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Abstract: Recently, several Devonian localities and the related biota occurring from the southeastern Turkey were reinvestigated.
Although, the Hakkari-Cukurca and the Diyarbakir-Hazro areas of the Arabian Plate are considered as an important source of the
Devonian macrofossils from the north Arabian sector of Gondwana, the existing record of Devonian trilobites in these regions was
hitherto unknown. We here report and illustrate for the first time Lower and Middle Devonian trilobites represented by three proetid
pygidia and one calymenid pygidium. The morphological features of these pygidia suggest that they can be assigned to undetermined
species of Gravicalymene (Calymenidae) and Podoliproetus (Proetidae), two genera known in the Lochkovian; and Pseudodechenella

(Proetidae), a genus known in the Givetian.
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1. Introduction

Paleozoic sequences characterized by siliciclastic rocks
with interbedded carbonates are exposed in southern
Turkey and constitute a W-E trending outcrop belt
(Ghienne et al., 2010; Hosgor, 2021). The Paleozoic
period of the southern Turkey contains a remarkable
fossil assemblage that has been studied intensively since
the 1950%. As a result, several new discoveries and careful
reinvestigations of Paleozoic fossils from the Taurus Chain
and the Arabian Plate in southern Turkey have been
achieved. Progress regarding the systematic description
and stratigraphic position of trilobites, brachiopods,
echinoderms, arthropods, bivalves, rugose corals and
microfloras, has accelerated significantly in the past few
years (e.g., Higgs et al., 2002; Dean, 2006; Gourvennec and
Hosgor, 2012, 2015; Hosgor et al., 2012; Lamsdell et al.,
2013; Denayer and Hoggor, 2014; Hosgor, 2014; Zamora et
al., 2015; Mergl et al., 2018; Hosgor, 2021).

The Devonian period is represented in Turkey by
almost complete and thick sedimentary successions,
which exhibit different lithofacies and especially shallow
marine facies of different paleogeographic origin (Yalgin
and Yilmaz, 2010). In the fossil record, trilobites may be
encountered in sedimentary sequences that accumulated
in near-shore environments, although they remain scarce
due to the relatively low number of studies dealing with
shallow-water sequences. They remain rare with only
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26 genera currently reported from the Istanbul area and
nothing else from other areas in the Devonian of Turkey.
However, trilobites were relatively abundant and diverse in
marine habitats along the peri-Gondwanan margin during
the Devonian, at a time of climate upheavals (Becker et al.,
2016) which triggered significant changes in biodiversity
and major biotic crises (Sepkoski, 1996; Bond and Grasby,
2017).

The present paper contributes to the systematic study
of few Devonian trilobites, represented by three proetid
pygidia and one calymenid pygidium, found in a shallow
shelf to tidal flat facies from the Border Folds regarded as
the northern part of the Arabian Plate of Gondwana, SE
Anatolia, SE Turkey (Figure 1A).

2. Geological and stratigraphical setting

2.1. Devonian of the northern Arabian Plate

Most of Paleozoic units in southeastern Turkey are
represented by Cambrian to Permian successions of
paraautochtonous and autochtonous units in the Amanos
Mountains, Tut, Korudag, Hazro, Derik and Cukurca
outcrops, in the northern edge of the Arabian Plate (Figure
1A). Specifically, the Devonian of the northern Arabian
Plate is represented by relatively thick sedimentary
sequences observed from west to east in the Amanos
Mountains, Hazro High and Hakkari area (Figure 1A).
These thick sequences are either eroded at their top, so
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Figure 1. A-Location of the main Paleozoic outcrops in southern Turkey showing the Hazro and Hakkari-Cukurca areas of the Arabian
Plate (Ghienne et al., 2010; Hosgor et al., 2014; Hosgor and Yilmaz, 2022). B-Generalized stratigraphic sections of the Silurian to
Devonian rocks of the Arabian Plate, in southeastern Turkey with the localities studied yielding Devonian trilobites in the Hazro
and Cukurca regions. Lithostratigraphical sections showing the main fossils and occurrences of trilobite-bearing levels (Tolun, 1949;
Steemans et al., 1996; Higgs et al., 2002; Gourvennec and Hosgor, 2012; Hosgor, 2014; Hosgor et al., 2014; Oktay and Wellman, 2019;
Ausich and Gonciioglu, 2020).

that the Upper Devonian is often missing or they overlap located in northern Diyarbakir and southern Hakkari
older units, so that the Lower Devonian is missing (Yalgin areas in the southeast Anatolian autochthon (Figure 1A).
and Yilmaz, 2010). The examined Devonian sections are The Devonian of the northerly-located Hazro area is
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represented by Lower Devonian, while the Devonian of
the Hakkari-Cukurca area consists of Middle to Upper
Devonian (Figure 2; Bozdogan et al., 1987; Yilmaz and
Duran, 1997; Gourvennec and Hosgor, 2012; Ausich and
Gonctioglu, 2020). Devonian sequences at both localities
on the Arabian Plate consist of lithological associations
representing a shallow shelf to tidal flat facies (Yal¢in and
Yilmaz, 2010).

Based on the consistency of their lithology and their
common sedimentary features, considering from surface
geology to subsurface data (Peringek et al., 1991), the
Devonian marine successions of the Diyarbakir (Hazro)
and Hakkari (Cukurca) areas are divided into two
stratigraphical groups, i.e. Diyarbakir and Zap groups
and consist of four formations: Dadas (oldest), Hazro,
Kayayolu, and Yiginli formations (Figure 1B). The studied
trilobites located in the Hakkari-Cukurca (Cukurca
anticline) and the Hazro areas came from the upper part
of the Dadas Formation in the Hazro area, and the lower
part of the Yiginhi Formation in the Cukurca area (Fig.1B).

