veya bilesimlerinde gok ince tanelerle birlikte,
bazan goézle gorilebilecek buyUklikte olabilen
kinntilar ve ikincil karbonat dolgulan igerirler. Zor
yontulabilen ve yontulduklarinda gentikli ylzey
veren bu numuneler kuruduktan sonra genellikle
gatlarlar.

BILESIM DOKU VE FIZIKSEL OZELLIKLER
ARASINDAKI ILISKI

Turkiyede ylUzylllardan bu yana taninan ve
igletilen, Neojen yasgindaki konglomeralar iginde
gakil halinde bulunan yumru tipindeki luletaglaridir.
Islatildiklarinda  kolayca  yontulabilmeleri  ve
plrlzsiz dizgin ylUzey vermeleri, beyaz ve lekesiz
olmalari, kuruyunca deforme olmamalar ve
gatlamamalari ile hafif olmalari gibi 6zellikler, bu
luletaglarin ticari degerini belirler. Bilesimleri baglica
sepiolit mineralinden meydana gelir.

Bilesimde yeralan ve 6zgil agirhgi digik (2
gr/cm3) olan sepiolit minerali yaninda hacimdeki
yuksek gbzenek orani (porozite), liletagina 1 gr/
cm3 ten daha diugik bir birim hacim agirhgr ka-
zandirir. Bu nedenle suya atidiginda llletag,
gozenekleri suya doygun hale gelinceye kadar
yluzer. Deniz kopugu anlamina gelen "Meerschaum”
diye adlandiriimasi bu nedenledir. Dolomit, magne-
zit, kuvars ve demirli mineraller, bilesimde bulunabi-
len ve niteligini etkileyebilen safsizliklardir. Bu mine-
raller, luletaginda, kendisinin tiremis oldugu
(Yeniyol ve Oztunali, 1985) magnezitten arta kalan
bilesenlerdir ve genellikle gok diisiik oranlarda bulu-
nabilirler.

Bunlardan magnezit, sepiolittesme prosesi-
nin tamamlanamadigl durumlarda gesitli oranlarda
bulunabilir. Bilesimde magnezit arttikga birim hacim
agirhgl da artar, malzeme zor yontulur ve ticari
degeri gittikge azalir. Kuvars, ya birincil magnezit
bilesiminden arta kalan ince damarciklar veya
saginimlar ya da sepiolitlegsme prosesi sonucu ola-
rak bilesimde gesitli bigimlerde ve oranlarda yer
alan oluguklar halinde temsil edilebilir ve yontulmayi
guglestirir. Demirli mineraller az miktarlarda bile bu-
lunduklarinda liletaginin beyazhigini azaltir. lyi nite-
likli bir Iuletaginda.bu safsizliklar bulunmaz veya gok
disik orandadir. Gézenek dagilimi homojen, sepio-
lit lifleri degisik yonlerde blyumis ve kenetlenmis

olup Dbirbirini izleyen Islatma ve kurutma
islemlerinde gatlaklar meydana gelmez.
Bu metnin  konusu olan sedimenter

lUletaglari, koken ve clugumlarindaki farkliliklari ne-
deniyle yumru tipindeki lUletaglarindan degisik
bilesim ve dokusal 6zellikler gosterirler. Sepiolit ana
mineral bileseni olmasina ragmen énemli miktarlar-
da karbonat mineralleri de bilesimde yer alir. Bazi
yerlerdeki infiltrasyonlar diginda demir ile karbonat
minerallerinden magnezit, bilesimde hi¢ bulunmaz.
Dolomit ile kalsit ise, ayri ayrn veya birlikte ve
degisik oranlarda bu luUletaglarinda temsil edilen mi-
nerallerdir. Bilesim ve doku farkliligina ragmen ince-
lenen lUletasglari yumru tipindeki liletaglarina benzer
fiziksel ozellikler gosterirler. lyi nitelikte olanlari
beyaz, hafif, islatilinca kolayca yontulabilirler ve ku-
ruyunca gatlamazlar.

Bilesimde yeralan dolomit ve kalsit kirintilar
luletagina beyaz renk verirler. Karbonat orani gok
duglk buna kargin sepiolit orani gok yiksek olan
numunelerde renk, gri-beyaz veya gok agik bej ton-
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larini kazanir. Sepiolit baglica diyajenez evresinde
olugmus olup lifler halinde bulunur. Ancak sepiolitin
bir kisminin, kirintilarla birlikte gokelme evresinde
sudan dogrudan kristalizasyonla olugmusg olmasi
muhtemeldir (Yeniyol, 1992). Baz lUletaglarinda
gamur destekli ve digik oranlardaki kirintilarin bu-
lunmasi bu ihtimali telkin etmektedir. Diyajenez ev-
resinde tane ylzeylerinden itibaren karsgilikl olarak
buylyen ve degisik yonlerde gelisen daha geng je-
nerasyon sepiolit lifleri, kenetlenerek malzemeye
siki ve suda dagilmama &zelligi kazandirmistir. Bu
ozellik lUletaglarinin birlikte bulunduklarn ve diger
yonleri ile benzeri olduklari, dolomitli sepiolit olarak
tanimlanan malzemeden baslica farkini meydana
getirir.

Incelenen liletaslarinin bilesiminde karbonat
minerallerinin  yeralmasi, bunlarin  yumru tip
lUletaglarina gore biraz daha agir olmalarinin nede-
nidir.

Numunelerde yeralan karbonat ve sepiolitin
bagil bollugundaki farkliliklar, birim hacim agirhgini
sinirh élglde denetler. Hafifligi belirleyen asil etken
karbonat kirintilar ile sepiolit liflerinin hacimdeki
dizenlenme tarzlari ve bunun sonucu olarak mey-
dana gelen porozitedir. Birincil porozite; baglica
kirintilarin bigimleri, boyutlari, hacimdeki dagli]m ve
istiflenme tarzlariyla ilgilidir. Bu degiskenlere bagl
olarak bosluklarin bigimleri, boyutlari ve dagilimi da
yer yer ve farkh numunelerde degisiklik
gbstermektedir. Oyle ki, bazan ayni dolomit igerikli
olan farkli numunelerde, degisik porozite % leri
sdzkonusu olabilmektedir (Cizelge. 1). Diyajenez
evresinde olusan sepiolit lifleri her ne kadar birincil
bogluklar degisik oranlarda kaplamigsa da, énemli
6lglde gobzeneklilik, birey lifler arasinda varligini
sQrdardr.

