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ABSTRACT:

Boncheva I., Gonciioglu, M. C., Lakova, 1., Sachanski, V., Saydam, G., Gedik, I. and K&nigshof, P. 2009. New
conodont and palynological data from the Lower Palaeozoic in Northern Camdag, NW Anatolia, Turkey. Acta
Geologica Polonica, 59 (2), 157-171. Warszawa.

Two main thrust slices in the Camdag area (NW Anatolia), were informally named the Southern and Northern Cam-
dag units. New micropaleontological and palynological data about the Ordovician, Silurian and Devonian in the North-
ern Camdag have allowed a better understanding of the Early Palaeozoic evolution of this critical area between the
Istanbul Terrane in the west and the Zonguldak Terrane in the east. The Middle Ordovician age obtained from the con-
odont-bearing limestone band within the Aydos Formation in this study is in agreement with the data from the Zonguldag
Terrane. Acritarch evidence suggests a Late Ordovician age of the upper part of Aydos Formation.

This paper concerns the Northern Unit. Three members are distinguished in the Findikli Formation and dated bio-
stratigraphically. The lower member (Black Shale Member) of the Findikli Formation is absent from the Kabalak Dere
section, but was assigned elsewhere to the Llandovery on the basis of graptolites. The middle member (Shale—Silt-
stone Member) is dated as Wenlock and Ludlow on the basis of acritarchs. The upper member (Shale—Limestones Mem-
ber) spans a continuous Upper Silurian — Lower Devonian succession. The overlaying Ferizli Formation is assigned
to the Middle Devonian on the basis of conodonts.

The new stratigraphic data indicate that the Southern Camdag Unit corresponds to the Istanbul Terrane and the
Northern Camdag Unit to the Zonguldak Terrane. The tectonic contact between the Northern and the Southern units
is a steep south-verging thrust-fault.
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INTRODUCTION rated in the “Istanbul Nappe” of Sengér et al. (1984) or
“Istanbul Unit” of Okay (1989). The Palacozoic forma-
The Palaeozoic of NW Anatolia between Istanbul and tions in this unit are known as the “Palacozoic of Istan-

Cide (Text-fig. 1) along the Black Sea coast is incorpo- bul” and considered a part of the eastern European
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“Variscan Chain” (e.g. Gortir e al. 1997). The stratigra-
phy of the Palacozoic formations in the unit has been the
subject of numerous studies since the 1860s. Paeckel-
mann (1938) carried out the first detailed biostratigraphic
work in Istanbul and the Kocaeli Peninsula, followed by
a series of comprehensive studies (see Haas 1968 for a re-
view of the previous studies). The most recent review of
new data was given by Yanev ef al. (2006).

Relatively little is known about the Lower Palaeo-
zoic stratigraphy of a number of tectonic inliers east of
the Kocaeli Peninsula (Text-fig. 1) (e.g. Camdag, Kap-
landede Dag, Eregli, and Kastamonu-Arac) (e.g. Der-
man and Tuna 2000); Gonciioglu and Kozur (1998)
suggested the presence of two Early Palacozoic terranes
based on significant stratigraphic dissimilarities
(Gonciioglu 1997) between the Palacozoic successions
in Istanbul (Istanbul Terrane) and further east (Zongul-
dak Terrane). The critical area in these interpetations is
the Camdag area, representing the westernmost outcrops
of the Zonguldak terrane (Gonctioglu and Kozur 1998,
1999). The state-of-art information on the Palacozoic
stratigraphy of the Camdag area is based on local stud-
ies (e.g. Kaya 1978, 1982; Yazman and Cokugras 1984;
Kipman 1974; Aydin ef al. 1987, Derman and Ozcelik
1993; Derman 1997; Kozlu et al. 2002; Gonciioglu et
al. 2003; Lakova and Gonctioglu 2005). However, an
overall evaluation of these studies shows that there is no
consensus on the stratigraphic positions of the lithos-
tratigraphic units or the nomenclature (see below). Dis-
crepancies are mainly due to the lack of reliable
biostratigraphic data, which has hampered correlation
between similar rock-units. Moreover, new work based
on recent re-mapping in the Camdag region (Gedik and
Onalan 2001) revealed the presence of two separate tec-
tonic slivers, which differ in their lithostratigraphy. This
indicates that the Palacozoic succession in the Camdag
area is more complex than previously thought.

The authors of the present paper studied the more or
less “complete” sections of the Ordovician, Silurian and
Devonian and sampled them for conodonts, graptolites,
brachiopods, acritarchs, nautiloids, macroflora and
micro-vertebrates. The biostratigraphic results of this
study are presented to emphasize the complex tectonic
relationships of the Palaeozoic units of this critical area
between the Istanbul and the Zonguldak Terranes.

