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 ABSTRACT - The Ceylan Formation (upper Eocene) from the Thrace Basin (Gelibolu Peninsula, NW Turkey), is composed of pelagic 
shales, marls, clayey limestones, turbiditic sandstone-shale beds and local conglomerates, debris flow mixtites, slumped deposits and 
silicified tuffites. These deposits, which are about 1000 m thick, generally shallow upwards, show vertical and lateral changes according to 
their accumulation on different parts of a submarine slope, with a transition to the proximal basin plain. The variability is also expressed 
in the trace fossil content (33 ichnotaxa, 26 ichnogenera). The fine-grained background sediments are totally bioturbated and they show an 
ichnofabric with Trichichnus, Chondrites, Planolites and small Thalassinoides. Generally, abundance and diversity of trace fossils increase 
with frequency of sandstone intercalations, probably because of higher and more variable food content and higher preservational potential. 
Turbiditic sandstones of the proximal basin plain contain abundant graphoglyptids (Paleodictyon, Helminthorhaphe, Urohelminthoida, 
Desmograpton, Belorhaphe, Helicolithus). Continuous reworking of background sediments points to a good or moderate oxygenation of 
pore waters. The trace fossil assemblage of fine-grained pelagic sediments with isolated sandstone beds can be ascribed to the Zoophycos 
ichnofacies sensu lato, but some ichnotaxa typical of turbiditic sediments (e.g., Ophiomorpha annulata) can be present in isolated sandstone 
beds. Series of turbiditic sandstones with abundant graphoglyptids are typical of the Paleodictyon ichnosubfacies of the Nereites ichnofacies. 
Turbiditic series in the upper slope setting contain much  fewer graphoglyptids. The absence of graphoglyptids in isolated sandstone beds 
shows that their occurrence is not only a matter of taphonomy (scouring and casting) but also is related to the presence of more frequent 
turbidites modifying the substrate.

RIASSUNTO - [Variabilità a breve distanza delle tracce fossili in depositi sottomarini di scarpata e bacino prossimale: un caso di studio 
dalla Formazione di Ceylan (Eocene superiore), Penisola di Gelibolu, Turchia nord-occidentale] - La Formazione di Ceylan (Eocene superiore) 
dal Bacino di Tracia (Penisola di Gelibolu, Turchia nord-occidentale), è costituita da scisti pelagici, marne, calcari argillosi, torbiditi 
(arenarie-scisti) e localmente conglomerati, depositi da debris flow e slump, e tufiti silicizzate. Questi depositi, di circa 1000 m di spessore 
e caratterizzati da shallowing up, mostrano variazioni verticali e laterali in base alla loro zona di deposizione (scarpata sottomarina e sue 
diverse parti, con una transizione verso la zona prossimale della piana del bacino).

La variabilità è anche espressa dal contenuto in tracce fossili (33 icnotaxa, 26 icnogeneri). I sedimenti a grana fine sono totalmente 
bioturbati e mostrano un ichnofabric con Trichichnus, Chondrites, Planolites e piccoli Thalassinoides. In generale, l’abbondanza e la diversità 
delle tracce fossili aumentano con la frequenza delle intercalazioni di arenarie, probabilmente a causa del contenuto in nutrienti (più elevato 
e vario) e del migliore potenziale di preservazione. Le arenarie torbiditiche della parte prossimale del bacino contengono abbondanti 
grafogliptidi (Paleodictyon, Helminthorhaphe, Urohelminthoida, Desmograpton, Belorhaphe, Helicolithus).

La rielaborazione continua dei sedimenti di sfondo indica una buona o moderata ossigenazione delle acque interstiziali. L’associazione 
di tracce fossili dei depositi pelagici a grana fine con livelli di arenaria isolati può essere attribuita all’icnofacies Zoophycos sensu lato; 
tuttavia, alcuni ichnotaxa tipici di sedimenti torbiditici (ad es. Ophiomorpha annulata) possono essere presenti in livelli arenacei isolati.

Successioni di arenarie torbiditiche con abbondanti grafogliptidi sono tipiche dell’icnosubfacies Paleodictyon dell’icnofacies Nereites. 
Le successioni torbiditiche negli ambienti di scarpata superiore contengono molti meno grafogliptidi. L’assenza di grafogliptidi in livelli 
isolati di arenaria dimostra che la loro presenza non è solo una questione di tafonomia (scouring and casting) ma è anche correlata alla 
presenza di torbiditi più frequenti che modificano il substrato.

INTRODUCTION

In the context of the archetypal ichnofacies, slope 
sediments are in the range of the Zoophycos ichnofacies 
(Seilacher, 1967; Frey & Seilacher, 1980). However, 
this ichnofacies can occur beyond slopes, for instance 
in basin plain sediments (e.g., Uchman, 2004; Wetzel 
& Uchman, 2012) or shelf sediments (e.g., Marintsch 
& Finks, 1982), generally in fine-grained, low energy 
subtidal settings (MacEachern et al., 2012) and its 
definition and interpretations are ambiguous (Buatois & 

Mángano, 2011). Slopes show a high variability of facies 
referred to canyons, channel-levee complexes, gullies, fan 
fringes, ambient mud and sand areas, slope mini basins, 
which are characterized by other ichnofacies, which beside 
the Zoophycos ichnofacies include also trace fossils of 
the Cruziana, Skolithos, Glossifungites, and Nereites 
ichnofacies, as it was shown by Hubbard et al. (2012) 
on basis of studies in separate formations from different 
parts of the world. 

In this paper, we would like to show a variability of 
trace fossil assemblages in slope and slope-basin floor 
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transition deposits of the upper Eocene Ceylan Formation 
in NW Turkey. This formation is pertinent for such studies, 
because sediments of one formation are relatively well 
exposed and its facies change between outcrops over short 
distances. These advantages make the Ceylan Formation 
a good example of slope variability in a confined space 
and stratigraphic span. The studied outcrops and their 
ichnology have been presented during the 12th International 
Ichnofabric Workshop at Çanakkale, Turkey (Demírcan 
& Uchman, 2013a, b), and in the conference abstracts 
(Demírcan & Uchman, 2013c, 2016a). Moreover, trace 
fossils of the turbiditic facies of the Ece Bay and the Fındıklı 
2 sections were described by Demírcan & Uchman (2016b).

GEOLOGICAL SETTING

The Ceylan Shale, named later the Ceylan Formation 
(Ünal, 1967) occurs on the surface and subsurface of the 
Thrace Basin in NW Turkey (Fig. 1). It is up to 2000 

m thick (probably overestimated because of tectonic 
disturbances) in wells from the centre of the basin and 
becomes thinner towards the basin margins, where it is 
exposed (800 m in the study area). The lower contact 
of the Ceylan Formation shows a gradual passage to 
the Soğucak Formation and the upper contacts to the 
Mezardere Formation is also gradual.

The Ceylan Formation is dominated by pelagic 
calcareous shales, marls, clayey limestones, but single 
beds or series of beds of thin turbiditic sandstones and 
marker horizons of silicified tuffites are also present. In the 
basal parts of the formation, occasionally olistoliths and 
olistostromes of the limestones of the Soğucak Formation, 
and various lithologies (serpentinite, blueshist, diabase, 
and basalt) of the Çetmi ophiolithic mélange occur (Siyako 
et al., 1989; Temel & Çiftçi, 2002; Okay et al., 2010). 
Sediments previously ascribed to the Ceylan Formation 
cropping out along the Gölcük village-Şarköy road in the 
southern part of the basin are distinguished as the Çengelli 
Formation (Okay et al., 2010).