Yontulabilme 6zelligini denetleyen ana etken
bilesimdeki sepiolit igerigidir. Sepiolit oraninin
ylUksek olmasi yaninda bilesimdeki karbonat
kirintilarinin gok ince boyutlarinin sinirli bir aralikta
degisim gostermesi; luletasina kolay yontulabilme,
yontuldugunda dlzgln, gentiksiz ve homojen renk-
te ylzey elde edilebilmesini saglamaktadir. Bunun
aksine, karbonat orani arttikga veya gok ince karbo-
nat kirintilari yaninda kalsitli, dolomitli damarciklar
ve iri tanelerin varlig: halinde, liletasi zor yontulur,
yontuldugunda gentikli ylzey verir. Rengi ise be-
nekli veya lekeli bir gérinis kazanir.

Tane boyu, gozenek boyutu ile bunlarin
dagihmlarindaki dizensizlikler, dizensiz kuruma
hizi ve bunlarin sonucu olarak lUletaginda
gatlamalara neden olur. Malzemede ¢atlamay!
sonuglandirabilecek bir bagka neden de bazi numu-
nelerdeki yiksek sepiolit oranidir. Bu mineralin
yuksek adsorbsiyon yetenegi ile kurudugunda hizli
su kaybetmesi numunelerde i¢ ve dis kesimler
arasinda g¢atlamaya neden olan genlesme farkina
neden olabilir. Gatlamanin meydana gelmedigi nu-
muneler; kirintilar, gézenekler ve sepiolitin hacimde
oldukga diizenli dagilimli oldugu, sepiolit igeriginin
gok yiksek olmadig! ve sepiolit liflerinin iyi kenetlen-
digi numunelerdir.

OLUSUM

Yumru tipteki liletaslari, yakin gevrede mag-
nezit yataklari igeren ultramafik kayaglarin yeraldigi,
Neojen havzasinin kenar kesimlerindeki konglome-
ralarda; yuvarlakkoseli veya yumru bigimli gakillar
halinde bulunurlar. (Petrascheck, 1963 a, b; Bren-

" nich, 1965: Oncel, 1971: Oncel ve Denizci, 1982:

Yeniyol ve Oztunali, 1985). Liletasi olusumu
gevredeki magnezit yataklarindan kaynaklanan bu
gakillardan, erken diyajenez evresinde, sediment-
lerde tanelerarasi bogluklarda dolagim halinde olan
Si** ve Mg®* iyonlari agisindan zengin gozeltilerin
magneziti ornatmasi sonucunda meydana gelmigtir
(Yeniyol ve Oztunali, 1985; Yeniyol, 19886).

Incelenen luletaslari, sedimenter sepiolitlerle
birlikte Neojen sedimentasyonunun meydana
geldigi alkali gol ortaminin si§ kenar kesimleri ve
buralardaki kisa omirlu golciklerde kurak ve yari
kurak iklim, kosullarinda ¢okelmislerdir (Yeniyol,
1992). Kurak donemlerde gdl alaninin daralmasiyla
yuzeylenen ve kuruyan sedimentler, sonraki yagisli
donemlerde yeniden tasinarak su ortaminda
kirintilar halinde ¢okelmislerdir. Bunu izleyen diyaje-
nez evresinde sepiolit, gozeneklerindeki Si*+ ve
Mg?* agisindan zengin ¢ozeltilerden dogrudan kris-
tallenme yoluyla meydana gelmigtir (Siffert, 1962;
Wollast ve digerleri,1968; Singer ve Norrish, 1974,
Khoury ve digerleri, 1982; Abtahi, 1985; Yeniyol,
1892).

SONUCLAR
Sivrinisar'in guneyinde ve Neojen istifinin Ust

kesimlerinde yeralan sedimenter kokenli sepiolitler-
le birlikte, lUletas! niteliginde sepiolitik bir malzeme
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yeralmaktadir. Mercek bigimli ve tabakall olan bu
liletaslari, klasik yumru tipindeki lUletaglarindan
farkl bilesim ve doku ozellikleri gosterirler. Detritik
dokulu olan bu liletaglarinin bilesiminde % 50 den
fazla sepiolit ve bundan daha az oranlarda da detri-
tik kirintilar halinde dolomit ve/veya kalsit bulunur.

Beyaz ve hafif olan bu liletaglan

islatildiklarinda kolayca yontulabilirler ve kuruyunca
gatlamazlar. Beyaz rengi, bilesimde yeralan karbo-
nat igerigi ile ilgilidir. Malzemenin hafifligini sepiolit
ve karbonat bilesenlerin bagil orani yaninda,
6zellikle bu minerallerin hacimdeki dizenleme tarzi
ve bununla ilgili olarak meydana gelen porozite de-
netler. Sepiolit liflerinin iyi kenetlenmesi malzemeye
suda dagilmama direnci ve o6zelligini kazandirir.
Kirintilarin gok ince boyutlu olmasi, bilegimin baglica
sepiolitten meydana gelmesi ve bu bilesenlerin ha-
cimde oldukga homojen dagilim gdstermesi ise
kolay yontulmay! ve lekesiz, beyaz, dizgun yuzey
elde etmeyi saglar.

Incelenen luletas!, karbonat igermesi nede-
niyle yumru tipindeki luletagindan biraz daha
agirdir. Ancak yataklanma tarzi, kendisinden daha
kaliteli olan bu luletaslarina gére bazi avantajlar
saglamaktadir. Bu luletagindan disik maliyetle,
daha kolay Uretim yapilabilir ve daha buyuk
pargalar halinde malzeme elde edilebilir. Ayrica
birgok amaglar igin, kendisinden daha degerli olan
yumru tipteki lUletaginin yerine kullanilabilmesi
mUmkUndor.
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LEVHA-I

Sek.1, 2, 3- Yenidogan Kéyinden alinan Ss-5 numune-
sinin tarama elektron mikrograflari.
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LEVHA-II

Sek. 1- Keremlidz'den alinan KY-2/3 numunesinin
tarama elektron mikrografi.

