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LITHOSTRATIGRAPHIC UNITS AND TECTONICS OF THE SOUTHWESTERN PART OF
DADAY -DEVREKAN| MASSIVE, WESTERN PONTIDES, TURKEY

Durmus BOZTUG*

ABSTRACT. - Metamorphic, magmatic and sedimentary rocks, outcropping in the southwestern part of Daday-Devrekani
massive, were differentiated in to 12 lithostratigraphic units. The Precambrian Dorukyayla gneiss, comprising high-grade
metasediments and dykes of asidic and intermediate composition, constitutes the basement. The Samatlar group, consisting of
very low-grade metasediments Lower to Middle Paleozoic in age, unconformably overlies the Precambrian Dorukyayla gneiss.
The Samatlar group, with a total thickness of approximately 4000 m , consists, from bottom to top, of the Yayladere (Cambrian),
Dotla (Ordovician), Zirze (Silurian) and Kureihadit (Devonian) formations. The Permo-Triassic (?) Kirtulaz formation represents
a broken formation structure which is composed of strongly faulted-crushed rocks. The Middle Jurassic Kirek granitoid, a
plutonic body from the Kastamonu granitoid belt, is made up of granite, granodiorite, quartz monzonite and dykes of quartzolite,
aplite and microdiorite. These units are overlain unconformably by the Yukarikdy and Catak formations of Yaraligbz group
respectively represented by limestones and flyschoidal sediments with respective ages of Upper Jurassic-Lower Cretaceous
and Lower Cretaceous. The Soganh formation of Middle Eocene age and the conglomerate-sandstone-siltstone-claystone
alternation of the Cemalettin formation, Upper Eocene-Lower Oligocene in age, are unconformable, like the Yaraligéz group, on
the other units. Karabuzey formation of Neogene age, consisting of semi-consolidated and consolidated clastic rocks, is the
youngest unit of the consolidated section The youngest unit in the mapped area is the Quaternary alluvium especially observed
in the valleys. As for the structural elements, the foliation planes in the Precambrian Dorukyayla gneiss are interpreted to have
been formed in a pre-Alpine period. All other structural elements such as folds, thrust and strike-slip faults are considered to
have been formed synchronously with N-S compression after Lower Cretaceous. The main unconformities, also reflecting
significant variances of ductile deformation, are observed between the Dorukyayla gneiss and Samatlar group and, between the
Samatlar group and Yaraligéz group.

INTRODUCTION

The studied area takes place in the northern part of Samatlar (1gdir) village, some 20 km. west of Arag
town of Kastamonu province in the northern Anatolia (Fig. 1). This paper deals mainly with the lithostratigraphic
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determination and general structural features of the rock units which have already been studied for the
mineralogical-petrographical and geochemical investigation (Boztug, 1988). The previous works, in the mapped
area, are those of Arpat et at. (1978), Aydin et al., (1986, 1987). On the other hand, some other studies, have
been carried out related to basement geology, mineralogy-petrography, geochemistry and gepdynamic modelling,
by Blumenthal (1948), Yiilmaz (1979, 1980, 1981, 1983), Boztug (1983), Boztug and Yilmaz (1983), Boztug et al.
(1984), Yilmaz and Boztug (1985, 1986, 1987), Yilmaz and Tiysuz (1984), Tuysiz (1985, 1986), Yilmaz and
Tuysuz (1988) and-Sengiin et al. (1990) in the surrounding areas.

Table 1 represents the chronostratigraphic-lithostratigraphic comparison of the Mesozoic and older units
from the mapped area and surrounding taking place in the outer zone (Adamia et al., 1980) of the Pontide
tectonic unit (Ketin, 1966). In the regional geological setting, The Precambrian Daday-Devrekani
metasedimentary group, outcropping in the northeastern and southwestern parts of the Daday-Devrekani massiv,
comprises high-grade metasediments and constitutes the basement unit in the mapped area. The Paleozoic very
low grade metasediments, depositionally overlying the Daday-Devrekani metasedimentary group, show an
epicontinental character, whereas the Lower Mesozoic rock units show both of the epicontmental and epiophiolitic
features depending on the deposition locations. The pre-Lower Jurassic Cangal metaophiolite typically forms the
oceanic crust material. The consuming of this oceanic crust, i.e. subduction zone, has concluded to emplace the
Cangal metaophiolite, to induce an Early Alpine regional metamorphism (Bonhomme and Yilmaz, 1984, Yilmaz
and Bonhomme, 1991) and to create an arc plutonism called Kastamonu granitoid belt (Boztug et al.,, 1984;
Yilmaz and Boztug, 1986). The Middle-Upper Jurassic to Lower Cretaceous Yaraligéz group (Yilmaz, 1980)
characterizes the sedimentary rocks deposited in the intermountam basins.

LITHOSTRATIGRAPHIC UNITS

The metamorphic, magmatic and sedimentary rock units, ranging from Precambrian to Neogene, have
been mapped as 12 lithostratigraphic units in the southwestern part of the Daday-Devrekani massiv (Fig. 2, 3a,
3b). The common characteristics of these units, from bottom to top, can be summarized as follow:

Dorukyayla gneiss (Precambrian)

Description and typical locality. _ Dorukyayla gneiss has been firstly determined by Boztug (1988). It crops
out better in the Dorukyayla district and its western prolongation; Sogukgcam dere, Catan dere locations and in the
Karadere valley (Fig. 3a).

Lithology. - Dorukyayla gneiss, outcropping in the Karadere valley, consists mainly of the alternation of
amphibole/pyroxene gneiss and mica gneiss with a prevailing amphibole/pyroxene gneiss lithology. In the
Karadere valley, these rocks also include a lot of pegmatitic-aplitic veins. Just to the east of Karadere valley,
namely in the Gokgodl dere district, these amphibole/pyroxene gneisses represent well developed gneissosity due
to metamorphic differentiation. The gradational enrichment of biotite minerals can be easily noticed towards the
eastern part of the Gokgol dere district particularly through the Yayladere valley in these gneisses, and even it
can be possible to identify the two zones such as amphibole/pyroxene gneiss and amphibole-mica gneiss only in
one hand specimen. In the area between the Gokgdl dere and Doégemle yayla, the lowermost, middle and
uppermost parts of the Dorukyayla gneiss are composed of biotite gneiss, muscovite-biotite gneiss and
muscovite gneiss, respectively. Just in the Dogemle yayla district, however, the main rock type of Dorukyayla
gneiss is the quartz-feldspar gneiss. Thus, it can be concluded that the Dorukyayla gneiss consists of, from
bottom to top, the amphibole/pyroxene gneiss, mica gneiss and quartz-feldspar gneiss with some acidic and
intermediate vein rocks of a few meters in thickness.

Lower and upper boundaries. - The lowermost part of the Dorukyayla gneiss is exposed in the Karadere
valley, and it is the basement rock unit of the studied area. As for the upper boundary, it is seen to be
depositionally overlaid by the Paleozoic Samatlar group (Fig. 2, 3a, 3b).

Age. - The Dorukyayla gneiss has been considered to have a Precambrian age because of covering by
the anchimetamorphic-epimetamorphic Lower to Middle Paleozoic units.
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Fig.3b- Geclogical cross sections {(Fig. 3a for the cross section line).
1- Dorukyayla gneiss. 2- Yayladere formation, 3- Dotla tormation, 4- Zirze formation, 5- Kireihadit formation, 6- Kirtulaz
formation, 7- Kilrek granitoid, 8- Yukankdy formation, 9- Catak formation, 10- Sofanh formation, 11- Cemalettin
formation, 12- Karablizey formation.

Regional correlation. _ As seen from Table 1, the Dorukyayla gneiss can be evaluated as the equivalent of
the Giirleyik gneiss (Yilmaz, 1980) and the Yedigdller formation (Aydin et al., 1986).

SAMATLAR GROUP

The Lower to Middle Paleozoic Samatlar group, firstly described by Boztug (1988), is composed of, from
bottom to top, the Yayladere (Cambrian), Dotla (Ordovician), Zirze (Silurian), and Kureihadit (Devonian)
formations.

Yayladere formation (Cambrian)

Description, type locality and section. ~ The Yayladere formation, firstly described by Boztug (1988) is
exposed better in the Karadere valley, Yayladere valley and Geyikoynagi tepe districts of the studied area (Fig.
3a, 3b). Total thickness of the formation, measured within the Yayladere valley, is of some 300 m. (Fig. 4).

Lithology. - The lowermost part of the Yayladere formation, taking unconformably place on top of the
amphibole/pyroxene, gneiss and amphibole-biotite gneisses of the Dorukyayla gneiss, is composed of coarse
grained metasandstone with a thickness of 30 m. (Fig. 4). The major constituents of these rocks comprise coarse
graine sized (1 to 5 mm. in diameter) sandy materials and they can be misunderstood as the quartz-feldspar
gneiss in the first approach. When they have been carefully studied in hand specimen with the aid of handlense,
the detrital quartz, feldspars and large flakes of micas can be distinguished in a silky groundmass due to sericite
growth. Grain sizes of the constituents of these coarse grained metasandstones, considered as the first
depositional products on top of the Dorukyayla gneiss, gradationally decreses towards to upper parts of the unit,
and then, these coarse grained metasandstones appear as normal metasandstones in grain size. A
grayish-greenish quartz argillite and argillite level, with a total thickness of 70 m., takes place on top of these
metasandstones (Fig. 4). These greenish argillites are followed by the reddish-purple quartz argillite-argillite level,
with a total thickness of 200 m., showing mm.-dm. bedding and including visible mica flakes with unaided eye.

Lower and upper boundaries. - The Yayladere formation unconformably overlies the Precambrian
Dorukyayla gneiss, and is conformably covered by the Ordovician Dotla formation (Fig. 2, 3a, 3b, 4).
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Age. - There has not been found any fossil in the Yayladere formation in the mapped area, however,
Arpat et al. (1978) mentioned something about the existence of Lower Cambrian brachiopods in this formation.
The Yayladere formation has been considered to have the Cambrian age, since taking place in the lowermost
part of the Samatlar group.

Depositional environment. — The Yayladere formation-characterizes the transitional zone between
terrestrial and shallow marine environment.

Dotla formaticn

20 Quartz argillite: red, dm-m layered, inciudes large mica flakes.

Quantz argillite: reddish-purple, locally greemsh:-purple, frequently cm-dm and rarely

180 mm-cm layered, includes large mica flakes.
S
v
70 Cwaniz argilite: gregn.cm-dm layered, includes large mica flakes and pyrite minerals.

Metasandstone: grayish-greenish colored, generally massive and locally metric
layered, erviched in guartz. apparent sericite onentation in groundmass.

Dorukyayla gneiss

Fig. 4- Type section ol the Yayladere formation.

Regional correlation. — The Yayladere formation, considered to have the Cambrian age, is evaluated the
equivalent of the Kocatongel formation (Table 1) described by Aydin et al. (1986).

Dotla formation (Ordovician)

Description, type locality and section. _ The Dotla formation firstly described by Boztug (1988), is seen to
be exposed better around the Dotla village and Yayladere and Karadere valleys. The type section of the Dotla
formation has a thickness of 1000 m. in the Yayladere valley (Fig. 5).
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Zirze formation

Argillite : Yellowish colored, mm-cm layered. locally laminated, fossiliferous, alternated
with quarzite.

M Quartzite : gray-while, generally massive, locally metric layered, intensively fractured,
Rt UL detrital onigin can be rarely observed
: 1+

Quartz-argillite : reddish-purple colored, cm-dm layered, mica flakes can observed.

==t Yayladere farmation

Fig. 5 Type section of the Dotla tormation

Lithology. _There is a gray-white colored quartzite level with a thickness of 100 m. total thickness in the
lower parts of the formation. This quartzite level shows a well preserved detrital origin in hand specimen. A
reddish-purple quartz argillite/argillite band, 20 m. in thickness, takes places on top of this gray-white quartzite.
These argillites are followed by another gray-white massive quartzite, with a total thickness of 800 m.,
representing locally preserved sedimentary bedding of metric thickness (Fig. 4). The uppermost part of the Dotla
formation is made up of the alternation of argillite and quartzite with a thickness of 100 m.

Lower and upper boundaries. - The Dotla formation conformably overlies the Yayladere formation and is
conformably covered by the Silurian Zirze formation (Fig. 2, 3a, 3b, 5).

Age. - The fossils, found in the ZZ-42A rock sample from the argillite-quartzite alternation in the
uppermost part of the Dotla formation, yield the Upper Ordovician-Lower Silurian age, ZZ-42A (Fig. 3a, location
number is 1): a brachypoda from-primitive, Orthis group, Trilobite Trinucleid. The age of the Dotla formation has
been evaluated as the Ordovician since these fossils have been found in the uppermost part of this formation.
Moreover, some other fossils indicating the Lower Ordovician age have been already mentioned by Arpat et al.
(1978) in this unit.

Depositional environment. - The Dotla formation seems to be deposited in a beach environment.

Regional correlation. - The Dotla formation is considered to be the equivalent of the Bakacak and Kurtkdy
formations, and also the equivalent of the lower parts of the Aydos formation (Table 1) described by Aydin et al.
(1986).

Zirze formation (Silurian)

Description, type locality and section -Zirze formation has been firstly described by Boztug (1988). It is
observed to be outcropped better around Zirze village and in the Bahgecik dere to the southeast of the Dotla
village. The type section of this formation, measured in the Ketencik dere situated to the southeast of Zirze
village, showed that the total thickness of this unit was of approximately 2000 m. (Fig. 6).
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Kiireihadit formation

Argillite : Reddigh-yellowish colored. mm-cm layered.

Quartz argillite : Yellowish-grayish colared, mm-cm layered, enriched in silt size components.
|Cry§tallizod limestone : Blackish-gray colored, cm-dm layered, alternated with black argillite
aminae.

Argillite : Yellow, frequently laminated, fossiliferous.

Crystallized limestone : Black, cm-dm layered, laminated with argillite, intensively folded.

Argillite : Yellowish-blackish colored, frequently laminated. locally men-cm layered,
fossiilerous.

Crystallized limestone ; Blackish-gray, cm-dm layered, includes calcite veins and mm-cm
layered blackish argillite layers.

Argillite : Yellow, mm-dm layered, locally laminaled, fossiliferous.

Argillite ; Black, mm-cm layered, locally laminated, fossiliferous, alternated with
grayish-blackish colored and dm-m layered quartzite layers,

Crystalized imestone : Black, dm-m layered, includes calcite veins,

Argillite - Black, frequently laminated, fossiliferous.

Dotla formation

Fig. & Type section of the Zirze formation,
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Lithology. - The prevailing lithology of the Zirze formation is argillites as seen in Figure 6. However, it
locally includes the grayish-white quartzite and blackish-grayish crystallized limestone beds, too. The argillites of
Zirze formation represent bedding which is ranging typically from mm. to dm. in thickness. As for the color of
these argillites, the blackish, yellowish-brown and yellowish-pinkish colors are dominant in the lower, middle and
upper parts of the unit, respectively.

Lower and upper boundaries. - The Zirze formation conformably overlies the Dotla formation and is
overlaid by the Kireihadit formation.

Age. - Some fossils have been found in the Zirze formation which yield typically Lower and Upper Silurian
ages. The rock samples including the Lower Silurian fossils are as follow:

DG-296A-B (four specimens) (location 2 in Fig. 3a):
Dendograptus sp. (resembling tree branches),
Lingula sp. (an ill-preserved brachiopoda).

ZZ-20 (location 3 in Fig. 3a):

Diplograptus sp.

ZZ-21A, B (two specimens) (location 4 in Fig. 3a):

Didymograptus sp.

Apart from these Lower Silurian fossils, there are some other fossils which may only indicate an age of Silurian
rather than the stages of Silurian below:

DG-451 (location 5 in Fig. 3a):
Monograptus sp.
ZZ-67 (location 6 in Fig. 3a):
Monograptus sp.
ZZ-101 (location 7 in Fig. 3a):
Monograptus sp.
On the other hand, the Upper Silurian fossils of the Zirze formation are as follow:
ZZ-180 (location 8 in Fig. 3a):
Monograptus sp.
ZZ-187 (location 9 in Fig. 3a):
Spyrograptus sp.
Depositional environment. - The Zirze formation characterizes a deep marine environment.

Regional correlation. - The Zirze formation can be correlated, as seen in Table 1, with the ferriferous
clayey sandstone (Tokay, 1952), the Isigandere formation (Gérmus, 1982), the Findikli and upper parts of the
Aydos formations (Aydin et al., 1986).

Kureihadit formation (Devonian)

Description, type locality and section. - The Kireihadit formation, firstly described by Boztug (1988),
outcrops better around Kireihadit vilage and in the Karadere valley. The type section of Kireihadit formation,
measured in the Karadere valley, is of 600 m. in total thickness (Fig. 7).
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Fig. 7- Type section of the Korehadit formaton
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Lithology. -There is a metasandstone level, with a thickness of 30 m., in the lowermost part of Kireihadit
formation (Fig. 7). These metasandstones consist mainly of quartz grains, 5 mm. or more in grain sizes,
cemented by a siliceous material. On top of these metasandstones, there is a quartzite level representing well
preserved sedimentary bedding and detrital origin with a total thickness of 120 m. The lower part of these
quartzites show reddish color due to iron enrichment, whereas the upper parts, with a layering dm.-m. in
thickness, possess grayish-white color (Fig. 7). This quartzite level is followed by the brownish-black colored and
locally bituminous smelling dolomitic rocks with a total thickness of 450 m. Some black colored argillite levels,
ranging from 5 to 10 m. in thickness, can also be locally observed within these dolomitic rocks (Fig.7).

Lower and upper limits. - The Kireihadit formation covers the Zirze formation and underlies the Upper
Jurassic-Lower Cretaceous Yukarikdy formation.

Age. - Some fossils, characterizing the Middle to Upper Devonian, have been found in the middle and
upper parts of the crystallized dolomitic rocks of Kireihadit formation. The Upper Devonian fossils are as follow:

ZZ-91A, B, C (three specimens) (location 10 in Fig. 3a):
Algeas microfossils.
ZZ-94A, B (two specimens) (location 11 in Fig. 3a):
Brachiopoda Meristina.
The fossils indicating Devonian age are as follow:
ZZ-95D, E (two specimens) (location 12 in Fig. 3a):
Devonochonotes.
ZZ-90/1D (location13 in Fig. 3a):
Thamnopora sp.
Rugos soliter fragment.
ZZ-90/1E (location 13 in Fig. 3a):
Alveolites sp.
ZZ-90/1F (location 13 in Fig. 3a): .
Alveolites sp.
ZZ-90/1K (location 13 in Fig. 3a):
Tabular coral fragments.
ZZ-90/1L (location 13 in Fig. 3a):
Alveolites sp.
ZZ-94C (location 11 in Fig. 3a):

Alveolites sp.

