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Fig. 17. Other trace fossils (field photographs) from the Haymana Fm from localities 3 (A—C) and 1 (D-J). A—C. Thalassinoides isp.
D, E. cf. Thorichnus isp. F, H. Trichichnus cf. linearis. G. Trichichnus isp. 1. Palaeophycus isp. J. Phycosiphon incertum.
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Fig. 18. Field photographs of trace fossils identified in the Haymana Fm (A, B, D-I) and the Yesilyurt Fm (C). A. Phycosiphon incertum
(black arrows), locality 1. B. Zoophycos isp., locality 2. C. Zoophycos isp., locality 5. D. ?Cochlichnis isp. (black arrows), locality 2.
E. Helminthopsis isp., locality 2. F. Helminthorhaphe flexuosa, locality 2. G-1. Nereites isp., locality 1.
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Fig. 19. Field photographs of remaining Haymana Fm (A—C) and Yesilyurt Fm (D-J). A. Scolicia prisca, Haymana Fm, locality 4.
B. Scolicia strozzii, Haymana Fm, locality 4. C. Scolicia vertebralis, Haymana Fm, locality 2. D. Desmograpton isp., Yesilyurt Fm,
locality 5. E. Megagrapton submontanum, Yesilyurt Fm, locality 5. F, G. Paleodictyon minimum, Yesilyurt Fm, locality 5. H. Paleodictyon
majus, Yesilyurt Fm, locality 5. 1. Paleodictyon latum, Yesilyurt Fm, locality 5. J. Paleodictyon arvense, Yesilyurt Fm, locality 5.
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Zoophycos isp. (Fig. 18B, C) is an endichnial, planar
structure, filled with spreite laminae. The spreites are con-
cordantly arcuate. The spreite lamellae may contain pel-
lets, elliptical in outline, up to 1.5 mm long. Zoophycos
Massalongo, 1855 is interpreted as feeding structure, which
was produced by unknown deposit feeders (Bottjer et al.,
1988; Olivero, 2003). Mostly, It occurs in deep-sea sedi-
ments in the Cenozoic (Zhang ef al., 2015).

Winding and meandering structures

?Cochlichnis isp. (Fig. 18D) is a hypichnial, semi-cy-
lindrical ridge, 2-3 mm wide and preserved in semi-relief,
forming meanders up to 7 mm wide and § mm in ampli-
tude. Only one incomplete first-order meander is visible.
It is poorly recognizable owing to incomplete preservation.
Cochlichnus Hitchcock, 1858 has been interpreted as a lo-
comotion or grazing trace fossil, which was produced by
insect larvae and nematodes (Buatois et al., 1997; Metz,
1998). It has a wide facies range, including fluviatile and
marginal-marine settings from the Precambrian to the
Holocene (Héntzschel, 1975; Fillion and Pickerill, 1990;
Buatois and Mangano, 1993).

Helminthopsis isp. (Fig. 18E) is a hypichnial, semi-cy-
lindrical, loosely meandering, smooth, unbranched ridge,
about 4-5 mm wide. Helminthopsis Wetzel & Bromley,
1996 is interpreted as a feeding or grazing trace fossil, pro-
duced by a vermiform endobiont detritus-feeder, probably
apolychaete (Dam, 1990; Han and Pickerill, 1995; Uchman,
1998). It is a facies-crossing trace fossil, common in flysch
(Ksigzkiewicz, 1977). Helminthopsis occurs in the time in-
terval ranging from the Cambrian to the Holocene in fully
marine (Dam, 1990; Uchman, 1998; Uchman et al., 2005;
Sarkar et al., 2009), deltaic (Bann and Fielding, 2004; Gani
et al., 2007; Buatois et al., 2008) and non-marine settings
(Buatois and Mangano, 1995, 2007; Méngano et al., 1996;
Buatois et al., 1997; Krapovickas et al., 2009; Wetzel and
Bromley, 1996).