Sek. 2,3- Keremlidz'den alinan KY-15/2 numunesinin
tarama elektron mikrograflari. \



Mefail YENIYOL LEVHA-I

918352




LEVHA-II

Sek. 1- KY-15/2 numunesinin tarama elektron mik-
rografi.

L1

Sek. 2,3 - Yumru tipinde bir lUletaginin tarama elektron
mikrograflari. 5



Mefail YENIYOL LEVHA-II




MTA Dergisi 115, 91-98, 1993

BEYPAZARI-CAYIRHAN  LINYITLERI HUMIK ASITLERININ IR-SPEKTROFOTOMETRIK
INCELENMESI

Giltekin KAVUSAN®

OZ._ Beypazari-Gayirhan linyit havzasinda Davutoglan ve Kuzey faylarn en 6nemli tektonik kiriklardir. Havzada alt horizonda dar
yaylhimli tek bir damar, tst horizonda ise toplam kalinligi ortalama 3 m olan iki linyit damari mevcuttur. Bolgede yapilan ve
faylara dik dogrultudaki sondajlarda kesilen alt ve st damar horizonlarina ait linyit érneklerinden tane boyu 0.25-0.70 mm
arasinda kalanlardan, ZnCl, gozeltisi (d=1.44-1.50 gr/em?) kullanilarak huminit grubu maseralleri ayriimiglardir. Bu maserallerce
zenginlestiriimis 6rnekler KOH (% 5) ile muamele edildikten sonra humik asitler, gézeltiden konsantre HCI yardimiyla
cokeltilmigtir. Elde edilen hiimik asitler IR-spektrofotometresinde incelenmislerdir. van Krevelen diyagramlarinda damarlarin H/C
oranlarinin gémiilme derecelerine bagh olarak arttig ve benzer bigimde Davutoglan fayina yakin olan sondaj orneklerinin
H/C-O/C degerlerinin, damar ortalama degerlerinden yiksek olarak yer aldiklar gérilmustur. Bu kémdirlesme derecesinin
artmas!, Davutoglan fayinin dogurdugu 1si ve tektonik basincin artmasina baghdir. Orneklerde yapilan IR-spektrofotometrik
incelemelerde, 1600-1620 cm™' bantinda yodun bir aromatiklesme oldugu, >C=C< baglannin humik asitlerin yapisinda
bulunduklari, 2800-3000 cm™! bandindaki absorbsiyona dayanarak yine humik asitlerin yapisinda simetrik ve asimetrik CH, ve
CHg gruplarinin yer aldiklari saptanmigtir.

GIRIS me fayi, Kuzey fayi ise sondajlar civarinda gravite fay!
olarak gozlenir. Davutoglan fayinin atimi 70-110 m
arasinda degisir. Kuzey fayinin atimi, doguda 20, m
den daha fazladir (Aslan, 1975; Siyako, 1883;
Yagmurlu ve digerleri 1988; Kavugan, 1991, 1993).

Beypazari-Gayirhan bolgesinde alt ve Ust
damar horizonu olarak iki kémur horizonu bulun-
maktadir. Alt damar horizon kalinhg 1.30-11.15 m
arasinda degisir. Ust damar horizonu ise alt damar
horizonunun ortalama 150 m Gzerinde yer alir ve iki
damardan olugmustur. Damarlar ortalama olarak
1.50-2.50 m arasinda degismektedir. Arada bulu-
nan arakesme kalinligi 1.00 ile 10.00 m arasinda
degisir.

MATERYAL ve METOT

Huminit maserali, gerek homojen bilesimi ve
gerekse kokeni ‘itibariyle tim havzadaki kdmirdn
dzelliklerini daha iyi bir sekilde ortaya koyabilecegi

Bolgedeki en 6nemli kirklar Davutoglan ve  igin aragtirmanin materyalini - olugturmustur. Bu
Kuzey faylaridir. (Sek. 1). Davutoglan fayi bir bindir-  8zellikleri nedeniyle oncelikle htiminit maserallerinin
kazaniimas! ve bunun Uzerinde elementer analizle-
rin yapilmasi ve strikturel yapinin aragtinimasi
ongorulmistar.  IR-spektrofotometrik ~ metodun
segilmesinin temel nedeni, numunelerin organik
molekUler striktirlerinin pargalanmadan incelenme-
sine olanak tanimasidir. Zira herhangi bir gekilde

udﬁ;u \ Cam"defed,s& farkl metodun, 6rnegin gaz kromatografisi gibi,
Wn KI%‘)%II:._; b

‘I
Nallihan % Beypazari!

Kizileatiamam segilmesi halinde, pargalanan molekiler yapidaki
< yan gruplarin farklilasmalarinin ortaya konulmasi
zorlasacaktir. Bu durumda ise, molekller yapidaki
farklilagsmalarin ortaya konulabilmesi ortadan kalka-
caktir. Bu nedemlerden dolayi, numunelerden
mumkin oldugunca fazla himinit kazanimasi,

—~

& GRS . .
Mihallicgik @L:]..: ”‘nkar‘.:’fvu humik asitlerin fazla deformasyona ugramadan
WPECS TN ) ¥ ANKARA dogrudan dogruya IR-spektrofotometresinde incele-
okl { nerek  molekiler  gruplardaki  dagilimlarinin

Sek. 1a- Lokasyon haritasi. gozlenmesine galisiimistir.

* Ankara Universitesi, Fen Fakiiltesi, Jeoloji Mihendisligi Bélimu, Ankara
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Sek. 1b- Jeoloji ve Sondaj lokasyon haritasi,

NUMUNELERIN HAZIRLANMALARI

Bolgede yapilmis olan sondajlardan alinan
komdur karotlar laboratuvarda kirildiktan sonra elen-
miglerdir. Kirma ve eleme iglemlerinde himinitlerin
en fazla serbestlendikleri tane boyu arahg
arasgtinimig ve 0.25-0.71 mm arasinda ortalama ola-
rak en fazla serbestlenmenin gergeklestigi sap-
tanmistir. Bu tane boyutu araliindaki komdur
orneklerinden himinit maserallerinin diger maseral-
lerden ayrilmas! ve kazanilabilmesi igin yogunluk
esasina gore ayrimi yapiimasi amaciyla, bu mase-
rallerin en fazla zenginlestikleri yogunluk araligi de-
nemelerle arastinlmigtir. En fazla himinit maserali
zenginlesmesi 1.44<d<1.50 gricm® olarak sap-

tanmistir. Yogunluk ayrimi igin ZnCl, gozeltisi kul-
lanilmistir.  Bu sonuglardan sonra, ylUzdurme-
batirma esasina gore galigsan bir 6n zenginlesgtirme
Unitesi hazirlanmis ve tim sondajlardan alinan
komur ornekleri bu sistemden gegirilmigtir.