2.2. Studied areas, materials and methods
Initial fieldwork was devoted to the Silurian-Devonian
Diyarbakir Group, which represents the oldest sedimentary
sequence of the northern Diyarbakir area. The Diyarbakir
Group is exposed in two geographically separated areas
where it forms the core of faulted anticlines, the Korudag
anticlines and the Hazro anticlines in the southeastern
Turkey, respectively (Figure 1A). The Diyarbakir Group
consists of three formations (Peringek et al., 1991), i.e.
Dadas, Hazro,and Kayayoluformations (Figure 1B). Surface
and subsurface fossil records dominated by acritarch,
chitinozoans, cryptospores, miospores, conodonts,
graptolites, brachiopods and bivalves indicate that marine
conditions prevailed during the Silurian-Devonian time
in the Diyarbakir area (Tolun, 1949; Lebkuchner, 1976;
Steemans et al., 1996; Hosgor, 2014; Oktay and Wellman,
2019). The Diyarbakir Group represents a change from the
inner shelf to lagoon deposition (Peringek et al., 1991).
The Dadas Formation, rich in fossils comprising spores,
conodonts, ostracods, brachiopods, crinoids among
others (Coruh et al., 1997; Hosgor and Yilmaz, 2022) is
Early Silurian—Early Devonian (Bozdogan et al., 1987).
Deposition of the Dadas Formation, which consists of
dominantly organic rich shales, sandstones, limestones and
dolomite of restricted marine environment, is completed
by a regressive cycle during the Early Devonian (Peringek
et al, 1991; Hosgor, 2014). Lithofacies, sedimentary
structures and fossil content suggest a restricted inner shelf,
which became shallower and grade to a tidal flat towards
the top of the sequence (Yilmaz and Duran, 1997). Hitherto
trilobites were unknown from this formation. Within the
Dadas Formation, three members are distinguished based
on different lithological composition, which are reflected

in log characteristics (Figure 1B). The Dadas-1 member
consists of dark colored, organic rich shales with some
limestone interbeds; the Dadas-2 member is composed of
similar shales alternating with some sandstones and the
Dadas-3 member consists of an alternation of sandstones,
marls and calcareous siltstones (Hosgor, 2014; Hosgor and
Yilmaz, 2022). The sedimentary sequences of the Dadas-1
and Dadas-2 members cuttings were studied from several
deep wells and they are not exposed on the surface, limited
top Dadas-2 and Dadas-3 are exposed the Korudag and
Hazro outcrops (Bozdogan et al., 1994; Steemans et al.,
1996). The overlying Hazro Formation is subdivided into
five members, named F1-F5 from the bottom to the top of
the unit (Bozdogan et al., 1987). The Kayayolu Formation,
the upper part of the Diyarbakir Group, is composed
mostly of shales, marls and dolomites (Bozdogan et al.,
1987). First trilobite-bearing discoveries are reported from
the Dadas Formation at Hazro anticlines, from a shale
dominant lithology with some thin sandstone beds in the
uppermost part of the formation (Figure 2A).

A second field excursion has resulted in the description
of a previously known macrofossil-bearing outcrop,
between the towns of Hakkari and Cukurca which are
situated close to the Iraqi border (Hosgor et al., 2014).
Trilobites recently collected from this area (Figure 2B)
were found in the lower part of the Yiginli Formation
(Figure 1B) in thin lenticular bioclastic patches that were
recorded below a brachiopod bed. In this formation poor
in fossil remains, the described brachiopods (Gourvennec
and Hosgoér, 2012) allowed establishing a Middle
Devonian (upper Givetian) age for the middle part of the
Yiginli Formation, thus making the new trilobite remains
older than the brachiopod bed. In previous studies or
more recently, palynomorphs, fish remains and crinoids
from the upper part of the Yiginli Formation indicate
a Famennian age (Janvier et al., 1984; Higgs et al., 2002;
Ausich and Gonciioglu, 2020). Lithofacies, sedimentary
structures and fossil content suggest an intralittoral to
shallow marine depositional environment (Bozdogan et
al., 2005). Hitherto trilobites were unknown from this
formation.

The illustrated specimens were stained with black ink
and then coated with ammonium chloride before being
photographed with the use of a digital camera Canon. The
described and figured material is housed in the collections
of Sivas Cumbhuriyet University, Natural History Museum,
Turkey (collection numbers “CTF-HY022-01-03”). The
morphological terminology follows Whittington and Kelly
(1997).

3. Trilobite content from Turkey

Trilobites remain rare in the Devonian of Turkey, with only
few families reported from the entire continent. From NW
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Figure 2. General view of the Devonian trilobite-bearing successions to the northwestern of the A-Hazro

and B-Cukurca areas.

Turkey, several trilobite families have been reported by
Haas (1968) from the Silurian and Devonian of Bithynia,
i.e. Istanbul area (Haas, 1968; Gandl, 1973) and especially
in the Early Devonian (upper Emsian; Haas, 1982; van
Viersen and Holland, 2016), including Kettneraspis
leucothea (Haas, 1968) (Odontopleuridae), Cyphaspis
goerlichi (Haas, 1968) (Otarioninae, Aulacopleuridae),
Gravicalymene euona Haas, 1968 (Calymenidae),
Echinopyge cathamma Haas, 1968 (Dalmanitidae),
Centauropyge pronomaea Haas, 1968 (Dalmanitidae),
and potential species of Morocops (e.g., Haas, 1968, pl. 30,
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Figures 6-7; Phacopidae) according to van Viersen et al.
(2017). Dalmanitidae is the most diverse and abundant
family in this area. Trimerocephalus mastophthalmus
Richter, 1856 (Phacopidae) was also reported from the
Upper Devonian (Gandl, 1973).

From SW Turkey (Eastern Taurides), Yilmaz and
Demircan (2005) reported only trilobite trace fossils
in the Upper Devonian. Pseudophillipsia Gemmellaro,
1892 (Ditomopyginae, Phillipsiidae) was reported in the
Antalya Province (Southwestern Taurides) during the
Permian (Lerosey-Aubril and Angiolini, 2009).