Fig. 1 - Location maps. a) Location of the study area on the map of Turkey. b) Geological map of the Gelibolu Peninsula with indication of 
the studied outcrops of the Ceylan Formation (map after Temel & Çiftçi, 2002). c) Generalized stratigraphic scheme of the studied area and 
interpretation of depositional environment of the lithostratigraphic units (after Temel & Çiftçi, 2002).
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The Ceylan Formation in the Biga and Gelibolu 
peninsulas is dated to the late Eocene on the basis of 
foraminifers (Siyako et al., 1989; Temel & Çiftçi, 2002). 
In the eastern part of Thrace Basin, this formation is 
dated to the late Eocene-early Oligocene on the basis of 
ostracods (Çağlayan & Yurtsever, 1998), palynomorphs, 
foraminifers and nannoplankton (Gerhard & Alişan, 1987; 
Batı et al., 1993, 2002). 

The studied sections (Fig. 1) belong to the upper part 
of the Ceylan Formation. They are located in the Gelibolu 
Peninsula, the south-western part of the Thrace Basin, 
where they show a low degree of tectonic disturbance 
(gentle folding and faults), good exposure and relatively 
good accessibility. Generally, this part of the Ceylan 
Formation shows a shallowing upwards trend (Temel & 
Çiftçi, 2002).

SYNOPSIS OF TRACE FOSSILS

Trace fossils have been examined in six outcrops 
(Fig. 1a). They are arranged below in alphabetical order. 
Representative specimens are housed in the Department 
of Geological Research MTA in Ankara (institutional 
abbreviation TRCF) and in the Insitutue of Geological 
Sciences, Jagiellonian University in Kraków (institutional 
abbreviation INGUJ224P).

Belorhaphe zickzack (Heer, 1877)
(Fig. 2a)

Description - Hypichnial string forming zigzag 
meanders in fine grained turbiditic sandstones, preserved 
in semi-relief. The turning points of the zigzag are 
enlarged and they are 5 mm wide. The zigzag turns at 
an angle of approximately 50°. The string is 1.0-1.5 mm 
wide.

Remarks - Belorhaphe zickzack  is a typical 
graphoglyptid burrow (Seilacher, 1977), which ranges 
from the Tithonian (Tchoumatchenco & Uchman, 2001) 
to the Oligocene (Nowak, 1970) and occurs mainly in 
deep marine clastic sediments (Książkiewicz, 1977; 
Uchman, 1998).

Bergaueria isp.
(Fig. 2b)

Description - Hypichnial hemispherical or flat-top 
mounds in sandstone beds, 30-50 mm wide, circular 
or oval in outline. The surface is smooth with small 
irregularities.

Remarks - Bergaueria Prantl, 1945 is a cubichnial or 
domichnial trace fossil produced by suspension-feeders 
(Fürsich, 1975), mostly by coelenterates, chiefly sea 
anemones (e.g., Prantl, 1945; Alpert, 1973; Pemberton 
et al., 1988) in shallow-marine (Alpert, 1973) and deep-
sea environments (e.g., Książkiewicz, 1977; Crimes & 
Crossley, 1991; Uchman, 1995), known since the late 
Proterozoic (e.g., Crimes, 1987).

Chondrites intricatus (Brongniart, 1823)
(Fig. 2c)

Description - A branching burrow system composed of 
straight, unlined segments and consistent branching angle 
of 35 to 45°. The individual branches are 0.5 to 1 mm wide 
and up to 30 mm long. They are commonly horizontally 
or subhorizontally oriented to bedding and filled by pelitic 
sediments slightly different than the surrounding rocks. 

Remarks - Chondrites intricatus is a common trace 
fossil in deep-sea sediments (e.g., Uchman, 1995, 1998). 
It is distinguished by its straight and fine branches and 
acute angle of branching (e.g., Fu, 1991; Uchman, 1999). 
Chondrites is interpreted as a chemichnion (Bromley, 
1996), produced by unknown organisms characterized 
by probably chemosymbiotic way of feeding (Seilacher, 
1990; Fu, 1991).

Chondrites targionii (Brongniart, 1828)
(Fig. 2d)

Description - Slightly winding or arcuate, branched, 
flattened, 2.5 mm wide tunnels. Branches are very long, 
some attaining at least 60 mm. The whole burrow system is 
at least 160 mm across. For discussion of this ichnospecies 
see Fu (1991) and Uchman (1999).

Remarks - Chondrites targionii is common in deep-sea 
sediments (e.g., Uchman, 1999) and it differs from Ch. 
intricatus by its more winding and wider branches (e.g., 
Uchman et al., 2012).

Chondrites isp. indet.
(Fig. 2e-f)

Description - Circular or oval spots on parting or 
polished surfaces of pelitic rocks. They are 0.5-2 mm wide 
and commonly occur in patches. Their filling is slightly 
different in colour than the surrounding rock.

Remarks - The spots are cross sections of the three-
dimensional burrow system of Chondrites, probably Ch. 
intricatus, Ch. targionii, and maybe other ichnospecies, 
but their determination from cross section only is 
impossible.

Desmograpton isp.
(Fig. 2g)

Description - Hypichnial parallel to sub-parallel, 
ridges, 1-1.5 mm wide, 5.5-6.0 long, semicircular or 
asymmetrically oval in cross section, preserved in semi-
relief in fine grained turbiditic sandstones. The ridges 
slightly curved, some a stretched “S”. They are 3-4 mm 
apart.

Remarks - Desmograpton Fuchs, 1895 is a typical three 
dimensional graphoglyptid (Seilacher, 1977) showing a 
series of preservational variants (Uchman, 1995). It ranges 
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Fig. 2 - Trace fossils of the Ceylan Formation. All field photographs. a) Belorhaphe zickzack (Bz) and Ophiomorpha annulata (Oph), hypichnia 
in a sandstone bed, Fındıklı 2 section. b) Bergaueria isp., hypichnion in a sandstone bed, Karainebeyli section. c) Chondrites intricatus (Chi), 
Planolites beverleyensis (Pl), and Zoophycos isp. (Zo), parting surface in mudstone shale, Fındıklı 1 section. d) Chondrites targionii (Cht), 
marlstone parting surface, Karainebeyli section. e) Chondrites isp. indet. (Ch), Palaeophycus isp. (Ps), Planolites isp. (Pl), Taenidium isp. 
(Ta), Thalassinoides isp. reworked with Chondrites isp. indet. (Th + Ch), Trichichnus isp. (Tr), polished slab of mudstone shale, Karainebeyli 
section (INGUJ224P9). f) Chondrites isp. indet. (Ch), Palaeophycus isp. (Ps), and Thalassinoides isp. (Th), polished slab of mudstone shale, 
Karainebeyli section (INGUJ224P9). g) Desmograpton isp., hypichnia in a sandstone bed, Fındıklı 2 section. h) Halimedides isp., hypichnion 
in a sandstone bed, Karainebeyli section. i) Helicolithus ramosus, hypichnion in a sandstone bed, Ece Bay section.
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from the Silurian (McCann, 1989, 1993) to the Miocene 
(D’Alessandro, 1980; Uchman, 1995).