GEOLOGICAL SETTING

The Camdag area is located to the east of Istanbul
between the towns of Hendek and Karasu to the north-
east of the town of Adapazari (Text-fig. 1). It covers an
intensively forested area of approximately 400 km? with

poor accessibility. Recent mapping in the Camdag area
by Gedik and Onalan (2001) has revealed the presence
of two main thrust slices which were informally named
the Southern Camdag and Northern Camdag units. The
tectonic contact between them is a steep south-verging
thrust-fault. The Southern Unit includes, in ascending
order, green and pink mudstones with sandy interbeds
(Soguksu Formation; Kaya 1982), quartzites (Karadere
Formation: Kaya 1982; Aydos Formation: Gedik and
Onalan 2001) and grey-green shales alternating with
black-grey, fissile shales. The tectonically overlying
Northern Unit forms an E-W-trending anticline with the
following rock units, in ascending order: green-grey
laminated mudstones (Kocaténgel Formation: Kaya
1982) followed by green and pink mudstones and sand-
stones (Bakacak Formation; Kaya 1982), red fluvial
clastics (Alabalikli Formation: Kipman 1974; Kurtkdy
Formation: Yazman and Cokugras 1984), quartzites
(Aydos Formation), green mudstones and black grap-
tolitic shales with limestone bands (Yayla Formation:
Kipman 1974; Findikli Formation: Aydn ef al. 1987),
red and pink clastics with oolithic iron ore deposits
(Bicki Formation: Kipman 1974; Ferizli Formation,
Gedik and Onalan 2001) and finally massive carbon-
ates (Yilanl Formation) (Saner et al. 1980) and silici-
clastics (Text-fig. 2).

During the fieldwork in 2005 and 2006 the sampling
was concentrated along the Kabalak Dere, one of the
main creeks, which runs across the E-W-trending anti-
cline and cuts through all the formations of the Northern
Unit, the thrust contact between the Northern and South-
ern units and the upper parts of the Southern Unit.

The uppermost part of the Southern unit in the Ka-
balak Dere section is represented by greenish-grey, quartz-
arenites with thin grey-black shale interlayers (Text-fig.
2). The sandstones include burrows and organic detritus
together with some brachiopods. The organic material
consists of macrofloral fragments. Gedik and Onalan
(2001) assigned this succession to the Findikli Formation
and suggested it was of Middle Ordovician age.

The Northern Unit starts with the Bakacak For-
mation, composed of greenish-pink and violet silici-
clastics. The lower part of the succession in the
Kabalak Dere includes grey-green mudstones and
shales, alternating with shales and fine-grained sand-
stones. The middle part is represented by pale violet
shales with increasing amounts of coarser-grained
grey sandstones. The upper part of the formation com-
prises coarse-grained sandstones with silicified violet
mudstones that grades into coarse clastics of the
Kurtkdy Formation. It is interpreted as a regressive
succession including shallow-marine (deltaic) sedi-
ments in the middle and upper part, followed by flu-
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vial sediments of the Kurtkdy Formation (Gedik and
Onalan 2001). The thickness of the formation in Ka-
balak Dere is about 400 m.

The Kurtkdy Formation is made up of violet, red
and grey conglomerates, sandy conglomerates, arkoses,
subarkoses, lithic arenites with subordinate pink and
brick-red mudstones and shales. The conglomerates in-
clude up to 8 cm clasts of well-rounded quartz, feldspar,
quartzite, granite, aplite, rhyolite, gneiss, micaschist, ly-
dite and sandstone. The dominant clasts are white-pink
quartz and leucogranites with perthitic K-feldspar, mi-
crocline and white mica, indicating a crystalline source
area. The heavy mineral fraction consists of zircon and
apatite. The sandstone packages display rare cross-bed-
ding and cross-lamination. The formation has a transi-
tional boundary towards the overlying Aydos

Formation. The transitional sequence is dominated by a
3 m thick quartzo-feldspatic sandstone level. The ob-
served thickness of the Kurtkdy Formation in the Ka-
balak Dere is about 2000 m.

The Aydos Formation is composed mainly of
white, pale violet and grey quartz-arenites. The lower
part contains thick-bedded conglomeratic interlayers
with well-rounded quartz pebbles. The quartz-arenites
include well-rounded and slightly deformed quartz
grains, with rare white-mica flakes. They are silica-
cemented and comprise prismatic zircon grains. The
violet quartzites are hematite-rich. In the Kabalak
Dere, a 60 cm thick grey—pinkish-grey dolomitic lime-
stone layer just above the conglomeratic basal layers
was sampled (sample 04-127, Text-fig. 2) for con-
odonts. The upper 5 m of the formation consist of an

Text-fig. 1. The Palacozoic outcrops in NW Anatolia, Turkey (modified from Gonciioglu ez al. 1997; Gonciioglu 1997); geological map (after
Gedik and Onalan 2001) of the Northern Camdag Unit and positions of the sections studied: a — Kabalak Dere section in Southern Camdag Unit,
b — Kabalak Dere section in the Northern Camdag Unit, ¢ and d — sections on the road between Mollahasan Tepe and the village of Kurudere
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calternation of quartzites with thin quartz-siltstones
(palynological sample 06—-05) and a conglomeratic
layer at the tectonic contact with the overlying Findikli
Formation. The thickness of the formation in the Ka-
balak Dere is about 15 m, which is indicative of tec-
tonic truncation, when compared with its normal
thickness of 45—50 m in the Istanbul area.

The Aydos Formation displays well-developed
cross-bedding and ripples. Previous studies (Kipman
1974; Gedik and Onalan 2001) supported the idea that
the formation was transgressive in nature.