CRONIER and HOSGOR / Turkish ] Earth Sci

From NE Turkey, only a pygidium of Ditomopyge?
sp. indet. (Ditomopyginae, Phillipsiidae) was described
in the Carboniferous of Eastern Pontides (Kandemir and
Lerosey-Aubril, 2011).

In SE Turkey, trilobites were described from the
Cambrian and Upper Ordovician outcrops from the
Hakkari-Cukurca area (Dean and Zhou, 1988; Dean,
2006). A poorly preserved pygidium from the Hazro
region obviously belongs to an undetermined Permian
species of Pseudophillipsia, as proposed by Canuti et al.
(1970) and accepted by Lerosey-Aubril and Angiolini
(2009). Hitherto trilobites were unknown from these areas
during the Devonian.

By comparison with other areas from the northern
peri-Gondwanan margin, such as Morocco (Cronier and
Feist, 1997; Cronier and Clarkson, 2001; Cronier et al.,
2013, 2018a, 2018b; Khaldi et al., 2016; Bault et al., 2021),
the trilobite remains from the Arabian Plate, SE Anatolia
are rare.

4. Systematic paleontology

Order Phacopida Salter, 1864

Superfamily Calymenoidea Milne Edwards, 1840

Family Calymenidae Milne Edwards, 1840

Subfamily Calymeninae Milne Edwards, 1840

Remarks: Siveter (1976) assigned taxa with fixigenal
buttresses to the glabellar lobes to Calymeninae and the
remainder of taxa to Flexicalymeninae. According to
Adrain et al. (2020), Calymeninae is likely monophyletic
and Flexicalymeninae paraphyletic, a group left over
by removal of Calymeninae. Here we follow Adrain
(2013), Adrain et al. (2020), and Holloway et al. (2020)
in considering all the taxa in question as Calymeninae.
As recognized by Smith and Ebach (2020), classifying
calymenids remains a difficulty without a comprehensive
analysis using all diagnostic features.

The early history of putative members of the subfamily
Calymeninae Milne Edwards, 1840, is sparsely known (see,
Adrain, 2013, Adrain et al., 2020). First calymenines are
known from the Floian, all from Gondwanan Armorica.
The subfamily became increasingly more common
thereafter and especially during the Katian. Calymenines
appeared in Laurentia during the Dapingian and achieved
thereafter a global distribution (Adrain, 2013, Adrain
et al., 2020). They are still greater in number during the
Siluro-Devonian (Adrain, 2013).

Genus Gravicalymene Shirley, 1936

Type species: Gravicalymene convolva Shirley, 1936,
from the Ashgill, Upper Ordovician, Birdshill Quarry,
South Wales; by original designation.

Remarks: Gravicalymene is a genus currently known
from the Late Ordovician to the Early Devonian (or
lowest Eifelian); an unusually long temporal range for a

trilobite genus. According to Smith and Ebach (2020),
such longevity may be related to occupation of a persistent
niche space, such as a stable generalist lifestyle; or an
artefact of insufficient morphological characters required
for differentiation. Gravicalymene has been described from
Avalonia, Baltica, Laurentia and East Gondwana (e.g.,
Chapman, 1915; Etheridge and Mitchell, 1917; Shirley,
1936; Gill, 1940, 1945; Stumm and Kauftman, 1958; Dean,
1962, 1963; Vanék, 1965; Ross, 1967; Haas, 1968; Alberti,
1969, 1981; Schrank, 1970; Chatterton, 1971; Ingham,
1977; Chatterton et al., 1979; McNamara, 1979; Ross,
1979; Chatterton and Campbell, 1980; Holloway and Neil,
1982; Snajdr, 1981, 1982; Price, 1982; Holloway, 1994;
Sandford, 2000; Edgecombe and Wright, 2004; Zhou and
Zhen, 2008; Owens et al., 2010; Smith and Ebach, 2020).
Some species of Early Devonian age have been described,
i.e. Gravicalymene euona Haas 1968 from Bithynia (NW
Turkey) and Gravicalymene maura Alberti, 1969 from
Morocco.

According to Kobayashi and Hamada (1977),
Gravicalymene is a prominent genus in the macrofaunas of
Japan (Koizumi and Kakegawa 1970), South China (Gill,
1945; Lu et al., 1965; Zhang, 1974) and North Viet-Nam.
It occurs in North China (Nan, 1980), probably in Eastern
Burma (Sahni in Héron, 1936), but unknown in South Asia
except for Bithynia, NW Turkey (Haas, 1968). This genus
was also reported in Australia and New Zealand from
the Lochkovian to early Eifelian (Gill, 1945; Kobayashi
and Hamada, 1977). These two areas are closely related
to those of Southeastern and Eastern Asia as indicated by
Gravicalymene and other genera (Kobayashi and Hamada,
1977).

Gravicalymene? sp. ind.

Figures 3a-3d

Material: One poorly preserved pygidium coming
from the Lochkovian of Hazro section, Diyarbakir Group,
upper part of the Dadag Formation, southeastern Turkey,
north margin of Arabian Plate. Unfortunately, no cephalon
is available.