Halimedides isp.
(Fig. 2h)

Description - Horizontal, hypichnial structure 
composed of a tubular straight string and symmetric 
chambers. The string is 2.0-2.2 mm in diameter and the 
chambers are 3.5-5.5 mm wide and located 8-10 mm apart.

Remarks - The taxonomy of Halimedides Lorenz 
von Liburnau, 1902 was discussed by Uchman (1999). 
Halimedides from Lower Cretaceous horizons in the Alps 
is interpreted as a deep-sea agrichnion, chambers of which 
were used for food capture and storage produced in stiff to 
firm substrates probably by a small crustacean (Gaillard 
& Olivero, 2009; Lukeneder et al., 2012). In the deposits 
studied, there is no evidence of stiff or firm substrates.

Helicolithus ramosus (Vialov, 1971)
(Fig. 2i)

Description - Hypichnial, tight meanders composed of 
aligned knobs, 0.8-1.0 mm in diameter, 1.5-2.0 mm apart. 
The amplitude of the meanders attains up to 30 mm, and 
their width 1-2 mm.

Remarks - The aligned knobs are casts of shafts 
connecting spiral strings arranged in meanders (Tunis 
& Uchman, 1996b). Helicolithus ramosus ranges from 
the Senonian (Książkiewicz, 1977) to the Miocene 
(D’Alessandro, 1980).

Helminthoidichnites isp.

Description - A horizontal, irregularly meandering, 
continuous or discontinuous hypichnial ridge or epichnial 
groove, 0.5-1.2 mm wide, which commonly shows rapid 
changes of course and occasional, short, irregular side 
protrusions.

Remarks - Helminthoidichnites Fitch, 1850 is a 
repichnion known from marine sediments since the 
Precambrian (Narbonne & Aitken, 1990). It is also known 
from marine-non-marine sediments up to the Pleistocene 
(Uchman et al., 2009). Helminthoidichnites differs from 
Helminthopsis by its winding course, occasional looping, 
and small width. 

Helminthopsis isp.
(Fig. 3a-b)

Description - Hypichnial, semicircular, loosely 
meandering, smooth, unbranched ridge, which is 3.5-4.0 
mm wide. 

Remarks - Helminthopsis Wetzel & Bromley, 1996 
(commonly described under Helminthopsis Heer, 1877), 

interpreted as a repichnion produced by “worms”, 
is a common trace fossil in several, mostly marine 
environments, including flysch (Książkiewicz, 1977). 
Helminthopsis occurs in the time interval ranging between 
the Cambrian (Crimes, 1987) to the Recent (Swinbanks 
& Murray, 1981; Wetzel, 1983a, b).

Helminthorhaphe flexuosa Uchman, 1995
(Fig. 3d)

Description - Hypichnial meandering strings, without 
bulges in the turns of the meanders, preserved in semi-
relief in fine-grained sandstones. The strings are 1.5-2.0 
mm in diameter and the amplitude of meanders attains 
55-60 mm, and their depth 2-3 mm.

Remarks - This is a graphoglyptid burrow, known 
mostly from flysch deposits, produced by unknown 
“worms”, described also Helminthorhaphe crassa 
(Seilacher, 1977).

cf. Mammilichnis isp.
(Fig. 3c)

Description - Hypichnial mound with a convex or 
concave apex and a teat-like tubercule at the centre of 
the apex. The mounds are 8-10 mm in diameter and 3-4 
mm in depth.

Remarks - Mammillichnis aggeris Chamberlain, 1971 
is more regular and smaller. Mammillichnis Chamberlain, 
1971 is interpreted as a resting or hiding trace, a fossil 
egg case (a body fossil), or the upper termination of a 
burrow (Chamberlain, 1971) or an upper part of vertical 
burrow with a funnel being a trap for organic matter 
(Uchman, 1998). It occurs mostly in flysch deposits (e.g., 
Książkiewicz, 1977; Alexandrescu et al., 1993), rarely in 
shallow water deposits (e.g., Eager et al., 1985; Pacześna, 
1986, 1996).

cf. Megagrapton
(Fig. 3e)

Description - Hypichnial irregular, incomplete nets 
composed of smooth, straight or slightly winding semi-
cylindrical ridges, which are 2.5-5.0 mm wide. The meshes 
are commonly elongate, with the longest dimension in the 
range of 25-105 mm.

Remarks - Megagrapton Książkiewicz, 1968 is a 
typical graphoglyptid burrow, which displays a few 
connections to the sea floor (Seilacher, 1977). It is typical 
of turbiditic deposits (Książkiewicz, 1977; Uchman, 1998).

Nereites isp.
(Fig. 3f)

Description - Horizontal, loosely meandering ribbons, 
3.0-3.5 mm wide bounded by a 2 mm wide, poorly 
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Fig. 3 - Other trace fossils of the Ceylan Formation. All field photographs. a-b) Helminthopsis isp. (Hs in a), hypichnia in a sandstone bed, 
Tayfur dam section. c) cf. Mammilichnis isp. (Ml) and ?Thalassinoides isp. (Th), hypichnia in a sandstone bed, Karainebeyli section. d) 
Helminthorhaphe flexuosa, hypichnia in a sandstone bed, Fındıklı 2 section. e) cf. Megagrapton, hypichnia in a sandstone bed, Karainebeyli 
section. f) Nereites isp., top of a sandstone bed, Karainebeyli section. g) Ophiomorpha annulata, hypichnia in a sandstone bed, Fındıklı 2 
section. h) Ophiomorpha rudis, hypichnia in a sandstone bed, Fındıklı 1 section. i) Paleodictyon strozzii (smaller net - Ps) and Paleodictyon 
majus (larger net - Pm), hypichnia in a sandstone bed, Fındıklı 2 section. j) Phycosiphon incertum, parting surface in siltstone, Fındıklı 2 section.
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visible zone. The ribbon is filled by pelitic sediments 
and the bounding zones are lithologically similar to 
the surrounding muddy sandstone. This trace fossil is 
preserved in full relief. 

Remarks - Nereites MacLeay, 1839 is a typical 
pascichnion produced by an unknown tracemaker 
(Rindsberg, 1994; Uchman, 1995; Mángano et al., 2002), 
mostly in deep-sea sediments. The ribbon is interpreted 
as a faecal string and the bounding zones are traces of 
sediment reworking (Uchman, 1995).

Ophiomorpha annulata (Książkiewicz, 1977)
(Figs 2a, 3g)

Description - Mainly horizontal, rarely branched 
tubular structure with or without a wall, 3-5 mm in 
diameter, traced for a distance up to 400 mm, preserved 
in full relief in sandstone beds.

Remarks - This ichnospecies was described also under 
Granularia Pomel or Sabularia simplex Książkiewicz, 1977 
but it was included in Ophiomorpha Lundgren, 1891 on the 
basis of morphological features, foremost the granulated 
wall, even if it is occasionally preserved (Uchman, 1995; 
Tunis & Uchman, 1996a, b). 