The Findikli Formation in Camdag is not repre-
sented by a single and continuous succession but by
several sections, bounded by tectonic contacts
(Gonctioglu et al. 2003). Although there is still no con-
sensus on the actual successions, Kozlu et al. (2002)
informally subdivided the formation into a lower
member (Black Shale Member), a middle member
(Shale-Siltstone Member) and an upper member
(Shale-Limestone Member). The upper part of the
Black Shale Member yielded Upper Llandovery
(Telychian, Gonciioglu and Sachanski 2003) grapto-
lites, whereas the Shale-Siltstone Member was dated
as early Ludlow based on palynomorphs (Lakova and
Gonciioglu 2005). The “Orthoceras Limestone” inter-
layers in the upper part of the Shale-Limestone Mem-
ber were dated as Pridoli (Kozlu ez al. 2002).

In the Kabalak Dere section, the lower member
(Black Shale Member) is absent. The lower part of the
middle member is composed of 30 m thick grey-green
mudstones and sandstones. It resembles the Shale-Silt-
stone Member described by Lakova and Gonciioglu
(2005) and yielded acritarchs of Wenlock and Ludlow
age. Upwards, the interval is followed by pyrite-rich
black shales with bands and lenses of “Orthoceras
Limestones”. The thickness of the Shale-Limestone
Member is reduced, very probably due to tectonic trun-
cation. The upper part of the succession in the Kabalak
Dere is mainly represented by green, greenish-grey and
black shales with dark grey-black Orthoceras-bearing
limestone bands, followed by an alternation of green
shales, sandy limestones, brown and pink-red mud-
stones and nodular limestones. This part of the succes-
sion is characterized by the abundance of brachiopods
and crinoids. The contact between the Findikli and red
sandstones of the overlying Ferizli Formation is prob-
ably faulted, as the basal Quartzite Member of the Fer-
izli Formation, observed elsewhere, is missing here.

The Ferizli Formation in the Kabalak Dere in-
cludes in its lower part about 8 m of red-pink con-

glomeratic sandstones with some mudstone bands and
sandy limestones. Its upper part is characterized by an
alternation of grey dolomitic and sandy limestones and
red sandstones and chamositic mudstones. The strik-
ing features of this formation are oolitic ironstones and
chamositic mudstones. In the type-locality of the for-
mation, southwest of the Kabalak Dere, Kipman
(1974) described eleven separate bands of oolitic iron-
stone that alternate with dolomites and sandstones,
which he referred to as the Coskun Ironstone Mem-
ber. In the Kabalak Dere this member is about 35 m
thick and includes dolomitic limestone bands alter-
nating with chamositic mudstones.

The Ferizli Formation is conformably overlain by
the Manastir Member of the Yilanli Formation, which
consists of marls, marly limestones, nodular lime-
stones and dolomitic limestones and was described by
Gedik and Onalan (2001). The Manastir Member is
characterized by the abundance of macrofossils,
mainly corals, brachiopods, bivalves and echinoids.
The upper contact of the Manastir Member is transi-
tional to medium- to thick-bedded grey limestones and
dolomitic limestones that are known as the Yilanl For-
mation. The Yilanli Formation in the Kabalak Dere
was sampled only in its lower part to find out the onset
of platform-type carbonate deposition. Brachiopods
(Kipman 1974; Gedik and Onalan 2001) from the
lower part indicate a Middle Devonian age.

NEW BIOSTRATIGRAPHIC DATA FROM THE
KABALAK DERE SECTION

The Middle Ordovician to Middle Devonian suc-
cession in the Kabalak Dere in Camdag was sampled
for micropalaeontological studies. The samples Kab-
1 and Kab-2 are from an alternation of grey quartzitic
sandstones interlayered with grey and black thin-bed-
ded siltstones (Text-fig. 2). The siltstones contain bur-
rows and are rich in organic material, consisting of
macrofloral remains. In previous studies these rock
units were assigned to the lower part of the Findikli
Formation (Gedik and Onalan 2001). However, the
succession as a whole is quite different from that of
the Findikli Formation in the Northern Camdag Unit
described above and in Kozlu et al. (2002). The
macroflora found in samples Kab-1 and Kab-2 is
under investigation, its complex morphology suggests
that it is younger than the primitive Silurian flora, and
is not older than Early and Middle Devonian. These

Text-fig. 2. Stratigraphy of Ordovician to Devonian in Northern Camdag Unit. The left-hand and central columns are of the sections studied

and the right-hand column is a generalized stratigraphy of the Northern Camdag Unit in NW Anatolia, Turkey
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preliminary data have important tectonic implications
as will be discussed later.

From the Northern Camdag Unit conodont sam-
ples were collected from the top of the Aydos Forma-
tion, the limestone bands within the Orthoceratid-
bearing Shale-Limestone Member of the Findikli For-
mation, and from the predominantly carbonate rocks
of the Ferizli and Yilanli formations. The conodonts
are the main paleontological tool for the new age de-
terminations in the Kabalak Dere section. Conodonts
are moderately abundant in the Middle Ordovician of
the Aydos Formation, less common in the Silurian of
the Findikli Formation, rare in the presumed Lower
Devonian part of the Ferizli Formation and fairly di-
verse in its Middle Devonian part. No conodonts were
found in this section from the Manastir Member of Yi-
lanli Formation.