Bu sekilde kazanilmis olan ve himinit mase-
rallerince zengin numunelerin C, H, N, S analizleri
yapiimis ve oksijen igerikleri O=100-(C+H+N+S)
formUluyle hesaplanmigtir. Analiz sonuglar kuru
kulsuz komir bazinda Gizelge 1 de gosterilmistir.

Kazanilan bu zenginlesgtirimis numuneler
100 mikron boyutuna kadar 6gutiimisler ve daha
sonra her numuneden 1 gr alinarak % 10 luk (v/v)
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potasyum hidroksit (KOH) ile muamele edil-
miglerdir. 12 saat sire bekletildikten sonra porselen
fitreden gegcirilmistir. Filtreden gegen himik asit
tuzlari, % 5 lik (v/v) hidroklorik asit (HCI) ile asitlen-
dirilmigtir. Asitleme isleminden sonra bu ortamda
kolloidal halde ¢éken humik asit ve tlrevlerince
zengin olan kisim 5 dakika boyunca 2000 d/d san-
trifjasyona  tabi  tutularak  himik  asitler
kazanilmigtir. Himik asit kazaniimasi iglemi sant-
rifijasyon sonunda berrak gozelti kalincaya kadar
uygulanmistir. Elde edilen hiimik asitli tortu 50°C de
4 saat sireyle etlivde bekletilerek kurutulmustur.
Daha sonra spektrofotometrik safliktaki potasyum
bromir (KBr) ile preslenerek IR-tabletleri elde edil-

migtir.  IR-spektrumlari,  Perkins-Elmer/Unicam
marka infrared spektrofotometresinde alinmistir.

HUMINITLERIN C, H, O, N, S ICERIKLERI VE
DAGILIMLARI

Himinitge zenginlestiriimis olan 6rneklerin
tespit edilen C, H, N, S igerikleri dederlerinden ya-
rarlanilarak oksijen igerikleri O=100-(C+H+N+S)
formiliyle hesaplanmigtir. Bu degerlerden yola
gikilarak, O/C, H/C, N/C atomik oranlari hesaplanip
alt ve Ust horizonun her bir seviyesi igin H/C-N/C
oranlari diyagramlar gizilmigtir (Sek. 3). Ayrica O/C
ve H/C degerleri van Krevelen diyagramiarina
aktanimigtir (Sek. 2).

1,5

Q

=

35

1,0

0,5

0

4 Alt damar horizonu 4\ Alt horizon ortalama deger
@ Usthonzon-Alt kemur damari ® Ust horizon-Ust komur damari ortalama deger
© Usthorizon-Ust komur damari ® Ust horizon-Alt kemur damari ortalama degeri

Sek. 2- van Krevelen diyagrami.
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@1019-0n

X10-3

20 —

1012

83

1.07
H/C b=

A Alt damar horizonu

Ust horizon-Alt kémiir damari
Ust horizon-Ust kémir damari

Alt horizon ortalama degeri

Ust horizon-Ust komiir damari ortalama degeri

Ust horizon-Alt komir damari ortalama degeri.

Hebl®

Sek. 3- Komir damarlan atomik N/C ve H/C diyagram.

Bolgedeki linyit damarlarindan alt damarin
kuru kilstz kémir bazinda karbon orani ortalama
olarak % 72.56; hidrojen orani % 5.21 ve toplam
kikurt orani ise % 4.32 tur. Alt damar horizonu
havza bazinda st damara nazaran dar bir alanda
yayllmigtir (Yagmurlu, 1988; Kavusan, 1991, 1993).
Alt damar horizonu tUm havzada tipik bir akarsu ka-
nallarinca zengin flivyatil bataklik ortaminda
olusmus olmasi nedeniyle, kil oranindaki
degisimleri daha fazladir (Siyako, 1983; Yagmurlu,
1988; Kavusan, 1991, 1993). Ust damar horizonu

damarlari ¢ok genis bir alana yayilmislardir. Daha
duzenli ve homojen bir bataklik ortaminda
gelismiglerdir ~ (Arslan, 1975; Siyako, 1983;
Yagmurlu, 1988; Kavusan, 1991, 1993). Bu duzenli
ve homojen yayilimdan dolay analizlerde sik sik
degisimler gézlenmemesine ragmen bazen sapma-
lara rastlanabilmektedir. Bununda muhtemelen pa-
leoturbiyerin ana dagitim kanallarinin yakinina
tesadiif eden sondajlarda oldugu dusinilebilir. Ust
damar horizonunun kuru kilsiz bazda karbon orani
ortalama olarak % 63.34, hidrojen orani ise % 5.02
ve kikurt orani ise % 4.96 tir (Cizelge 1).
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Alt damar horizonunun kuru kilslz bazda
karbon orani Ust damar horizonundan daha
yiuksektir. Fakat hidrojen, kukurt ve azot oranlarinin
her iki horizonda da birbirine yakin degerlere sahip
olduklari gorulur (Gizelge 1).