Apart from all these fossils, there have also been found some characteristic fossils yielding Kuvinian-Frasnian
(Upper-Middle Devonian) age in the Kireihadit formation as follow:
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Z77-90/1G (location 13 in Fig. 3a):
Thamnoporact. reticulata (De Blainville).
ZZ-90/1M (location 13 in Fig. 3a):
Thamnopora cf. reticulata (De Blainville).

Depositional environment. _ The Kireihadit formation characterizes shallow marine environment with a
gradational increasing of energy.

Regional correlation. - As seen from Table 1, the Kireihadit formation is considered to be the equivalent
of the "quartzitic calcareous rocks”™ and "dolomitic calcareous rocks” described by Tokay (1952) in Zonguldak
area, of the Kocadere, Haciyardere and Deg3irmendere formations described by Gormis. (1982) in Bolu region,
and the Kartal formation and the lower parts of Yilanli formation described by Aydin et al. (1986).

Kirtulaz formation (Permo-Triassic?)

Description and type locality. - The Kirtulaz formation, firstly described by Boztug (1988) is observed
better in the Kirtulaz yayla and surroundings in the NE part of mapped area (Fig. 3a).

Lithology. — The Kirtulaz formation is made up of various rock types such as grayish-blackish crystallized
limestones, grayish-white quartzites, red-green argillites, greenish metagraywackes and metaconglomerates
composed mainly of white quartzite pebbles and blocks cemented by a red wine colored clayey cement. Most of
these rock types show cataclastic features. There is no any regularly continued observable rock type in this unit.
All the rocks, mentioned above, are always seen to be fractured and faulted, and they always have tectonic
boundaries with each other. For example, when the crystallized limestone, is followed, it suddenly disappears and
the argillite appears with a tectonic contact. That is why the Kirtulaz formation is thought to be a broken formation
(Hsu, 1968; Berkland et al., 1972) on the basis of these features (oral communication with Dr. B. Batman,
Hacettepe Univ., Ankara).

Lower and upper boundaries. - The lower boundary of the Kirtulaz formation is seen to be a faulted
contact. Along this E-W faulted contact, this unit is thrusted, from north to south, into the Dorukyayla gneiss and
Dotla formation (Fig. 3a). As for the upper boundary of the unit, it is out of mapped area, around the Daday
region.

Age. - There has not been found any fossil in the rocks of the Kirtulaz formation. However, it is assumed
to have an age older than Middle Jurassic because of cutting and thermally metamorphosed by the Middle
Jurassic Kiirek granitoid. On the other hand, the lithological correlation of the Kirtulaz formation with some units in
regional geological framework may suggest an age of Permo-Triassic (?).

Depositional environment. _ The environmental interpretation of Kirtulaz formation seems to be very hard
due to intensive and extensive faulting and fracturing of the rocks. However, the rock types of this unit should be
deposited in different environments ranging from transitional to shallow and deep marine environments.

Regional correlation. - The Permo-Triassic (?) Kirtulaz formation is thought to be the equivalent of the
"Middle Triassic limestone” and partly "Borimce schists” (Blumenthal, 1948), the "Lower Jurassic-Triassic
limestone" and partly "old flysch” (Geiss, 1954), the lower parts of Boriimce formation (Yilmaz, 1980), Domuzdag
metamorphic complex and partly Akgol formation, Gumusolugu formation and Bekili metamorphite (Tlyslz,
1986), Cakraz formation and lower parts of Akgdl formation (Aydin et al., 1986), and of the Paleozoic Akilgalman
formation (Sengiin et al., 1990).
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Kirek granitoid (Middle Jurassic)

Description and type bcality. - The Kirek granitoid has been firstly described by Yilmaz and Boztug
(1986), and studied in detail by Boztug (1988). The name of this pluton comes from the Kiirek village just to the
north of mapped area. It outcrops better around Kéyyeri village in the mapped area (Fig. 3a).

Lithobgy. - The Kurek pluton consists mainly of granite, granodiorite and quartz monzonite on the basis of
chemical-mineralogical nomenclature (Boztug, 1988). These medium to coarse grained magmatic rocks can also
be determined as granodiorite in hand specimens during fieldworks. The rocks of the Kiirek granitoid, possessing
fresh exposures in the western and eastern parts of the Kdyyeri village, are observed to be enriched in the
contents of mafic minerals and plagioclases rather than K-feldspars in hand samples. As for the vein rocks of this
pluton, they are made up mainly of quartzolites (Streckeisen, 1976), aplites and microdiorites.

Lower and upper boundaries. - The Kirek granitoid intrudes the Permo-Triassic (?). Kirtulaz formation
and transformes into contact metamorphic rocks (i.e. forsterite-marble; Boztug, 1988) along the contact zone. It is
depositionally covered by the Upper Jurassic-Lower Cretaceous Yukarikdy formation in the northeastern part of
the Conlar village.

Age. - The Kurek pluton is considered to be one of the members of the Middle Jurassic Kastamonu
granitoid belt, since it is overlaid by the Upper Jurassic-Lower Cretaceous Yukarikdy formation, and it is
geologically, mineralogically-petrographically and also geographically associated with the Kastamonu granitoid
belt (Boztug et al., 1984; Yilmaz and Boztug, 1986; Sengin et al., 1990). The Middle Jurassic age of the
Kastamonu granitoid belt has also been clarified with the K-Ar radiometric age datings on the Asarcik diorite
(Bonhomme and Yilmaz, 1984; Yilmaz and Bonhomme, 1991) and Ahicay-Elmalicay granitoid (Boztu§ and
Yilmaz, 1991).

Environmental interpretation. — The Kurek granitoid is a member of the Middle Jurassic Kastamonu
granitoid belt. The geological, mineralogical-petrographical and geochemical studies, carried out on the
Kastamonu granitoid belt, showed that this belt was related to arc magmatism and even some felsic plutons from
this belt, were related to crustal thickening towards the end of arc magmatism (Boztug et al., 1984; Yilmaz and
Boztug, 1986).

Regional correlation. _ As seen from Table 1, The Kirek granitoid can be correlated with "South Evrenye
Intrusive Complex™ (Geiss, 1954), Asarcik diorite (Yilmaz, 1980), Cangal granite (Tuysiz, 1986) and Dirgine
granite (Aydin et al.. 1986). On the other hand, the Kiirek granitoid also continues towards the north of mapped
area where this pluton has called Jurassic Sogiidek granitoid by Sengiin et al. (1990). In their regional geological
study Sengiin et al. (1990) mention that there are some granitic rocks covered by Lower Jurassic rocks, however,
there has not been found any granitic pluton covered by Lower Jurassic rocks in the Arac-Karadere area.

Yukarikgy formation (Upper Jurassic-Lower Cretaceous)

Description and type locality. — The Yukarikdy formation has been firstly described by Yiimaz (1980)
around the Yukarikdy village, east of Devrekani town. This unit, also constituting one of the Yaraligéz group
(Yilmaz, 1980), outcrops around the Kureihadit, Kupelik, Saltuklu and Conlar villages in the studied area.

Lithology. _ The typical rock type of Yukarikdy formation is graytsh colored limestone. These limestones,
with the blackish-gray colors in the lower part of unit, also represents layering dm.-m. in thickness despite karstic
erosion.

Lower and upper boundaries. - The Yenikdy formation unconformably overlies the Kireihadit formation,
and it is conformably overlaid by the Lower Cretaceous Catak formation.
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Age. - Yilmaz (1980) has found some fossils yielding Upper Jurassic-Lower Cretaceous age in the
Yukarikdy formation. The fossils, found in the mapped area, also determine Upper Jurassic-Lower Cretaceous,
although, some of them indicate only Malm age (i.e. DG-151 and DG-217 B numbered rock samples). These
fossiliferous rocks and their fossil contents are as follow:

DG-59 (location 14 in Fig. 3a):

Valvunidae,

Thaumatoporella sp.
DG-104 (location 15 in Fig. 3a):

Ammobaculites sp.,

Nautiloculina sp.,

Textularidae, Echinoidea, macro shelve sections.
DG-151 (location 16 in Fig. 3a):

Conicospirillina basiliensis Mohler

Nautiloculina sp.,

Pseudocyclammina sp.,

Algeas, Echinoidae, macro shelve sections.
DG-217 B (location 17 in Fig. 3a):

Donacosmilia Corallina de Fromentel.

Depositionalenvironment. -The Yukarikdy formation typically characterizes the shelf carbonates.

Regional correlation. - The Yukarikdy formation is equivalent to the "Yaralig6zdagi carbonate” (Blumen-
thal, 1948), "cover carbonates and basal conglomerate” (Geiss, 1954), and the Inalti formation (Tuysliz, 1986;
Aydin et al.,, 1986) as seen in Table 1.

Catakformation (Lower Cretaceous)

Description and type locality. _ The Catak formation, firstly described by Yilmaz (1980) around Catak
village, east of Devrekani town, is seen to be exposed better in the Saliho§lu dere and around the Asagibusup
and Kole Hasan villages in the mapped area (Fig. 3a).

Lithology. - The Catak formation consists typically of flyschoidal rocks comprising the alternation of black
colored sandstone-siltstone-claystone and locally marl layers, cm. to dm. in thickness. There is also a calcirudite
level, up to 50 m. in total thickness, in the lower parts of the unit in the southern part of Kéle Hasan village.

Lower and upper boundaries. - The Catak formation conformably overlies the Yukarikdy formation, and it
is unconformably covered by Middle Eocene Soganl formation.

Age. — There has not been found any fossil in the Catak formation, however, Yilmaz (1980) has found
some Lower Cretaceous fossils in this unit.
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Depositional environment. - The Catak formation characterizes an environment which is shallow marine
with a high energy at the beginning, and a deep marine environment later.

Regional correlation. - The Catak formation is seen to be the equivalent, in Table 1, of the "Cretaceous
basal conglomerate” (Tokay, 1952) and the lower parts of Caglayan and upper parts of Inalti formations (Tlysiz,
1986). On the other hand, this unit may be assumed to be correlated with the Caglayan formation (Aydin et al.,
1986), although, there is no any Albian-Aptian fossils in the Catak formation.

Soganl  Formation (Middle Eocene)

Description and type locality. - The Soganl formation, firstly described by Aydin et al. (1986), outcrops
around the Saltuklu, Ddégemle and Miriglirne villages in the studied area (Fig. 3).

Lithology. — The Soganl formation is composed up typically of yellowish-orange colored fossiliferous
limestones showing layering dm. in thickness.

Lower and upper boundaries. — The Soganl formation unconformably overlies the Catak formation in the
north of studied area (out of mapped area), the Yukarikdy formation around the Saltuklu village, and the
Kireihadit and Zirze formations around the Dégemle and Miriglirne villages in the mapped area, respectively. As
for the upper boundary of Soganl formation, it is conformably overlaid by the Cemalettin formation.

Age. - The Soganl formation, already aged as Middle Eocene by Aydin et al. (1986), includes some
fossils indicating the same age in the mapped area, too.

DG-294 (location 18 in Fig. 3a):

Some forms similar to N. beaumonti, Assilina exponens (Sowerby),

Operculina sp.,

Rotalia sp.

uepositionalenvironment. -The Soganli formation characterizes the shallow marine environment.
Cemalettin formation (Upper Eocene-Lower Oligocene)

Description and type locality. ~ The Cemalettin formation, firstly described by Aydin et al. (1986), outcrops
around the Oycall and Saltuklu villages in the mapped area.

Lithology. - The Cemalettin formation consists of grayish-green conglomerate, coarse sandstone,
sandstone, siltstone, claystone and marly rocks. In the southern part of Yukarikarabizey village, it is made up
essentially of grayish sandstone, siltstone and claystone alternation.

Lower and upper boundaries. - The Cemalettin formation conformably overlies the Sodanl formation
around the Oycali, Saltuklu and Yukarikarabuzey villages, and it is unconformably covered by the Karabiizey
formation in the studied area.

Age. —There has not been found any fossil in this unit, however, it has been determined to have an age of
the Upper Eocene-Lower Oligocene by Aydin et al. (1986).

Depositional environment. _ The Cemalettin formation characterizes locally the fluviatile and locally
shallow marine environment with high energy. Aydin et al. (1986) also point out that it includes some braided
stream sediments.
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Karabuzey formation (Neogene)

Description and type locality. _ The Karabilizey formation has been firstly described by Boztug (1988). It is
seen to be outcropped better around the Karablizey, Yenikdy, Harmancik and Siizey villages in the mapped
area.

Lithology. - The Karablizey formation comprises quartzite pebbles and blocks at bottom which are
followed by the semi-consolidated and red colored sandy-silty and clayey sediments up to 150 m. in total
thickness around Karabiizey village. It is observed to have been formed by unconsolidated quartzite pebbles and
blocks around the Yenikdy, Harmancik and Siizey villages. Apart from these lithological characteristics, it is
composed of semi-consolidated conglomerates cemented by clayey materials around the Vakifgirne village.
Finally, it is seen to be formed by reddish-yellowish clayey and silty materials around the Kuloglu village.

Lower and upper boundaries. - The Karabiizey formation takes unconformably place on top of the older
units than Neogene in the mapped area. There is no any unit overlying the Karablizey formation except the
Quaternary alluvium which should be stratigraphically on top of this unit.

Age. - The Karablizey formation, without any fossils, is suggested to have a Neogene age due to
stratigraphical setting and lithology.

Depositional environment. - The Karablizey formation is characterizes by the terrestrial material.
Quaternary alluvium

This occurrence, consisting of recent alluvial materials in the big valleys, is seen better in the northern part
of the Karadere valley (Fig. 3). These sandy-pebbly materials have been operating by the native people for
concrete materials in constructions.

TECTONICS

The structural elements are distinguished to have been formed in two different stages, i.e. the Alpine and
pre-Alpine stages, in the mapped area. The foliation planes due to ductile deformation under the conditions of
medium-to highgrade metamorphism (diopside-gneiss; Winkler, 1979) are the products of the pre-Alpine
deformation, since they can only be seen in the Dorukyayla gneiss. This ductile deformation in the Dorukyayla
gneiss does not affect the Lower to Middle Paleozoic Samatlar group, i.e. neither the mineral paragenesis, nor
planar-linear structural elements. Thus, the deformation of the Dorukyayla gneiss is considered to be pre-Alpine
age. As for the Alpine deformations, both of the Paleozoic and Mesozoic rocks have been folded and faulted
altogether from those deformations. That is the reason why the Paleozoic units are considered to have been also
deformed in the Alpine periode.

Folds

The fold axes, with the strikes of approximately E-W, are observed to fold all the Paleozoic and Mesozoic
rock units altogether in the northwestern and western parts of the mapped area (Fig. 3a). The Catak formation,
however, possesses many meso-folds which can not be mapped to the scale of 1:25.000 during fieldwork. There
is an interesting sycline in the north of Kireihadit village taking place in the western part of studied area. The
western part of this sycline is seen to have a normal sycline axe, whereas the eastern part is observed to be an
overturned sycline axe due presumably to the reverse fault which is just to the south of this sycline (Fig. 3a, 3b) in
the Incigez village. These Alpine foldings are thought to be formed by N-S compressional forces sometimes
around Lower Cretaceous, since they have also folded the Upper Jurassic-Lower Cretaceous Yukarikdy
formation, too. .
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Faults

The major faults, observed in the studied area, are composed mainly of reverse (thrust) and strike-slip
faults. As clearly seen in Figure 3a, both of the Kiirek granitoid and Yukarikdy formation have been thrusted onto
the Catak formation, from north to south, and the Kirtulaz formation has been thrusted onto the Catak formation,
Dorukyayla gneiss and Dotla formation from north to south along the E-W reverse fault zone in the northeastern
part of the mapped, area. In the northwestern part of the studied area, the Dorukyayla gneiss, Yayladere and
Dotla formations have been altogether thrusted onto the Kireihadit formation from south the north along another
E-W reverse fault zone (Fig. 3a). However, Dorukyayla gneiss is observed to have been thrusted onto the Catak
formation along the eastern prolongation of this reverse fault plane. There are also intensive and extensive
cataclastic rocks developed along these reverse fault zones in the mapped area. The youngest unit, affected from
these E-W reverse faults, is the Catak formation as clearly seen from all these observations. Thus, these E-W
reverse faults are also thought to be derived from the N-S compressional forces sometimes around Lower
Cretaceous as well as E-W fold axes.

As for the strike-slip faults, they have mainly affected the Dotla and Zirze formations (Fig. 3a). These faults
are considered to be maximum lateral dilatation planes due to N-S compression.

Unconformities

The unconformities, observed in the mapped area, can be summarized as followed: The most important
unconformity is that of between the Precambrian Dorukyayla gneiss and Lower to Middle Paleozoic Samatlar
group. This unconformity also indicates a big difference in deformation styles of the Dorukyayla gneiss and
Samatlar group (Boztug, 1988). In other words, the Dorukyayla gneiss represents a ductile deformation style
occured under the conditions of medium to high-grade metamorphism (Winkler, 1979), whereas the Samatlar
group shows a deformation style occured under the conditions of very low-grade metamorphism (Winkler, 1979).
Another unconformity in the mapped area is seen between the Samatlar and Yaraligdz groups. This unconformity
also remarks some differencies in the physical conditions of deformations affected these groups, i.e. the Samatlar
and Yarahg6z group represent very low-grade metamorphic and diagenetic mineral assemblages, respectively
(Boztug, 1988). The Middle Eocene Soganli formation unconformably overlies all the pre-Senozoic units as
mentioned earlier. Around the Conlar village situated in the northern part of studied area, the Yukarikdy formation
unconformably covers the Kirek granitoid. This unconformity plane between the Yukarikdy formation and Kirek
granitoid helps to approach the geological age of the Kirek pluton which sould be older than the Yukarikdy
formation, i.e. Upper Jurassic. On the other hand, there has not been found any stratigraphical evidence about
the lower and upper limit relations of the Permo-Triassic (?) Kirtulaz formation, since it shows a broken formation
feature moreover, its lower boundary is already seen to be faulted. However, the Kirtulaz formation may be
assumed to take unconformably place on top of the Samatlar group, and affected by the same deformation style
of Samatlar group. lllite crystallinity and vitrinite reflectance studies showed that the physical conditions of the
deformations affecting these two units were similar to each other, i.e. anchimetamorphism to epimetamorphism.