Ophiomorpha rudis (Książkiewicz, 1977)
(Fig. 3h)

Description - Vertical, oblique or horizontal, rarely 
branched, sand-filled cylindrical tunnels, 8-20 mm in 
diameter, with or without a wall. Rarely, the wall can 
display irregular pellets. 

Remarks - In comparison to O. annulata, O. rudis 
is typically two times wider, and displays less regular 
granules in the wall (if present at all). It is probably 
a burrow of crustaceans searching deeply for food 
in sediments rich in plant detritus (Uchman, 2009). 
Ophiomorpha rudis is known from deposits of Tithonian 
to Miocene age (Tchoumatchenco & Uchman, 2001).

Palaeophycus isp.
(Fig. 2e-f)

Description - Horizontal or oblique, straight or curved 
cylindrical burrows with a wall, 2-4 mm in diameter, 
observed usually in cross sections or as small segments. 
The filling maybe the same or slightly different than the 
surrounding sediment. 

Remarks - Palaeophycus Hall, 1847 occurs in several 
marine and non-marine environments and it is produced 
by deposit feeding or hunting “worms” belonging to many 
systematic groups (Pemberton & Frey, 1982).

Paleodictyon majus Meneghini in Peruzzi, 1880
(Fig. 3i) 

Description - Hypichnial hexagonal nets in fine-
grained turbiditic sandstones. Meshes of the net are 6.0-7.0 
mm wide and the string is 0.5 mm wide. 

Remarks - Paleodictyon Meneghini in Savi & 
Meneghini, 1850 is a typical graphoglyptid, which is 
interpreted mainly as a farming structure produced mostly 
in deep-sea sediments (Seilacher, 1977), occasionally 
occurring in shelf sediments (e.g., Fürsich et al., 2007). 
Findings of recent Paleodictyon on the deep sea floor 
did not solve problems of its origin (Rona et al., 2009). 
It ranges from the Cambrian (Crimes & Anderson, 1985; 
Pacześna, 1985) to Recent (Ekdale, 1980; Miller, 1991). 

Paleodictyon strozzii Meneghini in
Savi & Meneghini, 1850

(Fig. 3i)

Description - Hypichnial hexagonal nets in fine 
grained turbiditic sandstones. Their strings are 0.5-1.0 
mm wide and the meshes are 3.6-4.5 mm wide.

Remarks - Individual meshes are of different size 
and can be elongated. Ichnospecies of Paleodictyon are 
distinguished on morphometric parameters (Uchman, 1995).

Parahaentzschelinia isp.
(Fig. 4d)

Description - Groups or short rows of hypichnial 
hemispherical or flat-top mounds, circular or elliptical in 
outline, 8-20 mm wide, 5-20 mm apart, up to 15 mm deep. 

Remarks - Parahaentzschelinia isp. (see also 
Häntzschel, 1975) has then been interpreted by Uchman 
(1995) as casts of shafts radiationg from one mastershaft.

Phycosiphon incertum Fischer-Ooster, 1858
(Fig. 3j)

Description - Small, horizontal lobes encircled by a 
meandering marginal tunnel. The lobes are 1-3 mm wide 
and up to 10 mm long. The marginal tunnel is about 1 
mm wide. 

Remarks - Phycosiphon incertum is generally formed 
by sediment-feeders in the early stage of colonization 
of turbiditic fine-grained sediments (Wetzel & Uchman, 
2001). For discussion of this trace fossil see Wetzel & 
Bromley (1994).

Planolites beverleyensis Billings, 1862
(Figs 2c, 4a)

Description - Horizontal or oblique tubular, smooth 
structures without a wall, 2-4 mm in diameter. Filling 
can be the same or different than the surrounding rock. 
In cross section, it is visible as circular or oval spots of 
comparable size. 
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Remarks - The structures visible in cross section 
only are determined as Planolites isp. because their 
fragmentary preservation or observations only in cross 
section prevent a firm determination. 

Planolites montanus Richter, 1937
(Fig. 4b)

Description - Hypichnial, smooth tubular burrows, 
visible as short ridges on bedding surfaces, straight or 
curved, plunging in the bed under different angle. The 
diameter of the burrows ranges from 3 to 5 mm. 

Remarks - Planolites Nicholson, 1873 is interpreted 
as pascichnia produced by different “worm”-like 
organisms in several marine and non-marine environments 
(Pemberton & Frey, 1982; Keighley & Pickerill, 1995).

cf. Rutichnus isp.
(Fig. 4c)

Description - Hypichnial, horizontal to subhorizontal, 
winding, branched, meniscate tubular ridges, 3-4 mm 
wide. The menisci are irregular. Locally, the ridges show 
a mantle. 

Remarks - Rutichnus D’Alessandro et al., 1987 is 
probably produced by deposit-feeding “worms”. The 
branching is of the primary successive or false type 
due to crowded occurrence. This ichnogenus is known 
from shallow marine and deep-sea flysch sediments 
(D’Alessandro et al., 1987; Monaco, 2011).

Scolicia prisca de Quatrefages, 1849
(Fig. 4e-f)

Description - Epichnial, trilobate, curved or 
meandering furrows, 15-25 mm wide and up to 3.5 mm 
deep. The middle lobe is convex up and 6 mm wide, 
covered with perpendicular ribs. The lateral lobes are 
covered by oblique ribs.

Remarks - Scolicia de Quatrefages, 1849 is produced 
by irregular echinoids. S. prisca is produced typically at 
the transition between sandstone and mudstone within 
turbiditic beds (Uchman, 1995). It ranges from Late 
Jurassic to Recent (Tchoumatchenco & Uchman, 2001). 

Scolicia vertebralis Książkiewicz, 1970

Description - Epichnial two or three lobed, winding 
and meandering, V-shaped furrow in medium-grained 

turbiditic sandstones. The furrow is very narrow, 10 mm 
wide and 5 mm deep. The side lobes display asymmetric 
ribs that are 1.5 mm in width. 

Remarks - Scolicia vertebralis is distinguished by a 
single string in the middle (Książkiewicz, 1970, 1977; 
Uchman, 1998).

Scolicia strozzii (Savi & Meneghini, 1850)
(Fig. 4g)

Description - Hypichnial, smooth, straight or curved 
double ridge, 12-20 mm wide, preserved in semirelief in 
sandstone beds. The median furrow is semi-circular in 
cross section. 

Remarks - Scolicia strozzii, named in the past 
Taphrhelminthopsis Sacco, 1888 or Taphrhelminthoida 
Książkiewicz, 1977 is interpreted as a washed out and 
cast pascichnial burrow of irregular echinoids (Uchman, 
1995).

Spongeliomorpha oraviense (Książkiewicz, 1977)
(Fig. 4h)

Description - A horizontal, tubular burrow, 9 mm in 
diameter, with short oblique ribs arranged in sets, with 
three or four ribs per set. The sets can partly criss cross. 

Remarks - This is a crustacean burrow in a firm 
substrate; the ribs are scratch traces of the crustacean 
appendages (Uchman, 1998).

Taenidium isp.
(Fig. 2e)

Description - Subhorizontal, tubular burrow, 3 mm 
in diameter, filled by meniscate sediments. The menisci 
are arcuate.