Description: ~Gravicalymene? with a pygidium
subrhomboidal in outline in dorsal view, moderately
flattened by deformation especially for the left side.
Antero-lateral margin moderately rounded. Length
(excluding articulating half ring)/width ratio about 60%
rather long. Its maximum width behind the midlength
(sag.) across fifth segment. Posterior outline apparently
broadly rounded backwards. Axial furrows deep and wide,
which fade backwards. Pygidial axis not well preserved,
strongly tapered (35°), gently convex, and probably not
quite reaching the posterior margin. First axial ring very
wide (42% sag. as percentage of maximum pygidial width),
and flexed slightly forwards. Pseudo-articulating half rings
apparently suggested by expanded interring furrows thatare
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Figure 3. (a-d) Gravicalymene? sp. ind., Hazro section, southeastern Turkey, north margin of Arabian Plate, Diyarbakir Group, upper
part of the Dadas Formation, Lochkovian; pygidium, CTF-HY022-01, in (a) dorsal, (b) posterior, (c) and lateral views; (d) detail of
postero-lateral border. (e-h) Podoliproetus? sp. ind., Hazro section, southeastern Turkey, north margin of Arabian Plate, Diyarbakur
Group, upper part of the Dadas Formation, Lochkovian; pygidium, CTF-HY022-02, in (e) dorsal, (f) posterior, (g) and lateral views;
(h) detail of lateral border. (i-m) Pseudodechenella? sp. ind., Cukurca section, southeastern Turkey, north margin of Arabian Plate, Zap
Group, Yiginli Formation, Givetian; pygidium, CTF-HY022-03, in (i) dorsal, (j) lateral, and (1) posterior views; (k) detail of pygidial axis;
(m) another pygidium from the same block, CTF-HY022-03, in ventral view. Scale: 3 mm.

deepest abaxially. Five preserved axial rings (plus terminal
piece not preserved) and four pleural ribs gently but more
convex (tr.) anteriorly, shorter posteriorly and depressed
abaxially; subsequent pleural segments progressively less
clearly defined, overall shorter (exsag.) adjacent to axis.
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Pleural furrows moderately wide and deep from axis, past
fulcrum, shallowing and narrowing abaxially, extending to
pygidial margin; subsequent pleural furrows progressively
shallower, but remaining deep and discernible adjacent to
axial furrow. Interpleural furrows only distinct abaxially,
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extending to pygidial margin. Postaxial region and
posterior margin not preserved. Pygidium covered with
“granule-like” structures, closely spaced on posterior
pygidial border (Figure 3d). Such structures are common
on internal moulds of homalonotids, especially when
only the internal cuticle layer is preserved. They are the
infillings of canals that underlie the pits or pitted tubercles
of the mineralised cuticle (see, e.g., Dalingwater et al.,
1999). These structures are preservational artifacts that
remained subsequent to the decortication of the laminated
outer layer (Rustdn et al., 2020).

Remarks: According to the revised diagnosis
provided by Smith and Ebach (2020), Gravicalymene is
characterized by a pygidium lenticular in dorsal view,
strongly convex; a pygidial axis with deep axial furrows,
fading around terminal piece; and a pygidial pleural field
with faint to distinct pleural ribs. The pygidium figured
here is imperfectly preserved showing a slight distortion
and matches more or less to this diagnosis. The absence
of complete and better preserved specimens prevents a
precise assignment.

In comparison with Early Devonian Gondwana taxa,
Gravicalymene maura Alberti, 1969 from Morocco differs
and appears to possess a paradoublural line at which the
deep pleural furrows are truncated becoming abaxially
narrow and shallow. Gravicalymene euona Haas, 1968
from Bithynia (NW Turkey) also seems to possess these
features; a feature not observed on our specimen.

Order Proetida Fortey and Owens, 1975

Superfamily Proetoidea Hawle and Corda, 1847

Family Proetidae Salteri, 1864

Subfamily Proetinae Salter, 1864

Remarks: Proetines are among the most widespread
and most frequent trilobites on the continental margins
of southern Laurussia and peri- and northern Gondwana
during the Pragian to Givetian (van Viersen, 2021). Data
on the earliest Devonian (Lochkovian) members of the
subfamily are relatively limited and the supraspecific
classification continues to be a topic of debate (van
Viersen, 2021).

Genus Podoliproetus Snajdr, 1980

Type species: Proetus perinsignis Chlupa¢ and Vanék,
1965 from the Pragian, Early Devonian, Czech Republic;
by original designation.

Remarks: Relationships among Podoliproetus and its
allied genera have been reviewed by Van Viersen (2021).
Based on limited and poorly preserved cranidia and
pygidia, Snajdr (1980) erected Podoliproetus for Pragian
proetines from the Barrandian and Morocco with spiny
median nodes on the pygidial axis. More recently, Johnson
and Fortey (2012) described two new species on complete
specimens from Morocco providing a better description.
According to Van Viersen (2021), Podoliproetus is

characterized by a hypertrophied and posteriorly
strongly vaulted glabella with a strongly vaulted (sag.,
tr.) posterior section of glabella and primitive cephalic
traits. Podoliproetus and the oldest Dohmiella species from
the Eifelian share several cephalic characters and spiny
median nodes on the anterior pygidial axial rings, narrow
(tr.) horizontal plane of pygidial pleural field abaxially
demarcated by a steeply inclined part, concave border
furrow, and an inflated, primitively broad border.

Podoliproetus? sp. ind.

Figures 3e-3h

Material: One poorly preserved pygidium coming
from the Lochkovian of Hazro section, Diyarbakir Group,
upper part of the Dadag Formation, southeastern Turkey,
north margin of Arabian Plate. Unfortunately, no cephalon
is available.

Description:  Podoliproetus? with a  pygidium
semielliptical in outline in dorsal view, with a well-defined
border. Length (excluding articulating half ring)/width
ratio about 65.5% long. Its maximum width in front of the
midlength (sag.). Posterior outline rounded backwards.
Axial furrows moderately deep. Pygidial axis not preserved
but apparently strongly tapered (around 40°). First axial
ring wide (41% sag. as percentage of maximum pygidial
width) defined by deep furrows abaxially (not preserved
medially). Five discernible pleural ribs anteriorly almost
planar (tr.) in adaxial half, and steeply sloping downwards
in abaxial half towards border furrow; subsequent pleural
segments progressively less clearly defined, overall shorter
(exsag.) adjacent to axis and (tr.) posteriorly. Pleural
bands of low convexity in crosssection. Pleural furrows
moderately wide and deep; the first one crossing the
border furrow onto the border, the others dying out at
border furrow. Interpleural furrows well defined, dying out
at border furrow. Border furrow distinct but moderately
shallow. Postaxial region not preserved. Pygidial border
moderately wide with rounded egdes. In posterior view,
posterior margin curved dorsally medially. Pygidium
covered with sculpture of fine granules on the border.

