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B. Cauancku, M. Yeman I'vonuoony, . I'eduk, 4. Okyrouy — Cuayp pationos Yamak u Kapaoe-
pe (meppeiin 3oueyadak) — Cesepo-3anaonasn Anamoaua. IIpoBeneHo uccieqoBaHNE CUIypa B
HOBOYCTaHOBJICHHBIX pa3pe3ax Hatak u OBaublk (TeppeitH 30HryIAaK), OOHAKEHHX K FOro-3amamay
oT paiionoB Dduanu u Mladpanbony-Kapanepe. Paspessr npunamiexar k cBute ObIHIBIKILL,
KOTOpas MPeACTaBJIeHa IPEUMYIIIECTBEHHO YEPHBIMH CHJIMIIUEBBIMY aPTUIUIMTAMY U JTUAUTAMH
(B HIDKHUX OTJ€JIaX), YepPHbBIMH apTHJJIMTAMH U NTECYAHUCTHIMU U3BECTHSIKAMHU (B CPEAHUX OTIIE-
Jlax) ¥ NIMHAMH C MIEYaHUCTHIMU M3BECTHSIKAMU U U3BECTKOBBIMH AJIEBPOJIMTAMH (B BEPXHHX OT-
nenax). CHu3y BBepX IO paspesy UaTax yCTaHOBJIEHO YeThHIpe HHTEpBaja ¢ rpantonuraMu. OHI
NpUHAJIeKAT K CIETYIOMKAM Ono3oHaM: BepxHss M. riccartonensis — M. belophorus; BepXHss
Cyrt. rigidus — Cyrt. perneri u Cyrt. lundgreni. B pa3pe3e OBayblk rpanTOJIUTHI NIPUHALJIEXKAT K
6uoszonam: L. convolutus, k Bepxueu Str. crispus — Sp. turriculatus, O. spiralis u K BepxHeu

M. riccartonensis — M. belophorus.

Hanuunble faHHbIE TOKA3BIBAIOT, YTO, BO IEPBBIX, UCCIIEIOBAHHBIE I10CJIEI0BATEILHOCTH MO~
PO HAXOOSTCS B MHTEPBaJe cpenHuil Asponuad — panHuil [omepuan. VI3 HOBBIX HAXOIOK IIPO-
HCTEKAeT U BTOPOU BaXXHBIM BBIBOJ, 2 UMEHHO, YTO CHWJIyp paiioHa YaTak SBJISETCS TUIUYHBIM
s Teppeiina 3ourynnak. bosee Toro, siceH U TPETHil BBIBOI O TOM, YTO IMOPOJBI BEPXHECUIIY-
PUHACKOH MOCIIeN0BATENIBHOCTU OBUTH HOJHOCTHIO YHUUTOXEHBI 3p03Ueil BO BpeMsl CpeaHEIeBOH-

CKUX COOBITHIA.

Abstract. Silurian rocks in the newly discovered Catak and Ovacik sections of the Zonguldak
Terrane to the SE of Eflani and Safranbolu-Karadere areas, respectively, were studied by means
of graptolites. They are included in Findikli Formation, dominated by black siliceous argillites
and lydites in the lower part, black argillites and sandy limestones in the middle part and shales
with sandy limestone and limey siltstone in the upper part. From bottom to the top four intervals
with graptolites belonging to Upper M. riccartonensis — M. belophorus, Upper Cyrt. rigidus —
Cyrt. perneri and Cyrt. lundgreni Biozones, respectively, were recognized in the Catak section. In
the Ovacik section, the identified graptolites belong to the L. convolutus, Upper Str. crispus-Sp.

turriculatus, O. spiralis and Upper M. riccartonensis — M. belophorus Biozones.

The available data indicate that the studies succession includes an interval from mid Aeronian
to early Homerian. Another important implication of the new findings is that the Silurian in the
Catak area is typical for the Zonguldak Terrane. Moreover, it is obvious that the Upper Silurian

succession was completely eroded in this terrane during the Mid Devonian event.
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and Karadere areas of the Zonguldak Terrane, NW Anatolia. — Geologica Balc., 36, 3-4;

103-110.
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Introduction

More or less continuous Paleozoic successions along
the Black Sea coast in NW Anatolia belong to the
Istanbul and Zonguldak terranes (Fig. 1), which are
considered as Gondwana-derived micro-continents
(e.g. Gonciioglu, 1997; 2001; Gonciioglu et al., 1997,
Yanev et al., 2006). They are assumed to be rifted of
the northwestern Gondwanan margin in the Early
Paleozoic and drifted across the Rheic Ocean dur-
ing the Mid Paleozoic and successively accreted to
Laurussia along the Eastern European Suture of the
Variscan Orogenic Belt (Gonciioglu, 2001).