Palynological samples come from the Shale—Silt-
stone and Shale-Limestone members of the Findikli
Formation. The Shale-Siltstone Member is of Wen-
lock-Ludlow age in the Kabalak Dere and elsewhere
in Northern Camdag (Gonciioglu and Sachanski 2003;
Lakova and Gonciioglu 2005). Acritarchs from the
overlaying Shale-Limestone Member suggest a late
Silurian (Ludlow—Pridoli) age.

Aydos Formation — Middle Ordovician

A limestone bed of the Aydos Formation (sample 04—
127) yielded abundant conodonts of Middle Ordovician
age. The bed is about 1 m thick, brown weathered,
dolomitic and laminated. It contains a low diversity, mod-
erately abundant conodont fauna. Approximately 155
identifiable elements and at least the same number of
unidentifiable fragments were recovered (Text-fig. 3).
The fauna is dominated by Balfoniodus prevariabilis
(Fahraeus) and Protopanderodus varicostatus (Sweet and
Bergstrom). The remainder of the fauna consists of
Drepanoistodus basiovalis (Sergeeva), Dapsilodus? sp. cf.
D. viruensis (Féhreeus), Scolopodus? peselephantis Lind-
strom, Semiacontiodus sp. cf. S. cornuformis (Sergeeva),
Walliserodus sp., Panderodus sp., a platform element frag-
ment tentatively identified as Eoplacognthus sp., and 7
coniform elements that are an unidentified genus and
species. This fauna does not provide enough evidence for
a precise biostratigraphic assignment. However, the fau-
nal content does support a Darriwilian age (Middle Or-
dovician), and is most likely late Darriwilian. The oldest
probable age is the Eoplacognathus suecicus Zone, and it
is unlikely that it is younger than the Pygodus anserinus
Zone (see Lofgren 1978; Dzik 1994; Zhang 1998, and ref-
erences therein for discussions and descriptions of similar
faunas and the biostratigraphy of this interval). Additional

sampling of the limestone beds in this interval should lead
to a more precise biostratigraphic placement. The CAI
(Epstein et al. 1978) of the conodonts is 5, indicating ther-
mal maturation of 300+°C. In addition to conodonts, 10
inarticulate brachiopod fragments and one specimen of
Ptiloncodus simplex (Harris) were recovered.

Conodont Species Number

of Elements
Baltoniodus prevariabilis 90
Protopanderodus varicostatus 51
Eoplacognthus? sp 1
Drepanoistodus basiovalis 5
Dapsilodus? sp. cf. D. viruensis 4
Scolopodus? peselephantis 2
Semiacontiodus sp. cf. S. cornuformis 1
Walliserodus? sp. 6
Panderodus sp. 2
Cornuodus sp. 5
Genus and species indet. 7

The lowermost palynological sample 06—05 from
the base of the Findikli Formation (Text-fig. 5) yielded
diverse acanthomorphic acritarchs. These include
species of the genus Orthosphaeridium which is
known to occur only in the Upper Ordovician.

Findikli Formation — Upper Ordovician, Silurian
and Lower Devonian

The greenish-grey shales of the Shale—Siltstone
Member in the lower part of the Findikli Formation
have been sampled in detail (samples 04—-127B and
06-08 to 06-16).

The acritarch association suggests an Early Wen-
lock (Sheinwoodian) age in sample 127b. The fauna
consists of Ammonidium listeri Smelror, Ammonidium
sp., Deunffia brevisponosa Downie, Diexallophasis
sanpetrensis (Cramer) Dorning, Dilatisphaera cf.
willierae Martin, Gorgonisphaeridium citrinum
(Downie) Mullins, Leiosphaeridia sp., Micrhystrid-
ium stellatum Deflandre and Polygonium polygonale
(Eisenack) Le Herisse.

The occurrence of Deunffia brevispinosa sug-
gests a latest Telychian — earliest Sheinwoodian age.
This species is known to be restricted to the Llan-
dovery — Wenlock boundary in England (Downie
1960; Dorning 1981), Gotland (Le Herisse 1989),
Ukraine (Kirjanov 1978), Czech Republic (Dufka
and Pacltova 1988), Brazil (Cardoso 2001) and USA
(Cramer and Diez 1970). Ammonidium listeri was re-
ported only from the Llandovery in Norway (Smelror
1987). Dilatisphaera willierae is known from the
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Llandovery in Belgium (Martin 1968), the Ludlow
in Ukraine (Kirjanov 1978), the Llandovery — Wen-
lock boundary in Gotland (Le Herisse 1989) form the
Llandovery in Canada, and from the Llandovery to
Ludlow in England. Gorgonisphaeridium citrinum is
known only from the Sheinwoodian — lower Gors-
tian type areas of the Wenlock and Ludlow in Eng-
land (Downie 1963; Mullins 2001). Diexallophasis
sanpetrensis, Micrhystridium stellatum and Polygo-
nium polygonale are long-ranging species. D. san-
petrensis ranges from the Silurian to the Lower
Devonian in Spain and the USA (Cramer 1964;
Cramer and Diez 1972), and has a more restricted
distribution of Llandovery to Ludlow in Gotland,
Belgium, England, Turkey, Austria and the Czech
Republic (Le Herisse 1989; Martin 1968; Erkmen
and Bozdogan 1979; Preiwalder 1987; Dufka and Pa-
cltova 1988). Polygonium polygonale ranges from
the Middle Ordovician to the Ludlow in Gotland,
Ukraine, Lithuania, Canada and Argentina (Le
Herisse 1989; Rubinstein 1995). As a whole, the as-
semblage suggests an Early Wenlock age for the
Shale-Siltstone member of the Findikli Formation.