Remarks: According to Van Viersen (2021),
Podoliproetus is characterized by a pygidium with spiny
median nodes on the anterior axial rings, a narrow (tr.)
horizontal plane of pleural field abaxially demarcated by
a steeply inclined part, concave border furrow, and an
inflated, primitively broad border. The pygidium figured
here is imperfectly preserved, especially the pygidial axis.
The absence of complete and better preserved specimen
prevents a reliable assignment.

In comparison with Early Devonian Gondwanan taxa,
Podoliproetus mirdani Johnson and Fortey, 2012 from
the Pragian of Morocco is similar to that of the studied
specimen from Turkey but the border seems to be more
rounded, and the border widens slightly adaxially as far as
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the postaxial area where it becomes narrower. Without a
cranidium, it is not possible to say more.

Subfamily Dechenellinae Ptibyl, 1946

Remarks: Several authors (Hupé, 1953; Yolkin, 1968,
1983; Maximova, 1970, 1977; Ormiston, 1972, 1976) have
considered Dechenellinae to have family status within the
Proetoidea. Following Thomas in Thomas and Narbonne
(1979) and Zhou et al. (2000), this subfamily, which is
closely related to the Proetinae, is maintained within the
Proetidae family. The detailed interrelationships between
various genera of the Dechenellinae remain to be resolved.

Genus Pseudodechenella Pillet, 1972

Type species: Calymene rowi Green, 1838, from
Middle Devonian, Hamilton Group, Givetian, New York,
North America; by original designation.

Remarks: Dechenella and relatives including
Pseudodechenella is one of the most diversified genera
among Devonian proetids. The considerable number
of species makes the taxonomy and the evolutionary
relationships clouded. Lieberman (1994) discussed the
group as Basidechenella (Richter, 1912). However, the
Lieberman’s (1994) generic concept of Basidechenella
was rejected by Adrain (1997) mainly because Lieberman
(1994) completely overlooked Pillets (1972) proposal
of Pseudodechenella. Indeed, Pillet (1972) erected
Pseudodechenella with the New York State species
rowi as type. Pseudodechenella encompasses many
Devonian species hitherto generally placed in the genus
Basidechenella including the many Eastern North America
species assigned by Lieberman (1994) to Basidechenella.

The earliest occurrences of Pseudodechenella are known
in France (Pillet, 1972) from the Lower Devonian (lower
Emsian), and in North America from the Lower Devonian
(upper Emsian) and diversified during the Middle
Devonian (Eifelian and Givetian) in North America
(Stumm, 1953a, 1953b, 1964; Pillet, 1972; Lieberman,
1994).

Pseudodechenella? sp. ind.

Figures 3i-3m

Material: Two pygidia coming from the Givetian of
Hakkari-Cukurca area, Yiginli Formation, southeastern
Turkey, north margin of Arabian Plate. Unfortunately, no
cephalon is available.

Description: Pseudodechenella? with a pygidium
subpentagonal in outline in dorsal view, subparabolic
in outline posteriorly, moderately vaulted sagittally
and transversely, with a well-defined border. Length
(excluding articulating half ring)/width ratio about 63%
long. Its maximum width in front of the midlength (sag.)
across fourth segment. Posterior outline broadly rounded
backwards. Axial furrows straight and deep. Pygidial
axis strongly tapered (38°), convex and subconical in
shape. First axial ring wide (37% sag. as percentage of
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maximum pygidial width), and flexed strongly forwards
and highly convex; subsequent axial rings more weakly
forwardly curved and convex. Pseudo-articulating half
rings suggested by expanded interring furrows anteriorly.
Nine discernable axial rings (plus terminal piece) defined
by narrowest furrows posteriorly. Seven pleural ribs more
vaulted (tr.) anteriorly and adaxially, shorter posteriorly
and depressed abaxially, strongly sloping downwards
towards border furrow; subsequent pleural segments
progressively less clearly defined, overall shorter (exsag.)
adjacent to axis. Pleural furrows moderately wide and
deep from axis, dying out at border furrow; subsequent
pleural furrows remaining deep and discernible adjacent
to axial furrow. Interpleural furrows distinct, dying out
at border furrow. Border furrow moderately wide and
deep. Pygidial border moderately narrow and convex with
terrace lines ventrally. Pygidium covered with sculpture
of fine granules. Each axial ring with a distinct axial node
medially (Figure 3k).

Remarks: According to the described species provided
by Pillet (1972; p. 167, pl. 24, Figure 2), Pseudodechenella
is a genus characterized by a high number of pygidial axial
rings (11-12) with median nodes (e.g., P. nododa (Stumm,
1953a) or P pulchra (Stumm, 1953a)) or not (e.g., P
incerta ((Ehlert, 1889)) and pygidial interpleural furrows
weakly incised. The Turkish pygidia figured here are well
preserved and match rather well to these features. They
may belong to Pseudodechenella.

In comparison with Middle Devonian taxa,
Pseudodechenella? sp. ind. resembles to the Givetian
Pseudodechenella  pulchra  (Stumm, 1953a) from
North America, by having a similar pygidial outline
and medial tubercles on all pygidial axial rings but
differs in having 11 pygidial axial rings. As stated by
Stumm (1953a), Pseudodechenella pulchra was very
similar to Pseudodechenella nodosa (Stumm, 1953a) in
having also medial tubercles on all pygidial axial rings.
Pseudodechenella? sp. ind. differs from Pseudodechenella
nodosa by having posterior portion of pygidium straight,
transverse in dorsal view and eight pygidial pleural
segments.

The closely related Basidechenella with the species
kayseri (Richter, 1912) as type differs in lacking median
nodes, in having a broad border and weakly defined
border furrow, a more high-parabolic outline, weakly
differentiated pleural ribs, among other features. The
absence of complete preserved specimens prevents a
precise assignment. Only a cephalon would have been
helpful here.