In both terranes the Silurian rocks are well-devel-
oped but vary considerably in regard to their lithos-
tratigraphy (e.g. Gonclioglu, Kozur, 1998; 1999). In

the West, in Istanbul Terrane, the Silurian succes-
sion comprises, from bottom to the top, arkosic sand-
stones, chamositic sandstones and a thick package
of reef limestones. The transitional rocks are dated
as Late Llandovery, whereas the deposition of the
overlying shallow marine limestones lasted until the
end of Silurian (Haas, 1968; Kaya, 1978; Onalan,
1981; Gedik et al., 2003).

In the East, in the Zonguldak Terrane, a com-
pletely different Silurian succession is encountered
already in Izmit area and can be followed towards
East (Fig. 1) in the Camdag (Gedik, Onalan, 2001;
Kozlu et al., 2002; Gonciioglu, Sachanski, 2003;
Gonciioglu et al., 2003; Lakova, Gonciioglu, 2005),
Eregli-Giiliic and Safranbolu-Karadere areas (Arpat
et al., 1978; Dean et al., 1997; 2000). In these out-
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crops, the Silurian is mainly characterized by silici-
clastics and graptolite-bearing dark shales with lime-
stone interlayers.

In a recently published map Aksay, Timur (2002)
showed the details of the Paleozoic rock-units to the
SW of Eflani, along the Catak River (Fig. 1) for the
first time. This location is situated between the Ka-
radere and Eregli areas and has not been studied
yet. Within the framework of a joint-project on the
Paleozoic of Bulgaria and NW Turkey, a prelimi-
nary survey was realized by the project-members in
this area.

In this study the authors report their new findings
on the rock units, stratigraphy and age of the Siluri-
an rocks in the Catak area. Moreover, new fossil find-
ings from the Silurian of Ovacik Section in Karadere
area will be evaluated. This location is located to the
NW of the Zirze Section of Dean et al. (2000) and of
importance for the stratigraphic correlation.

Geological framework

The Paleozoic rocks of Catak occur in an inlayer to
the SW of Eflani. It includes a pre-Ordovician base-
ment, mainly characterized by mafic igneous rocks
and granitoids intruding them. This basement is
known as the Yedigoller Formation, a name adopted
from the Bolu Massif in the West (Aydin et al., 1987).
The radiometric age data from the neighboring Ka-
radere area (570-590 Ma, Chen et al., 2002) suggest
that the basement is of Cadomian age. These base-
ment rocks are thrusted towards the west onto the
Paleozoic succession prior to Eocene time (Fig. 1).
The Paleozoic section in the area is more than 1000
m thick and is intensively deformed. The succession
starts with variegated mudstones and sandstones
(Soguksu Formation), followed by quartzites and
quartz-arenites of the Aydos Formation. Both For-
mations are assigned to the Early Ordovician. In the
Catak area, the whole siliciclastic succession with
black shales, mudstones, siltstones and siliceous shales
between the Aydos Formation at the bottom and the
Middle Devonian unconformity at the top is attrib-
uted to the Findikli Formation (Aksay, Timur, 2002).
The Findikli Formation includes a Middle Ordovi-
cian to Middle Silurian sediments. The siliciclastic
rocks of the Findikli Formation are unconformably
overlain by the Middle Devonian clastics of the Fer-
izli and Middle Devonian-Carboniferous carbonates
of the Yilanli Formation, respectively. The Paleozoic
rocks are evidently affected by Variscan folding and
unconformably overlain by Jurassic-Cretaceous
rocks. The Alpine deformation in the area is ex-
pressed by the thrusting and the post-orogenic cover
rocks are Upper Paleocene-Eocene shallow marine
sediments.