Helminthorhaphe flexuosa Uchman, 1995 (Figs 18F,
19F) is a hypichnial meandering string, without bulges in
the turns of the meanders, preserved in semi-relief in fine-
grained sandstones. The string is 0.6-1 mm in diameter;
the amplitude of meanders attains 25-30 mm, and their
depth 2-3 mm. H. flexuosa is a graphoglyptid, produced by
an unknown worm from mostly flysch deposits (Seilacher,
1977) and it can be a grazing trace fossil, which occurs in
deep-sea sediments on the soles of fine-grained turbidites
(Fan et al., 2017). Its range is from Upper Cretaceous to
Miocene (Fan et al., 2017). H. flexuosa was also found in
turbiditic sediments in the Polish Carpathians (Campanian—
—Palaeocene), in the Northern Apennines, Italy (Palacocene),
and in the deep-sea fan fringe deposits (Miocene) of south-
ern Turkey (Uchman and Demircan, 1999).

Nereites isp. (Fig. 18G-I) is a horizontal, endichnial, ir-
regularly meandering band, visible on parting surfaces. It
is 3—5 mm wide. The band is lighter in colour than the host
siltstone and its margins are uneven. Nereites MacLeay,
1839 is a typical pascichnion, produced by a worm-like
sediment-feeder (Uchman, 1995; Méngano et al., 2002;
Martin and Rindsberg, 2007). It was formed just above the
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redox boundary (Wetzel, 2002). Nereites occurs in shal-
low- to deep-marine deposits in the Palacozoic (Conkin and
Conkin, 1968; Hakes, 1976; Seilacher, 1983; Chaplin, 1985;
Fillion and Pickerill, 1990; Rindsberg, 1994) and commonly
in deep-sea Mesozoic and Cenozoic deposits (McCann and
Pickerill, 1988; Crimes and McCall, 1995; Uchman, 1995;
Wetzel, 2002). It ranges from from the late Precambrian-
early Cambrian (Acefiolaza and Durand, 1973; Crimes
and Germs, 1982) to the Miocene (Uchman, 1995) and
the Quaternary (Ekdale and Lewis, 1991).

Scolicia prisca de Quatrefages, 1849 (Fig. 19A) is an
epichnial, trilobate, curved or meandering furrow, 12—
—15 mm wide and up to 2 mm deep. The middle lobe is
convex-up and 6.5 mm wide, covered with perpendicular
ribs. The lateral lobes are covered by oblique ribs. Scolicia
Quatrefages, 1849 is a pascichnion produced by spatan-
goid echinoids (Uchman, 1995). It is observed from shelf
to deep-water environments and is known since the Late
Jurassic to Recent (Tchoumatchenco and Uchman, 2001).

Scolicia strozzii (Savi and Meneghini, 1850) (Fig. 19B)
is a hypichnial, loosely meandering, bilobate ridge, 13—
—22 mm wide, preserved in semi-relief in fine-grained sand-
stone turbidites. S. strozzi represents the washed-out rem-
nants and casts of burrows of spatangoid echinoids. Straight
to gently winding specimens are assigned to S. strozzi var.
vagans (Ksiagzkiewicz, 1977) and may correspond to the lo-
comotion activity of echinoids (Uchman, 1995).

Scolicia vertebralis Ksigzkiewicz, 1970 (Fig. 19C) is
an epichnial, three-lobed, winding and meandering,
V-shaped furrow ridge, 15-25 mm wide, in medium-grained
turbiditic sandstones. S. vertebralis is a locomotion and
feeding burrow (pascichnion) of a spatangoid echinoid
(Smith and Crimes, 1983; Uchman, 1995; Bromley ef al.,
1997).

Branched winding and meandering structures

?Desmograpton isp. (Fig. 19D) is a hypichnial, par-
allel to subparallel ridge, 1-1.3 mm wide, 30 mm long,
semi-circular or asymmetrically oval in cross-section, pre-
served in semi-relief in fine-grained, turbiditic sandstones.
Desmograpton Fuchs, 1895 is considered to be a typical
pre-turbidite, graphoglyptid trace fossil (agrichnion), pro-
duced most likely by vermiform organisms, which occurs
in flysch deposits from the Silurian (McCann, 1989) to
the Miocene (D’Alessandro, 1980; Uchman, 1995).