The Orthoceras-bearing Shale—Limestone Mem-
ber comprises dark shales with dolomitic limestone
interlayers, the latter yielding Late Silurian conodont
faunas of Ludfordian and Pridoli age. The presence of
Ozarkodina crispa (Walliser) in samples 04—-128 and
04-129 (Text-fig. 4) indicates crispa Zone (Late Lud-
low). In the sample 04—129 Oz. confluens (Branson
and Mehl) occurs. According to Walliser (1964), this
form ranges from the Ludlow (siluricus Zone) to the
base of the Lower Devonian. The only P elements
present are those of Oz. confluens and Oz. crispa. The
presence of Ozarkodina excavata excavata (Branson
and Mehl) does not add to the resolution of the age be-
cause of the long range of this taxon (Late Silurian
through Early Devonian). There are many skeleton el-
ements of Oz. excavata excavata like M elements and
Sc elements. All elements are assigned to the crispa
Zone (Upper Ludlow) by the presence of Oz. conflu-
ens and Oz. crispa.

Acritarchs from sample 130C* from the upper part
of the Findikl1 Formation mainly include (Text-fig. 5)
species of the simple-spined genera Dorsenidium, Mi-
crhystridium and Veryhachium, together with Multipli-

Text-fig. 3. Middle Ordovician conodonts recovered from the Aydos Formation, sample 04—127; 1-6 — Baltoniodus prevariabilis Fahreus; 7 —

Cornuodus sp.; 8-10 — Drepanoistodus basiovalis (Sergeeva); 11 —Scolopodus? Peselephantis Lindstrom; 12-13 — Walliserodus sp.; 14 — Ptilon-

codus simplex (Harris); 15 — Eoplacognathus? sp.; 16 — Dapsilodus? sp. cf. D. viruensis Fahreeus; 17-19 — Protopanderodus varicostatus (Seet

and Bergstrom); 20 — Semiacontiodus sp. cf. S. cornuformis (Sergeeva)
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cisphaeridium. The association of Gorgonisphaeridium
succinum Lister, Dorsenidium pyramidale Mullins and
Veryhachium valiente Cramer suggests a Ludlow age
(Lister 1970; Fensome et al. 1990; Mullins 2001) and
supports the age determined by conodonts from sam-
ples 04—128 and 04—129. The other acritarch species
(Text-fig. 5) Dorsenidium europaeum, Do. inflatum,
Micrhystridium stellatum, Oppilatala ramusculosa,
Veryhachium trispinosum and Multiplicisphaeridium
spp. are long-ranging, cosmopolitan forms spanning
the Silurian and Devonian (Le Herisse 1989; Mullins
2004).

Limestone sample 04—130B is younger than the
crispa Zone and could belong to the eosteinhornensis
conodont Zone (Late Pridoli — Early Lochkovian). The
sample also contains Ozarkodina eosteinhornensis
(Walliser), and Oulodus elegans detortus (Walliser)
(Text-fig. 4), the association characteristic of the lat-
est Silurian — earliest Devonian. Ozarkodina eostein-
hornensis ranges from the uppermost Pfidoli Series
into the Lochkovian, and co-occurs with Oulodus el-
egans detortus, in the lowermost Lochkovian. It is as-
sumed therefore that the Silurian—Devonian boundary
occurs somewhere within the limestones above the
“Orthoceras’ limestones in sample 04—130B.

Sample 04-130C contains fragments of Icriodus
woschmidti cf. woschmidti ZIEGLER. The stratigraphic
position of this sample is above the Silurian—Devon-
ian boundary.

Samples 04—130A and 06-21 from the uppermost
brachiopod-rich limestone (Text-fig. 2) yielded Pele-
ksygnathus serratus serratus Jentzsch. Although this
subspecies starts already in the pesavis Zone of the
Late Lochkovian, recent investigations in Sardinia
(Olivieri and Serpagly 1990) and in the Barrandian
(Slavic 2001) indicate that it is most characteristic of
a middle Pragian age.

Ferizli Formation — Lower—Middle Devonian

Sample 04—132 from the sandy limestones in the
middle part of the Ferizli Formation (Text-fig. 2) in-
cludes an Icriodus-dominated association character-
istic of the Lower Givetian. The standard conodont
subdivision for the Middle Devonian could not be
applied in the Kabalak Dere because of the lack of

diagnostic taxa. The polygnathid lineage is absent
from this section. The combined presence of an
Icriodus-dominated association, brachiopods, verte-
brates and crinoids is related to a shallow subtidal
platform habitat. The co-occurrence of conodonts,
vertebrates, crinoids and, in particular, the appear-
ance of fauna with Icriodus obliquimarginatus
Bischoff and Ziegler, I. amabilis Bultynck and Hol-
lard, I. arkonensis Stauffer, I. brevis Stauffer sug-
gests that the boundary between the Eifelian and
Givetian is within the Ferizli Formation (Text-fig. 4).
The combined range of these conodont associations
is from the Upper Eifelian into the Givetian (Bul-
tynck 2003) and we assign it to the ensensis and
hemiansatus zones (Lower Givetian) in the absence
of zonal determining species.