Remarks - Fragmentary preservation does not permit 
a closer determination. Taenidium Heer, 1877 is a 
pascichnion produced by different organisms in marine 
and non-marine environments (D’Alessandro & Bromley, 
1987; Keighley & Pickerill, 1994).

Thalassinoides isp.
(Figs 2e-f, 3c, 4i)

Description - Mostly horizontal, tubular, branched 
burrows, about 10 mm in diameter, which show Y- and 
T-shaped branches. 

Fig. 4 - Other trace fossils of the Ceylan Formation. All field photographs. a) Planolites beverleyensis, hypichnia in a sandstone bed, Tayfur 
dam section. b) Planolites montanus, hypichnia in a sandstone bed, Tayfur dam section. c) cf. Rutichnus isp., hypichnia in a sandstone bed, 
Tayfur dam section. d) Parahaentzschelinia isp., hypichnia in a sandstone bed, Fındıklı 1 section. e) Scolicia prisca, top of a sandstone bed, 
Fındıklı 1 section. f) Scolicia prisca, top of a sandstone bed, Tayfur dam section. g) Scolicia strozzii, hypichnia in a sandstone bed, Karainebeyli 
section. h) Spongeliomorpha oraviense, hypichnion in a sandstone bed, Fındıklı 2 section. i) Thalassinoides isp., endichnia in a glauconitic 
sandstone bed, Değirmendüzü section.
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Remarks - Thalassinoides Ehrenberg, 1944 is a 
three-dimensional burrow system, which includes shafts 
connecting the horizontal parts with the sediment surface. 
It is produced mainly by crustaceans, typically in shallow-
marine environments, but also in the deep sea (Frey et 
al., 1984; Ekdale, 1992). According to Föllmi & Grimm 
(1990), the Thalassinoides crustacean tracemaker can 
survive transportation by turbiditic currents and make 
burrows even in anoxic conditions for a limited time.

Trichichnus isp.
(Fig. 2e)

Description - Branched or unbranched, variably 
oriented, thread-like, cylindrical, straight or slightly 
winding structure, filled with pyrite or iron oxides, 
variable oriented, less than 1 mm in diameter. 

Remarks - Trichichnus Frey, 1970 interpreted so far as a 
burrow of opportunistic organisms (e.g., Fillion & Pickerill, 
1990; Uchman, 1995, 1999) is considered as a structure 
formed by sulphur bacteria in the transition between 
anoxic-dysoxic sediments (Kędzierski et al., 2015).

Urohelminthoida appendiculata (Sacco, 1888)
(Fig. 5a)

Description - A hypichnial, meandering, semi-circular 
ridge, 2-3 mm wide, with short appendages at the turns of 
the meanders. The ridge is gently winding. The amplitude 
of the meanders is at least 92 mm, and their width ranges 
from 1 to 4 mm. This trace fossil is preserved in semi-relief 
in turbiditic sandstone beds.

Remarks - This is a graphoglyptid burrow, which is 
relatively rare (Tunis & Uchman, 1996b).

Zoophycos isp.
(Figs 2c, 5b)

Description - Endichnial, planar spreite structures 
composed of lobes and whorls encircled by a marginal 
tunnel. The lobes/whorls are at least 100 m wide. The 
spreite lamellae can contain pellets, elliptical in outline, 
up to 1.5 mm long. The pellets and lamelle are filled with 
pelitic sediments. 

Remarks - Zoophycos Massalongo, 1855 is generally 
accepted as the trace left by unknown deposit feeding 
organisms, which formed deep three-dimensional 
structures filled with sediment from the sea-floor surface 
(e.g., Löwemark, 2015; Monaco et al., 2016). In the 
Cenozoic, it occurs mostly in deep-sea sediments (e.g., 
Zhang et al., 2015).

STUDIED SECTIONS AND
THEIR ICHNOLOGICAL FEATURES

Six sections have been studied in the area between 
Değirmendüzü and Fındıklı villages (Değirmendüzü and 
Fındıklı 1 sections), Fındıklı and Kömür Bay (Fındıklı 2 
section), on the coast of the Ece Bay (Ece Bay section), in 
the vicinity of Karainebeyli village (Karainebeyli section), 
and between Tayfur village and the Tayfur dam (Tayfur 
Dam section) in the Gelibolu Peninsula (Fig. 1a).

The Karainebeyli section: basin plain to slope apron 
(Figs 6-7)

The studied transect runs across spectacular outcrops 
of the Ceylan Formation located in the north-eastern 
part of Karainebeyli village. It starts from the point 
where the road to Tayfur crosses the first large dry creek 
(N40°21.227′; E026°25.876′; ± 5 m), continues up the 
slope, and ends at the top of a 5 m-thick bed of very coarse- 

Fig. 5 - Urohelminthoida and Zoophycos. a) Urohelminthoida appendiculata, hypichnion in a sandstone bed, Fındıklı 2 section (INGUJ224P11). 
b) Zoophycos isp., endichnion in a sandstone bed, Değirmendüzü section.
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Fig. 6 - Log of the Karainebeyli section. Kb label indicates samples for polished surfaces. Thickness of sandstone beds is in centimetres.
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to coarse-grained conglomeratic greywacke, which forms 
isolated klippes above the cliff (Fig. 7a). The measured 
section is 351 m thick (Fig. 6). 

The section starts with dark grey marly mudstones 
intercalated with isolated beds of siltstones and rarely with 
very fine-grained sandstones (Fig. 7b). The sandstones 
are 1-2.5 cm thick and most of them occur every 1-3 
m (section A in Fig. 6). The siltstones are rich in tests 
of microforaminifers. The mudstones and siltstones are 
totally bioturbated. Trichichnus is the most common trace 
fossil. Small Thalassinoides, Planolites, and Chondrites 
are less common, and Palaeophycus, Phycosiphon and 
Taenidium are rare (Fig. 2e-f). 

Above 75 m of the section base (N40°21.284′; 
E026°25.986′; ± 5 m), mudstones are intercalated with light 
weathering marlstones, which are grey on fresh surfaces 
(Fig. 7c). The marlstone beds, 2-20 cm thick, show diffuse 
boundaries. They form packages usually composed of 
three or four beds separated by mudstones of comparable 
thickness. Most of the packages occur every 1-3 m (section 
B in Fig. 6). These rocks are totally bioturbated. The trace 
fossil composition is the same as below but Trichichnus 
is less abundant in marlstones than in the mudstones, 
compared with Planolites and Thalassinoides. Some 
Planolites are preferentially reworked with Chondrites. 

The first primary lamination (parallel lamination) 
occurs in 4-5 cm thick very fine-grained sandstone at 111 
m from the section base (section C in Fig. 6). It contains 
mudstone filled Thalassinoides, 5 mm in diameter, which 
penetrates rarely into the bed but it does not reach its base. 
Fine-grained sandstone beds, 1.5-12 cm thick, are more 
frequent between 140-159 m of the section (N40°19.320′; 
E026°26.085′; ± 4 m; section D in Fig. 6). Most of them 
are ripple laminated, except for the thickest bed which is 
parallel laminated in the lower part and ripple laminated 
in the upper part, and two beds, 2 and 1.5 cm thick, which 
are parallel laminated. Meandering Nereites isp. (Fig. 
3f) occurs in the upper part of these bed. It is crossed by 
Trichichnus and rare Chondrites intricatus. Phycosiphon 
is associated in two beds. Planolites isp. is present on 
sole of some beds, rarely ?Thalassinoides or Scolicia isp. 