Networks

Megagrapton submontanum (Azpeitia-Moros, 1933)
(Fig. 19E) is a hypichnial, incompletely preserved irregular
net, composed of a winding, semi-circular string. Meshes
of the net are 17 mm wide, and the string is 2.5 mm wide.
Megagrapton Ksigzkiewicz, 1968 typical graphoglyptid,
is interpreted mainly as a farming (agrichnial) structure
(Seilacher, 1977). It occurs in deep-water, mainly flysch de-
posits, from Cenomanian to Eocene (Uchman, 1998).

Paleodictyon minimum Sacco, 1888 (Fig. 19F, Q) is
a hypichnial net, composed of a string that is 0.1-0.3 mm
wide and arranged in meshes which are 1-2 mm wide.
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The taxonomy of Paleodictyon Meneghini in Savi and
Meneghini, 1850 was classified by Uchman (1995), accord-
ing its morphometric parameters. In this study, Uchman’s
morphometric classification was taken into consideration
for the identification of Paleodictyon ichnospecies. Roder
(1971) and Seilacher (1977) interpreted Paleodictyon as
agrichnial burrow systems, made to cultivate or trap mi-
croorganisms. Garlick and Miller (1993) suggested a small,
elongate crustacean as the tracemaker. It occurs particulary
in deep-water, mainly flysch deposits (Uchman, 1998), oc-
casionally occurring in shelf sediments in the Palaeozoic
(Archer and Maples, 1984; Paczesna, 1985) and Mesozoic
(Héntzschel, 1964; Gierlowski-Kordesch and Ernst, 1987,
Hantzpergue and Branger, 1992). It ranges from the
Cambrian (Crimes and Anderson, 1985) to the Holocene
(Ekdale, 1980).

Paleodictyon majus Meneghiniin Peruzzi, 1880 (Fig. 19H)
is a hypichnial, sub-hexagonal network, preserved in con-
vex-upward semi relief. The string is no wider than about
1-1.5 mm and the maximum mesh size ranges from 7 to
12 mm. This is a common ichnospecies of Paleodictyon in
Cenozoic turbidites (Ksiazkiewicz, 1977).

Paleodictyon latum Vialov and Golev, 1965 (Fig. 191) is
a regular net, composed of polygonal to hexagonal mesh-
es that are 1.8-1.6 mm wide. The meshes are formed by
semi-circular ridges (strings), which are 0.5-0.4 mm wide.
Paleodictyon latum is common in thin- to medium-bedded,
turbiditic sediments (Uchman, 2007).

Paleodictyon arvense Barbier, 1956 (Fig. 19]) is pre-
served as a regular, hexagonal net, the meshes of which are
13.2-16 mm wide and string is 2.14-2.5 wide mm.

Paleodictyon strozzii Meneghini in Savi and Meneghini,
1850 (Fig. 20A) is a hypichnial sub-hexagonal network, pre-
served in convex-upward semi-relief. The string is 0.3—1 mm
wide and the maximum mesh size ranges from 4 to 5 mm.

Paleodictyon isp. (Fig. 20B) is a hypichnial sub-hexa-
gonal network, preserved in convex-upward semi-relief.
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The string is flat and 3.18 mm wide, and the maximum
mesh size ranges from 11 to 13 mm.