In the studied section (Text-fig. 2), numerous ver-
tebrates were obtained from lithofacies varying from
siliciclastic to carbonate (samples 04—130, 04-131,
04-132). There are fragments of acanthodians and pla-
coderms (possible chondrichthyan scales and dermal
bone fragments), Ohiolepis specimens, a few Cheira-
canthus (known from Middle Devonian in Australia,
Scotland and Canada) and placoderms resembling the
Eifelian Aspidichthys.

Sample Conodont Species Number

of Elements
04-128, 04—129 Ozarkodina crispa 4
04-128, 04—-129 Ozarkodina confluens 5

04-128, 04—129 Ozarkodina excavata excavata 56

04-130B Ozarkodina eosteinhornensis 5
04-130B Oulodus elegans detortus 4
04-130C Icriodus woschmidti

cf. woschmidti 2
04—130A, 06-21 Peleksygnathus serratus

serratus 11
04-132 Icriodus obliquimarginatus 6
04-132 Icriodus amabilis 2
04-132 Icriodus arkonensis 2

Yilanh Formation (Manastir Member)

The conodont samples 04—134 and 04—135 taken
from the massive limestones (Text-fig. 2) are barren
probably due to unfavorable conditions. The age

Text-fig. 4. Silurian and Devonian conodonts from Findikli and Ferizli Formation. Scale bar 100 p; | — Icriodus brevis Stauffer; sample 132;

2 — Icriodus cf. arkonensis ~ Stauffer; sample 132; 3 — Ozarkodina excavata excavata (Branson and Mehl) Sc element; sample 129; 4 — Ozarko-

dina excavata excavata (Branson and Mehl); Sa element; sample 129; 5 — Oulodus elegans detortus (Walliser); sample 130B; 6 — Icriodus

arkonensis Stauffer; sample 132; 7 — Ozarkodina eosteinhornensis (Walliser), sample 130B; 8 — Ozarkodina excavata excavata (Branson and

Mehl) Pa element; sample 129; 9 — Icriodus angustoides alcoleae Carls ; sample 130 C; 10 — Ozarkodina excavata excavata (Branson and

Mehl) M element; sample 129; 11 — Ozarkodina excavata excavata (Branson and Mehl) Pb element; sample 129
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range of the Manastir Member of the Yilanli Forma-
tion is Frasnian — late Mississippian according to re-
cent and unpublished fossil finds of the present
authors in the Zonguldak area to the east of the study
area (Text-fig. 1).

IMPLICATIONS OF THE NEW FINDS ON THE
GEOLOGY AND PALAEOZOIC STRATIGRAPHY
IN CAMDAG

The sampling of the Palaeozoic successions in
Camdag has contributed to the stratigraphy and hence
to a better correlation of the successions in the Istan-
bul-Gebze, Camdag, Eregli and Karadere areas. This
correlation is of critical importance in determining the
affiliation of these areas to the Zonguldak or Istanbul
terranes in NW Anatolia.

Southern Camdag Unit

The new macrofloral finds suggesting a post-?Early
Devonian age are very important because it implies that
this unit may have been misidentified as the Findikli
Formation in previous studies (e.g. Gedik and Onalan
2001). The Findikli Formation of Aydin et al. (1987),
wherever observed, includes graptolitic black shales,
cephalopod, crinoid- and brachiopod-rich limestone
bands and its currently understood age ranges from the
Llandovery to Lochkovian. However, none of these
lithologies was encountered so far in the Southern Cam-
dag Unit. In the Camdag area as a whole, macrofloral
remains were reported in previous studies from the sand-
stones of the Ferizli Formation (Kozlu et al. 2002),
which also include a very rich macrofauna of Middle
Devonian age. Other macroflora-bearing units in NW
Anatolia are the Kartal Formation (late Emsian — Eife-
lian) and the Trakya Formation (Late Tournaisian) in the
Istanbul and the Tarlaagzi Formation (Serphukovian) in
Zonguldak areas. Another clue to the dissimilarity be-
tween the Southern and Northern Camdag units is that
the former does not include the Kocatongel, Bakacak
and Kurtkdy formations. In this unit, quartz-arenites, as-

cribed to the Aydos Formation in the Northern Unit of
Camdag, transgressively cover the Soguksu Formation,
which in turn is conformably overlain by an alternation
of “green-gray quartz-arenites with gray shale interlay-
ers” of the Findikli Formation with ?Early Ordovician
bivalves (Gedik and Onalan 2001). The recent finding of
macroflora in this sandstone-shale alternation in this
study, however, suggests that this unit is very probably
not the Findikli Formation but a younger (Middle De-
vonian or even younger) unit. Moreover, the underlying
quartzite unit is not the equivalent of the Aydos Forma-
tion but represents the quartz-sandstones beneath the
Middle Devonian clastics (Eskibaglar Member of Aydin
et al. 1987). The Eskibaglar Member is a typical clastic
unit at the base of the early Middle Devonian regional
transgression (Gonctioglu et al. 2005; Yanev et al. 2006)
and occurs in Inkumu, Karadere and Catak Dere sec-
tions of the Zonguldak Terrane. If the above correlation
is supported by additional data, the “Camdag Thrust
Fault” of Gedik and Onalan (2001) not only separates
the Southern and Northern Units of Camdag but also
represents the boundary between the Istanbul and
Zonguldak terranes.