In the Karadere area, located to the East of the
Catak, a second tectonic inlayer outcrops along the
Karadere Valley. The Paleozoic successions in this
area have been mapped in detail by Boztug (1992)
and the Turkish Petroleum Corporation and the litho-
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and biostratigraphy is studied by Dean et al. (1997,
2000). The Paleozoic stratigraphy of the Catak and
Karadere areas are very similar. However, Dean et al.
(1997) introduced two additional formation names
for the Middle and Upper Ordovician rocks, Karad-
ere and Ketencikdere formations, respectively. Be-
sides, they restricted the usage of the “Findikl1 For-
mation” only for the Silurian part of the siliciclastic
succession, which they additionally subdivided into
two informal members. Different than in the Catak
area, the Devonian quartzites and limestones, uncon-
formably overlying the Findikl1 Formation in Karad-
ere area are named as the Eskibaglar Formation.

Silurian stratigraphy

The studied section is located along the Acisu Dere
to the South of Catak Village, and sampled the length
of a SW dipping section. The section begins to the S
of the Acisu Bridge (Fig. 1) with greenish-gray sand-
stone and argillites with thin-bedded and/or lens-
shaped, dark colored limestone interlayers (Fig. 2).
This part of the succession is barren of fossils. It is
included in the Findikli Formation by Aksay, Timur
(2002) but resembles the Late Ordovician (Caradoc-?
early Ashgil) Ketencikdere Formation of Dean et al.
(1997) in the Karadere-Zirze area. Upwards it is fol-
lowed by more or less monotonous succession of
greenish gray shales and siltstones. It is yellowish
weathered and includes light-colored spots. Meso-
scopically the spots are gray in color and are devel-
oped along the yellowish tube-like structures, which
are like vermes-tubes. This unit is about 30 m thick
and resembles the Siltstone Member of the Ketencik-
dere Formation in Karadere area. Dean et al. (1997,
2000) suggested that this member is younger than
Caradoc in age. A similar rocks in Bulgaria are
known as Tseretsel Formation and are also Late Or-
dovician in age (Sachanski, 1994).

The spotted shales are conformably overlain by a
series of black graptolitic shales with subordinate
limestones and siltstones. Therefore, this part of the
succession in the Catak area has the characteristic
features of the Findikli Formation (sensu strictu) as
defined by Aydin et al. (1987). The succession stud-
ied is about 350 m thick. Its lower part is build up of
black argillites that alternate with black silicified
shales and lydites (Fig. 2). No fossils could be ob-
tained from this lydite-argillite unit. The first grap-
tolite finding from above this succession (level 1 on
the Catak columnar section in Fig. 2), however, yielded
the graptolites Retiolites geinitzianus and Monograp-
tus priodon. The following interval of yellowish weath-
ering shales with sandy limestone bands and lenses,
about 50 m-thick, has not yielded graptolites. The
overlying black argillites (level 2 on the Catak co-
lumnar section in Fig. 2), 150 m-thick, alternating
with sandy limestone and limey siltstone, are again
rich in graptolites such as M. beloforus, M. flem-
ingii, Pristiograptus meneghini, Pr. dubius, Sokolo-
vograptus textor, S. parens, S. telleri, Monoclima-
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cis flumendosae and Cyrtograptus perneri. The up-
per 50 meters of the studied succession comprises
limey sandstones and barren shales in this section.
After an interval of 15 m, covered by recent superfi-
cial deposits, Devonian quartzites and quartzitic sand-
stones unconformably cover the Silurian rocks.
This covered interval, however, is exposed on the
road-cuttings to the N of Catak Village. Except an
extensively deformed interval of black shales in the
bottom of the road-section, which was excavated for
graphite-mining, the succession along the road is
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almost identical with that along the Acisu Dere. The
black shales in the graphite-mine include some tu-
bular foraminifers which are characterized by glo-
mospiroid coiling. It is impossible to make the exact
determination of the specimens because of unpro-
ductive material but it is clear that forms belong to
Ammodiscidae family in care of their general test
morphology as well as mode of coiling (glomospiroid
coiling) and agglutinated wall structures. The most
similar genus for the investigated material is the ge-
nus Glomospira which is known from Silurian to re-



cent. The maximum diversity of agglutinated fora-
minifers including Glomospira and recently deter-
mined forms is shown in shelf and generally bathyal
environments (Braiser, 1980; Doyle, 1996). Due to
the limited foraminiferal diversity it is not possible to
expose more detail explore environment and facies
analysis.