5. Conclusion
The present paper contributes to the systematic study of
the few Devonian trilobites collected recently on the field
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from the northern part of the Arabian Plate of Gondwana,
SE Turkey. The freshly collected material comes from two
different sections, i.e. Diyarbakir-Hazro and Hakkari-
Cukurca, respectively in two different formations,
i.e. Dadas (oldest) and Yiginli (youngest) formations.
Devonian trilobites were hitherto unknown in these
areas. According to brachiopods and other organisms, the
age of the newly collected trilobites ranges between the
Lochkovian and the Givetian. The relatively well-preserved
calymenid pygidium and three proetid pygidia are assigned
to undetermined species of Gravicalymene (Calymenidae)
and Podoliproetus (Proetidae), two genera known in the
Lochkovian; and Pseudodechenella (Proetidae), a genus
known in the Givetian, taking into account their pygidial
outline, axis shape and ornamentation, thus becoming an

References

Adrain JM (1997). Proetid trilobites from the Silurian (Wenlock-
Ludlow) of the Cape Phillips Formation, Canadian Arctic
Archipelago. Palacontographia Italica 84: 21-111.

Adrain JM (2013). A synopsis of Ordovician trilobite distribution
and diversity. In: Harper, DAT. and Servais T. (Eds.), Early
Palaeozoic Biogeography and Palacogeography. Geological
Society, London, Memoirs 38: 297-336. DOI: 10.1144/M38.20

Adrain JM, Karim TS, McAdams, Neo EB (2020). Atlanticalymene,
a new genus of Middle Ordovician (Darriwilian) calymenine
trilobites, and revision of the calymenoidean genus
Protocalymene Ross. Zootaxa 4859: 001-055.

Alberti GKB (1969). Trilobiten des jungeren Siluriums sowie des
Unter- und Mittel- Devons. 1. Mit Beitragen zur Silur-Devon-
Stratigraphie einiger Gebiete Marokkos und Oberfrankens.
Abhandlungen der Senckenbergischen Naturforschenden
Gesellschaft 520: 1-692 (in German with English abstract).

Alberti GKB (1967). Neue obersilurische sowie unter-und
mitteldevonische Trilobiten aus Marokko, Deutschland und
einigen anderen europaischen gebieten. 2. Senckenbergiana
lethaea 48: 481-509 (in German with English abstract).

Alberti GKB (1981). Trilobiten des jungeren Siluriums sowie des
Unterund Mittel-Devons. III. Mit Beitragen zur Devon-
Biostratigraphie (insbesondere nach Nowakiidae) in N-Afrika,
Sardinien, Oberfranken und im Harz. Senckenbergiana
Lethaea 62: 1-75 (in German with English abstract).

Ausich W1, Gonctioglu MC (2020). Juvenile eucladid crinoid from
the Middle Devonian of Turkey. Geodiversitas 42: 215-221.

Bault V, Cronier C, Allaire N, Monnet C (2021). Trilobite biodiversity
trends in the Devonian of North Africa: Palaeogeography,
Palaeoclimatology, Palacoecology 565: 1-15.

Becker RT, Konigshof P, Brett CE (2016). Devonian climate, sea level
and evolutionary events: an introduction: Geological Society,
London, Special Publications 423, 1-10.

Bond DPG, Grasby SE (2017). On the causes of mass extinctions:
Palaeogeography, Palaeoclimatology, Palaeoecology 478: 3-29.

additional report for a northern peri-Gondwanan margin
but also for a worldwide distribution. Their occurrence
in the Lower-Middle sequences of Turkey is compatible
with a shallow shelf to tidal flat facies. By comparison with
other areas from the northern peri-Gondwanan margin,
such as Morocco (Bault et al., 2021), the trilobite remains
from the Arabian Plate, SE Anatolia remain rare.

Acknowledgments

The authors thank A.van Viersen (Netherlands) as reviewer
for comments and constructive suggestions. This work is a
contribution to the IGCP 652 ‘high-resolution Paleozoic
geologic timescale;, to the French project ‘Contrat de Plan
Etat-Région Climibio; and to the French CNRS UMR 8198
Evo-Eco-Paleo.

Bozdogan N, Baygelebi O, Willink R (1987). Paleozoic stratigraphy
and petroleum potential of the Hazro area, S.E. Turkey. The 7th
Biannual Petroleum Congress of Turkey 6-10 April, 117-130.

Bozdogan N, Karabulut T, Ertan T, Iztan H, Cubukcu A, Korucu M
(1994). Stratigraphy and petroluem potenital of the Paleozoic
units in Diyarbakir area, SE Turkey. 10th Biannual Petroleum
Congress of Turkey, Proceedings, 125-139.

Bozdogan N, Alitan C, Ertug K (2005). Devonian deposition in the
Southeastern Anatolia. International Workshop Depositional
Environments of the Gondwanan and Laurasian Devonian,
Abstracts and field trip guidebooks. ISBN 975-6395-45-1, 19—
20.

Canuti P, Marcucci M, Pirini Radrizzani C (1970). Microfacies e
microfaune nelle formazioni paleozoiche dellanticlinale di
Hazro (Anatolia sud-orientale, Turchia). Bollettino della Societa
Geologica Italiana 89: 21-40 (in Italian with English abstract).

Chapman F (1915). New or little-known Victorian fossils in
the National Museum. Part 18. Some Yeringian trilobites.
Proceedings of the Royal Society of Victoria 28: 157-171.

Chatterton BDE (1971). Taxonomy and ontogeny of Siluro-Devonian
trilobites from near Yass, New South Wales. Palaeontographica
Abt. A 137: 1-108.

Chatterton BDE, Campbell KSW (1980). Silurian trilobites from
near Canberra and some related forms from the Yass Basin.
Palaeontographica Abt. A 167: 77-119.