Above, approaching steeper slopes, marly mudstones 
with rare marlstone and sandstone intercalations are 
deformed by submarine slumping. The sediments contain 
lensoidal beds of calcarenites. Some of them reveal 
nummulites and rhodoliths. In the lower part of the 
steeper slope (N40°21.338′; E026°26.177′; ± 5 m, 130 m 
a.s.l.), sandy marlstones with rhodoliths are interpreted 
as debrites (Fig. 7d). 

Between 212 and 228 m of the section, lower surfaces 
of four thicker sandstone beds (24-26, 12, 11 and 32 cm 
thick, respectively; Fig. 10e) contain cf. Mammilichnis 
isp. (Fig. 3c) and Thalassinoides. On the first one scratch 
circles are visible. Loose blocks of these sandstones 
contain cf. Rutichnus isp., Phycosiphon incertum, Scolicia 
prisca, S. strozzii, Zoophycos isp., Chondrites targionii. 
Mudstones between these beds (section E in Fig. 6) are 
characterized by the same ichnofabric as in the lower part 
of the section.

Above, in the upper part of the cliff, a 5 m-thick 
marlstone bed (“big marl”) can be easily traced in the area 
(Fig. 7a, h). Above the cliff, an about 50 m-thick portion 
of the section is built of intercalations of marlstones and 

sandstones and thinly bedded heterolithic facies (Fig. 7f). 
Lenses of calcarenites (up to 5 cm thick) and sandstone 
intercalations occur from 269 to 275 m of the section. A 
thick, grey marlstone occupies the interval between 275 
and 283 m. The overlying interval of marlstones with 
sandstone intercalations is capped (299 m) by a 90 cm-
thick conglomeratic greywacke bed (Fig. 7g) followed by 
a 35 m-thick interval of marly mudstones with sandstone 
beds (Fig. 7i). The sandstones are sharp based and rippled. 
Only rare Planolites and Megagrapton isp. were found in 
them. The section finishes with a 5 m thick conglomeratic 
greywacke (N40°21.333′; E026°26.370′; ± 11 m).

In general the section shows a shallowing up. Its part 
below the slumps and debrites is interpreted as basin 
plain sediments dominated by pelagic-hemipelagic 
sedimentation of marly mudstones (Fig. 6), invaded 
rarely by bottom currents bringing silt or fine-grained 
sand. The overlying submarine slumps and debrites 
are referred to the toe of slope. The higher sediments 
composed of pelagic-hemipelagic marly mudstones and 
marls, intercalated with sandstone beds are interpreted as 
a slope apron. Thinner sandstones could be contourites. 
Other sandstone beds, especially these with sharp bases, 
can be interpreted as turbidites or deposits of other bottom 
currents. 

The Tayfur dam section: basin plain-slope apron (Fig. 8)
The section is located south of the village of Tayfur, 

along a high road scarp on the eastern side of a dam 
lake (Fig. 8a) close to the lake dam (N40°23.183′; 
E026°29.286′; ± 5 m).

The Tayfur dam section represents a lateral equivalent 
of the upper part of the Karainebeyli section located 6 
km away to the east along the strike, but it displays some 
facies change. Sandstone and mudstone beds (Fig. 8b) dip 
monoclinally to the north. In the lower part, the section 
is composed of grey marly mudstones intercalated with 
siltstones, marlstones, very fine-grained and fine-grained 
sandstones. Up the section, the number of sandstone 
intercalations and thickness of their beds increase. 
Among them, very thick beds of coarse sandstones are 
present. The sandstone beds are mass flow deposits, 
mostly turbidites.

Close to the dam (N40°23.053′; E026°29.354′; ± 5), 
a large submarine slump is well visible (Fig. 8c-d). It 
involves fine-grained deposits intercalated with sandstone 
beds and debrites with large blocks of marls (Fig. 8e). 
They are replaced laterally by an olistolith, which is well 
visible in the upper part of the outcrop (Fig. 8c). Above, 
thick and very coarse, unbioturbated sandstone beds crop 
out. 

The lowest part of the section down the beds refers to 
the proximal-distal basin plain, with totally bioturbated 
fine-grained deposits, ichnologically similar to the former 
section, in which Trichichnus isp. is frequent. Most of 
sandstone beds are ichnologically barren. Only some beds 
contain one or two ichnotaxa, including Planolites ispp., 
among them P. montanus, Chondrites isp., cf. Rutichnus 
isp. (Fig. 4c), Phycosiphon isp., Thalassinoides isp., 
Scolicia vertebralis, Helminthoidichnites isp. (Fig. 3b) 
and Helminthopsis isp. (Fig. 3a)

The first thick coarse-grained sandstones (Fig. 8b) 
were deposited probably in the toe of a submarine 
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Fig. 7 - The Karainebeyli section in pictures. a) General view of the outcrops. b) Mudstones with thin intercalations of siltstones and very 
fine-grained sandstones; measurement stick is 1 m long. c) Mudstones with thin intercalations of marlstones. d) Sandy marlstones with 
rhodolites-debris flow deposits at the transition basin plain-lower slope, measurement stick is 1 m long. e) Sandstone beds showing gutter casts 
at the base and ripple lamination in the middle and upper parts slope apron. f) Heterolithic sediments composed of rhythmic intercalations of 
fine-grained sandstones, siltstones and mudstones; measurement stick is 1 m long. g) First thick, conglomeratic greywacke bed-slope apron. 
h) “Big marl” bed and marlstones intercalated with thin, fine-grained sandstone beds. i) Thin beds of fine-grained sandstones intercalated 
with mudstones-slope apron turbidites.
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slope. The slump deposits, including the debrites with 
the olistolith and the overlying sediments represent a 
transition from the base of the slope to the slope apron. 

Post-depositional Planolites and cf. Rutichnus cover 
abundantly the lower surface of some sandstone beds. A 
single, large tubular burrow found on a sandstone sole in 
the upper part of the section is interpreted as a crustacean 
burrow. They were produced by deposit feeders and 
reflects an opportunistic colonization of the sea floor. 

Below the first thick bed (N40°23.185′; E026°29.286′; 
± 7 m), which contains mudstone intraclasts, in a 

30 m-thick portion of sediments, Chondrites isp., 
Nereites isp., Scolicia vertebralis, cf. Rutichnus isp. 
(abundant in one bed), and small meniscate or ?chevron, 
Protovirgularia-like traces have been found here.

Above, up to a very thick bed of very coarse-grained 
sandstone with bioclasts and loadings, trace fossils are 
more and more rare. Only Helminthopsis and Planolites 
are seen on lower surfaces of sandstone beds. Higher 
up the section, up to the slump, intercalations of dark 
gray marly mudstones and thin-bedded, fine-grained 
sandstones and isolated thicker beds crop out. Only 

Fig. 8 - Outcrop and facies of the Ceylan Formation in the Tayfur dam section. a) General view of the outcrop. b) The first coarse-grained 
sandstone bed. c-d) Submarine slump and overlying sandstone-dominated beds; measurement stick is 1 m long. e) Debrites with large blocks 
of marls; measurement stick is 1 m long.
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Helminthopsis and thin, vertical tubes are present in 
a few beds. Below sandstone beds, the mudstones are 

massive, with poorly preserved bioturbational structures. 
The sediment was shallowly, but totally bioturbated. 