The black shales alternating with limy sandstone
and siltstone in the upper part of the Silurian suc-
cession (Fig. 1, sample location 3 on the geological
map and the level 3 on the Catak columnar section
in Fig. 2) in this location yielded Testograptus testis.

In the Karadere Valley, about 25 km to the E of
Catak section another well-exposed section with Sil-
urian rocks is studied. The location of this section is
to the SW of Ovacik Village, along a forest road along
Dorukyol Ridge (Fig. 1). In this section the lower
part of the Findikli succession is made up of black
argillites that alternate with black silicified shales and
lydites (Fig. 2). In contrast to the Catak section two
levels in this part of the unit yielded graptolites (Sam-
ple location 1 and 2 on the image in Fig. 1 and level 1
and level 2 on the Ovacik columnar section in Fig. 2).
Level 1 at the bottom of the lydite-argillite unit yielded
graptolites such as Normalograptus sp., M. lobiferus,
Toerquigraptus denticulatus and in the level 2 in the
middle part we found 7. australis, M. marri, Spiro-
graptus turriculatus, Parapetalolithus meridionalis,
Pseudoplegmatograptus obesus, Streptograptus stor-
chi, Str. crispus. A single sample, 10 m above the top
of the lydite-argillite unit, yielded O. spiralis and
M. priodon, probably in a similar stratigraphic po-
sition with level 1 in the Catak section (Fig. 2). The
next graptolite-bearing level in this section (level 3
on the Ovacik columnar section in Fig. 2) is rich in
M. antennularius, S. zavadensis, S. parens, S. textor,
S. diffusus, Pseudoplectograptus simplex and corre-
lates with level 2 in the Catak section. The last sam-
ple in this section is from the argillite-black lime-
stone alternation (level 4 on the Ovacik columnar
section in Fig. 2) just beneath the Devonian con-
glomeratic sandstones and contained Pr. pseudo-
dubius.

Graptolites and age

There is no regional graptolite subdivision in the in-
vestigated region till now. The character of the study
also does not give opportunities for this. The Gener-
alized Graptolite zonation (GGZ) proposed by Ko-
ren et al. (1996) and Melchin et al. (1998) is adopted
here which gives a good opportunity for correlations

Dean et al. (2000) reported two graptolite levels in
the Lower Member of Findikli Formation south of
Karadere-Zirze. They indicate magnus-?convolutus
and crispus Biozones. The same stratigraphic levels
are recognized in this study in the area of Ovacik.
The species T. denticulatus is found from Ovacik 1
within a Normalograptids dominated association with
rare M. lobiferus representatives. T. denticulatus is
characteristic element for the convolutus Zone in

Bohemia (Storch, 1998). The association indicating
the upper part of Sp. turriculatus-Str. crispus GGZ
in Ovacik 2 is much more diverse and rich. The strati-
graphic range of the recorded species is shown on
Fig. 3. The presence of P. meredionalis is very inter-
esting from paleogeographical point of view, since it
is considered as a typical Gondwanian species, found
in Algeria (Legrand, 1998), Spain (Gutiérrez-Mar-
co, Storch, 1998; Storch, 1998) and Libya (Storch,
Massa, 2007).

The zonal-index graptolite species O. spiralis and
M. priodon are documented at the base of the Upper
Member of the Findikli Formation in the area of Ova-
cik. The latter associates with Ret. geinitzianus in the
region of Catak (level 1). M. priodon and Ret. geinit-
zianus have a wide stratigraphic range (Fig. 3), but
the position of these finds (immediately above the
lydite-argillite unit) gives us a good reason to con-
sider them as indication for the presence of O. spira-
lis GGZ. Moreover, the lithostratigraphic succession
in Bulgaria is similar (Sachanski, Tenchov, 1992) —
The Saltar Formation (lydite-argillite unit) is followed
upwards by Mala reka Formation (black graptolite
mudstones), containing O. spiralis in the base.