GEOLOGICAL EVOLUTION

Such an evolution model can be suggested when the geological data, obtained from the southwestern part
of Daday-Devrekani Massive by Boztug (1988), are evaluated with those of other authors.

The oldest unit of the studied area, the Precambrian Dorukyayla gneiss, consisting of high-grade
metasediments, characterizes a typical continental crust material. The Dorukyayla gneiss is considered to
constitute the southernmost tip of Eurasian plate (Boztug et al., 1984; Yilmaz and Boztug, 1986; Kocyigit, 1989).
The Samatlar group, composed of Yayladere (Cambrian), Dotla (Ordovician), Zirze (Silurian) and Kureihadit
(Devonian) formations, has been deposited in an epicontinental domain constituted by the Dorukyayla gneiss.
The Permo-Triassic (?) Kirtulaz formation may also be thought to be a part of the Samatlar group. Thus, there is
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an epicontinental cover of Paleozoic-Lower Mesozoic in age on top of the Dorukyayla gneiss. An oceanic crust,
must have been existed at least in Lower Mesozoic, has been developing with its local epiophiolitic cover (i.e.
Cangal metaophiolite; Yilmaz, 1980, 1983) during the deposition of such an epicontinental cover mentioned
above. For example, the Lower Mesozoic flyshoidal rocks are seen to be epiophiolitic cover on top of the
ophiolitic rocks in the Kiire region (Bailey et al., 1967; Yilmaz and Tlysliz, 1984; Aydin et al., 1986). From this
point of view, the epicontinental cover of the Dorukyayla gneiss has either epicontinental or epiophiolite
characters particularly in Lower Mesozoic. The oceanic crust has induced a northward subduction zone (Boztug
et al, 1984; Yilmaz and Boztud, 1986; Sengiin et al., 1990; Ustadmer et al., 1991; Robertson et al., 1991) by
consuming beneath the Dorukyayla gneiss and its epicontinental cover towards the middle stage of Lower
Mesozoic. The Paleozoic-Lower Mesozoic epicontinental cover, taking place next to subduction zone has been
metamorphosed in the conditions of low grade facies of this regional metamorphism induced by subduction zone
in the active margin (Best, 1982; Fig. 12-21, p. 434) (i.e. ligaz metasedimentary group, Yilmaz and Boztug, 1986).
However, the affects of this regional metamorphism is decreasing towards the north away from the subduction
zone and it is remarked to be a very low grade metamorphism in the Samatlar group in the mapped area. Far
away from the subduction zone, in other words area. Far away from the subduction zone, in other words in the
northernmost parts such a regional metamorphism can not be detected, since the coal bearing Paleozoic rocks in
the Zonguldak basin indicate only diagenetic conditions. The first arc plutonism (Best, 1982) product of this
subduction zone has formed the Middle Jurassic Kastamonu granitoid belt (Boztug et al, 1984; Yimaz and
Boztug, 1986). The Kiirek pluton, in the studied area, is the part of this granitoid belt. The Middle-Upper Jurassic
to Lower Cretaceous Yaraligdz group has been deposited in intermountains basins developed due presumably to
the diapirically rising up and emplacement of the plutons of the Kastamonu granitoid belt. After the deposition of
Yaraligdéz group, the Late Alpine structural elements have been created by the N-S compressional forces
sometimes around Lower Cretaceous. These Late Alpine deformations can also be observed in the Paleozoic
units as the foldings and faultings. The Tertiary units, in the mapped area, have been deposited in the terrestrial
and shallow marine environments. The Neogene Karabizey formation consists of semi-consolidated and
terrestrial rocks. As for the Quaternary alluvium, it is only seen in the recent stream valleys.

CONCLUSIONS

The conclusions obtained in the southwestern part of Daday-Devrekani massive can be summarized as
follow:

1- The litostratigraphic units, in the mapped area, consists, from bottom to top, of the Dorukyayla gneiss
(Precambrian), Yayladere (Cambrian), Dotla (Ordovician), Zirze (Silurian), Kireihadit (Devonian), Kirtulaz
(Permo-Triassic?) formations, Kiirek granitoid (Middle Jurassic), Yukarikdy (Upper Jurassic-Lower Cretaceous),
Catak (Lower Cretaceous), Soganl (Middle Eocene), Cemalettin (Upper Eocene-Lower Oligocene), Karabiizey
(Neogene) formations and of Quaternary alluvium.

2- Dorukyayla gneiss, Yayladere, Dotla, Zirze and Kiireihadit formations, constituting the Samatlar group,
have been firstly described in this study. On the other hand, it is suggested to study an area between the Daday
town and mapped area here by means of geological mapping and mineralogy-petrography and geochemistry for
the classification of the stratigraphical setting of Kirtulaz formation.

3- The Paleozoic and Mesozoic units have been folded and faulted by the N-S compressional forces
sometimes around Lower Cretaceous in the mapped area. The fold axis and reverse faults possess mainly E-W
strikes, whereas the strike-slip faults have mainly NE-SW trends. The reverse faults have also formed some
intensive and extensive mylonitic rocks in the studied area.

4- The main unconformities in the area consist of those between the Dorukyayla gneiss and Samatlar
group, between the Samatlar and Yaraligdz groups, and between the Yaraligéz group and Tertiary units.
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NEW DATA ON THE UPPER AGE OF THE INTRA-PONTIDE OCEAN FROM NORTH OF SARKOY
(THRACE)

Aral I. OKAY* and izver TANSEL**

ABSTRACT. - Upper Eocene elastics in the southern part of the Thrace Basin north of Sarkdy contain large number of olisto-
liths. The olistoliths are largely derived from the ophiolitic melange that forms the basement of the Eocene sedimentary se-
quence in this region. They comprise serpantinite, metadiabase, radiolarian chert and pelagic limestone. Some of the pelagic
limestone blocks contain abundant Late Cretaceous and Middle Paleocene foraminifera. The presence of the Middle Paleocene
pelagic limestone blocks derived from the ophiolitic melange indicate that the Intra-Pontide ocean was in existence at least until
the Middle Paleocene.

INTRODUCTION

An alpide ophiolitic melange constitutes the basement of the southern part of Thrace Basin that is made
up of Eocene and younger sediments. The ophiolitic melange outcrops north of Sarkdy in the cores of small post-
Miocene anticlines and is encountered in the petroleum wells below the Middle Eocene limestones (Kopp and
others, 1969; Sentiitk and Okay, 1984; Siyako and others, 1989). Sengdr and Yilmaz (1981) interpreted this ophi-
olitic melange as the suture of the Intra-Pontide ocean that separated the Rhodope-Pontide fragment from the
Sakarya zone. The Rhodope-Pontide fragment is a composite unit made up of three tectonic units that show dis-
tinct lithological, stratigraphic and metamorphic features: the Rhodope-Strandja massif in the west, the Istanbul
zone in the centre and the Sakarya zone in the east (Okay, 1989). The Intra-Pontide Suture in Thrace separates
the Rhodope-Strandja massif in the north from the Sakarya zone in the south (Fig. 1). There are very little data
regarding the age of the opening and closing of the Intra-Pontide Ocean. Data will be presented here to show that
the Intra-Pontide Ocean was open untill the Middle Paleocene.
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Fig. 1 - Simplified tectonic map of thé rggion around the Marmara Sea. The studied region is
indicated by the black arrow. The regions in black show outcrops of alpide ophiolite and
ophiolitic melange.
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GEOLOGY OF THE REGION NORTH OF SARKOY

The Ganos strike-slip fault, one of the western branches of the North Anatolian Fault, divides the region
studied into two geologically distinct parts (Fig. 2). North of the Ganos fault there is a thick Upper Eocene turbidit-
ic clastic sequence called the Kesan group (Turgut and others, 1983). To the south of the Ganos fault there is an
over 3 km. thick olistostromal Eocene sequence that is partly overturned to the south (Fig. 2). The lower parts of
this sequence is exposed in the north in the vicinity of the Ganos fault and comprises olistostromes and grain
flows with large blocks up to 500 m. in size. The blocks are made up of serpentinite, Middle Eocene reefal lime-
stone, metadiabase, diorite and rarely gabbro, recrystallised limestone, Upper Cretaceous and Middle Paleocene
pelagic limestone, radiolarian chert and quartzite. The provenance of most of the blocks is the ophiolitic melange
that forms the basement in this region and the Middle Eocene limestones that unconformably overlie the ophiolitic
melange. Medium to thickly bedded sandstone, calcarenite and shale occur between the olistostromes. The olis-
tostromal sequence passes southwards and upwards through a gradual decrease in the number and size of the
blocks to a turbidite sequence of intercalated sandstone and shale. Kopp and others (1969) regard this upper part
of the sequence as of Oligocene age. This Eocene-Oligocene sequence can be correlated with the Karaagac
member, an Upper Eocene flysch described from the Gelibolu peninsula by Onal (1986). Variageted sandstones
of the Miocene Gazhanedere formation and thickly bedded, yellow sandstone of the Kirazli formation lie uncon-
formably over the older units.

The ophiolitic melange that has provided blocks to the Eocene sequence outcrops in the cores of the post-
Miocene anticlines 5 km. west of the studied region, where it consists of serpentinite, diabase that shows locally
blueschist or greenschist facies metamorphism, gabbro, spilite, radiolarian chert and pelagic limestone (Kopp and
others, 1969; Senturk and Okay, 1984). The rocks form a complex of imbricate slices and represent with their lith-
ological and tectonic features a sediment-starved accretionary complex in a subduction zone. Middle Eocene ree-
fal limestones overlie the ophiolitic melange with a pronounced unconformity.

Cretaceous and Paleocene pelagic limestone blocks in the Eocene olistostromal unit

The newly described Late Cretaceous and Middle Paleocene pelagic limestone blocks outcrop along a
ridge south of the Harmankaya stream, 500 m. east of the Sarkdy-Golcik road. They are associated with serpen-
tinite, silicified serpentinite, green metadiabase and Eocene reefal limestone blocks. These up to 7 m. large
blocks are surrounded by a sandstone matrix. Micritic Upper Cretaceous limestone blocks in Couches Rouges fa-
cies form a few small blocks less than one metre in size. A sample ($104) collected from one of the blocks con-
tain foraminifera characteristic of Middle-Late Maestrichtian: Rosita contusa (Cushman), Globotruncana sp., G.
falsostuarti (Sigal), Globotruncanella sp., Heterohelicidae. Another specimen (47) has a slightly different fauna of
Maestrichtian age: Globotruncana sp., G. lapparenti (Brotzen), G. ¢’ linneiana (D'Orbigny), G. cf. area (Cush-
man), Globotruncanita sp., G. stuarti (D' Lapparent), Rugoglobigerina sp. A specimen (S$S103) from a different red
micritic limestone block contains Rosita fornicata (Plummer), Globotruncana sp., G. area (Cushman), G. cf. bul-
bides (Vogler), Heterohelix sp., Globotruncanita sp. of probable Campanian age. Kopp and others (1969) de-
scribe a similar Campanian-Maestrichtian pelagic fauna from the Upper Eocene grain flows.

Paleocene limestone occurs in the same region as 1-2 m. large, blocks more common than the Late Cre-
taceous limestones. It consists of greenish grey, thinly to medium bedded (1-5 cm.) micrite and intercalated thin-
ly-medium bedded dark grey calciturbidite. A specimen (S100) from the micritic levels contains Planorotalites sp.,
P. cf. compressa (Plummer), Morozovella sp., M. angulata (White), M. pseudobulloides (Plummer), Globigerina
sp., G. cf. triloculinoides (Plummer) indicative of Danian-Montian (Early-Middle Paleocene). A specimen (§102)
from a different block has Planorotalites sp., P. pusilla pusilla, Morozovella sp., M. cf. angulata (White), Globigeri-
na sp., G. triloculinoides (Plummer) of Montian age. Calciturbidite lamella in the same section contain quartz
grains, and fragments of echinoid tests, red algae, mollucs, bryozoa, neritic and pelagic foraminifera; the follow-
ing Late Cretaceous foraminifera were identified in the calciturbidite lamella: Globotruncana sp., Heterohelix sp.,
Rotaliidae.

Apart from the Harmankaya ridge, pelagic limestone also occurs as small blocks and pebbles in the Eo-
cene sandstones 100 m. north of the Golciik-Cengelli road (Fig. 2). A small grey micritic pebble ($198) from this
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region contains Globotruncana area (Cushman), G. bulloides (Vogler), Globotruncanita stuaiii (D'Lapparent), Ro-
sita fornicata (Plummer), Gansserina gansseri (Balli) of Middle Maestrichtian age. Another yellowish grey lime-
stone pebble (S199A) has a pelagic fauna indicative of Danian age: Globigerina triloculinoides (Plummer), Glo-
bigerina sp., Morozovella pseudobulloides (Plummer) and Planorotalites sp.

CONCLUSIONS

The presence of Maestrichtian and Paleocene pelagic limestone blocks, derived from an ophiolitic me-
lange, in an Eocene olistostromal unit north of Sarkdy indicates that the Intra-Pontide ocean existed as a deep
and most probably oceanic basin at least until the Middle Paleocene. The thinly bedded, micritic character of the
Middle Paleocene limestones and the scarcity and the fine grain size of the calciturbidites indicates that the conti-
nental collision that would have provided abundant detritus to the basin has not occurred by the Middle Paleo-
cene. The Cretaceous and Paleocene limestones were probably deposited on oceanic crust and then incorporat-
ed along a northward dipping subduction zone to the growing accretionary complex. This view is supported by the
presence of Late Cretaceous pelagic foraminifera in the Middle Paleocene calciturbidites suggesting subaques
erosion of the Late Cretaceous limestones already incorporated to the accretionary complex. This also shows
that the northward subduction was active at least during the Campanian-Montian interval. The closure of the
ocean occurred after the Middle Paleocene, probably during the Eocene.

Middle Paleocene pelagic limestone, similar to that described here, are reported from the Gelibolu penin-
sula under the name of Lort Limestone (Onal, 1986). The Upper Cretaceous-Paleocene Lort Limestone outcrops
in a very small area south of the Saros Bay and is regarded by Onal (1986) as the stratigraphic basement of the
Gelibolu Tertiary sequence. The observations north of Sarkdy suggest that the Lort Limestone is not a coherent
formation but forms a large block in the ophiolitic melange or in the Eocene elastics, wells drilled in the Gelibolu
peninsula has encountered below the Eocene sequence not the Lort Limestone but various lithologies that could
be assigned to an ophiolitic melange.
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GEOLOGY OF THE NIiKSAR-ERBAA AND DESTEK REGION
H. Tahsin AKTIMUR*; Serafettin ATES*; M. Emin YURDAKUL*; M. Ender TEKIRLI* and Mustafa KECER*

ABSTRACT.- The basement rocks of the investigated area, situated near Niksar, Erbaa and Destek are crossed by the Nort
Anatolian Fault they comprise Turhal group metamorphic rocks of Permo-Triassic age. It is unconformably overlain by
consisting of a sedimentary sequence of Liassic-Upper Eocene age deposited the fore-arc basin of the Eurasian continent
The study area is in the suture zone between Eurasian and Anatolian plates. Thus it is effected by a north-south compression
resulting in east-west trending thrusts in relation to formation of the North Anatolian Fault in the neotectonic period. Continental
sedimentation took place in basins during Pliocene. Later activity of the North Anatolian Fault caused formation of pull-apart
basins of Niksar, Erbaa-Tagova regions.



PETROGRAPHY AND ORIGINE OF THE MIDDLE DEVONIAN DOLOMITES (SAFAKTEPE FM.) IN THE
GEYIKDAGI UNIT (EAST TAURUS), TUFANBEYLI-SAIMBEYLI

BakiVAROL**

ABSTRACTS.- The middle Devonian dolomites exposed in the Autochthonous Geyikdadi unit (East Taurus) had resulted in
dotomitization of Amphipora-bearing reefal limestones along with ostracod-algal laminated limestones. The dolomitic unit is
composed of homogenous, mottled, laminated and banded (zebroid) types of dolomites. Dolomitization took place in the
different timing, namely early and late diagenetic. The early diagenetic ones underwent mixing-water diagenesis (marine-fresh
water) on a tidal flat environment. Their isotopic signature (d"°0= -2.48 to 0.039%c; d'°C= 0.079 to 3.18%o0) also fits this
dotomitization model. The second type, late diagenetic dolomites (epigenetic dolomite) are coarser crystalline than the earlier
ones, and their isotopic composition became more negative or greatly diminished (d'°0= -10.75 to -836%g; 5 C= -063 to
1.45%o0), this suggests increasing temperature during dolomitization. The late diagenetic dolomitization invoked recrystallization
and dissolution of the early diagenetic dolomites. Additionally, coarsely crystalline white dolomites (saddle dolomites)
precipitated in the dissolution vughs, and subsequently some ore deposits emplaced within the late diagenetic dolomites.
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AN APPROACH TO THE ORIGIN OF KEBAN LEAD-ZINC MINERALIZATIONS, ELAZIG,
TURKEY: A PRELIMINARY STUDY

Ayhan YILMAZ*; Taner UNLU** and i. S6nmez SAYILI**

ABSTRACT. _ Mineralizations at Keban and its surroundings are generally observed at the contacts of granitoids and epimeta-
morphic rocks, in Nimri formation and in Keban marbles. Lead-zinc mineralizations in this region are previously interpreted as
skarn type occurrences associated with granitoids. In this study, predominantly carbonate mineralizations in the carbonate
rocks of Nimri formation and sulphide and carbonate ores within the Keban marbles are investigated. As a result of mineralog-
ical, petrographical and geochemical studies, some significant evidences indicate that the mineralizations are not directly relat-
ed with the skarn type associated with granitoids. According to the limited data collected during this study, the view that the min-
eralizations, present in Nimri formation and Keban marble, are mobilized with the influence of granitoids becomes significant.
Mineralizations taking place earlier than mobilization are discussed by exhalative sedimentary (SEDEX) type and Mississippi
Valley Type (MVT) relying on the present data. Some evidence is found for SEDEX type. While primary occurrences are getting
their new positions by means of secondary processes, metallic contents of primary occurrences are enriched. Mobilizations re-
lated with metamorphism and/or granitoid impact and enrichment processes caused by weathering are out of the study. The
main result of this study is the necessity of new other revitalization of discussions about the origin of primary occurrences for
contribution to science and economy.

INTRODUCTION

The Keban region has been subjected to a number of investigations and studies of many geologists be-
cause of copper-molybdenum-fluorite-tungsten-vanadium ores known since the 18. century and engineering
problems with Keban dam located at the north of Keban town.