Northern Camdag Unit

The new conodont fauna of Middle Ordovician age
is crucial for dating of the Aydos Formation and hence
the Lower Palaeozoic in NW Turkey, as this unit occurs
in several areas and is considered as a good marker for
correlation. Originally the name is from the Istanbul
area (Kaya 1978), where this unit transgressively cov-
ers the fluvial clastics of the Kurtkéy Formation and is
conformably overlain by greenish sandstones and
shales (Gozdag Formation, Gedik ef al. 2003). No re-
liable fossil data were reported in previous studies to
date the unit except some trace fossils (Cruziana sp.,
Kaya 1978) indicating Early to Middle Ordovician.
The most recent data from the Istanbul area
(Gonctioglu et al. in prep.), however, indicate a Late
Ordovician (Ashgillian) age. In the Karadere area
(Dean et al. 1997) of the Zonguldak Terrane, on the
other hand, quartzites transgressively covering the

Text-fig. 5. Silurian palynomorphs from the Findiklt Formation. A — Scolecodonts and chitinozoa from sample 127 b; 1-5 — Scolecodonts; 6 —

7 — Cingulochitina spp.; 8-11 — Conochitina spp. B — Acritarchs from sample 127 b; 1 — Deunffia brevispinosa Downie; 2 — Ammonidium sp.

3 -4 — Diexallophasis sanpetrensis (Cramer) Dorning; 5 — Polygonium polygonale (Eisenack) Le Herisse; 6 — Mirhystridium stellatum Deflan-

dre; 7 — Ammonidium listeri Smelror; 8 — Gorgonisphaeridium citrinum (Downie) Mullins; 9 — Veryhachium sp.; 10 — Acritarch indet.; 11 —

Leiosphaeridia sp.; 12-13 — Dilatisphaera cf. willierae Martin. C — Acritarchs from sample 127¢; 1, 8 — Dorsenidium inflatum (Downie) Sar-

jeant and Stancliffe; 2-3 — Dorsenidium pyramidale Mullins; 4, 5, 9 — Multiplicisphaeridium spp.; 6 — Oppilatala ramusculosa (Deflandre)

Dorning; 7 — Micrhystridium stellatum salopiense Lister; 10-11 — Micrhystridium inflatum Deflandre; 12 — Veryhachium valiente Cramer; 13 —

Veryhachium trispinosum (Eisenack) Stockmans and Williere; 14 — Dorsenidium europeum (Stockmans and Williere) Sarjeant and Stancliffe;

15 — Veryhachium checkleyensis Dorning; 16 — Gorgonisphaeridium succinum Lister; 17 — Leiosphaeridia sp.
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Kurtkdy coarse clastics are directly overlain by Darri-
wilian graptolitic shales with carbonate-bearing inter-
layers. Thus, the Middle Ordovician conodont age
obtained from the limestone band at the top of the
Aydos Formation in this study is in agreement with the
data from the Karadere area. Nevertheless, it should be
pointed out that there is more than one “quartzite mem-
ber” in the NW Anatolian Palacozoic successions. For
example, the late Landovery Aydinli Member of the
Gozdag Formation in Istanbul or the Early Devonian
Eskibaglar Member of the Kartal Formation are also
quartzites and quartz-arenites and may be misleading
in regional correlations without fossil data.

A continuous Silurian succession was not observed
in the Northern Camdag Unit. However, fossil data from
fault-bounded sections imply that almost the entire Sil-
urian is represented within the different members of the
Findikli Formation. In Kabalak Dere, the Upper Llan-
dovery (Telychian) lower member (Black Shale Mem-
ber) is obviously truncated by a major fault juxtaposing
the Middle Ordovician limestone and the gray-green
mudstones and sandstones of the Shale-Siltstone Mem-
ber. The rare acritarchs found at this level are in accor-
dance with the previous dating of Gonclioglu and
Sachanski (2003). Moreover, additional conodont data
have been obtained from calcareous interlayers (CD-
18A) in the upper part of the Shale-Siltstone Member
(Text-fig. 2, section d). The fauna include elements of
Kockelella variabilis Walliser and K. crassa (Walliser),
which are restricted to the K. crassa Zone, Homerian-
Gorstian boundary. The new conodont (Ludfordian and
Pridoli) and acritarch (Ludlow) ages from the Shale-
Limestone Member from the Kabalak Dere also
strengthen the previous findings (Kozlu et al. 2002;
Gonciioglu et al. 2003; Lakova and Gonciioglu 2005).