The next recognized graptolite level is the upper
part of M. riccartonensis-M. belophorus GGZ. The
graptolite association in the area of Ovacik is domi-
nated by retiolitids, with species diversity close to that
of the East European Platform (Koztowska-Dawid-
ziuk, 1995). Biostratigraphically important marker
is also M. anntennularis being characteristic for the
M. belophorus Zone in Bohemia (Storch, 1994). The
index species of this zone is found in the area of
Catak (level 2a). Approximately 2 m above this level
Cyrt. perneri is documented (level 2b), being char-
acteristic for the upper part of Cyrt. rigidus-Cyrt.
perneri GGZ.

The highest stratigraphic level in the area of Catak
is the Cyrt. lundgreni Zone, proved by the diagnostic
species Test. testis for its upper part. In the upper-
most part of the Silurian succession near Catak the
species P. pseudodubius is found. It commonly oc-
curs within this zone (Rickards, 1965; Rickards,
Wright, 2003), but is reported from lower stratigraphic
levels as well (Ptibyl, 1943; Storch, 1994).

The analysis of the graptolite fauna gives ground
for the conclusion that during the Telychian (Up-
per Sp. turriculatus-Str. crispus Zone) the investi-
gated area was influenced by peri-Gondwana, but
from the middle of the Sheinwoodian (Upper M. ric-
cartonensis-M. belophorus Zone) the influence of
Baltica is considerable.

Discussion and conclusions

The present study introduces the Silurian stratigra-
phy of the Findikli Formation along the newly dis-
covered Catak section in Catak and Ovacik section
in Karadere. In both sections the Findikli Formation
comprises from the bottom to the top of black sili-
ceous argillites and lydites, black argillites and sandy
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Fig. 3. Graptolite range chart of the established species

limestones, and shales with sandy limestone and limy
siltstone.

Four levels with graptolites are recognized, the
oldest one being T denticulatus — characteristic ele-
ment for the convolutus Zone. The association indi-
cating the upper part of Sp. turriculatus-Str. crispus
Zone consists of 1. australis, M. marri, Sp. turricu-
latus, P meridionalis, Pseudoplegmatograptus obe-
sus, Str. storchi, Str. crispus. The zonal-index grap-
tolite species O. spiralis is documented at the base of
the Upper Member of the Findikli Formation in the
area of Ovacik. The next recognized graptolite level
is the upper part of M. riccartonensis-M. belophorus
Zone with M. belophorus, Pr. meneghinii, S. telleri
(Catak section) and M. antennularius, S. zavaden-
sis, S. parens, S, textor, S. diffusus, Ps. simplex
(Ovacik section). The zonal-index graptolite species
Cyrt. perneriis documented (Catak section). The high-
est stratigraphic level in the area of Catak is the Cyrt.
lundgreni Zone, proved by the diagnostic species Test.
testis for its upper part.

Regarding the lithostratigraphic correlation of the
Silurian of Catak, it is completely different from that
in the Istanbul Terrane, which is dominated by shal-
low-marine limestones. This may indicate a quite
different paleo-environmental and paleo-geograph-
ical setting during the deposition. It also differs con-
siderably from the lithostratigraphy in the Camdag
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and Eregli-Giiliic successions. In Camdag area the
Findikli Formation consists mainly of a very thick
succession of dark shales but graptolitic finds are
restricted within a 2 m thick interval in the lower
part (Black Shale Member). The graptolite assem-
blage (Gonciioglu, Sachanski, 2003; Gonciioglu et
al., 2003) in this section gives ground to suggest that
the time of graptolitic shales deposition in the Cam-
dag area corresponds to spiralis — lower lapworthi
Zone. In Giiliic condensed middle Silurian succes-
sion, middle and upper part of the Telychian and
Sheinwoodian Stage are not represented. The pres-
ence of reworked Sheinwoodian conodonts in Hom-
erian of this section is assigned to an regressive peri-
od in relation to the global Silurian TR cycles. There-
fore the Giiluc succession differs significantly from
the coeval thick and stratigraphically expanded black
shales and siltstones of the same formation in the
Catak area. A correlation with the neighbouring Zirze
area is more appropriate. Both in Ovacik and Zirze
areas magnus-?convolutus and crispus Biozones are
recognized within the siliceous argillites of the lower
Findikli Formation. The youngest graptolite assem-
blage on the other hand is found in the carbonate-
rich part of the succession and yielded graptolites of
the Cyrt. lundgreni Zone of the Lower Homerian. In
the Zirze section, however, Dean et al. (2000) report
the presence of M. flemingii and Pr. cf. parvus, in-