Lithologies in the studied area have been investigated and the regional stratigraphy is attempted to be
constructed by various geologists at different times. The approaches by those geologists for lithostratigraphic se-
quence are correlatively illustrated in Figure 1. Studies about the basement are represented by Ozgiil, 1981 and
Ozgiil and Tursucu, 1984.

Calcphyliite Upper Schist
{Delimehmet form )"
Schist Metamorph. Imst.
Meta Cong.
Marbile
Calcshist {Keban marble)
Aecrys Lmst.
Marble Schist
Lower Schist
{Nimn form.)*
Marble
Maucher (1937) Sagiroglu {1952) Kipman  (1976) Qawlik (1958)
Oelsner (1938} Tolun {1955} * Ertung et al. (1972)
Kovenke (1941} Balgik et al. {1978}
* Yimaz (1991)

Fig. 1 - Lithastratigraphic sequences around Keban schiematized according to varnous authors.
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The major mining geological studies made in this region are as follows: Fishbach, 1900; Ami, 1937;
Maucher, 1937; Kovenko, 1941; Kumbasar, 1964; Ziserman, 1969; Kines, 1971; Koksoy, 1972; Balck et al.,
1978; Balgk, 1979; ITU, 1981; Yilmaz et al., 1983; Caglayan, 1984; Oztunali, 1985-1989.

Main technological studies are: Canbazoglu, 1986; Demirocak et al., 1986 and Goktekin and Onal, 1986.

Two different views about the ore formation are introduced with previous mining geological studies. The
first view about mineralization suggests that the origin of ore elements are related with granitic rocks based on
the position of mineralizations at the contact between syenite porphyry and Keban marble and/or schists, which
tend to develop into the Keban marbles. Meanwhile, accompaniment of pirometasomatic, pneumatolitic, hydro-
thermal stages and skarn minerals with the mineralizations form additional evidence for contact type occurrences
(Fig. 2). In contrast, the second view puts forward the view that the mineralization must have originated from host
rock and granitoidic intrusions into the above mentioned units and played an effective role for today's position of
mineralizations mobilizing the low metal concentrations from the units (Fig. 3).-

UPPER
SCHIST

KEBAN
MARBLE

LOWER
P ™ L L A Lol v Ll Eal ———
GRANITOD
ORE + SKARN ——INTRUSION

Fig. 2 - Ore forming mode! directly related with granitoids {schematized after Armi 1937, Kéksoy, 1972 and Gaglayan, 1984).

In previous studies, mining geological data pectuar to ore occurrences described as skarn type are dis-
cussed in detail. In this study, primary occurrences, belonging to the pre-stage described as skarn, are investigat-

ed by means of mineralogical, petrographical, geochemical, and geostatistical methods and the findings obtained
are discovered.
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MOBILIZATION OF ORE BY THE EFFECT OF GRANITOIDS

Fig. 3- Ore lorming model thdicating that the mineralizations in couniry rocks are mobilized by granitoid intrusions {after
Ziserman, 1969).

GEOLOGICAL SETTING, FIELD RELATIONS AND PETROGRAPHY

The Keban area is located at the Eastern Taurus region of Tauride tectonic belt which is one of the tecton-
ic units of Anatolia. The stratigraphic sequence of the studied area can be summarized from older to younger as
Nimri formation, Keban marbles and Delimehmet formation. Low angle unconformities are seen between these
units (Fig. 4 and 5). These Paleozoic (Permocarbonifer) aged units are influenced by low grade metamorphism
(epimetamorphism) and are intruded by syenite porphyries which are the products of magmatic activity that oc-
curred at the beginning of the upper Cretaceous or Eocene (Ertunc et al., 1972; Yilmaz, 1991).

At the bottom of Nimri formation crops out gray colored, porous Arapkir limestones which are made of fine
grained, equgranular calcites and accessoric xenomorph quartz. This unit is overlained by calcschists, a domi-
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nant Irthology of Nimri formation, composed predominantly bf carbonate minerals, plagioclases, quartz and, at
some horizons, of sericite, graphite, chlorite and opaque minerals. Showing lateral and vertical transitions to
calcschists, crystalline limestones with decreasing amounts of dolomite crystals towards their upper outcrops in
Nimri formation. In some places, sericite flakes, quartz, plagioclase and opaque minerals and also enrichments
with iron and manganese minerals are observed within this lithology. Crystalline limestones display the character-
istics of spatially dolomite bearing crystalline limestones or dolomitic limestones.

Keban marbles are pinkish-white colored, fractured and crached, brecaated looking and composed of equ-
granular, medium grained calcite crystals with deformation twinnings. At the contacts of Keban marbles formed
with Delimehmet formation, increasing amounts of feldspar, quartz, chlorite, sericite and, in some places, graphite
minerals, are determined.

Delimehmet formation, which is characterized by calcschists, lies above the Keban marbles, while in some
places, Bostanli conglomerate lies between those lithologies. Calcschists are represented by graphite, sericite,
quartz, feldspar and chlorite. Lens shaped Sal limestone member is separated from this formation and contains
fain grained quartz minerals spatially.

Magmatic rocks, which intrude all these units, consist of porphyric syenite porphyry dominated by sani-
dines and ortoclases. Contact metamorphic minerals of garnets and epidotes are observed at the contacts be-
tween syenite porphyries and calcschists and marbles. Additionally, syenite porphyries are subjected to the seri-
citic, argillic and chloritic type of alteration.

POSITION AND MINERALOGY OF ORE

Ore horizons in a thickness of 0,5 to 2 meters are observed concordant to the layers of crystalline and dol-
omitic limestones of Nimri formations. These horizons are scattered on an approximately 8 km’, region within the
studied area and are found in underground mining activities especially between the elevations of 730-795 meters.
Primary ore mineral occurrences, which are transformed from rhodochrosite, of psilomelane and pyrolusite and,
in addition, fine grained pyrites are located in ore bearing horizons (Photos 1, 2 and 3). Psilomelane is also found
as kidneylike, gel textured open fillings in the cracks. Pyrites constitute fine grained or medium grained, zoned
pseudomorphs in the rocks. Both types of pyrite are replaced by limonite which can also be observed as gel tex-
tures in the cracks. Chalcopyrite, pyrite, sphalerite, pyrrhotite and molybdenite representing the late stages are
determined in addition to the above mentioned minerals.

Mineralizations within Keban marbles form either small lenses in thicknesses of 2-20 meters or big lenses
in a thickness of 20-50 meters. White, gray and brown colored sections caused by different mineral assemblages
are distinguished in the mineralizations. Carbonaceous, sulphidic and oxidic ore mineral varieties representing
different mineral paragenesis are determined in these sections.

Predominantly zinc carbonates (smithsonite) and lead carbonates (cerucite) form carbonaceous ore miner-
als within the carbonate rocks. A very small amount of galenite and sphalerite is also found in these rocks. Grino-
coid and sphalerite inclusions are determined in kidney, grapelike textured smithsonites. Limonites are developed
in the crackes of smithsonites (Photos 4, 5, 6).

Galenite, sphalerite, pyrite, Chalcopyrite, marcasite and arsenopyrite constitute the main sulfidic ore miner-
als in the Keban marbles. While pyrites and arsenopyrites accumulate in the same places, it is determined that
the chalcopyrites are converted into bornite, neodigenite, chalcocite and covelline. High and low temperature
types are observed in galenites and sphalerites. Low temperature types of those are characterized by geled tex-
tures.

Goethite and lepidocrocite with pyrite relicts are determined as oxidic ore minerals in the Keban marbles.
In addition, Chalcopyrite, hematite, magnetite, rutile, anatase and chloritized augite are found in small amounts of
detritic constituents in the grayish, brownish sections of Keban marbles.
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Phote t - Sections i crystailing-. dolomike mestone
a) rich in caloite and manganese minerals. b) lled by calote. ) tiled by dolomite, mangan oxide mingrals and a
small amount of guartz
{cross nicols, X 63}
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Photo 2 - Rhodocrocite {rd) replaced by pyroluzite (pe) and psilomelane {ps), pyrite (py)}
replaced by lepidocrocite (lp) and goethite. fgo} occurrences in crystalling-
dolomitic limestone, (X 420, in oil).

Pheto 3 - Pyrite pseudomorphs replacad by limonite in crysizline, dolomitic iimestone
(X 420, in oif),
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Phota 4 - Carbonate ores in Keban marbles Smithsonite {sm}, sphalerite {sf) anc
chalcopyrite {kpy) exclutions in sphaterite (X 420, in oil}.

Phote-5 - Carbonate eres in Keban marbles. Grinocoid {gr) drops bearing smithsonite
{sm) and fimonite (Im} cocurrences (X 420, in oil}.

KEBAN

35



36 Ayhan YILMAZ; Taner UNLU and i. Sénmez SAYILI

Photo 6 - Carbonate ores in Keban marbles. Goethite (go) and gel-radial pyrite (py)
occurrences (X 420, in oil).

Delimehmet formation is rather poor for ore minerals and only pyrites and limonites occur in this formation.

Enrichments with ore minerals are spatially observed at the contacts of syenite porphyries with the country
rocks.

GEOCHEMISTRY AND GEOSTATISTICS

Ore and host rock samples, collected from Keban area, are chemically analyzed at Etibank laboratories.
The results of these chemical analyses are shown in Table 1 and the lower and upper limits of all geochemical
data are listed in Table 2.

Dolomitic limestone levels of Nimri formation are the oldest units in the area, which contain Pb-and Zn
concentrations. However, low PbO and ZnO values are characteristics of these units.

Carbonate type ores within the Keban marbles are Ca, Mg, Mn, Fe, Pb and Zn carbonate minerals, which
are later replaced by oxide minerals. Sulphide ores in Keban marbles are characterized by high Mn, Fe, Pb and
Zn rates and high clay contents. Iron cap formations of Keban marbles show Fe and Al enrichments of surficial
oxidation conditions.

Hydrothermal formations in Nimri formation, which show different features from all above mentioned min-
eralization bearing levels, are represented by phlogopite and quartz and high K,O rates are evident.

Relations of various elements with each other in all samples are graphically represented in Figure 6 and
distribution relationships of Pb and Zn elements versus Ca, Mg, Al and Si are shown at Table 3. In this table Ca
and Mg are the main components of carbonate minerals and Al and Si of clay minerals. Pb and Zn elements ex-
hibit decreasing relationships with carbonate minerals (i.e. Ca and Mg components) and increasing relationships
with clay minerals (i. e. Al components). Variable distribution relationship of Pb and Zn elements with Si of clay
minerals is caused by the mobile character of Si element against secondary events. According to these results,
the decrease of Pb and Zn element contents with the increase of carbonates, and increase of the same contents
with the increase of clays on the one hand, and on the other the increase of carbonates against decreasing clays
in the environment, all suggest a gradationally sedimentation of Pb and Zn elements with clays and carbonates.



Table 1 - The resulls of chemical analyses of ore and couniry rock samples collected around Keban, realized at Ettbank Laboratories (Yiumaz, 1991 for analytical methods)

UNIT [SAMPLE NA. MARK %Sl0, %ALO, %CaC %FeQ" %K,0O %MgO %MnO % Na,O0 %2ZnQ %PbO % KK TOTAL Ba{ppm) Sri{ppm)} Ag{ppm} Cd(ppm} Cu{ppm) Ni{ppm) Co {ppm) EXPLANATIONS

1 AKF-1 1.86 198 4166 077 0040 914 112 0168 031 019 30,80 97.038 2000 400 ND ND ND 60 40
K 13 AKY-§ 1.79 28 4190 014 0030 975 024 0138 009 003 4033 97288 900 700 ND ND ND ND ND KEBAN
E 16 AKY-7 192 0.9 4880 018 004 335 061 087 006 005 4200 9881 2000 400 ND ND 100 ND ND MARBLE
B
A 15 AKY-3 680 1241 004 70.20 008 05 076 0174 006 088 720 99237 400 600 103 ND 1100 60 100 OL.CAP OF KEBAN
N

7 AKF-19 176 1343 11.28 2331 0042 167 186 0208 3941 449 128 9874 300 100 290 1600 300 ND ND
M 8 AKF-21  1.86 1022 1236 1915 0045 191 178 0140 44.08 0.74 3.57 95855 900 800 ND 200 ND ND ND CARBONATE TYPE ORE
A 9 AKF-22 200 969 1044 2278 0025 141 151 0101 4304 071 315 94.856 700 200 10 800 10 ND ND
"
B 2 AKF-8 1240 1475 064 3698 0054 275 043 0220 273 208 1859 93 424 400 700 2850 ND 7100 80 60
L 3 AKF-9 1475 1227 148 4101 0049 020 236 0140 062 413 1743 94439 700 300 395 ND 1900 80 60
E a AKF-12  17.84 3256 168 911 0051 007 046 0202 747 13.62 9.91 92 973 800 400 2080 200 1000 ND ND SULPHIDE TYPE ORE
s S AKF-14 2170 2291  1.30 2063 0024 007 083 0119 7.26 1562 677 97.233 500 300 1575 200 1100 ND ND

6 AKF-16 1640 2145  1.20 2150 0052 020 1.20 0216 1525 574 839 91688 400 600 125 00 1100 ND ND

14 AKF-17 050 2096  7.70 1232 0.027 131 324 0163 23.85 27.47 0.72 98.26 800 800 2000 400 1600  ND ND COMPLEX TYPE ORE
N 10 AKB-4 270 677 3802 215 125 819 1.64 0321 016 068 2997 91856 800 300 10 ND 20  ND ND HYDROTHERMAL OC-
' 11 AKB-S 1096 840 3584 270 126 073 141 0168 015 009 2036 91163 200 600 ND ND 00  ND ND CURRENCES IN NIMRI
': 12 AKB-8 318 651 4264 134 1306 121. 138 0410 014 040 3293 91445 1000 1000 ND ND 100 NO ND FORM,
I 18 AKY-30 NA. N.A. 30.92 15.87 NA. N.A. 7.49 NA 024 004 4098 95539 ND NA ‘NA NA. NA NA. NA OOLOMITIC LMST.
FoAM 17 AKY-31  NA  NA 5291 543  NA  NA 107 NA 001 ND 4263 10205 ND NA.  NA NA.  NA  NA  NA IN NIMRI FORM.

Fe O: Total iron, ND: Below detection limit, N.A.: Not analysed
Chemical analyses are parformed on samples dried at 105° C.



Table 2 - Lower and uppaer limits of the results of chemical analysis given in Table 1

NUMEER OF PbO Zn0 CaQ Mg O Ee O Mn O KK Al, O, Si0, Na,0 K0 Ba Sr Ag cd Cu

EXPLANATICNS SAMPLES % Y% % % % % % %o % % % ppm ppm ppm ppm ppm
« KEBAN MARBLE 8800 600 )
E IRON CAP 1 ppm ppm 00 06 70.3 08 7.2 12.4 68 0.2 0.1 400 600 103 ND 1100
i KEBAN MARBLE
N COMPLEX TYPE ORE 1 275 23.9 7.7 13 123 32 0.7 210 0.5 0.2 0.0 800 800 2000 400 1600
M KEBAN MARBLE
A SULPHIDE TYPE ORE 5 29-15.6 0.6-15.3 0617 0.4-28 | 91410 | 0424 ] 68186 [12 3326 12.421.7]| 0. 102 01 400-800 300-700 395-2850 200-400 1000-7100
R
B KEBAN MARBLE
L CARBONATE TYPE ORE 3 0.7-4.5 39.4-44.1 104-124 | 1418 | 19.2-233| 1518 | 1336 |9 7134 1820 0.102 | 0.00.1 300-900 100-800 10-290 200-1600 100-300
E

300-1900 | 600-3100 )

KEBAN MARBLE 3 ppm ppm 417488 | 3498 | 0108 | 0.2-11 | 398-420| 1.0-29 1.819 0.1-08 0.0 900-2000 400-700 ND ND ND-100
N NIMRI FORMATION 400 100-2400
| DOLOMITIC LIMESTONE 2 ppm ppm 309529 NA. £4-159 | 1.1.75 | 410426 NA N.A. N.A. NA. NA. N.A. N.A. M.A. N.A.
M
B 1 NIMRI FORMATION 900-6800 | 1400-1600
' HYDROTHERMAL OCCURRENCES 3 ppm ppm 358426 | 0782 1328 | 1416 | 20.4-329] 6584 27110 0.204 1.3 800-1000 | 300-1000 ND -10 ND 100-300

Abbrevations like in Table 1,
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Table 3 - Relationship of Pb and Zn elements versus Ca. Mg, Al and Si In all groups

CARBONATE CLAY
METALS
Ca Mg Al Si
Pb decreasing decreasing. increasing variable
relationship relationship relationship refationship
Zn decreasing decreasing- nereasing variable
relationship relationship relationship relationship

Keban marbles and two group of carbonate ores within them are summarized as one group under the
name of carbonate samples and sulphide samples in Keban marbles as one group under the name of sulphide
samples and these new two groups are subjected to correlation analyses (i.e. cluster and factor analyses). Ele-
ment associations are listed in Table 4 and Table 5.

1. Group with high positive correlation (Al, Fe, Mn, Zn, Pb, Cd and Ag) observed in total rock analyses
(Table 4) belonging to carbonate samples exhibits association of metals with clay minerals. Nonexistence of Si
element in this group is supposed to be caused by decomposition of aluminum silicates and thus, while Si is re-
moved from the environment, aluminium hydroxide becomes enriched. 2. Group with high positive correlation be-
longing to carbonate samples (Ca, Mg) is a result of existence of dolomite formation in the environment and ne-
cessity of dolomite formation in the environment and necessity of dolomite during ore formation process.

1. Group with medium positive correlation (Al, Fe, Mn, Zn, Pb, Cd, Ag and Cu) belonging to carbonate
samples differ from 1. Group of high positive correlation with the addition of only Cu element to the same associa-
tion. On the contrary, 2. Group with medium positive correlation (Ca, Mg, Sr, Ba, Co, Ni, Si, Na and K) contains
Ca, Mg, Sr, and Ba elements, which are expected to take place in carbonates, and Co and Ni elements (probably
in pyrite), which are expected to be enriched in clay minerals and Si element, which becomes free during the pro-
cess of aluminium hydroxide from clay minerals. Na and K, here, are probably related with clay composition.