Gizelge 1- Ortalama analiz degerleri (Kuru kilsuz

bazda)

SONDAJ NO C, % H, % N. % 5 %

ALT DAMAR HORIZONU

MTA 1012 79.23 573 212 155
MTA 1033 69 23 491 181 423
MTA 1016 67 00 498 245 627
MTA 1031 74 78 524 267 521
ORTALAMA 72 56 521 226 432
UST HORIZON-ALT LINYIT DAMARI
TKI 104/B 69.10 557 150 550
MTA 1010 6397 502 169 316
MTA 1038 5596 458 197 504
MTA 1012 66.70 545 170 670
MTA 1033 70.55 558 1.79 766
MTA 1019 67.75 510 308 641
MTA 1016 58 02 456 189 782
MTA 1031 60.38 474 217 188
ORTALAMA 684 05 508 197 552
UST HORIZON-UST LINYIT DAMARI
MTA 1010 6659 498 224 267
MTA 1038 6179 470 1.81 317
MTA 1012 7025 559 190 8.78
MTA 1033 48.23 4.30 164 685
MTA 1019 68.92 526 216 307
MTA 1016 59.95 489 207 1.88
ORTALAMA 62.62 495 1.97 440

ORT. UST HORIZ. 63.34 502 1.97 496

van KREVELEN DIYAGRAMLARININ

DEGERLENDIRILMESI

Bolgedeki linyit damarlarinda yapilmig olan
vitrinit refleksiyon 8lgumlerinde alt damarin 0.44
Rmoil; Ust damarin ise 0.39-0.41 Rmpjl arasinda
degisen degerler gosterdiklerinden alt damarin
daha ileri bir derecede komirlegme agamasina
ulastiklari saptanmigtir (Kavugan, 1993). Her iki ho-
rizon arasinda ortalama 150 m kalinliginda bir sedi-
manter birimin bulunmasi; diger bir ifadeyle alt hori-
zonun Ust horizondan 150 m daha derine
gémilmis olmasi, refleksiyon degerlerinde bariz bir
artma olarak saptanmigtir (Kavugan, 1991, 1993).

Bu sedimanter istifin dogurdugu litostatik basincin
artigi yaninda, bolgedeki tektonik kuvvetlerin etkisi-
ninde Katkilari vardir. Fiziksel parametrelere bagl
olarak saptanan bu refleksiyon degerleri artiglarinin
nedeni, huminit maserallerinde kimyasal yapinin
degisimiyle ve buna bagl olarakta géreceli karbon-
ca bir zenginlesmeyle dogrudan baglantili olmasi
gerekir. Bu nedenle huminit refleksiyonlarinin
slguldigu ayni orneklerden yapilan analizlere
dayanilarak van Krevelen diyagramlar hazir-
lanmistir.

Alt damar horizonu drneklerinin sayilarinin az
olusundan dolay! kesin bir yorum yapilamamasina
ragmen, faylara yakin olan MTA-1033 ve MTA-
1012 orneklerinin diger drneklerden ve ortalama
damar degerinden yUksek bir degere ulastiklari
gozlenir. Bu da goreceli olarak karbonca zengin-
lesmeyi isaret etmektedir (Sek. 2).

van Krevelen diyagraminda, Ust horizonunun
alt damarinda MTA-1033, MTA-1012 ve MTA-1019
sondaj 6rneklerinde bariz bir  sigrama
gozlenmektedir ($ek. 2). MTA-1038 drneginin kar-
bonca fakir olmasindan dolayl, bu ©6rnegin
degerlendirme dig! tutulmasi gereklidir. Davutoglan
fayinin kuzey ve guneyinde yer alan ve faya en
yakin olan MTA-1019 ve MTA-1033 drneklerinde
goreceli olarak bir karbonca zenginlegmeden bah-
setmek mumkindir. MTA-1012 ve TKI 104/B
drneklerinde gdzlenen goreceli zenginlegsme ise Da-
vutoglan fayinin giineyinde bulunan fakat yuzeye
ulasmamig olan kiriklanmanin Urintdir.  Bu
kinklanmadan bagka, ayrica buradaki galerilerde
gst komir damarlarinda  surUklenmeler  de
go6zlenmistir.

Ust horizonun st seviyesinde ise, MTA-
1033 ve MTA-1016 orneklerinin karbonca fakir ol-
malarindan dolayl sapma gostermektedir. MTA-
1012 ve MTA-1019 ornekleri burada bir sigrama
olarak ortaya gikmakta olup bununda Davutoglan
fay! ile bunun glneyinde uzanan, kingi yerylzine
ulagmamig olan faylara bagh oldugu anlagil-
maktadir.

Her damarin ortalama degerlerine
bakildiginda alt damar horizonunun, ust damar hori-
zonunun ortalama degerlerinden bariz bir sigrama
yaptiklar gozlenir. Bununda nedeni daha 6nce be-
lirtilmig olan 150 m kalinigindaki sedimanter birime
karsilik gelen gémilme derinligidir.
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Genel olarak ele alinildiginda, Davutoglan ve
guneydeki kirnklanma sonucunda ortaya gikan ener-
jinin daha etkin oldugu alanlardaki &rneklerin,
goreceli olarak daha karbonca zenginlestiklerini
gostermektedir.

INFRARED ANALIZLERININ DEGERLENDIRIL-
MESI

Beypazari-Gayirhan linyitlerinden hazirlanan
huminit maseralince zenginlestiriimis numuneler-
den elde edilen himik asitlerin infrared spektrum-

larinin gdze garpan piklerinin dalga sayilar Cizelge
2 de verilmigtir. Gerek alt damar horizonunun ge-
rekse Ust damar horizonunun Orneklerinde himik
asitlerin 1600-1620 cm™!, 2840-2850 cm™!, 2920
cm™! ve 3380-3430 cm'! de pikler verdikleri
gorulmustir. 1600-1620 cm™' bantindaki absorbsiy-
on diger bantlardaki absorbsiyonlardan daha belir-
gin olup hiimik asitlerin yogun bir aromatik yapida
olduklarini ortaya koymaktadir. Bu aromatik
striktirdeki >C=C< baglarinin, bu bdlgede pikler
verdikleri bilinmektedir.