DISTRIBUTION AND SIGNIFICANCE
OF TRACE FOSSILS

Deposits of the section of locality 1 contain low diver-
sity, post-depositional traces fossils (Table 3), dominated
by non-graphoglyptid, including Ophiomorpha annulata,
Scolicia isp. and Nereites isp. The trace fossils represent the
Ophiomorpha rudis ichnosubfacies of the Nereites ichnofa-
cies, which usually occurs in proximal depositional lobe and
channel deposits of deep-sea fans (Uchman, 2009). Deposits
of section of locality 2 contain a more diverse trace fossils,
including non-graphoglyptid ichnotaxa (cf. Asteriacites
isp., ?Bergaueria isp., Chondrites intricatus, ?Cochlichnis
isp., Helminthopsis isp., Ophiomorpha rudis, Scolicia ver-
tebralis, Thalassinoides isp., cf. Thorichnus isp.) and gra-
phoglyptids (Helminthorhaphe flexuosa, Paleodictyon
minimum, P. strozzii). They represent cubichnia, repichnia,
pascichnia, domichnia, fodinichnia and agrichnia (Table 3).
Agrichnia dominante. This ethological category occurs
mostly in deep-sea turbiditic environments and charac-
terized the Paleodictyon ichnosubfacies of the Nereites
ichnofacies, which is typical of distal and some middle
parts of depositional system (Uchman and Wetzel, 2012).
The obtained trace fossil data suggest that the deposits from
the section of locality 2 are deeper than the deposits in sec-
tion of locality 1.

The sections of localities 3 and 4 contain low-diversity,
non-graphoglyptid trace fossils ?Bergaueria isp., Halopoa
storeana, ?Halopoa isp., Ophiomorpha annulata, O. ru-
dis, Planolites isp., and Thalassinoides isp. Trace-fossils
in the locality 4 section are low diverse (Halopoa isp.,
Planolites isp., Scolicia prisca, S. strozzii, Thalassinoides
isp.). They represent pascichnia, domichnia and fodinichnia

Fig. 20. Some Paleodictyon in the studied sections from the Yesilyurt Fm, locality 5. A. Paleodictyon strozzii. B. Paleodictyon isp.



ICHNOLOGY OF UPPER CRETACEOUS-LOWER PALAEOGENE DEEP-SEA DEPOSITS

487

Table 3
Presence of ichnogenera in the Haymana and the Yesilyurt formations, their ethology,
relationship to turbiditic beds, morphological affiliation with indication of graphoglyptids.

BWM —branched winding and meandering; WM — winding and meandering.

Ichnotaxa Pre-/Post— Ethological Morphological Graphoglyptids
depositional Category Group

cf. Asteriacites isp. Post Cubichnia Radial structures
?Bergaueria isp. Pre Cubichnia Circular and elliptical
Chondrites isp. Post Chemichnia Simple and branched
Chondrites affinis Post Chemichnia Simple and branched
Chondrites intricatus Post Chemichnia Simple and branched
?Cochlichnis isp. Pre Repichnia WM
?Desmograpton isp. Pre Agrichnia BWM X
?Halopoa isp. Post Fodichnia Simple and branched
Halopoa storeana Pre Fodichnia Simple and branched
Helminthopsis isp. Pre/Post Pascichnia WM
Helminthorhaphe flexuosa Pre Agrichnia WM X
Lockeia isp. Pre Cubichnia Circular and elliptical
Megagrapton submontanum Pre Agrichnia Network X
Nereites isp. Post Pascichnia WM
Ophiomorpha annulata Post Domichnia Simple and branched
Ophiomorpha rudis Post Domichnia Simple and branched
Paleodictyon isp. Pre Agrichnia Network X
Paleodictyon arvense Pre Agrichnia Network X
Paleodictyon latum Pre Agrichnia Network X
Paleodictyon majus Pre Agrichnia Network X
Paleodictyon minimum Pre Agrichnia Network X
Paleodictyon strozzii Pre Agrichnia Network X
Palaeophycus isp. Post Fodichnia/Domichnia Simple and branched
Phycosiphon incertum Post Fodichnia Spreiten
Planolites isp. Post Pascichnia Simple and branched
Planolites beverleyensis Post Fodichnia Simple and branched
Planolites montanus Post Fodichnia Simple and branched
Scolicia prisca Post Pascichnia WM
Scolicia strozzii Pre Pascichnia WM
Scolicia vertebralis Post Pascichnia WM
Thalassinoides isp. Post Fodichnia/Domichnia Simple and branched
cf. Thorichnus isp. Post Pascichnia Simple and branched
Trichichnus isp. Post Chemichnia Simple and branched
?Trichichnus linearis Post Chemichnia Simple and branched
Zoophycos isp. Post Fodichnia Spreiten