Table 4 - Element groups and assoclations determined from carbonate samples of Keban marbles

A ATE SAMP
High Pasitive Correlation (r » + 0.75}

1. Group: AL, Fe, Ma, Zn, Pb Cd Ag
2. Group: Ca, Mg

Middle Positive Correlation {+ 0. 34 <r <+ 0. 75)

1. Group: Al, Fe, Mn, 2Zn, Pb Cd Ag, Cu
2. Group: Ca. Mg, 8, Ba, Co. N, $, Na. K
High Negative Correlation {r<- 0. 70)
A, Fe, Mn, Zn, Pb, Cd Ag. Cu Ca. Mg, Sr, Ba

1. Group 2. Group

Middle Negative Correlation (- 0. 35 »r > - 0. 70}

Al Fe, Mn, 2Zn, Pb, Cd,  Ag, Cu
Ca, Mg, Sr Ba Co N, Si Na

1. Group 2. Group
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Table 5 - Elemant groups and associalions determined from sulphide samples of Keban marbles

SULPHIDE SAMPLES
High Positive Correlation {r > + 0.7%)

s

Group: Al,  Zn, b, Cd, Ca Si, Ba
2. Group. Mg, Sr, Co.  Ni Na, K. Cu

Middle Paositive Correlation (+ 0 34 <r <+ 0 75)

[y

Group: Al, Zn, Pb, Cd,  Ca 5. Ba. Mn
2. Group: Mg, Sr. Co  Ni. Na K Cu. Fe. Ag

High Negative Correlation {r<- & 70}
Al, Pb, Cd, Ca. Si Mg, Sr. Co N K Cu, Fe,

1. Group: 2 Group
Middle Negative Correlation (-0. 40 >r > -0 70)

Al Pb. Cd. Ca, Si, Zn, Ba. Mn Mg, Sr. Co. NI, K Cu, Fe, Na Ag

1. Group 2 Group

High negative correlation are determined in two groups of carbonate samples. 1. Group consisting of Al,
Fe, Mn, Zn, Pb, Cd, Ag and Cu, points out metals and aluminium hydroxide, 2. Group, consisting of Ca, Mg, Sr
and Ba elements, indicates dolomite formation.

What is important here is that these two groups show a highly positive correlation in themselves but a
highly negative correlation between each other. The elements of the first and second groups represent a highly
positive correlation both in and between each bther but the elements of these two groups show a highly negative
correlation reciprocally. This situation displays that the elements of both groups exhibit two different behaviourial
features separately. On the other hand, a highly negative correlation (relationship) between two groups express-
es that these two different geological events are in the necessity of being the products of developments which be-
long to the same environment and are directly related with each other (This geological event here is expressed
with the word, association). Under the light of these opinions, high negative correlation relationship of carbonate
samples suggests that the clays accompany metals on the one hand and on the other, for the sedimentation or
crystallization (i.e. stabilization) of metal ions, dolomite (and/or dissolution of calcite) is needed for the equilibrium
of the environment from the physicochemical point of view.

A medium negative correlation (relationship) of carbonate samples shows Al, Fe, Mn, Zn, Pb, Cd, Ag and
Cu association versus Ca, Mg, Sr, Ba, Si, Na, Co and Ni association. The first association (group) reflects metals
and aluminium hydroxide and second one, most heavily, dolomite and silica occurrences. As a result of decompo-
sition of clays, aluminium hydroxide and silica become free and these two components take their place in differ-
ent physicochemical environments, it means that aluminium hydroxide and metals are enriched and dissolved Si
separates from the environment or with a different-geostatistical expression, Si supplies association with the ele-
ments of second group.

The above explanation of carbonate samples in Table 4 puts forward the below interpretation:

Metal rich carbonate samples in Keban marbles are the isochronal components of an environment in
which clay and carbonates precipitate together. Metal concentrations together with clay components in the envi-
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ronment become enriched probably with the dissolution of carbonates rich in metal ions. It is suggested that the
dolomitization of dissolved carbonates are closely related with separation processes of metals from dissolved car-
bonates.

Original results observed from total rock analyses of sulphide samples (Table 5), symbolize the complex
and hard interpretable associations observed in the formation,of sulphide mineralizations.

The results of the interpretation efforts of elements of two different group, which correlate positively with
each other, and element associations of two groups, which correlate negatively with each other, can be summar-
ized as follows:

The difficulty in the interpretation of association of both Al, Pb, Cd, Ca, Si versus Mg, Sr, Co, Ni, K, Cu and
Fe with high negative correlation of sulphides necessitates the cointerpretation of associations of medium nega-
tive correlation (Al, Pb, Cd, Ca, Si, Ba, Mn versus Mg, Sr, Co, Ni, K, Cu, Fe, Na and Ag). Therefore, with the use-
ful of elements of coexisting minerals, which accompany to ore minerals and are expected to reflect the environ-
mental conditions, it can be realized that they will interpretate together with ore minerals as a whole.

At the association of Al, Pb, Cd, Ca, Si, Zn, Ba and Mn comprising of the first group, Pb, Zn and Ca are
used for the formation of galenite and sphalerite, Al and Si for clay minerals and Ca, Ba and Mn for relatively low
amounts of carbonate minerals which are associated with clay minerals.

To the contrary of the association of Ca to Mg in carbonate samples, in this group Ca is not accompanied
by Mg and so Mg takes place in the second group. Again, Al and Si observed in carbonate samples are localized
in different groups. These elements, found together in the first in sulphides, exhibit gnother difference. That is, an
environment occurs, which differs from the one that is formed probably dissolution of metal carbonates and ob-
served in carbonate samples, in this environment, conditions of almost no dissolution of carbonates, no dolomiti-
zation and destabilization of clay minerals become important.

Thus, an occurrence form of sulphides in the compositions of directly primary formation of galenite and
sphalerite becomes more and more visible.

Fe, Cu, Co, Ni, Ag indicate particularly pyrite and chalcopyrite as sulphide minerals in the association of
Mg, Sr, Co, Ni, K, Cu, Fe, Na and Ag which consist of the second group. Very low amount of Mg, Sr, Na and K
point out probably the sea water (?). Thus, the second group element association suggests that particularly pyrite
and chalcopyrite rich sulphide mineralizations are most probably affected by seawater.

The above explanation of sulphide samples in Table 5 suggests the below interpretation:

Studies, carried out on sulphide samples in Keban marbles, point out that galenite and sphalerite and also
pyrite and chalcopyrite are the main constituents of sulphides and these two mineral associations occurred suc-
cessively. The occurrences of less carbonate but abundant clay components and probably effects of seawater
can not be ignored in such an environment where an occurrence form expressed by different mineral phases may
become original.

SYNTHESIS

Different genetic interpretation basing on the analyses carried out on ore and host rocks of Keban and its
mineralizations around, which are classified as directly related with granitoids in earlier studies, and especially ge-
ochemical-geostatistical studies, urges detailed evaluation of this subject. For this reason, four samples (AKY-30,
31, 34 and 35) taken from the carbonate levels which are observed concordant to the schists basing on field ob-
servation and which take place in Nimri formation, which is the oldest unit in this region, are analyzed at MTA la-
boratories.

Chemical analyses, XRD and DTA results of these samples are totally listed in Table 6.
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Table 6 - The results of chemical, X-ray diffraction and DTA analyses of four samples In Nimri formation
made in MTA Laboratories. (Yiimaz, 1991 for analytical methods)

RATIOS ELEMENTS AKY. 31 AKY. 30 AKY. 34 AKY. 35
S0 1. 40 5.00 1. 00 2.40
A12 (33 1,20 3,15 4,60 3.55
Fea 03 1.55 12.83 14, 61 34.48
Mn O 2.03 10.04 30 18 26 05
TiO 0 07 0.07 0 03 0 02
Ca 8 49 50 29.90 14. 40 8 10
Ya Mg O 1.90 6.00 015 0.55
Na,., O <0 10 0. 20 015 0.10
KQ?D 0.15 0 20 015 0.15
P:2 05 010 0.10 0 10 0.10
A2 41.70 31. 45 16. 50
BaC 2 40 1.10
S0, 20. 00
H, O 11. 94
s 0.03 017 0 4
Pb 0.06 0. 02 0. 26 3.34
2n 0.05 0.03 1.13 2.35
TOTAL 99. 74 48 96 101 11 99 20
Ba O <0 02 < 02
Zr <0 0t <0.01 <0 01 <0.01
Sr <0 10 <0 10 <0 10 <010
ppb Au 11 150 17 1"
Ag 6.2 54 28.2 162
As 37 380 150 173
Sn <50 < 50 < 50 < 50
ppm Cco <10 <10 < 10 <10
Cr <10 13 22 25
Cu <10 24 33 33
Ni < 10 < 10 < 10 <10
v <10 15 18 20
Ccd <10 < 10 57 10
Sb < 20 < 20 ch | 200
Bi < 50 < 50 <50 < 50
Rb
XAD Calcite {abundant)  Manganocalcite ? - Gypsum (abundant) Goethite ? {(abund. 7)
RESULTS Dolomite {abund.)
Dolomite (rare) Calcite {less) Clay min. (rare) Quartz {very rare 7}
Rhodocrocite? (rare) Quartz {very rare) Dolomite (rare}) Hematite ? {abund, %)
CQuartz (rare) Calcite {very rare}  Clay min. {very rare}
(sericite ?)
Clay minerals {rare) Barile ? (very rare) Amarph substance in
diphractogram
DTA Calcite Dolomite Gypsum Goethile ?
RESULTS Calcite Calcite ? Calcite ?
Clay min Clay min. ?
{Kaolinite 7)
Gypsite ? or
Goethite
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The sample AKY-31 displays a lot of similarities to those samples which are collected mineralogically from
crystalline-dolomitic limestone lithologies of Nimri formation. Micro photographs of those samples are illustrated in
Photo-la in general and Photo 1b in detail. For example, carbonate part is formed by totally recrystallized,
clamped calcite mosaic.

The sample AKY-30 shows a great similarity to those samples which are collected again from crystalline-,
dolomitic limestones of Nimri formation. Those samples represent transition character between the samples in
Photo 1 a in general and Photo 1 ¢ in detail, and Photo 7.

Photo 7 - Solution breccia observed in crystaline- dolomitic limestone {cross nicols.
X 40).

In general sense, the sample AKY-30 has brecciated texture and coarse and medium grained dolomitic
crystals are observed in less fine dolomite and ore mineral matrix. In thin sections made at the other parts of this
sample, clamped, recrystallized calcite mosaic with transition to brecciated texture in some places (solution brec-
cia) are also observed like sample AKY-31. The latter case can be schematized, like in Figure 7, in micro size.

Some feldspar (alkali feldspar?) and quartz (volcanic quartz?) mineral particles are also found in some
places of solution breccia. Dolomite particles as fine dolomite sand become rich in this breccia and brecciated
structure exhibit transition to fractured structure. Dolomite particles together with sericite flakes consist weak lami-
nations in ores.

The sample AKY-34 displays another composition different from the two samples mentioned above. In this
sample, gypsum minerals are widespread. Calcites in dissolved sections show radial growth structures in abun-
dance. These structures are heavily developed in spaces and gypsum crystals accompany them. Thus, calcite
and gypsum phases are met repeatedly in these spaces. Ore emplacement are also accompany to those phases.

The sample AKY-35 is microscopically characterized by enrichment of ore phases with the rock fragments
represented by sericite, very rare gypsum crystals and calcite fillings in some places.
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Fig. 7- Schematized transition from massive struclure to breccious structure in crystalline-, dolomitic imestone {symbolized
places of studied two samples: AKY. 30, 31).

The sample AKY-31 formed totally calcite minerals with 49.50 % CaO and 41.70 % ignition loss rates
shows very close coincident with the carbonates of Nimri formation. MgO ratio is 1.90 % and dolomitization is al-
most absent. The interesting point of this sample is that it contains 500 ppm Zn and 600 ppm Pb. MnO and Fe,O3
draw attention with high rates of 10.04 % and 12.63 % respectively, in the analyses of the sample AKY-30. MgO
ratio is 6.00 %. Secondary psilomelane and pyrolusite minerals are often observed on the rhodochrosite minerals
at the microscopic investigations of this sample (like in photo 1 a, ¢ and photo 2). 200 ppm Pb and 300 ppm Zn
are found in the same sample.

In the samples AKY-34 an AKY-35, Pb rates range from 2600 ppm to 3.34 % and Zn rates from 1.13 % to
2.35 %. Fe and Mn rates are quite high in these samples. Metal contents of these samples are enriched by sec-
ondary processes, which is verified by thin-and ore section studies. It is observed in the samples taken from lev-
els concordant to the schists in Nimri formation as a result of detailed geochemical studies that carbonate phases
which contain Pb, Zn, Fe and Mn metals are replaced by metal rich phases by late secondary processes. As an
original result, the existence of Fe and Mn elements in high ratios in carbonate facies must be emphasized.
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DISCUSSION

In order to introduce a discussion on the origin of lead-zinc mineralizations of Keban and its environs, a
short compilation of general features for Mississippi Valley Type (MVT) and Exhalative Sedimentary Type (SED-
EX) deposits, based on literature, appears to be useful.

MVT deposits are characterized by nonexistence of magmatic rocks at their vicinity, lateral extension over
hunders of square kilometers, thicknesses of less than 100 meters and quite simple mineralogy. Especially, gal-
enite with low silver and sphalerite with low iron content, fluorite, barite, rare pyrite and marcasite are the main
components. Although vein type mineralizations, fracture fillings related with folding and solution and collapse
breccia fillings generally form the important type of deposition, mineralizations show developments as unconfor-
mities of layered, stratabound replacement type in sedimentary host rocks which are consisted of generally dolo-
mite or dolomitized limestones. Solution activities are widespread. Most of the mineralizations occur as open
space fillings in solution breccias, however some are certainly as replacements. Mineralizations are settled at the
sides of large sedimanter basins, shallow depth and structurally passive, anorogenic regions. Although, these
mineralizations are discussed as syngenetic, diagenetic and epigenetic occurrences from genetical point of view
(Ohle, 1959; Synder, 1967; Anderson, 1975; Roedder, 1976; Vaughan and Craig, 1978; Giordano and Barnes,
1981; Sverjensky, 1984; Guilbert and Park, 1986 and Pratt, 1990), they are considered in the class of "suspicious
deposits related with magmatism™ according to the criters of Synder, 1967 (Guilbert and Park, 1986).

SEDEX type deposits usually occur in sedimentary host rocks of Precambrian and Paleozoic age. The
mineralogy with pervasive galenite and sphalerite and abundant of pyrite and pyrotite are typical. Silver and iron
contents are high. Mineral zoning is their typical characteristic. Deposition both in deep sea and in shallow water
sediments is possible. Syngenetic and diagenetic Pb-Zn mineralizations in carboriate and shale host rocks are
especially investigated. Although no direct relation is established between mineralizations and volcanism, most of
the deposits occur either at the same age of some regional volcanic activities or in basins in which significant
amounts of volcanic material are located especially at the lower parts of stratigraphic sequence. Sediment hosted
statiform Cu-Pb-Zn deposits differ from volcanogenic massive sulphide deposits in nonexistence of associating
volcanism. Compared by MVT deposits, these stratiform deposits have significant differences as early mineraliza-
tion time due to basic sediment deposition, more conformity with the basic sediments, higher iron sulphides and
Ag ratios and contents (Gustafson and Williams, 1981; Large, 1981; Lydon, 1983; Edwards and Atkinson, 1986).

Important parameters related with both types are given in Table 7.

Table 7 - Significant parameters of MVT and SEDEX-Type deposits (Generalized after Pratt, 1990)

PARAMETERS MVT SEDEX
Temperature ~100-150° C ~ 100 - 300° C
Satinily 1-3m. 0.5-3m.
pH 4.7 3.5-6
€S 107107 m, 102%. 102 m.
to, 16910 100 10°%
Metals Zn.Pb. Fe, Cu, Ba Zn. Ee. Pb. Cu, Ba, Ag
Teannage <108 51084 »107t
Grade 4-6%Zn+Pb 10-15% Zn + P
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In general sense, genetical critic between SEDEX and MVT deposits includes the discussion of syngenetic
and epigenetic formation type. Ore bearing solutions (metals and/or sulphides) enter the environment, whether
during the formation of primary minerals of rocks of after their formation, constitute the focus of the genetic inter-
pretation problems. According to the recent studies, modern findings lead to the opinions that the feeding chan-
nels of syngenetic occurrences (SEDEX) characterize the epigenetic occurrences (MVT). Thus, these two type
occurrence are related with each other and a combination of continuity due to both formation mechanisms and
characteristics are presented by various authors (Gustafson and Williams, 1981; Pratt, 1990).

Some basic features determined related with Pb-Zn mineralizations of Keban and its vicinity and are given
as follows:

a) According to the field observations, mineralizations are stratiform type deposits concordant to the host
rocks in Nimri formation.

b) Existence of abundant primary rhodocrocite minerals in concordant mineralizations of Nimri formation.

c) In the calcites of primary carbonate minerals of Nimri formation, 500 and 600 ppm Zn and Pb, respec-
tively, are determined due to the geochemical studies (Table 6).

d) As a result of geostatistical evaluations, metals belonging to the mineralizations of Nimri formation and
Keban marbles show strong evidence for the associations of graditionally precipitation and zoning between car-
bonates and clays (Table 3, 4 and 5).

e) Ore formation as matrix of solution breccias and breccias especially in ore bearing level of Nimri forma-
tion.

Thus, some of the above mentioned important criteria related with Pb-Zn mineralizations of Keban and its
environs exhibits similar and/or common character with SEDEX type, though the others with MVT deposits.

INTERPRETATION

Most of the samples are distributed in exhalative sedimentary (SEDEX) type field, when the chemical anal-
yses are plotted on Fe, Pb, Zn diagram illustrated in Figure 8. If the same analytical results are transported on
Cu, Ag, Pb+Zn diagram (Figure 9), again most of them are located very close to the SEDEX field, but their char-
acter of high Ag contents predominates.

Carbonate samples in Keban marbles (Number 7, 8 and 9 in Figure 8) show attractive similarities to those
of Cafana (Malatya) Zn-Fe-Pb-Ba mineralizations of sedimentary type. Although Cafana mineralizations have a
transition type feature between exhalative sedimentary (SEDEX) type and Mississippi Valley Type (MVT) (Pratt,
1990), Keban occurrence exhibit a great tendency toward SEDEX type.

The most important geochemical characteristic, observed in Keban mineralizations, is high amounts of Fe,
Mn and Ag which emphasize close similarities to SEDEX type.

It is a fact that genetically related volcanism in field studies, which is expected to form source rock for ore
development, doesn't exist locally, and this isn't handled sufficiently. But, being aware of the existence of volcan-
ism (metadiabase) within the Permian units in a large regional geology will be able to create important evidence
for the establishment and further strengthening of the relation between the data to be gained from further studies,
and the above interpretation.