Gizelge 2- Infrared spektrum dalga sayilari tablosu (cm™)

ALT DAMAR
SJ 1012 SJ 1033 SJ 1016 SJ 1031
1430 1445
1620 1610 1625 1605
2850 2840 2840 2840
. 2920 2920 2910 2920
3400 3400 3420 3420
UST HORIZON-ALT LINYIT DAMARI
SJ104B | SJ1010 SJ 1038 SJ 1012 SJ 1033 SJ 1019 SJ 1016 SJ 1031
1290
1450 1420 1430 1450 1450 1440 1460 1440
1610 1620 1610 1610 1620 1610 1600 1610
2840 2850 2850 2840 2840 2845 2850 2845
2920 2910 2910 2920 2920 2920 2920 2920
3400 3380 3380 3380 3420 3360 3390 3400
UST HORIZON-UST LINYIT DAMARI
SJ 1010 SJ 1038 sJ 1012 SJ 1033 SJ1016
1290
1430 1440 1420 1430 1420
1620 1610 1630 1620 1610
2850 2840 2840 2850 2840
2930 2920 2920 2920 2920
3380 3400 3380 3430 3430
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2800-3000 cm™! bandi simetrik ve asimetrik
CH, ve CH, gerilme titresimleriyle iligkilidir. Bu
bantlardaki vibrasyonlar aromatik striktire bagl
olarak bulunan CH, ve CH, gruplarinin varligini or-
taya koymaktadir. 3400 cm™' vibrasyonu aromatik
striktire bagll olan OH gruplarindan kaynaklan-
maktadir.

1440-1460 cm! vibrasyonu bazi érneklerde
ortaya gikmaktadir. Bu pik bazi hiimik asitlerin aro-
matik yapilarinda slbstite aromatik halkalarin bu-
lunduklarina isaret sayilabilir.

SONUGLAR

Beypazari-Gayirhan havzasinda bulunan iki
kdmdr horizonunda gémilme derinliklerine bagl
olarak alt horizonun daha ileri derecede bir
kémirlesme evresine ulagtiklarl van Krevelen di-
yagraminda g6zlenmektedir. Gdmulme derinlikleriy-
le damarlarin ortalama O/C-H/C degerleri arasinda
dogru orantili iliski vardir.

Beypazari-Gayirhan havzasinda Davutoglan
bindirme fayinin kompresyon enerjisinin serbestlen-
mesi sonucunda, 6zellikle Uist damar horizonunun
kémur damarlarinin faya yakin olan érneklerinde,
goreceli olarak karbonca bir zenginlegmenin
sézkonusu oldugu anlasgiimaktadir.

Himinitlerin IR-spektrumlarindan 1600-
1620 cm™! bandindaki absorbsiyon belirgin olup,
himinitlerin yogun bir aromatik striiktiire sahip ol-
duklari anlagilmaktadir. Bu band aromatik
striktGrde mevcut >C=C< baglarinin geriime
titresimlerine baglidir. 2800-3000 cm™' bandinin
varligi ise, yapida CH, ve CH, gruplarinin bulun-
duklarini gdstermektedir. Bolgede tektonizmaya
bagll olarak géreceli bir farklilagmanin tespit edile-
bilmesine  karsilik, ayni  &rneklerin  IR-
spektrumlarinda elde edilen piklerde bariz bir
farkhlagma saptanamamistir. Oldukga karmagik ve
blyik molekdl agdirlikli olan himik asitlerin yan
gruplarinda gok belirgin bir molekuler transformasy-
on saptanamamigtir. van Krevelen diyagramlariyla
birlikte ele alinildiklarinda, kémirlesme sirecindeki
basing artiginin, aromatizasyonun  artmasini
saglayabildigi ifade edilebilir.

KATKI BELIRTME

Bu galismada MTA Genel Mudurligu Enerji
Hammaddeleri Dairesi kdmir servisinin, TK| Orta
Anadolu linyit igletmesinin numunelerin temin edil-
mesinde gosterdikleri ilgiye tesekkiir ederim. Bu
galisma Ankara Universitesi arastirma fonu
tarafindan 85-01-01 kodlu proje olarak desteklen-
mistir.

Yayina verildigi tarih, 29 May1s1992

DEGINILEN BELGELER

Arslan, Y., 1975, Nallihan-Cayirhan linyit sahasinin jeoloji-
si. 85 s. Yiksek Muh. Tezi. A.U.FenFak.
(Yayimlanmamus), Ankara.

Bellamy, L.J., 1954, The Infra-red Spectra of Complex
Molecules. 323 s. Methuen&Co. Ltd. Newyork.

Degens, E.T., 1968, Geochemie der Sedimente. 282 s,
~ Ferdinand-Enke Verlag. Berlin.

Francis, W., 1961, Coal, its formation and composition.
806 s. Edward Arnold Publ. Comp. London.

Hummel, O.D., 1966, Infrared Spectra of Polymers. 207
s. Interscience Publishers. Newyork.

Kavusan, G., 1991, Beypazari-Cayirhan linyitlerindeki C,
H, N, S, O dagilimlari ve IR-spektrofotometrik
arastinimasi, tektonik ile degisimleri. A.U.
Arastirma fonu raporu. 60 s. (Yayimlanmamis),
Ankara.

, 1993, Beypazari-Gayirhan linyitlerinin vitrinit ref-
leksiyonlari ile tektonizma iliskileri. Suat Erk Jeol.
Simp. Tebligleri. A.U. Fen Fak.357-363. Ankara.

Kortim, G., 1962, Kolorimetrie Photometrie und Spek-
trometrie. 464 s. Springer Verlag. Berlin.

Siyako, F., 1983, Beypazan komir havzasinin jeolojisi
MTA Gen. Mud. Derleme raporu. (Yayim-
lanmamis), Ankara.

Sharkey, E.G. ve Mc Cartney, J.T., 1981, Phyical Proper-
ties of Coal and Its Products. 159-281.in: Chemis-
try of Coal Utilisation. Ed: Elliot. M.A. John Wiley
Inc. Newyork.



98 Giltekin KAVUSAN

Stevenson, F.J. ve Butler, J.H.A., 1969, Chemistry of Hu- Yagmurlu, F.; Helvaci, C. ve Inci, U., 1988, Depositional

mic Acids and Related Pigments. 534-556 in: Or- setting and geometric structure of the Beypazar
ganic Geochemistry. Editors: Eglinton, G & Mur- lignite deposits, Central Anatolia, Turkey. 337-360
phy, M.T.J. Springer Verlag. Berlin. s. Int. Journ. of Coal Geology. Vol: 10. Elsevier

Publ. Comp. Newyork.

van Krevelen, D.W., 1961, Coal, typology, chemistry,

physics, constitution. 495 s. Elsevier Publ. Comp.
Newyork.