Fig. 9 - Log and general view of the Değirmendüzü section. Thickness of sandstone beds is in centimetres.
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It seems that the sediment layer with oxygenated pore 
water was thin and soupy to very soft. Such a consistency 
prevented a better preservation of bioturbational structures 
and trace fossils.

The Değirmendüzü section: slope marls with turbiditic 
intercalations (Fig. 9)

The section starts from the road running from Tayfur 
to Değirmendüzü, continues through a side, small gorge 
incised in a slope, and ends in a larger gorge (N40°24.274′; 
E026°29.273′). The section is composed of a 55 m-thick 
series of marlstones and marly mudstones interbedded 
with thin beds of fine-grained sandstones (Fig. 9), which 
are interpreted as slope apron deposits. The sandstone 
beds contain Thalassinoides isp. (Fig. 4i), Scolicia prisca, 
Ophiomorpha annulata, O. rudis, Parahaentschelinia isp., 
Zoophycos isp. (Fig. 5b), Planolites isp., and Chondrites 
isp.

The Fındıklı 1 section: slope apron (Fig. 10)
The section is located NE of Fındıklı among 

a group of outcrops (Fig. 10), in the place where 
the road to Yeniköy crosses a gorge (N40°26.667′; 
E026°34.149′). 

The deposits are mostly grey marlstones intercalated 
by rare, thin beds of sandstones and calcarenites. The 
outcrops contain 5 m-thick beds of debrites, which 
contain shallow-water fauna, including corals. These 
deposits are interpreted as an apron of the lower slope. 

The sandstones and calcarenites contain Ophiomorpha 
annulata and rarely Parahaentschelinia isp. The 
marlstones are completely bioturbated. In the totally 
bioturbated background, Trichichnus, Thalassinoides, 
Planolites, and Chondrites can be observed.

The Fındıklı 2 section: basin plain deposits in the 
proximity of slope (Fig. 11)

Fig. 10 - The Fındıklı 1 section: log, general view of the exposures and an outcrop with debrites in the upper part. Thickness of sandstone 
beds is in centimetres.



269H. Demírcan & A. Uchman -Trace fossils in submarine slope sediments

The section crops out in a small incision of the 
slope close to the road from Fındıklı to Kömürlimanı 
(N40°26.866′; E026°31.700′; ± 9 m). It is located about 
3 km from the Fındıklı 1 section. Steeply inclined beds 
of very fine- and fine-grained turbiditic sandstones, 
intercalated by grey turbiditic and background calcareous 
mudstones crop out here. The incision passes into a gorge 
with further outcrops. The presented deposits are referred 
to a basin plain invaded by turbiditic currents, which are 
responsible for deposition of the sandstone beds. 

These outcrops and loose slabs on the slopes 
contain several trace fossils. Sandstone beds in the 
measured outcrop contain Paleodictyon strozzii, P. 
majus, Helminthorhaphe flexuosa, Urohelminthoida 
appendiculata, Belorhaphe zickzack, Phycosiphon 
incertum, Ophiomorpha annulata, Desmograpton isp., 
Parahaentschelinia isp., Thalassinoides isp. The grey 
mudstones contain Trichichnus isp. and Phycosiphon 
incertum. More trace fossils can be found on the loose 
slabs around, including Spongeliomorpha oraviense, 
Ophiomorpha annulata, Thalassinoides isp., large tubular 
burrows and Phycosiphon incertum.

The Ece Bay section: basin plain in proximity of slope 
(Fig. 11)

The section crops out in a low cliff between a stream 
and the bay, below the road before the fisherman sheds 
and bungalows (N40°21.810′; E026°19.710′; ± 9 m). 
The section is located about 8 km to the west from 
the Karainebeyli section. It is composed of grey marly 
mudstones intercalated by isolated, rare, thin beds of very 
thin- and fine-grained sandstones. The beds dip steeply 
with the strike more or less perpendicular to the cliff. 
They are interpreted as a basin plain invaded by turbidites.

Fine-grained sediments contain Trichichnus isp. 
Some of the sandstone beds contain Thalassinoides 
isp., Planolites isp., Ophiomorpha annulata, Scolicia 
prisca (rare), Scolicia isp., Helminthorhaphe flexuosa, 
Phycosiphon incertum and Helicolithus ramosus.

DISCUSSION

Compared to the size of slopes of deep-sea basins, the 
distances between outcrops are small, less than 10 km, 
even if the tectonic deformations (gentle folding, some 
faults) are taken in to account. Only the Karainebeyli and 
the Tayfur dam sections (6 km apart) can be correlated 
following outcrops along the strike. Therefore, they can 
be considered as coeval. The other sections may occupy 
slightly different stratigraphic positions within the Ceylan 
Formation. However, they can be referred to the same 
depositional system tract, which originated in the same 
basin under more or less the same conditions, but with 
some differences in depositional processes and location 
in the slope or slope-related settings (Fig. 12). 

Fine grained sediments, mudstones and marlstones 
display more or less similar ichnofabric in all sections. 
The background is totally bioturbated, Trichichnus 
is common and locally abundant, while Chondrites, 
Planolites, Palaeophycus, and small Thalassinoides are 
visible in almost all samples but they are less common. 
Other trace fossils, e.g., Taenidium or Phycosiphon 

occur exceptionally. This ichnofabric can be considered 
as the background ichnofabric, which points to a tiered 
community of trace makers. Trichichnus represents 
the deepest tier, while shallower tiers are occupied 
by Chondrites, and even shallower by Planolites and 
the small Thalassinoides. The totally bioturbated 
background can be referred to the mixed ground. Such 
ichnoassemblage is typical of pelagic sediments, however 
Zoophycos, which is expected in slope sediments and 
in pelagic sediments in general (e.g., Gaillard, 1984; 
Monaco et al., 2016), is uncommon (only at Karainebeyli, 
Değirmendüzü) or absent. Possibly, a shallow location of 
the redox boundary and competition from other burrowing 
organisms prevented development of deep burrow systems 
typical of Zoophycos. The relatively high abundance of 
Trichichnus suggests a shallow location of the anoxic 
zone within the sediment (cf. Kotlarczyk & Uchman, 
2012). The background sediments are totally bioturbated, 
showing that the pore waters were oxygenated. Thickness 
of the oxygenated zone in the sediment fluctuated. Poorer 
oxygenation is marked by the ichnofabric in which 
only the deepest-tier Trichichnus is well visible and the 
poorly preserved middle-tier Thalassinoides or Planolites 
are rare. The latter two are visible in cross section as 
diffused spots. Also preservation of primary lamination 
in 2 cm-thick fine-grained sandstones suggests a shallow 
bioturbation. Better oxygenation is marked by beds 
in which the middle-tier trace fossils (Thalassinoides, 
Planolites and Palaeophycus) are more abundant and 
better preserved, with more sharp margins.