CONCLUSIONS

Primary ores of Keban Pb-Zn mineralizations in Nimri formation, whether they are classified as SEDEX
type or MVT, are not skarn type mineralizations directly related with granitoids.
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Fig. 8 - Locations in Pb-Fe-Zn triangle diagram of Keban (Elazig) lead-zine accurrences. (Numbers like in Table-1, but samples
17, 18, 19 and 20 are equal to AKY 31, 30, 34 and 35 in Table- 6, respectively. Related fields are taken from Gustafson
and Williams, 1881; Lydon, 1983; Sangster, 1983 and Pratt. t990).

Metals, belonging to primary ores, could be more enriched later as a result of mobilization with the effect
of granitoids. On the other hand, minerals, formed by mobilizing metal bearing solutions, are located together with
skarn minerals in some places and, on the other, minerals, belonging to granitoids, are added to the primary ore
minerals. Primary ores contain different mineral paragenesis with lower temperatures than skarn type mineraliza-
tions.

Mobilizations related with metamorphism and/or granitoid impact and enrichment processes caused by
weathering are out of the study. The emphasize has been given on the origin of primary ores which constitute
source for mineralizations in the region.
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Fig. 9 - Locations in Cu, AgX10? and Pb+Zn triangle diagram of Keban (Elazig) lead-zinc occurrences (symbels and references
are lixe in Figure 8).

Investigation and separation of mineralizations, belonging to granitoids, which accompany to primary ores,
with detailed efforts during next field studies are very important in order to avoid the complexity of planned stud-
ies.

The subject of the-origin of the lithologies in the Nimri formation and their relations to Keban marble are
left open as an important problem which should later be taken into account.

This paper presents a preliminary study of the understanding of the primary origin of ores at Keban district
with the discussion of the problems related with this subject. The insufficient data basis of this study leads to the
necessity of much more data in order to understand the problems. This type of studies may result in the highlight-
ing of the agenda of the. revrtalization of mining activities again, which are gradually terminating at present.
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GEOLOGY, MINERALOGY AND GENESIS OF YENIDOGAN (SiVRIHISAR) SEPIOLITE DEPOSIT
Mefail YENIYOL*

ABSTRACT. - In addition to the lump sepiolite known as the meerschaum, it has been known that there also exist some
layered sepiolite deposits in the Eskisehir Neogene basin since 1960's. Sepiolite deposit, which is found nearby the Yenidogan
village, southern Sivrihisar is one of the most important one among them. Here, sepiolite occurs as two separate beds in the
upper part of the Pliocene sequence, which is made up of the alternation of dolomites and dolomitic marls. The lower sepiolite
bed is up to 3 m. thick and consists of sepiolite clay and dolomitic sepiolite. The upper one has maximum thickness of 10m.
and it regularly extends over 750 000 square meters. It is made up of the alternation of sepiolite clay and sepiolite-rich layers
and lenses. Sepiolite clay consists of over 90 % sepiolite mineral and also organic material in varying proportions but not ex-
ceeding 10 %. It may also contain quartz, feldspar, ilite, dolomite and pumice grains less than 5 %. Dolomitic sepiolite is the
most abundant sepiolite-rich material in the upper bed. Its dolomite content is less than 50 %, and in some cases, ilite and
quartz grains may also be found in trace amounts. Sepiolite has been deposited at the shallow margins of alkaline lake, short-
living ponds and marshlands. Si* and Mg *-rich solutions with 8-8.5 pH values have probably favoured sepiolite formation. Un-
der these conditions, sepiolite was formed by direct crystallization and precipitation from the lake water. It was also formed from
the solutions circulating through the intergranular space and along the desiccation cracks during and after diagenesis.

INTRODUCTION

Meerschaum occured near Eskisehir, has been used to make pipes and ornamental goods for centuries
owing to convenient physical features. The meerschaum exists as lumps in Neogene aged conglomerates, has
been known as the only kind of commercially valuable sepiolite. The existence of sedimentary and layered sepio-
lites was discovered in this region by MTA researches in 1960's. Technical reports of MTA investigations on eco-
nomical evaluation mention these sepiolites as "layered meerschaums”. First published study on this subject be-
longs to Akinci (1967). The sepiolite occurrence located in southwest of Eskisehir was investigated in this work.
The position of sepiolite in the sequence was described along a section and some mineralogical information was
given. In 1960's, few amount of sepiolite from the sepiolite deposits in the south of Sivrihisar country which is the
subject of this text, was exported in order to use as drilling mud. Later, any exploitation or exploration on these
sepiolites has not been done.

Layered sepiolites form deposit which presents economic reserve due to their occuring manner. Owing to
their physicochemical features, the sepiolites have become on interesting industrial mineral which is served in-
creasing number of usages during last several decades. The study of the subject of this text is one of works
based on deposition, mineralogical and original characteristics of this kind of sepiolites which has not been suffi-
ciently investigated and has not been submitted for industrial usage yet. The sepiolite deposite in the south of Siv-
rihisar which is considered as one of the most important occurrences owing to its reserve, is descripted in this ar-
ticle (Fig. 1).

GENERAL GEOLOGY

Pre-Tertiary and Neogene aged rocks outcropped in investigated and surroundings area. Pre-Tertiary
rocks form morphological heights which extend in northwest-southeast trend. In a field about 25 km. southwest of
investigated area, this old lithology is mostly represented by recrystallized limestones and serpentinites that are
occasionally in dolomitic character and contain schist layers (Yeniyol, 1982). Marbles, recrystallized limestones,
gneiss, schist and granodiorites are located in about 12 km. northwest of the area, and ultramafics are out-
cropped in an island shape about 30 km. northwest of the area due to erosion of Neogene aged cover. Lime-
stones, marbles, schist and gneiss are in Mesozoic(probably Cretaceous) age (Niehoff, 1964). The emplacement
age of ultramafics mostly represented by serpentinites and intrusive rocks in which granodiorites are dominant, is
Upper Cretaceous (Erentdz, 1975; Yeniyol, 1982).

The region has been affected by structural movements in uplift and subsidence character between Lute-
tian and Neogene (Erent6z, 1975). The morphology which is almost today's morphology has been exposed by
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these movements of initial regional gravity faultings which extend in northwest-southeast trend and subsequent
tectonic lines extending in northeast-southwest trend. Neogene sedimentary rocks have been deposited in subsi-
dence areas bounded by the morphologic heights of peneplanated old lithology, and coarse-grained material has
been deposited in especially marginal sections, and the thin, clastic material has been deposited in inner sections
during the first period of sedimentation in which tectonics was active. Rocks produced by chemical precipitation
have been deposited at upper part of the sequence during the subsequent period of slow and quiet tectonic activi-
ty. Volcanic products which have been occasionally developed in Miocene and have been increased in Pliocene
(Erentdz, 1975), were also added to sedimentation.

Entire investigated area is covered by Neogene sedimentary rocks (Fig. 2). These rocks form a 200 m.
thick sequence from the valley floor of Sakarya River which runs nearby the east boundary of the area. Strati-

graphic sequence may almost be described as three rock assemblages according to sedimentation environments
and some lithologic differences.

First section of the sequence from the basement is approximately 80 m. thick and consists of dolomite,
dolomitic marl, tuff, sandstone and alternation of silty and clayey rocks. Hard and micritic dolomites are occasion-
ally loose. Some dolomite beds contain abundant freshwater gastropoda fossils. Numerous dolomite beds are sili-
cified probably due to volcanic activities. The dolomite beds are located in 5-10 m. intervals and their maximum
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Fig. 2 - Geological map of Yenidodan (Sivnhusar) sepiolite occurrence.

thickness is 10m. in some places. Acidic tuff and volcanic material-bearing sandstone are frequently alternated
with dolomites in this section of sequence. Dolomitic marl, detrital sandstone and silty-clayey beds are added this
alternation in the upper section of sequence, and 1-1,5 m. thick, hard, silicified dolomite bed is located at the top

(Fig. 3).

The following rock assemblage which is dominated by dolomitic sedimentation, is approximately 40 m.
thick and comprises of dolomite and dolomitic marl alternation. The base of the assemblage is 1-2 m. thick crys-
talline gypsum. Green and brown chlorite-corrensite clays deposited in brackish environment are added the dolo-
mite-marl alternation in the middle and upper sections.

Rock assemblages described above are formed a dome structure in the outside and in the east of the
studied area by vertical movements occured after sedimentation. Rocks outcropped in southwest of studied area
have dips to north and northwest as continuation of this structure. The uppermost rock assemblage which com-
formably overlies the others, has dips to the same directions. It is thin in southwest of investigated area. The dip
decreases in north, in west and in northwest of the area, and the layers become almost horizontal layers. The

thickness exceeds up to 70 m.

The observable succession of this assemblage starts with a light green-white coloured, loose, over 2 m.
thick magnesite mudstone bed (Fig. 3; YD-1). Dolomite and dolomitic marl alternation that contains two main sep-
iolite beds, overlies the magnesite mudstone. The uppermost bed is a hard, over 3,5 m. thick micritic dolomite.
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Dolomites are dark white-beige coloured, usually hard, tight and micritic, and occasionally are loose and
chalky and in detrital texture. Main mineral in composition is dolomite. Besides trace amounts of talc mineral is lo-
cated in some beds as a product of chemical precipitation (Isphording, 1984).

Dolomitic marls comprise 50 % dolomite and 50 % clay minerals. Accompanying clay mineral is sepiolite
in lower sections. It is possible to classify that composition of marls as "sepiolitic marls”. Trioctahedral smectite
(Stevensite ?) * sepiolite in the upper sections, smectite and chlorite in the uppermost sections of assemblage
are located as clay components of marls.

Both dolomites and marls contain very few amount of thin, angular quartz, muscovite and rounded volcan-
ic glass grains. Moreover there may be sparse and having maximum 1 mm. diameter reworked material grains
such as rounded dolomite, sepiolite and smectite in some beds. They have been added to sedimentation prob-
ably during arid periods.

Frequent or sparse organism burrows that indicate shallow sedimentation environment are secondary
structures which are observed in many beds. Fenestra and boxwork structures are formed by desiccation cracks
with secondary dolomite fillings are also observed in some beds (Fig. 3; YD-3, 19, 20). They are developed verti-
cal or parallel to bedding and indicate that sedimentary materials were occasionally exposed above the water lev-
el during extremely arid periods.

SEPIOLITE

Sepiolite formations as in two separate beds outcropped at the lower half of uppermost rock assemblage
(Fig. 3). 3 m. thick lower sepiolite bed is observed along the "measured stratigraphic section”. Lower and upper
sections of this bed are dolomitic sepiolite in detrital character (YD-8). It is composed of sepiolite matrix and dolo-
mite grains. Laminated and 50-60 cm. thick sepiolite clay is situated in the middle section (YD-8). This sepiolite-
rich bed is definitely bordered by dolomites at bottom and top of it. The thickness laterally decreases, and the
composition grades to dolomitic sepiolite.

The upper sepiolite-rich bed regularly extends and can be observed along the slopes in entire investigated
area. Maximum thickness is 10m. in southwest-and northwest of Tekke Tepe (Fig. 3, 4). Thickness regularly de-
creases southwards and southwestwards, and finally the bed disappears. It comprises sepiolite clay, sepiolitic
marl and the alternation of layers and lenses composed of sepiolite and dolomite at various rates.

Sepiolite clay is as lower and upper separate layers (Fig. 4). It has been occured that small size lenses
came together and above each other. Lateral continuity of lower sepiolite layer is shorter than the other, and max-
imum thickness is 2,5 m. in some places. Upper layer continues in entire area except an interruption is observed
at the morphologic defile in south of Tekke Tepe. Maximum thickness is 3,5 m.

Sepiolite clay in soft wax characters when it is wet. The colour is beige or brown in general, and is dark
brown or even is black when it includes organic matter. Dry sepiolite clay is too light and its colour is light beige or
beige. Sepiolite clay in some places has homogeneous appearance, and is laminated or thin bedded. It is splitted
into thin sheets parallel to lamination when it gets dry. These sheets resemble mountain leather. Rounded intra-
clasts composed of sepiolite may occasionally be located in sepiolite texture at varying rates. Sepiolite clay in
some places has massive structure and detrital character that the bedding is not developed well like on the quar-
ry in west of Tekke Tepe.

Thin tuff, diatomite and chert intercalations located in sepiolite clay are observed at some trenchs in south-
west of Tekke Tepe (Fig. 2, 4; 13, 14, 25, 26). Tuff consists of white acidic glass (pumice), vermicular biotite in 1 -
2 mm. size and accessory muscovite. Tuff is situated as thin beds of 0.5-10 cm. in thick, as alternated with sepio-
lite or as disseminated angular detrital material in sepiolite. Diatomite is located close to tuff material and as dis-
seminated diatom tests in sepiolite or as a few cm. thick beds that have been formed by intensive diatom test ag-
gregate. Chert is as nodules in a few cm. size or as thin bands.
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The material described as "dolomitic sepiolite” which contains over 50 % sepiolite, constitutes the biggest
portion of the volume in upper sepiolite bed. The colour of dolomitic sepiolites varies from white to light beige and
beige according to sepiolite content in composition, and their unit volume weights decrease.

Dolomitic sepiolites have massive structure, their beddings are not developed well in general. Some of
them are produced by chemical precipitation and are fine-grained. They occasionally have detrital structure and
contain intraclasts which their maximum size is 1 cm. in some places but generally in sand size or finer. These in-
traclasts are sepiolites and dolomites belong to same aged sediments. When dolomitic sepiolites get dry, form co-
lumnar desiccation cracks that have been developed in various dimensions at outcrops. These cracks are occa-
sionally vertical to beddings.

Dolomitic sepiolites are occasionally in meerschaum character at upper sections of the main sepiolite-rich
bed that described above. This white or occasionally light beige coloured matter is not dispersed in water. It can
easily be chiseled and be treated. Meerschaum has detrital texture and porcelain appearance, and is fine-
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grained. Sparse and 1-2 cm. opened poligonal desiccation cracks have been formed in wet condition at outcrops.
This maximum 1.4 m. thick and roughly lense shaped meerschaum has a specific economic importance among
the other sepiolite-rich materials in the deposit.

Young sepiolite formations as thin veins and the tracks of plants and organism burrows which indicate the
depositional environment are observed in both dolomitic sepiolites and sepiolite clay. Besides fenestras and box-
works that have been occured concerning arid periods are observed. (Fig. 3; YD-12, 16, 9, 20).

Sepiolite clay and dolomitic sepiolites laterally grade to each other. This gradation vertically lasts a short
distance. There is also a sharp boundary relation between them in some places.

The upper sepiolite bed described above, is bounded at the base by a hard, varying thick dolomite layer
(YD-10). A hard dolomite bed with relief which is occasionally in dolomitic sepiolite composition overlies the upper
sepiolite bed (Fig. 3; YD-18, 19, 20). This bed in which detrital character and fenestra structure are observed, is
occasionally overlain by thin magnesite and magnesite-rich clay formations. Dolomitic sepiolite with lateral conti-
nuity in some places and the beds composed of sepiolite+triocthedral smectite (probably stevensite) which occa-
sionally have fenestra structure and paleosol character are also located.

MATERIAL AND METHODS

Measured stratigraphic section of the upper of the sequence in which sepiolite formations are located, is
prepared in order to detailly observe and to describe the superposition manner and the textural features, mineral
composition and its variation. Furthermore, 34 trenchs in sepiolite-rich beds vertical to bedding are opened. 170
samples are collected from various lithologic units, from the stratigraphic section and trenchs, from wells and the
quarry for investigations at laboratory. These samples are firstly examined under binocular microscobe. Later
XRD analysis of 38 required samples, microprobe analysis and scanning electron microscobe (SEM) analysis of
5 samples and the chemical analysis of 46 samples are carried out.

Qualitative mineral determination are also carried out by Philips XRD equipment. Analysis are created on
non-oriented powder preparatories that are prepared by grinding the samples in natural state. In the same
records, integral field of the first pique (110) belongs to sepiolite and the maximum pigue heights of the other min-
erals are compared and the semiquantitative composition is estimated.

As an approach, estimation of the quantitative composition on dolomitic sepiolites are carried out by
means of a prepared working curve. Both CaO analysis and the XRD records of the samples taken from sepiolite
occurrences in Eskisehir area, are carried out. These samples have different dolomite/sepiolite ratios. CaO per-
centage values which are calculated from chemical analysis, are accepted as abscissa and the ratios of the most
severe piques of XRD records belong to dolomite and sepiolite minerals (DO/ASp) are accepted as ordinate
(Fig. 5), and a curve is prepared in this way. During the routine works about to determine the composition of the
only samples which are taken the XRD records, this curve is used.

Samples in different composition and textural features are used on electron microscobe investigations.
Samples are firstly plated by a thin gold film. Later, analysis are carried out by using JEOL-733 electron micro-
probe and JSM-T330 scanning electron microscobe.

Only the CaO analysis is carried out in order to calculate the dolomite percentage in dolomite-bearing
samples. For this purpose, carbonate in samples is solved with 1M Hcl solution. Later, CaO percentage is deter-
mined by atomic absorption. Dolomite percentage tn composition is calculated from these values. Entire rock
analysis is carried out to define the chemical composition of sepiolite clay. Firstly, sample in natural state is roast-
ed at 1000°C for two hours. Later chemical analysis is carried out by combination of atomic absorption and the
wet method. Oxide percentage values that are turned into normal temperature according to total water loss and
the analysis results of a classical meerschaum type sepiolite are given in Table 1 for comparison. Oxide percent-
ages in Table 1 are usual values for sepiolite mineral. However, Al,O, and Fe,0, values of sepiolite clay are
higher and MgO value is lower than meerschaum. This indicated that octahedral Mg is substituted with more
amount of Al and Fe in sepiolite clay.
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Table 1 - Chemical composition of sepiolite clay

(1) (2)

Si0, 54.04 54,02
Al203 2.85 0.19
FGQOS' 1.08 051
MgO 20.69 2313
MnO 0.01

CaC 0.19 0.06
Na,O 0.1 0.02
KZO 0.69 0.02
AZ 20,07 21.63
Total 85,74 9958
* Totaliron.