Mineral Res. Expl. Bull.. 115, 49-68, 1993

AN EXAMPLE TO SEPIOLITE FORMATION IN VOLCANIC BELTS BY HYDROTHERMAL
ALTERATION: KIBRISCIK (BOLU) SEPIOLITE OCCURRENCE

Taner IRKEC* and Taner UNLU**

ABSTRACT— Geological, mineralogical and chemical properties of a sepiolite occurrence, located in the south of Kibriscik
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, Kibriscik
sepiolite occurs in the Koroglu (Gallatian) Volcanic Belt, and has formed by the hydrothermal alteration of the vitric tuff unit of
Middle Miocene aged Devetren 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

Kibriscik sepiolite occurence is located at the BOLU H 27
Usakgdl yaylasi (plain) district, about 25 km south
of the Kibriscik town, 70 km southeast of Bolu Prov-
ince. The mineralization is included within the Bolu - '——T— N
H27 b3 topographic map sheet.

The investigated area is located within the
Koroglu Volcanic Belt, formerly recognized as the L g e J—H
"Gallatian Massif", on the treshold between Central Non-scale
Anatolia and Western Black Sea regions. Elevation GEREDE
of the area ranges around 1000-1900 m. Kibriscik-
Beypazan road crosses the investigated area ap- BOLU
proximately in the north-south direction (Fig. 1). ES
Geological investigations carried out around KIBRISCIK oY) KIZILCAHAMAM
the study area may be stated in chronological order SEBE g\:zzgeated area
as; Leonhard (1903), Milch (1903), Chaput (1931), h NALLIHAN Urug
Stchepinsky (1942), Blumenthal (1948), Erol (-1-952, BEYPAZA GUDUL

1954), Rondot (1956) and, more recently Tirkecan
et. al. (1991). In the study of Tirkecan et. al.
(1991), stratigraphy of a wide area, bordered by AYAS
Seben-Gerede (Bolu Province), Gudil-Beypazari
(Ankara  province) and  Cerkes-Orta-Kursunlu
(Cankin province) has been outlined, and geologi- . "_/
cal mapping in 1:25 000 scale has been realized. BOLU*S,

ANKARA,

. ) ANKARA
The occurrence was discovered during the k\/ ‘

ceramic raw materials exploration program of MTA
in 1988, and reported by irkeg and Kinkoglu (1989).
In later years, 1:25 000 and 1:5 000 scale geologi Fig. 1- Location map of the investigated area.
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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 (irkeg, 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-

CUATERNARY Alluvium and talus deposit

7] Vs: Volcanic sitica flows an
EE Vb: Basaltic lava

Aa -
“A Crss-section

& | MIDDLE | o o VEGREN VOLCANITES
g MIOCENE Andasitic lava
Cristalline and vitric Wi,
§ LOWER ﬂ bteq?ia. channel depogiu
MIDOLE o e s stavsione |HIRKA FORMATION
BK-19 _ Chernical analysis sample location and mark
oy gz; Petrographic analysis sample locat
o= Possble boundary - etrographic analysis sample location
) falt TKU-P3] mark
< Posable tma
:::,IPMh“ 47 Trench location and mark -

SHEET NO: BOLU H27 b3

Fig. 3- Geological map of t'he sepiolite mineralization area around Usakgdl Yaylasi (Plain) and its vicinity (after irkeg,
1992).
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minations. To figure out the crystallographic fea-
tures and mineral paragenesis of Kibriscik 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 (irke(;,,
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 "Koroglu
group”; Pliocene llgaz formation and Quaternary al-
luvium (Tlrkecan et. al.,, 1991). The Kéroglu Group,
which is exposed in a wide area comprise,

Urus formation,

Hulyukkoy formation,

Bakacaktepe volcanites,

Devedren volcanites,

licadere volcanites,

Kirazdag! volcanites,

Karasivri volcanites,

Uludere pyroclastites, and

Hirka formation, in geochronological order.

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

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

Devedren 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 Devedren 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 (Irkec,, 1992).

Tuffs of the Devedren volcanites bear signifi-
cance, considered the occurrence of sepiolite with-
in them. Tuffs are exposed in the Okiizgayin stream
and the mild slopes in northwest. Volcanic breccia
crop out at the steep flanks, surrounding the
Usakgdl 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
Usakgol plain, while vitric tuff and ash predominate
at the northwestern flanks of the Okiizcayin 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 OkUzgaylrl 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 (irkeg,
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 Usakgdl,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 Kdroglu 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 (Turkecan et.
al., 1991).

Asymmetrical anticlines and synclines may
be observed in the Hirka 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 T,0, (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, Al3+, 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; Yicel et. al.,, 1981). On the other
hand, one of the few findings indicating monoclinal
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Table 1- X-ray diliraclion data for the Kibnscik seplolile samples; collected from the trenches ih the south of the
Usakgol plein
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Sep: Sepiolite, Qtz: Quartz, Crs: a-
cristobalite, Zeo: zeolite minerals {mostly
heulandite, clinoptilolitea and mordenita),
Amr: amorphous silica {volcanic glass,
opal-CT). Mnt: monimorillonite, Cl: unde-
termined clay mineral, Mcl: micaceous
clay minerals, Plg: plagioclase, K-feld: po-
tassivm feldspar

® Dominant mineral
© Abundant mineral
© Medium abundance
& Linle amount

X Very little amount

t Uncenain reflection
B Broad reflection
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sepiolite structure is a sepiolite occurrence in a vol-
canic sequence, exposed around the Karasar vil-
lage of Beypazarn 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