(Cummings and Hodgson, 2011). The abundance of do-
michnia and fodinichnia (Ophiomorpha annulata, O. rudis,
Halopoa isp., Thalassinoides isp.) indicates a proximal part
of the depositional system, with a high rate of deposition.
The section of locality 5 (Yesilyurt Fm, Paleocene) con-
tains pascichnia, domichnia, fodinichnia and especially
agrichnia, which are more abundant than in the Haymana
Formation (Table 3). The graphoglyptids (?Desmograpton
isp., Helminthorhaphe flexuosa, Megagrapton submonta-
num, Paleodictyon isp., P. arvense, P. latum, P. majus, P.
minimum, P. strozzii) are more abundant than non-grapho-
glyptids (Chondrites isp., C. affinis, C. intricatus, ?Halopoa
isp., Halopoa storeana, Lockeia isp., O. annulata, Planolites
isp., P. beverleyensis, P. montanus, Scolicia prisca, S., stroz-
zii, Thalassinoides isp., and Zoophycos isp.). The grapho-
glyptids are most characteristic for deep-sea, ichnological
assemblages, typical of the Paleodictyon ichnosubfacies
of the Nereites ichnofacies (Uchman, 2003; Uchman &
Wetzel, 2012). The assemblage of the trace fossils does not
show any significant difference with respect to trace fossils

of the same ichnosubfacies in the Cretaceous Haymana
Formation. This indicates that the Cretaceous-Palacogene
extinction did not influence the tracemakers over longer
time intervals (cf. Uchman, 2004).

CONCLUSIONS

Trace fossils of the Haymana and the Yesilyurt forma-
tions in the Haymana Basin are moderately diverse in both
Maastrichtian and Paleocene deposits. Their main features
are as follows:

1. Thirty-five ichnospecies, belonging to 21 ichnogenera
and six morphologic groups, are recognized. The fol-
lowing ichnofossils were identified: cf. Asteriacites isp.,
?Bergaueria isp., C. intricatus, C. affinis, Chondrites
isp., ?Cochlichnus isp., ?Desmograpton isp., H. storeana,
?Halopoa isp., Helminthopsis isp., Helminthorhaphe flex-
uosa, Lockeia isp., Megagrapton submontanum, Nereites
isp., Ophiomorpha rudis, O. annulata, Palaeophycus
isp., Paleodictyon isp., P. arvense, P. latum, P. majus,
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P minimum, P. strozzii, Phycosiphon incertum, P. bev-
erleyensis, P. montanus, Planolites isp., Scolicia stroz-
zii, S. prisca, S. vertebralis, Thalassinoides isp., cf.
Thorichnus isp., ?Trichichnus linearis, Trichichnus isp.,
Zoophycos isp. Among these Chondrites intricatus,
C. affinis, Chondrites isp., 7Halopoa isp., O. annulata,
P. minimum, P. strozzii, Planolites isp., Scolicia strozzii,
S. prisca, Thalassinoides isp., and Zoophycos isp. are the
most common. Most of the traces represent pascichnia,
domichnia, fodinichnia and agrichnia (Table 3). They be-
long to the Nereites ichnofacies.

2.In this study, the specimen of cf. Thorichnus isp.
the Haymana Formation was described for the first time
in deep-sea deposits.

3. According to the identified ichnosubfacies identified, the
Haymana Formation (Maastrichtian) represents the prox-
imal to middle and partly distal parts of deep-sea fans,
while the Yesilyurt Formation (Paleocene) indicates the
middle to distal fan deposits.

4. The trace fossils do not show any significant change
above the K-Pg boundary with respect to these below
the boundary. However, the boundary interval was not
examined.

5. The larger benthic foraminifera present in the forma-
tions studied were derived from nearby, shallow parts of
the Haymana Formation. They were redeposited in a tur-
biditic environment.
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