{1) Masswve seproite clay

{2) Meerschaum { Yeryol and Oztunali 1985
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TEXTURE

It is observed that laminated sepiolite clay is formed by sepiolite fibers under scanning electron micro-
scobe. Occasionally ondulated fibers are suited for bedding plane, are stacked as parallel or almost parallel to
each other. They cause the lamination at this type of sepiolite. Round, having diameters of less than 0,5 mm.
sepiolite grains of eolian origin are sparsely located in sepiolite groundmass of laminated sepiolite clay in some
cases. Sparse or intensive intraclasts are located in sepiolite groundmass in some beds and in some places.
They are in varying size and their maximum diameters 1-2 cm. in some cases. Primary laminar structures at sepi-
olite composition are kept in intraclasts. The shapes of intraclasts are flat or round and their corners are rounded.
It is observed that intraclasts are made up of dolomite in some cases. Furthermore, muscovite, vermicular biotite
and volcanic material such as volcanic glass and tuff grains are situated in sepiolite groundmass. They form
sharp boundary with sepiolite groundmass in some cases.

Massive sepiolite clay consists of intraclasts and groundmass. Volumes of intraclasts are irregularly dis-
persed. They may up to 2-3 cm. in size, but generally are in sand size or smaller. These laminated, subrounded
and flat intraclasts are in sepiolite composition. Their corners are also rounded. Detrital texture is clear under mi-
croscobe. It is observed under SEM that the material consists of grains in2m-15msize and sepiolite in fiber struc-
ture which fills the intergranular space. After the grains have been deposited and during the diagenesis period,
the sepiolite has been lined up parallel to grains, later has laterally become larger from grain surfaces, and has
covered the volume. The length of sepiolite fibers is 0.5-1 m. Over 15m.long fibers which are grown up in later peri-
od can occasionally be observed (Plate I, fig. 1).

Some dolomitic sepiolites in detrital character have textural features similar to massive sepiolite clay. How-
ever, intraclasts may be sepiolite and groundmass is sepiolite or intraclasts may be dolomite and groundmass is
sepiolite. In some cases, intraclasts comprise of both sepiolite and dolomite at varying rates. As a result of these
variations, material has a gross composition of dolomitic sepiolite character in any case.

Dolomitic sepiolites which are products of chemical precipitation consists of dolomite and sepiolite miner-
als that are smaller than 1m. Homogenous structure of dolomitic sepiolites which can be observed both by micro-
scobe and naked eye, due to different crystal morphologies, mixed dispersion at volume of two minerals and their
flocculation after precipitation in electronic environment.

Sepiolite in meerschaum character is fine-grained and has detrital texture. Grain size varies from very fine
sand to 2m. Sepiolite fibers which have reciprocally become larger and have clamped as vertical to grain surfaces
in the intergranular space, probably have caused that the material does not disperse in water (Plate |, fig. 2). Oc-
casionally observed calcite formations which have been occured in intergranular space after forming of sepiolite,
also probably have caused that the material does not disperse in water and has a white colour.

MINERALOGY

Clay mineral component in all kinds of sepiolite-rich materials is the sepiolite mineral which is pretty well
crystallized in some cases (Fig. 6). The sepiolite mineral exists over 90 % in composition of laminated sepiolites.
Organic matter is also located in composition of almost every sepiolite clay of this type. But the ratio of organic
matter which causes the dark colour sepiolitic clay, is not over 10 %. Both intraclasts and groundmass in sepio-
lites with massive structure, are made up of the sepiolite mineral. This type of sepiolite does not contain organic
matter. Its sepiolite content is over 90 %. Dolomite intraclasts, detrital quartz and sericite, feldspar and rounded
volcanic glass grains may also be located in composition. Their total proportion in composition is not over 10 %.

Dolomitic sepiolites usually include 50 % or more sepiolite. Principal component except sepiolite is the dol-
omite mineral (Fig. 6). There are occasionally 5-10 % illite, very few detrital quartz and volcanic glass in dolomitic
sepiolites at upper sections of main sepiolite bed. The material becomes sepiolite-rich dolomite where the sepio-
lite content decreases under 50 %. However, sepiolite is 10 % or more in almost every case at main sepiolite
bed. Meerschaums include 50-70 % sepiolite, few dolomite and in some cases very few calcite.
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ENVIRONMENT AND GENESIS OF SEPIOLITE

Sedimentation basin in which Neogene lithology deposited is an alkaline lake covers broad depression ar-
eas connected with each other in regional scale and shallow lakes and ponds which have been separated from
the main mass during the arid periods caused that the lake became smaller and have been combined with main
lake mass during the rainy periods. Sedimentation in this playa or similar to playa kinds of lakes have occured un-
der evaporite conditions and generally in chemical precipitation way. Limited detrital and volcanic material have
also been deposited during in some periods.

Stratigraphic and lithologic features indicate that the seasonal rainy, arid or semi-arid climates have domi-
nated in the region. Under these climatic conditions, pre-Neogene aged rimrocks have been subjected to chemi-
cal weathering, and the materials mainly in ion and gel state have been transported to basin by surface waters
with low energy during the rainy periods. Recrystallized limestones which are the most regional widespread rim-
rocks are principal source of Ca® ions that have been transported to sedimentation basin. There is no other
widespread rimrock which can be the source of this ion needed for dolomites which is the dominated lithology in
the sequence. Ultramafics which are secondly most widespread rocks and their derivative rocks (serpentinites)
are main sources of Mg ions needed to dolomites and magnesium clays. Furthermore, Mg® presentation as at
few rates from dolomitic sections of recrystallized limestones is probable. Ultramafics have provided Si*" ions to-
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gether with Mg® ions to basin. During these phases, additional silica has been also presented from devitrification
of volcanic glass and ash which has fallen into water by volcanism that occasionally accompanied with sedimen-
tation.

Slightly uplift of rimrocks by occasionally occured vertical movements and slightly folding of the sediments
by progressive subsidence of the basin caused that the detrital materials together with ions have been transport-
ed from rimrock to basin. However, this detrital material have reached to inner sections of the basin at limited rate
and during the periods in which the surface waters have had high energy. Another source of clastic material is
acidic volcanism. Volcanoclastic materials such as thin tuff, ash and glass (pumice) have been added to sedimen-
tation environment by volcanic activity. The sediments have come up to atmosphere and have got dry due to nar-
rowing of the lake area during arid periods. They have been eroded during the following wet periods, and have
been transported by winds and waters. They have deposited again, so clastic materials have been added to sedi-
ments.

Quartz, feldspar, biotite, sericite and illite are the minerals which have been transported from rimrocks or
have been added with volcanic activity. Calcite, dolomite, magnesite, celestite, gypsum, corrensite, chlorite, talc
and sepiolite are authigenically formed. The formation of these authigenic minerals have been controlled by Ca*,
Mg*+, Si*", SOf‘ ions and their abundance, partial press of CO,, temperature of environment, evaporation, or-
ganic catalytic and the other environmental conditions.

The formation of dolomite is still discussible. It has been formed during arid periods with chemical precipi-
tation owing to increasing of Mg®/Ca®" activity in lake water by precipitation of magnesium silicates. Dominating
climate and other conditions at basin were generally convenient for dolomite formation. Gypsum, corrensite-
bearing clays, magnesite and sepiolite have been formed in extreme climate conditions.

Lithologic features at middle section of the sequence indicate that the lake water occasionally has become
brackish by adding SO,” ions. Chlorite-corrensite clays and gypsum formations have occured under hypersaline
environment conditions during very arid periods owing to extreme evaporation (Weaver, 1984). During very ex-
treme evaporation periods which the lake has nearly got dry, magnesite with over 10 pH values has been precipi-
tated due to decreasing the other cations and increasing Mg® concentration in environment (Alderman, 1965).
Magnesite may also have formed owing to high hidrate character of Mg* ion. In this way, magnesium probably
has been formed at first as an hydrous magnesium mineral such as hydromagnesite or nesquehonite, later by de-
hydratation of them (Langmuir, 1965). Calcite has been occured during the post-diagenesis phase which was
convenient to form calcite, probably by ground water that was in about 8 pH value needed for sepiolite forming, in
the intergranular space and cracks (Galan and Ferrero, 1982).

Formation of sepiolite which is an indicator of paleoclimate, have taken place under the seasonal rainy,
arid or semi-arid climate conditions (Gallon, 1984), but during the rainy periods as clearly observed with field
data. The environments in which sepiolite has been precipitated are the marginal sections of lake basin which its
pH has decreased by feeding of surface waters, short-lived ponds which have located at the edges of main water
mass and their mixture zones which have exchanged water with main lake mass and the marshlands in which
short-lived plants could have lived.

The pH value must be between 8-8.5 in order to form sepiolite according to works related to sepiolite and
the investigations purposed synthesis of this mineral (Siffert, 1962; Wollast et al., 1968; Hegelson et al., 1969;
Singer and Norrish, 1974; Khoury et al., 1982; Galan and Castillo, 1984; Abtahi, 1985; et al.). The low rates of
A* in the environment have made the sepiolite formation possible as a stable mineral phase instead of paly-
gorskite which occurs under the same environmental conditions.

The Ca+Mg/Si ratio has decreased owing to dolomite precipitation. Sepiolite with about 8-8.5 pH values
has been formed by convenient saturation index which have provided with Mg”™ and Si** ions that have been
added to lake water by surface waters during rainy periods (Khoury et al., 1982). Field and laboratory investiga-
tions are demonstrated that there is not a direct relationship between sepiolite formation and volcanism. Howev-
er, devitrification of volcanic glass might have provided an indirect aid in order to increase the Si* proportion
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needed for sepiolite formation. Therefore, sepiolite has been formed under appropriate environmental conditions
in three different ways and phases; 1) direct chemical precipitation from lake water, 2) precipitation from inter-
granular solutions during diagenesis phase, 3) precipitation as crack filling during post-diagenesis phase.

In small ponds and marshlads which are fed with fresh surface waters, sepiolite has been formed with di-
rect crystallization and precipitation defined as chemical precipitation. In the environments which the electrolytic
concentration was low so flocculation was not effective, the sepiolite fibers have lined up as their long axis paral-
lel to base, and caused the sepiolite clay has had a laminated structure. Under the conditions which fresh water
has mixed with lake water, sepiolite and dolomite have together been formed by chemical precipitation with the
solutions which their compositions are seen between dolomite and sepiolite areas on the Hegelson et al. satura-
tion diagram (1969) (Fig. 7). Because of the different crystal morphologies of these two minerals, flocculation ef-
fect of the electrolytes in environment and stable precipitation conditions, a massive structure is observed in this
type of sepiolite material.

Formed sepiolite and related sediments have occasionally got dry when they have outcropped by shrink-
ing of lake area during arid periods. These sediments have been eroded, transported by surface waters and de-
posited again during the following rainy periods. The material has rapidly been deposited in this way, and has
formed detrital "dolomitic sepiolites™ which have varying dolomite/sepiolite ratios according to kind and spreading
of the outcropped sediments.

During diagenesis phase which represents the second formation way, sepiolite has been formed in the in-
tergranular spaces of the detrital sepiolites and the sediments composed of sepiolite and dolomite. Sepiolite has
occured with appropriate pore solutions by growing up from grain surfaces and vertical to these surfaces as fi-
bers. Growing fibers in this way have reciprocally been clamped, and have caused dolomitic sepiolites do not dis-
perse in water and have meerschaum character in some cases.
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Besides two formation ways considered above, sepiolite has also been formed during post-diagenesis
phase or later phases. In these phases, sepiolite has produced thin veins as filling of desiccation cracks by pre-
cipitation from ground waters.
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Fig. 1 - Scanning electron micrograph of massive sepiol
Linear scale = 10 micron.

Fig. 2 - Scanning electron micrograph of meerschaum.
Linear scale = 10 micron.
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PYRITE OCCURRENCES NEXT TO THE ATTEPE IRON DEPOSITS, FEKE-ADANA, TURKEY
Ahmet AYHAN*, Suayip KUPELI* and G.C. AMSTUTZ**

ABSTRACT. _ The pyrite occurrences described in this paper are located in the lowest section of Infracambrian sequences situ-
ated along the eastern border of the Attepe iron ore deposit in the Mansurlu District of Adana. The pyritic formations represent
two different mineral parageneses. The dominant group is represented by thin pyrite layers and pyrite-bearing carbonate layers
alternating with dark gray to black colored carbonaceous shales and phyllites, whereas the second group is found in siderite
veins associated with fahlore. Sedimentary pyrites occurring mostly as small massive layers, lenses, isolated single crystals, di-
agenetic injection drops, defined in this study, and veins exhibit typical sedimentary and some distinctive geochemical features
compared with the other. Their depositional and diagenetic features indicate a mode of sedimentary formation of pyrites under
reducing conditions during the Infracambrian. On the contrary, pyrites in siderite veins having quite varying amounts of minor
elements such as Cu, As, Sb, Co, Se and Hg when compared to the sedimentary pyrites, must have formed as a younger gen-
eration by an epigenetic process between post Cretaceous and Paleocene.

Key words: Pyrite occurrences, sedimentary and hydrothermal origin, geochemistry, Eastern Taurus, Turkey.
INTRODUCTION

The Attepe iron ore deposit, situated in the northern part of Mansurlu Village near Feke, Adana, is the sec-
ond biggest mineable iron deposit in Turkey (Fig. 1). The pyritic rocks of Infracambrian age occurring along the
eastern boundary of this deposit have been studied in detail.

The aim of this study is to examine the pyritic formations appearing either stratiform or as veins and to elu-
cidate the occurrence of sedimentary pyrites. For this purpose, first of all, a geological map of the Attepe District
was prepared, and later hand specimens taken from the pyrite-bearing rocks and their hostrocks were analysed
geochemically and studied mineralogically.

GEOLOGICAL SETTING

The Attepe District, situated in the western part of the Eastern Taurus belt, is represented by rocks of the
lower section of the autochtonous Geyikdagi tectonic unit. The exposed rocks of this unit ranging from Infracam-
brian to Middle Cambrian in age have been subdivided into three lithostratigraphic units, the Kandilcikdere, At-
tepe and Caltepe formations (Fig. 1).

Horst and graben structures along two main faults striking in a NW-SE direction were developed in a ten-
sional regime, most likely during Mesozoic time. On the other hand, all rocks were subjected to the low grade
metamorphism of the greenschist fades.

The Kandilcikdere Formation has been described here, as the pyritic levels are confined only to this forma-
tion. It is composed mainly of dark gray and black shales and phyllites. It is now almost entirely exposed due to a
mining operation carried out in the eastern section of the Attepe iron deposit, and the best exposures lie along the
edge of the northern horst block (Fig. 1). Because of faulting, its base is unknown. It displays a limited lateral ex-
tension with a thickness of 80 m., and is overlain conformably by the Attepe Formation.

Shales and phyllites were partly folded and, in places, faulted and fractured. In these pelitic rocks, typical
samples of synsedimentary and diagenetic structures such as lamination, loadcast and geopetal structures are
common. Some of the lenses, boudinage and flow structures are related to the late diagerretic and subsequent
metamorphic processes. Pelitic rocks composed of mainly sericite, quartz, feldspar, chlorite and opaque minerals
have been described as shale, phyllite, quartz phyllite and sericite-quartz phyllite.

No fossils have been found in Kandilcikdere and Attepe formations yet. Consequently, a relative age of In-
fracambrian is given for these formations, which are unconformably overlain by the Lower-Middle Cambrian
Caltepe Formation.
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Fig. 1 - Geological map and cross-section of the study area. Scale is the same for both.

FIELD OBSERVATIONS

In the study area, there are two groups of pyrite occurrences in the shales and phyllites of the Kandilcik-
dere formation: Sedimentary pyrites, and pyrites in the siderite veins. These are differentiated on the basis of ore

geometry, relationship to hostrock, mineral paragenesis and some synsedimentary features.

Sedimentary pyrites occur mostly as layers, groups of laminae, lenses, diagenetic injection drops and
veins, individual grains in "disseminated” patterns (Fig. 2). Aimost all pyrite-bearing layers and laminae of a few
mm to 5 cm. in thickness alternate with the hostrocks. Black layers with high amounts of organic material contain,
in most cases, fine-grained, disseminated pyrite crystals. On the other hand, light gray layers composed of mostly

calcite have more coarse-grained pyrite.
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Fig. 2 - Relations between pyrite-bearing laminae and injection drops in shale.

Although some of the pyrite-bearing layers or groups of laminae show bedding, others appear disturbed so
that the bedding is partly obliterated by the syndepositional and syndiagenetic deformation processes. In addition,
all of the rocks have undergone low grade metamorphism and tectonism.

The pyrite-bearing rocks display many sedimentary features such as bottom to top features, rhythmicity,
microcross-lamination, slump folding, diagenetic load casts, lenticular bedding, various other geopetal fabrics,
plastic deformation fabric and diagenetic fissure fillings.

A typical feature of all pyrite-bearing layers is their distinctively shaped lower and upper surfaces. Most of
the lower surfaces of most layers or groups of laminae are irregular. These are the result of submarine currents
and load cast formation. Continuous or occasional submarine currents and compaction periods must have
caused mechanical and partly chemical errosion on the yet hydroplastic mud like beds and laminae. This may be
the reason of the irregular nature of their lower surfaces. Such curved surfaces were progressively deepened
through the loading effects of the overlying sediments such as intensive pyrite accumulations. The overlying lami-
nae were placed both unconformably and conformably on the underlying pelitic constituents, where some pyrite
assemblages have a lateral and vertical graded bedding through carbonaceous pelitic and carbonate materials.

Laminated portions of pelitic rocks containing pyrite grains of variable size show differently shaped micro-
folds. These microfolded laminae imply a deformation stage connected with lateral gravity vectors and horizontal
compression (Zimmermann and Amstutz, 1964). All primary depositional structures have undergone, to a certain
degree, some diagenetic-tectonic processes.

Late calcite veins crosscutting the earlier structures indicate two stages of tectonic activities and calcite fill-
ings. Diagenetic vein fillings are easly distinguishable from post diagenetic cracks and fillings, which cut earlier
structures and layers over considerable distances.
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PETROGRAPHICAL STUDIES

Sedimentary pyrites

Individual euhedral pyrite grains are widespread especially, in black shales, but in most cases they form
coarse-grained crystals in calcite-rich portions of shales, diagenetic injection drops and vein fillings. Most of the
pyrites are euhedral to subhedral. They appear dominantly as cubes and, to a lesser degree as pyritohedral and
octahedral forms illustrated by Love and Amstutz (1966), and, Zimmermann and Amstutz (1973). Their grain size
ranges from 20 m to 2 mm. Some of the large euhedral pyrite grains were replaced by calcite along crystal sur-
faces and show a remarkable zonation. The etching tests and different reflectivity values of pyrites reveal such
zonation, being a result of overgrowth on the previously formed pyrite grains (Fig. 3). Their central parts contain
numerous inclusions and replacement products of gangue materials and opaque minerals such as pyrrhotite,
chalcopyrite and sphalerite, whereas most of their zoned peripheral portions are quite pure. This case indicates
the presence of different stages taking place during diagenesis. These are more likely diagenetical overgrowths.
However, they could also form by the gradual transformation of depositional pyrites to euhedral pyrite grains. A
similar formation mechanism of pyrites was described by Udubasa (1984) for the iron sulfides in the black shales
from Romania.