The distinct variability in trace fossils between the 
outcrops is related to the sandstone beds. Pre-depositional 
hypichnial semi-reliefs are interpreted as casts of 
exhumed burrow systems produced in mud. Such burrows 
occupied originally very shallow tiers. Delicate scouring 
of the sea floor and casting by turbiditic sand made their 
preservation possible. Therefore, their absence in muddy 
sediment might be considered solely as a taphonomic 
problem. However, all graphoglyptids (Paleodictyon, 
Helminthorhaphe ,  Belorhaphe,  Megagrapton, 
Helicolithus, Urohelminthoida) were found in sections 
where the turbiditic beds are more frequent (Fındıklı 2, Ece 
Bay; see Demírcan & Uchman, 2016b). They are absent 
in isolated sandstone beds separated by thick pelagic 
mudstone/marlstone. This suggests that the presence or 
absence of graphoglyptids is not only taphonomically 
related but it is influenced also by the depositional regime; 
they occur when turbiditic beds are frequent enough. 
Average time between turbiditic events is longer than the 
expected life of graphoglyptid trace makers. Therefore, 
the tracemakers cannot be dependent on oxygen or food 
brought by the turbidite. It seem that they are rather 
positively influenced by the coarser sediments (sand, 
silt) intercalated with fine-grained pelagic sediments, 
which may change circulation of fluids in the sediment. 
Nevertheless, the taphonomic control should not be 
neglected because graphoglyptid burrows occur in recent 
deep sea pelagic sediments far from turbiditic deposition 
(e.g., Ekdale, 1980; Gaillard, 1991). 

The turbidites with graphoglyptids from the Fındıklı 2 
and Ece Bay sections were deposited on a basin plain in 
the proximity of the slope (Demírcan & Uchman, 2016b). 
In the Karainebeyli section, a package of turbidites 
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Fig. 11 - Logs of the Fındıklı 2 and Ece Bay sections. Thickness of sandstone beds is in cm.
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occurs in the upper slope setting. This package is poor in 
trace fossils. Only one graphoglyptid, i.e. Megagrapton 
was found there. This contrasts with the Fındıklı 2 and 
Ece Bay sections which are rich in graphoglyptids. 
Maybe, the shallower location of the upper part of the 
Karainebeyli section is the critical factor causing scarcity 
of graphoglyptids, which are generally deep-sea trace 
fossils. 

Deposition of sand on mud changed quality of the 
substrate on the sea floor. The sandy substrate was 
used by trace makers of post-depositional trace fossils. 
This concerns foremost Scolicia, Thalassinoides, cf. 
Rutichnus, Ophiomorpha annulata and O. rudis. Scolicia 
is also present in siltstones. It shows that its trace 
makers, irregular echinoids, preferred sediments coarser 
than muds. This is consistent with the observations by 
Wetzel (1983b) from the recent slope sediments NW 
off Africa.

The package with postdepositional Nereites in the 
Karainebeyli section is present only in the proximal basin 
plain setting, where it occurs in isolated thin sandstone 
beds. Supposedly, its occurrence reflects a temporal, local 
invasion of its tracemaker (probably a polychaete) and an 
opportunistic colonization of thin sand blankets. Why this 
trace fossil does not occur in similar beds in other part of 
the section in particular and in other sections in general 
remains unsolved. Also the post-depositional Planolites 
and cf. Rutichnus from the Tayfur dam section, which 
cover abundantly the lower surface of some sandstone 
beds were produced by opportunistic deposit feeders. 
Thicker sandstone beds in this section are not bioturbated, 
probably due to a quick deposition of large sediment 
masses, which closed the colonization window.

The trace fossils in the Fındıklı 2 and the Ece 
Bay sections can be ascribed to the Paleodictyon 
ichnosubfacies of the Nereites ichnofacies (Demírcan 

Fig. 12 - Model of deposition for particular sections and distribution of trace fossils.



Bollettino della Società Paleontologica Italiana, 56 (2), 2017272

& Uchman, 2016b). This ichnosubfacies is common in 
the distal depositional lobe, interlobe, interchannel and 
fan-fringe turbidites (e.g., Uchman & Wetzel, 2012). It 
occurs also in basin plain turbidites, e.g. in the Eocene 
Echo Group in northern Spain, in continuity with the 
distal depositional lobes (Uchman, 2001). In the studied 
sections, packages of turbidites are not related to any 
larger turbiditic sandstone body (such a body was not 
observed in any outcrop), which might be referred to a 
depositional lobe or a channel. Therefore, it seems that 
the turbidites form a sand sheet apron on the basin plain 
in proximity of the slope. 

The assemblage composed of Nereites in sandstones 
of the proximal basin plain setting of the Karainebeyli 
section, and of Trichichnus, Chondrites and Planolites 
in the ambient sediments shows some similarity to the 
Nereites ichnosubfacies of the Nereites ichnofacies (cf. 
Seilacher, 1974). This ichnosubfacies characterizes the 
most distal settings of turbiditic depositional systems 
(Uchman & Wetzel, 2012). However, there is no evidence 
of such a system. The trace fossil assemblage composed 
of Trichichnus, Chondrites, Planolites, Palaeophycus and 
small Thalassinoides from the basin plain mudstones, 
siltstones and marls of the Karainebeyli section does not 
fit well to any ichnofacies in their archetypal definition. It 
can be ascribed reservedly to the Zoophycos ichnofacies, 
which definition has become wide and diffused (e.g., 
Bromley, 1990; Buatois & Mángano, 2011).

The trace fossil assemblage from the slope apron 
facies varies from section to section and it is poorly 
characteristic. Zoophycos, if present, at all is not abundant. 
Trichichnus, Chondrites, Planolites, Palaeophycus, 
Scolicia, Phycosiphon and Thalassinoides occur as well. 
Trace fossils such as cf. Rutichnus, Parahaentschelinia, 
Bergaueria, Ophiomorpha annulata and O. rudis are locally 
present in sandstone beds. This assemblage can be ascribed 
to the Zoophycos ichnofacies sensu lato, however, the 
scarcity of Zoophycos and other fodinichnia (Phycosiphon) 
is a challenge and Ophiomorpha annulata and O. rudis are 
typical of turbiditic systems (Uchman, 2009).

CONCLUSIONS

The slope apron-proximal basin plain sediments of 
the Ceylan Formation in the study area are diverse across 
short distances, smaller than 10 km. They do not show any 
evidence of anoxia, but the position of redox boundary may 
change through the sections. The basin plain sediments are 
developed as: 1) series of turbiditic sandstones interbedded 
with pelagic mudstones or marlstones, characterized 
by the Paleodictyon ichnosubfacies of the Nereites 
ichnofacies, or as 2) mudstone, siltstone, and marlstones 
with isolated thin sandstone beds, characterized mainly 
by the presence of Trichichnus, Chondrites, Planolites, 
Palaeophycus and small Thalassinoides, which are 
ascribed to the Zoophycos ichnofacies sensu lato. The 
slope apron facies are composed of siltstones, mudstones, 
sandstone beds and debrites display diverse trace fossil 
assemblages which vary from section to section. They 
can be ascribed to the Zoophycos ichnofacies sensu lato, 
but Zoophycos and other fodinichnia are not present or 
they are rare. 
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