dicative for the upper half of the Wenlock. These
are the youngest Silurian rocks found in the Catak-
Karadere area. The Findikli Formation is overlain by
quartz-conglomerates and quartz arenites with a dis-
tinct angular unconformity. The quartz-arenites are
followed then by early Middle Devonian limestones.
Considering that the Silurian succession in the Cam-
dag area reaches up to Pridoli (Kozlu et al., 2002) a
considerable part of the Upper Middle and Upper
Silurian may have been eroded in the Catak-Kara-
dere area. This erosion is by far non-conformable
with the global Silurian TR cycles and can be con-
sidered as an additional indication for the end-Sil-
urian deformation related to the collision of the Zon-
guldak Terrane with Laurussia (Gonctioglu, 2001;
Yanev et al., 2006).

On the other hand, even if preliminary, the newly
obtained data have an important paleobiogeographi-
cal implication. This is due to a change in the provin-
ciality of the Telychian peri-Gondwanan graptolite
fauna to a Baltica-influenced one from the mid Shei-
nwoodian onwards in the eastern Zonguldak Terrane.
Such a change is in accordance with the northward
drifting of the Zonguldak Terrane across the Rheic
ocean during the Silurian (Yanev et al., 2006).

To conclude, the new finds on the Silurian in the
Catak and Ovacik sections together with the previ-
ous data from the Zirze area confirm their affiliation
to the Zonguldak Terrane. The obtained preliminary
age data indicate considerable differences in the
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Pesome. B. Cauancku, M. Y. I'bonuoony, U. I'eouk, 4. Okywuy — Curypckama cucmema 8
obaacmma na Yamax u Kapaoepe, 3oneyadaxcku mepern, C3 Typyusa. B 30HryaIgaxckus TepeH
3a MbPBU BT Ca M3CJIEABAHM CHhABPIXKAIIYM I'PANTOJUTH CHUIYPCKH CEIUMEHTH Ipu cejaTta Yarax
(roromstouno ot Ednann) u OBaubk (ob6mactra Ha Kapanepe). Te ce oTHacsIT KbM CBHTaTa
ObHABKIL. JlONIHATA YaCT HA pa3pe3uTe € U3rpajeHa OT YePHU CUIMIUTU3UPAHU apTUIIUTH U
JIUOUTH; CpEeIHATAa — OT YePHU apTUJIMTH U BAPOBUIM, a TOPHATA — OT APTIIATH C NECHUIIUBU
BapOBHIIM U BApOBUTH ajIeBposuTu. B paspesa npu UaTak ca yCTAaHOBEHH CIIeIHUTE HUBA C Ipal-
TOJIUTH: TOpHATA YacT Ha 30Ha M. riccartonensis — M. belophorus, ropHaTa uact Ha 30Ha Cyrt.
rigidus — Cyrt. perneri u 30Ha Cyrt. lundgreni. B pa3zpe3a npu OBaybK C rpanTOJIUTH CE€ JOKa3BaT
cnenuute 30HU: L. convolutus, Sp. turriculatus — Str. crispus (ropHata uyact), O. spiralis u M. ric-
cartonensis — M. belophorus (ropHaTta yact). BpeMeBUAT HHTEpBaJ, KOUTO OOXBAIAT TE3U 30HU €
OT cpefaTa Ha a€pPOHCKHSI O HaYyaJOTO Ha XOMEPCKUS BEK.

JlokxasBa ce mprHAIJIE)KHOCTTA HA HACKOPO YCTAHOBEHUTE B OKOJIHOCTUTE Ha YaTak CUITypCKU
CEeUMEHTH KbM 3OHTYJIaKkcus TepeH. IIpe3 Tenuykust BeK TO3M TEPEH € BCE OIIe YacT OT Mepu-
TonaBana, 1OKaTO B cpeaTa Ha LIEHHYYIJICKHS Cce MOsSIBABAT XapakTepHu 3a bantuka rpantonut-

HY BUOOBE.
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