Framboidal or ring-like pyrites were observed either in the voids of massive pyrite populations or in very
few laminae including populations of carbonate intraclasts, tiny individual pyrite grains, detritic quartz, zircon and
tourmaline grains. The nuclei of these spheres are represented mainly by fragments of quartz and pelitic rocks as
well as by leucoxene. Pyrite rings are composed of tiny, euhedral pyrite crystals with a grain size of 0.1 mm. Their
crystal habit is more frequently cubic. Since the aforementioned-spherical forms occur in the same horizon with
detritic minerals such as quartz and zircon, they could be related to the submarine currents caused to develop an
envelope of pyrites around nonpyritic materials by rotational movements. The pyritic portions have undergone
subsequently a diagenetic recrystallization which is connected with the burial grade varying from shallow to deep.

Fig. 3 - Zonation of pyrite crystals. Polished Section, //N, 32 X, in immersion oil.
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The great amounts of framboidal pyrites formed between densely packed large euhedral pyrite grains,
which grew during diagenetic recrystallization (Fig. 4). Pyrite spheres range from 50 to 200 m m. Their external
outlines are relatively even. Microcrysts of pyrite spheres are euhedral to subhedral in habit. They are mostly
loosely packed and originated through progressive modification of a colloid of iron monosulphide associated with
an organic component into a sized sphere (Kalliokoski, 1965; Love and Amstutz, 1966; Chauhan, 1974).

Pyrite veins and diagenetic injection drops associated with calcite exhibit some explicit characteristics. Py-
rites found near the wallrock occur not only as large single euhedral crystals, (Fig. 5) but also as twins and poly-
crystals packed closely in the sense of Love and Amstutz (1966). They are oriented partly parallel to the long
axes of veins. But some euhedral pyrites are irregularly grown on the wallrocks.

Fig. 4 - Framboidal pyrites (mostly at the center) in the gangue minerals between euhedral pyrite
crystals. Polished section, //N, 32 X, in immersion oil.

Drop-like forms defined for the first time in this study are essentially precompactional features, because
they do not cut cross shale laminae, and laminated carbonaceous shales found above or below these injection
drops give rise to a geopetal fabric. Thus, it is considered that iron-bearing solutions migrated into syntectonically
formed deformation places during an early stage of compaction. In contrast to these, pyrite veins cut across all
laminae during the postcompactional stage.

Although this region has undergone low grade metamorphism, possibly during the Mesozoic (Kipeli,
1991), numerous examples of depositional or early micro-structures were preserved in the pyrite occurrences.
According to McClay and Ellis (1983), such structures can be preserved during metamorphic grades up to the
mid-uppergreenschistfacies.

Carbonaceous laminae contain very frequently tiny dispersed pyrite grains arranged conformably to the
general strike direction of laminations and foldings. There is a close relation between the above-mentioned lami-
nae and overlying large individual pyrite crystals creating load cast structures (Fig. 6). According to Chauhan
(1974), these are diagenetic load casts in which the underlying still hydro-plastic laminations are pressed down
due to the force of growing crystals and their higher specific gravity. Fine pyrite crystals in the shales are thought
to have formed post depositionally during early diagenesis (Schieber, 1985).
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Fig. 5 - A view of a diagenetic injection drop, Pyrites (Black, at the right half) and calcite in fillings
(White, in the left half). Thin Section, //N, 6 X.

Fig. 6 - Load cast structure between a large pyrite crystal (Black) and an underlying pyrite-bearing
lamina (Black, near left cornor). Thin section, //N, 32 X, in immension oil.

Some lenses are composed of rhythmic pyrite and calcite bands. Calcite and, in part, quartz crystals, have
grown vertically to the pyrite bands. This rhythmicity resembles that of diagenetic crystallization rhythmites de-
scribed by Amstutz (1977), Fontbote et al. (1981), Fontbote and Amstutz (1983).
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Some large euhedral pyrites appear to be broken partly by intraformational brecciation, and partly to the
compaction pressure. The latter were cemented with fibrous calcite.

Pyrites in siderite veins

Siderite veins contain massive pyrite and tetrahedrite bands fractured to varying degrees. Massive pyrite
bands show perfectly grown euhedral crystals facing hostrocks and tetrahedrite bands (Fig. 7). Besides these,

Fig. 7 - Some euhedral crystals of a massive pyrite band (Lower part) grown toward a tetrahedrite
band (Upper part). Polished Section, //N. 32 X, in immersion oil.

single euhedral pyrites were observed in the gangue minerals found in the massive pyrite bands. Tetrahedrite,
being of a younger generation than pyrite, is formed as bands and infillings between pyrite grains (Fig. 8).

Massive pyrites as well as siderites were fractured due to the brittle behavior of both minerals. This led in
part to replacements by other constituents.

Chalcopyrite is very common among pyrite grains, along the boundaries of siderite and opaque minerals,
and in the fissures of pyrite and tetrahedrite assemblages.

The second generation of pyrite was formed in the fractured portions of tetrahedrite as fine grains and in
the colloform texture.

All siderites which exhibit coarse grains filled entire cavities and fractures. As a latest generation of deposi-
tion in siderite veins, small veins contain quartz, and the second generation of siderite cuts across previously
formed minerals and features.
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Fig. 8 - Infilings of tetrahedrite (dark gray) between pyrite grains (white). Siderite (black). Polished
Section, //N, 32 X, in immersion oil.

GEOCHEMISTRY

Pyrite samples taken from massive pyrite layers, individual pyrites, pyrite populations and diagenetic injec-
tion drops of sedimentary pyrite occurrences and siderite veins were analyzed by a model ARL Sema-semq. Mo-
lybden microprobe in the Mineralogical-Petrographical Institute at the University of Heidelberg in Germany. The
results of the minimum and maximum values of major and minor elements of pyrites are given in Table 1.

Table 1 - Microprobe results measured on different pyrites (%)
Fe s Cu As Sb Co Ni Se Hg

1. Pyrites in siderite max. 43474 51.806 0.679 2.523 0407 0020 0.038 0.136 0.241
veins min. 42.250 50016  0.033 0.333 Tr Tr Tr Tr Tr

2. Massive pyrite max. 46.382 54051 0123 0.157 Tr Tr 0.060 0040 Tr
layers min. 45537 52355 Tr Tr Tr Tr Tr Tr Tr

3. Single euhedral max. 45172 53.578 0.074 0.094 Tr 0.465 0.079 0.CR7 -
pyrites min. 43.881 51108 Tr Tr Tr Tr Tr Tr -

4. Diagenetic injection max. 44.299 53.304 0.049 0.115 Tr Tr 0.121 0.043 0.138
drops min. 41.160 51845 Tr Tr Tr T 0.022 Tr Tr

1. Hydrothermal pyrites
2, 3, 4. Sedimentary pyrites

The results of pyrite analyses were evaluated within each group and were compared. As shown in Table
1, pyrites of siderite veins contain higher Cu, As, Sb, Hg and Se values, but lower Fe and Ni values than the sedi-
mentary pyrite. However, Cu, As, Sb, Co, Se and Hg contents of most of the latter group samples were below de-
tection limits.
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High values of As, Sb and Cu in pyrites from siderite veins show a similar trend as the major element con-
tents of associated tetrahedrite minerals. Therefore, it is proposed that pyrites and tetrahedrites in siderite veins
may have been originated from similar sources.

The individual pyrite grains have distinctive As contents. Although this content increases up to 2.52 %
around the pyrite cores, it decreases toward peripherical zones. This can be related to the character of ore-
bearing solutions or a gradual change of physico-chemical conditions. On the other hand, there is a negative cor-
relation between Fe and As. In these pyrites, As, Ni, Se values increase from the centre to the crystal edge; how-
ever, Fe and S contents decrease in the same direction. As and Ni contents of four sedimentary pyrite members
have distinctive geochemical features. Massive pyrite layers among them contain a relatively high Fe value. But,
they have low Se values.

Pyrites in diagenetic injection drops have a higher Ni content. This fact may indicate a mobilization and
concentration of material, perhaps, derived from pelitic rocks and related to the zonation as described above.

The chemical composition of fahlore is shown in Table 2. This mineral has 8.8-11.5 %. As and 14.6-15 %
Sh. Based on the amounts present of both elements, it can be defined as tetrahedrite. This mineral, also includes
considerable amounts of Bi, Se and Hg.

Table 2 - Chemical Composition of the tetrahedrite from siderite veins {%)
s Fe As Sb Cu =] Se Hg
mm. 24212 6.064 8.841 14,621 43543 Tr 0.236 Tr

max. 26,925 7.207 11.571 15026 3ag. 728 0.481 0.269 0.301

The other main type of pyrite is represented by the occurrences in siderite veins. From the poind of miner-
al paragenesis ore geometry, minor and trace element contents the origin of the pyrites associated with tetrahe-
drite may perhaps be called hydrothermal. But no magmatic activity is known in this area. The nearest volcanic
center is found in the Erciyes Mountain, 80 km. from Attepe, and its volcanism began in late Miocene (Bas,
1986). The young Erciyes volcanism cannot have given rise to these sulfides and siderites. The conglomerates of
the Zebil Formation in early Miocene contain some pebbles of sideritic formations in the neigboring area (Kupeli,
1991). Therefore, the ore-forming minerals may perhaps be deposited by other hydrothermal processes, between
post Cretaceous and pre Miocene time.

After uplifting of the study area At the beginning of Miocene time, siderite veins were altered to the secon-
dary iron minerals by the effects of multikarstification processes (Ayhan and Kipeli, 1991).

CONCLUSIONS

The present study of the pyrite occurrences showed that two basic genetic groups of pyrites can be distin-
guished; they are, the sedimentary pyrites, and the pyrite-bearing siderite veins.

Sedimentary pyrite occurrences formed syngenetically in shales and phyllites associated with carbona-
ceous matter, exhibiting various depositional and diagenetic features. Pyrites having different crystal habits are
related to the various stages of sedimentary processes. Small isolated euhedral to subhedral pyrite grains must
have occurred during precipitation and early diagenetic stage. However, the largest crystals found, "in most cases,
in calcite-rich portions have undergone diagenetic recrystallization. Diagenetic injection drops and small veins
were created during the compaction stage by the migration of iron sulfide-bearing solutions upwards into syntec-
tonically formed deformation places. Those can be termed diagenetic remobilization deposits. Subsequently the
pyrites were cemented by sparry calcites. Calcium carbonate was derived primarily from dissolution of marine or-
ganisms.

In most cases, pyrite layers and laminae occur for the most part, conformably in pelitic rocks; however,
they sometimes show discontinuity. In addition, there are some layers containing ring-shaped pyrites and detritic
constituents. All these data imply the effects of subaqueous currents and mechanical erosion.
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All field and laboratory investigations showed that alldepositional features were produced by the repetitive
precipitation under calm, but occasionally active regimes With the availability of reactive iron minerals, dissolved
sulphate, organic matter and H,S (Berner, 1970; 1979; 1984).

The sedimentary pyrites discussed in this paper are Precambrian in age. With this age, it is the oldest sed-
imentary ore deposit of Turkey.
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GEOCHEMICAL DATA OF PAYAS (HATAY) KARSTIC MINERALIZATION ON THE ASPECTS OF THER
SOURCES

Sukrii KOG** and M. Ali DEGER***

ABSTRACT.- On the bases of geochemical properties and lithostragraphic location of the Payas mineralization region can be
differentiated into three groups: 1- Limestone wall rock represents by Pasanin Egregi plateau, Saryokus Magarabasi site and
Kozlu dere appearances. 2- Sandstone wall rock represents by Findik plateau-l appearences. 3- Iron enrichment serpentinite
wall rock represents by Findik plateau-Il appearances. According to the results of chemical analyses of these three groups Fe,
Ca, and P elements are behaviour together, Al, Si, Ti and K elements group behave parallel to other group formation. The
elements which have parallel behaviour distribute reversibly with each other. This situation indicates two different genesis. The
enrichment of iron in the mineralization is derived from ultrabazic rocks. The lateritic iron which is formed due to of ultrabazic
rocks lateritization is transported and precipitated in karstic cavity forming the mineralization. The sources of aluminium can
also be explained by the same way. However in order to give sufficient explanation more data is required.



DISTRIBUTION AND CHARACTERISTICS OF THE UPPER CRETACEOUS-TERTIARY AGED SMECTITES
AROUND BURDUR

Emel BAYHAN*

ABSTRACT.- Clay fraction is extracted and clay minerals are examined in Upper Cretaceous-Tertiary aged sediments around
of Burdur Lake. ilite, chotorite. smectite and 14s-14, mixed layer are identified. Major element analyses made and structural
formulas are calculated belonging to monomineralic smectites. According to these results the present day minerals are
ofoctahedral (beidellite) and trioctahedral (Al-Fe saponite).
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PALEOGENE BENTONIC FORAMINIFERS OF NAMRUN (ICEL) AREA
Niyazi AVSAR**

ABSTRACT.- Systematic descriptions of the benthonic foraminifers of the Paleogene sediments around Namrun (igel) area
have been investigated and general stratigraphical records of the area have been given. The rock units of Upper Cretaceous,
Paleogene and Neogene ages crop out in the study area. Upper Cretaceous sequence comprises ophiolitic materials which
includes radiolarite, limestone blocks and flysch. Upper Pateocene (llerdian) sequence discordantly overlies the Upper
Cretaceous unit, and it is composed of sandstone, marl and sandy-dayey limestones. The sandy-clayey limestones contain
species of the foraminifera such as Alveolina subpyrenaica Leymerie, Alveolina moussoulensis Hottinger and Alveolina varians
Hottinger. Lower Eocene (Cuisian) sediments conformably overlie the llerdian, and it is composed of sandstone, marl and
clayey limestones. The clayey limestones of the Cuisian sequence comprise foraminifers such as Alveolina cf. levantina
Hottinger. Alveolina cf. violea Checchia-Rispoli. Alveolina multicanalifera Drobne, Nummulites globulus Leymerie, Nummulites
partschide la Harpe. Nummulites burdigalensis (de la Harpe). Lockhartia conditi (Nuttall), and Lockhartia hunt Ovey. Middie
Eocene (Lutetian) sequence overlies conformably tha Cuisian sediments, and it is composed of dayey limestones which are
soiled white, yellow and cream colored, and well bedded. In addition, the Lutetian sediments are represented by Alveolina
tenuis Hottinger, Alveolina frumentiformis Schwager, Alveolina stipes Hottinger, Alveolina munieri Hottinger, Nummulites
uranensis (de la Harpe), Nummulites lehneri Schaub, Assilina exponens (Sowerby), and Sphzerogypsina globulus (Reuss).
The Lutetian sequence is discordantly overlain by the Neogene dayey limestone and conglomerates.



NEW RHINOCEROTIDAE FOSSILS IN BAYRAKTEPE (CANAKKALE)

Tanju KAYA***

ABSTRACT.- In the Bayraktepe area (Canakkale) Begertherium grimmi'(Heissig) and Aceratherium aff. simorrense (Lartet) are
found in Sarpdere, and Aceratherium aff. simorrense (Lartet) and Aceratherium sp. are found in Dutiudere. On the basis of
correlations with the Turkish and Eurasian forms, it seems that the Sarpdere forms are late Astaracian (late Midde Miocene)
MN 8 (upper) in age, and the Dutiudere forms are late Vallesian (early Late Miocene) MN 10 in age. The pateoecotogical
characteristics of the transported fossils indicate an open humid and warm forest with patches of bushes.



GEOLOGY OF THE ULUKISLA-CAMARDI (NiGDE) BASIN
Ali GEVIKBAS* and Onder OZTUNALI

ABSTRACT.- The studied area is restricted by the Nigde group at the north, Bolkar group at the south and Ecemis fault zone
at the east. The Nigde group is composed of Asigedi§i and Camardi formations in the studied area. Uckapill granodiorite is
intruded into all of these rock units. Yenikdy formation which consists of sedimentary rocks, overlies the Nigde group. The
Bolkar group is made of Permian aged marbles and schists. The Alihoca ophiolite complex overlies this group with a tectonic
contact. The Horoz granodiorite intrudes into the Bolkardagi marbles and quartz-porphyry dykes cut the ophiolitic rocks. The
Aladag group, which is located at the eastern part of Ecemis fault, is composed of Akdag and Gokbel formations. The Aladag
ophiolitic melange has a sedimentary contact with the carbonaceous rocks that forms the basement. The Aladag ophiolitic
nappe overlies the former with a tectonic contact. The Ulukisla-Camardi Tertiary basin overlies many different tectonic units.
The volcano-sedimentary and plutonic rocks which crop out at the north are developed on the Nigde massif sedimentary rocks
cropping out at the south are developed on the Bolkardagi marbles and the volcano-sedimentary rocks of the central part, are
developed on the Alihoca ophiolite complex. All the three sections came in conjunction with the Upper Eocene tectonic
movements.The basement of the Tertiary basins starts with Bolkardagi marbles and Kalkankaya formation, which overlie the
ophiolite complex with angular unconformity, at the southern section. It ends with Yagbag and Kirkpinar formations. The
Plio-Quatemary actual sediments cover these units The rock units of Cretaceous to Middle Eocene are observed in the
central section. This section is made of Kirkgecit. Tabakl, Ardicl, Hasangazi formations and their members. The Zeyvegedigi
anhydrite, which is digo-Miocene, overlies these units with angular unconformity. The Kurtumus, and Kizlbz formations,
licadere basalt and actual sediments cover all the former units. North section also consists of Cretaceous to Middle Eocene
rock units. This section is composed of Omerli, Yenikdy, and Unlukaya formations, Bagmakgi limestone, Karlk basalt. Aligh
andesite, South and Caykavak formations, EImali syenite-Porphyr, diabase dyke and Kaletepe trachyte. Finally, the Kaletepe
trachyte cuts all of these units. Oligo-Miocene aged Findiklh formation covers them with an angular uncomformity and
proceeds with Miocene Burg formation. It ends up with Canaktepe formation. Havuzlu tuffite, Gokbez formation, ikiztepe
ignimbrite and actual sediments at the top. The basin has experienced three different compression stages, which occured in
Upper Eocene-Lower Oligocene, Upper Miocene and Upper Pliocene
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