Table 2. Comparison of the basal reflections of Kibniscik sepiolite with others

hil decakc ! o 2 o 3 Mo 4 ido
110 12.07 11.80 100 12.03 100 12.20 100 12.10 100
130 7.482 - - 7.493 8 7.40 10 750 7
060 4.495 4453 4.498 15 452 BO 4 .49 25
A 4.30 4145 4,303 30 4.31 €0 4.29 35
260 3.741 3714 &9 3735 20 176 20 374 25
080 3370 3.306 3 K| 24 3.34 20 334 45
331 3,195 - - J.188 18 3.16 20 3.18 158
370 29028 - - - - - - 295 5
0.10.0 2697 - - - - - - 266 BNR
441 2618 - - 2609 20 2.58 70 259 45NR
281 2617 - - 2588 23 - - - -
an 2.857 2.521 Al 2557 26 - - - -
550 2.414 - - 2.436 14 2.44 30 - -
222 2.409 - - - - - 239 20NR
32 2261 - - 2.253 15 2.25 30 2.26 20
082 2072 - - - - - - 206 10

hk: reflection surface I/lo: intensity NR: not resolved B: broad

1. Kibriscik sepiolite; Irkec, 1991, 1992; 2. Eskisehir-Sivrihisar-Ahiler sepiolite (VN-3); Irkec., 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
(Irkec, 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/cm®). 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, ¢=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 Kibriscik 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 % SiO,, 7.05 ALQO,,
and 15.08 MgO. Chemical composition of Kibriscik
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)
(Mn*Mn“)0.1.64H,0] and  hollandite  [BakK,)
(Mn“Mn*,)0,,.2H,0] 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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Fig. §- DTA and TG pattern of KIB-£C sample.

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 Kibriscik sepio-
lite may be summarized as follows:

sepiolite + feldspar (mostly plagioclase);

sepiolite +
cristobalite;

plagioclase + quartz + a-

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 Kibriscik
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, Kibriscik 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
Kibriscik 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 Kibriscik 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” due to Si-O-Si p bonding, a
broad band appears combined to the 1100-1000
cm.1 bands. Intensity of the 470 cm™ band is in-
creased probably due to a chemical composition
rich in silica. Possible substitution of AlI*" in the tet-
rahedral layer for Si*, and that of Al’+ and Fe® for
Mg® in the octahedral layer have affected the IR
spectrum considerably. The absence of the 3685
cm.” and 1200 cm™' bands resembles the IR spec-
trum of palygorskite.

SEM and TEM investigations

Three sepiolite, one tuff and one diatomite
specimen from the Usakgdl 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,
Kibriscik 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 Kibriscik 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 Kibriscik sepio-
lite, which is a Mg-Al 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 SiO, 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-Al silicate mineral.

6- Final ring of this effective hydrothermal al-
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Table 4 Chemical analysis results of several seplolite samplas lrom the Kibriscik araa

Oxides KIB-6C KiB-68 KiB-6A BK-134 BK-138 BK-16

(UY-6) (UY-6) (WY-6) (UY-15) (UY-15) uy-17)
S0, 71.26 6880 70.20 57.00 60.50 71.00
ALO, 4.40 10.75 6.20 8.50 8.00 8.60
MgO 11.10 718 9.60 10.10 9.70 707
Fo,0, 301 260 240 250 2,00 3.00
FeO - 0.10 0.20 . . 0.20
MO 005 <0 10 0.20 0.30 <0.10
Tio, 0.25 050 0.30 0.30 030
Ca0 0.44 0.45 055 200 2.50 029
Na,0 trace 0.0t 0.20 3.70 3.90 011
K0 074 100 085 1.20 070 100
P,Os 0.04 0.10 - 030 0.20 0.10
LOA 872 725 865 13.35 10,60 6 80
TOTAL 10001 98 79 98.95 99.15 98.70 96 62

{-) not analysed, OL: % ¢.01

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
Kibriscik 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 Usakgdl 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;

(Siyy 7gT10q 05Alg 15)-{MGs 128); g1 F 8%*5 26MNG 0435 £4)0,
Nay 5085 44Ka 32P0 05

and the mineral described as Al-Fe Sepiolite.

By plotting of (Al+Fe)" and Mg" values, cal-
culated according to 6+charge in octahedral layer,
on the Weaver and Pollard (1973) and Foster
(1960) diagrams, Kibriscik 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 Kibriscik 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-Hickel
equation were plotted on the MgO-SiO,-H,0 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.
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MODE OF OCCURRENCE

Contrary to the sedimentary type sepiolite
occurrences, which are generally associated with
the carbonate/evaporite sequences, Kibriscik 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 Kibriscik 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 Kibriscik 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 Kibriscik
sepiolite may be summarized as follows:

1- Kibriscik sepiolite occurence is completely
located in a volcanic sequence of the Kdroglu 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
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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 Al-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-

65

ic-inhomogenous environment.

7- Sr content of Kibriscik sepiolite is lower
than Sivrihisar sedimentary sepiolite, while it is
characterized by higher contents of Cu, Mn, Ti, V,
Zr and Ba (irkeg, 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 Mg” 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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Photo 1- SEM micrograph of the KIB-6B sample (pre-
servedglass-shardtexture).

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 EKECIKDAG GRANITOID IN WESTERN CENTRAL ANATOLIAN CRYSTALLINE MASSIF
T. Kemal TURELI*; M. Cemal GONCUOGLU" 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 Ortakdy and is
called Ekecikdag. Ekecikdag granitoid, which is composed of monzogranites and granodiorites. intruded both the metamorphic
and ophiolitic host rocks. Ekecikdag 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. Ekecikdag granitoid has a calcalkaline character and
show aluminocafemic trend. It has features which favour both | 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 Ekecikdag 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 PASINLER-HORASAN (ERZURUM) REGION
CevdetBOZKUS***

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 Cayarasi 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 CAN (CANAKKALE). ORHANELI AND KELES
(BURSA) LIGNITE OPEN PIT MINE

Emel BAYHAN***; Abdurrahim SAHBAZ*** and Sezai GORMUS***

ABSTRACT— In this study clay fraction belonging to the Miocene aged sedimentary coal bearing sequence from Can, Orhaneli,
Keles 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 SIVRIHISAR (ESKISEHIR)
Mefail YENIYOL**

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-CAYIRHAN LIGNITES USING IR-SPECTRAPHOTOMETER
Giltekin KAVUSAN™***

ABSTRACT.- Davutoglan and Kuzey faults are two impontant tectonic features in Beypazari-Cayirhan (Tirkiye) 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 ZnCl, solution (d= 1.44-1.50 gr/cm®) 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 Davutoglan 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 Davutoglan fault The strong IR
band at 1600-1620 cm™ 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™' is an indication for the presence of -CH, and -CH, groups.
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