New and very important data have been obtained
from the upper part of the Findikli Formation. In Kip-
man (1974), the succession above the orthoceratid
limestones was considered as a separate formation
(Bickt Formation), but this was subsequently rejected
by Gedik and Onalan (2001). The sampling of this unit
in Kabalak Dere section provided a good opportunity
not only to recognize the rock units in detail, but also
to locate the approximate position of the Silurian-De-
vonian boundary. Of critical importance is sample
130B with Oz. eosteinhornensis (Walliser) and Oulo-
dus elegans detorta (Walliser), which mark the S-D
boundary interval. The sample is located just above
the orthoceratid limestones and below the dark gray,
brachiopod-rich limestone beds alternating with green,
pink and grey sandstones and mudstones with shell-
debris and crinoids. The Silurian—Devonian boundary
is located within the upper part of the Findikli Forma-

tion, between samples 130B and 130C where Icriodus
woschmidti cf. woschmidti was recovered. The last
limestone band (sample 06-21) within the Findikli
Formation, on the other hand, yielded Peleksygnathus
serratus serratus Jentzsch, showing that the deposi-
tion of the formation lasted until the late Lochkovian-
middle Pragian. From this level on, there are some
irregularities in the succession, caused by small-scale
faulting. The conglomeratic sandstone at the base of
the following succession is considered as the lower
member of the overlying Ferizli Formation.

Disregarding the tectonic discontinuity, there is a
change from the regressive character of the upper
Findikli Formation to oolitic ironstone-bearing car-
bonate-clastic deposition within the Ferizli Formation
across the contact. Samples 130—133 are from the
dolomitic limestone bands within the upper part of the
Ferizli Formation and have yielded vertebrates and
conodonts indicative of the Middle Devonian. Hence,
the Lower—Middle Devonian boundary should be
within the lower part of the Ferizli, whereas the Eife-
lian-Givetian boundary should be located within the
upper part with carbonate bands.

Another critical issue in the Kabalak Dere section
is the advance dating of the oolitic ironstones. Similar
occurrences are encountered in the Karadere area to
the east and dated as early Eifelian. Young (1992)
pointed out that the ooidal ironstones represent sedi-
ments formed under extremely low sedimentation
rates and were most commonly developed as the ini-
tial deposits above an unconformity. Events produc-
ing this lithofacies occurred almost synchronously
over wide areas of the Gondwanan shelf, including
northern Africa (N African Palaeozoic Ironstone Belt;
Guerrak 1987) and southeast Europe (Galle et al.
1995) during Early-Middle Devonian and reflect the
uniform sedimentary conditions across large areas of
the shallow, low-gradient shelf. Their temporal distri-
bution shows strong correlation with periods of high
relative sea level (e.g. Dreesen 1989). Sedimentolog-
ical study of examples in southwest Europe (Young
1992) indicate that they separate transgressive systems
tracts from the early part of the following highstand
systems tracts and are therefore interpreted to lie on
maximum flooding surfaces. It is also important to
note that in the Istanbul Terrane, the same time-inter-
val is represented by ramp-type deposits (Kartal For-
mation) and sedimentation was obviously not been
affected by these changes (Dojen ef al. 2004).

The Ferizli Formation is transitional to the Man-
astir Member of the Yilanli Formation. This unit con-
sists of grey-greenish gray shales and mudstones at
the base, followed by an alternation of marls and
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sandy limestones. It is very rich in macrofossils
(corals, brachiopods, echiniods, bivalves, etc) and
grades first into nodular limestones and then into the
massive dolomitic limestones of the Yilanli Forma-
tion. The sampling in the Kabalak Dere has not pro-
vided biostratigraphic data on the exact age of this
member. However, Kipman (1974) reports Upper De-
vonian brachiopods from the nodular limestones in
Kabalak Dere.

CONCLUSIONS

The Palacozoic successions in northwest Anatolia
mostly occur as distinct tectonic units with important
differences in lithostratigraphy and hence in deposi-
tional as well as palacogeographical environments.
These differences were for the most part attributed to
lateral facies changes by Aydin et al. (1987) and Der-
man (1997). The alternative view is that these tectonic
units represent parts of two different terranes (e.g.
Gonciioglu and Kozur 1998, 1999); the Istanbul Ter-
rane around Bosphorus and the Kocaeli Peninsula and
Zonguldak Terrane to the east. The Camdag area in be-
tween could has not previously been attributed to either
of these main tectonic entities. The new stratigraphic
data obtained by this study clearly indicate that both ter-
ranes may be represented in the Camdag area, the
Southern Camdag Unit representing the Istanbul Ter-
ran and the Northern Camdag Unit the Zonguldak ter-
rane. They are in contact along the Camdag Thrust
Fault, previously mapped by Gedik and Onalan (2001).
The new fossil data from the Northern Unit enabled its
correlation with the Karadere and Catak sections of the
Zonguldak Terrane. However, in these latter localities,
Middle Devonian unconformably overlies Silurian
black shales, whereas in the Northern Camdag the
Upper Silurian and Lower Devonian are still preserved
and characterizes a regressive series trough the Silurian-
Devonian boundary-interval.

The Silurian acritarchs found in the Northern Cam-
dag Unit are similar to those in northern Africa and
southern Europe, supporting the Peri-Gondwanan ori-
gin of the Zonguldak Terrane, as suggested by
Gonctioglu (2001) and Yanev et al. (2006).
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