Chatterton BDE, Johnston BD, Campbell KSW (1979). Silicified Lower
Devonian trilobites from New South Wales. Palaeontology 22:
799-837.

Chlupa¢ I, Vanék J (1965). Einige neue Arten von Trilobiten aus
dem mittelbohmischen Devon. Acta Universitatis Carolinae,
Geologica 1: 61-74 (in German with English abstract).

Coruh T, Yakar H, Ediger V (1997). The biostratigraphy atlas of the
autochthonous sequence of Southeastern Anatolia. Educational
Publications of the Research Group of Turkish Petroleum
Corporation 30: 509.

475



CRONIER and HOSGOR / Turkish ] Earth Sci

Cronier C, Feist R (1997). Morphologie et évolution ontogénétique de
Trimerocephalus lelievrei nov. sp., premier trilobite phacopidé
aveugle du Famennien nord-africain : Geobios 30 : 161-170 (in
French with English abstract).

Cronier C, Clarkson ENK (2001). Variation of eye-lens distribution
in a new Late Devonian phacopid trilobite. Transactions of the
Royal Society of Edinburgh 92: 103-113.

Croénier C, Oudot M, Klug C, De Baets K (2018a). Trilobites from
the Red Fauna (latest Emsian, Devonian) of Hamar Laghdad,
Morocco and their biodiversity. N. Jb. Geol. Paldont. Abh. 290:
241-276. doi: 10.1127/njgpa/2018/0781

Cronier C, Abbache A, Khaldi AY, Oudot M, Maillet S, Ouali
Mehadji A (2018b). Middle Devonian trilobites of the Saoura
Valley, Algeria: insights into their biodiveristy and Moroccan
affinities. Geological Magazine 155 : 811-840. doi:10.1017/
S001675681600100X

Cronier C, Malti FZ, Frangois A, Benyoucef M, Brice D (2013).
First occurrence of a phacopid trilobite faunule from the
Upper Devonian of Saoura Valley, Algeria and biodiversity
fluctuations. Geological Magazine 150 : 1002-1021.

Dalingwater JE, Siveter DJ, Mutvei H (1999). Cuticular microstructure
of some Silurian Homalonotid trilobites from Sweden. Journal
of Paleontology 73: 256-262.

Dean WT (1962). The trilobites of the Caradoc Series in the Cross
Fell Inlier of northern England. Bulletin of the British Museum
(Natural History). Geology 7: 65-134.

Dean WT (1963). The Ordovician trilobite faunas of south Shropshire,
III. Bulletin of the British Museum (Natural History). Geology
7:213-254.

Dean WT (2006). Cambrian stratigraphy and trilobites of the Samur
Dag Area, South of Hakkari, Southeastern Turkey. Turkish
Journal of Earth Sciences 15: 225-257.

Dean WT, Zhou Z (1988). Upper Ordovician trilobites from the Zap
Valley, southeast Turkey. Palaeontology 31: 621-649.

Denayer ], Hosgor I (2014). Lower Carboniferous rugose corals from
the Arabian Plate: an insight from the Hakkari area (SE Turkey).
Journal of Asian Earth Science 79: 345-357.

Edgecombe GD, Wright AJ (2004). Silicified early Devonian trilobites
from Brogans Creek, New South Wales. Proceedings of the
Linnean Society of New South Wales 124: 177-188.

Etheridge R, Jr, Mitchell J (1917). The Silurian trilobites of New South
Wales, with references to those of other parts of Australia. Part
6. The Calymeneidae, Cheiruridae, Harpeidae, Bronteidae, etc.,
with an appendix. Proceedings of the Linnean Society of New
South Wales 42: 480-510.

Fortey RA, Owens RM (1975). Proetida — a new order of trilobites:
Fossils and Strata 4: 227-239.

Gandl J (1973). Trilobites from the Devonian of Istanbul, Paleozoic
of Istanbul. Ege Universitesi Fen Fakiiltesi Kitaplar Serisi 40:
95-96.

Gemmellaro GG (1892). I crostacei dei calcari con Fusulina della valle
del Fiume Sosio nella Provincia di Palermo in Sicilia. Memorie
della Societa Italiana delle Scienze, Serie 3, 8: 1-40 (in Italian).

476

Gill ED (1940). The Silurian Rocks of Melbourne and Lilydale:
A discussion of the Melbournian-Yeringian boundary and
associated problems. Proceedings of the Royal Society of
Victoria 52: 249-261.

Gill ED (1945). Trilobita of the Family Calymenidae from the
Palaeozoic rocks of Victoria. Proceedings of the Royal Society
of Victoria 56: 171-186.

Ghienne JE Monod O, Kozlu H, Dean WT (2010). Cambrian-
Ordovician Depositional sequences in the Middle East: a
perspective from Turkey. Earth Science Review 101: 101-146.

Gourvennec R, Hosgor I (2012). New record of a Middle-Devonian
brachiopod fauna from Southeastern Turkey (Yiginh
Formation, Zap Anticline, Cukurca-Hakkari). Bulletin of
Geosciences 87: 347-358. doi: 10.3140/bull.geosci.1323

Gourvennec R, Hosgér I (2015). Brachiopods and crinoids from
the Middle-Upper Devonian boundary beds in the Darende-
Giiriin and Van-Zincirkiran areas (Eastern Taurus, Turkey).
Bulletin of Geosciences 90: 577-600.

Haas W (1968). Trilobiten aus dem Silur und Devon von Bithynien
(N'W-Tiirkei). Palaeontographica A 130: 60-207 (in German
with English abstract).

Haas W (1982). Preliminary notes of the Devonian SE of Istanbul
(Turkey)]. In Sokolov BS. and Rzhonsnitskaya M.A. (eds),
Biostratigraphy of Lower and Middle Devonian boundary
deposits; Proceedings of field symposium of the International
Subcommission on the Devonian Stratigraphy, Samarkand,
USSR, 1978, 144-147.

Hawle I, Corda JC (1847). Prodomeiner Monographie der
bohmischen Trilobiten: Abhandlungen der koniglischen
bohemischen Gesellschaft der Wissenschaften 5: 1-176 (in
German with English abstract).

Héron AM (1936). General report of the Geological Survey of India
for the year 1935. Rec. Ceol. Surv. India, 71.

Higgs TD, Finucance D, Tunbridge IP (2002). Late Devonian and
early Carboniferous microfloras from the Hakkari Province of
southeastern Turkey. Review of Palaeobotany and Palynology
118: 141-156. doi: 10.1016/S0034-6667(01)00111-7

Holloway DJ (1994). Early Silurian trilobites from the Broken River
area, North Queensland. Memoirs of the Museum of Victoria
54:243-269.

Holloway DJ, Neil JV (1982). Trilobites from the Mount Ida Formation
(Late Silurian-Early Devonian), Victoria. Proceedings of the
Royal Society of Victoria 94: 133-154.

Holloway DJ, Smith PM, Thomas G (2020). The trilobites Prophalaron
gen. nov. (Calymenidae) and Dicranurus (Odontopleuridae)
from the Upper Ordovician of New South Wales. Alcheringa
44:253-264.

Hoggér 1 (2014). Cardiolinka bohemica (Barrande, 1881)- a first
representative of the late Silurian Bohemian type Bivalvia

fauna from northern Arabian Plate, Southeast Turkey. Comptes
Rendus Palevol 13: 147-155.

Hosgor i, Okan Y, Gonctioglu MC (2012). Posidonia becheri Bronn,
1828 from the Tournaisian of SE Turkey: A palaeobiogeographic
enigma. Comptes Rendus Palevol 11: 13-20.



CRONIER and HOSGOR / Turkish ] Earth Sci

Hosgor i, Yilmaz IO, Gourvennec R, Denayer J (2014). Devonian
to Basal Permian Lithostratigraphy in Southwestern Hakkari:
A Perspective from Northern Arabian Mixed Carbonate-
Siliciclastic Platform. AAPG International Conference &
Exhibition, Istanbul, Turkey, 14-17 September, Search and
Discovery, 51050: 29.

Hoggér 1 (2021). First report of myalinid bivalves in the Lower
Carboniferous of the Hakkari Basin, SE Turkey: paleoecologic
and paleogeographic implications. Turkish Journal of Earth
Sciences 30: 313-321.

Hoggér 1, Yilmaz, 10 (2022). The Paleozoic petroleum system of the
Molla-Bismil area (Diyarbakir Basin, Turkey) and source rock
properties of Lower Silurian (Llandovery) organic-rich shale.
Marine and Petroleum Geology 143: 105762.

Hupé P (1953). Classe de trilobites. In J. Piveteau (ed.), Traite de
paléontologie 3: 44-246 (in French).

Ingham JK (1977). The Upper Ordovician trilobites from the Cautley
and Dent districts of Westmorland and Yorkshire. Part 3.
Palaeontographical Society Monograph 130: 89-121.

Janvier P, Lethiers E Monod O, Balkag O (1984). Discovery of a
vertebrate fauna at the Devonian-Carboniferous boundary in
SE Turkey (Hakkari Province). Journal of Petroleum Geology
7:147-168. doi: 10.1111/j.1747-5457. 1984.tb00172.x

Johnson RG, Fortey RA (2012). Proetid trilobites from the Lower
Devonian (Pragian) Thandar Formation, Anti-Atlas, Morocco.
Journal of Paleontology 86: 1032-1050.

Kandemir R, Lerosey-Aubril R (2011). First report of a trilobite in
the Carboniferous of eastern Pontides, NE Turkey. Turkish
Journal of Earth Sciences 20: 179-183. doi: 10.3906/yer-0911-3

Khaldi AY, Cronier C, Hainaut G, Abbache A, Ouali Mehadji A
(2016). Trilobite faunule from the Lower Devonian of Saoura
Valley, Algeria: biodiversity, morphological variability and
palaeobiogeographical affinities. Geological Magazine 153:
357-387.

Kobayashi T, Hamada T (1977). Devonian trilobites of Japan in
comparison with Asian, Pacific and other faunas. Special
Papers of the Palacontological Society of Japan 20: 1-202.

Koizumi H, Kakegawa S (1970). New occurrence of Devonian
trilobites from Fukuji, Gifu Prefecture, Central Japan. Earth
Science, 24.

Lamsdell JC, Hosgor I, Selden PA (2013). A new Ordovician
eurypterid (Arthropoda: Chelicerata) from Southeast Turkey:
evidence for a cryptic Ordovician record of eurypterida.
Gondwana Research 23: 354-366.

Lebkuchner F (1976). Beitrag zur Kenntnis des Palaozoischen Kerns
der Antiklinale von Hazro in Sudost-Anatolien. Bull. Mine.
Res. Explor. Inst. of Turkey 86: 1-13 (in German with English
abstract).

Lerosey-Aubril R, Angiolini L (2009). Permian trilobites from
Antalya Province, Turkey, and enrollment in Late Palaecozoic
trilobites. Turkish Journal of Earth Sciences 18: 427-448. doi:
10.3906/yer-0801-5

Lieberman BS (1994). Evolution of the trilobite subfamily Proetinae
Salter, 1864, and the origin, diversification, evolutionary
affinity, and extinction of the Middle Devonian Proetid fauna
of Eastern North America. Bulletin of the American Museum
of natural History 223: 1-176.

Lu YH, Zhang WT, Zhu CL, Chien YY, Xiang LW (1965). Fossils of
each group of China. Trilobita. Volume 1, 1-362; Volume 2,
363-766. Science Publication Co., Beijing.

Maximova ZA. (1970). Silurian trilobites of Vajgac Island. In: S.V.
Cherkesova, Silurian stratigraphy and faunas of Vajgac Island,
195-209.

Maximova ZA (1977). Devonian trilobites from Novaya Zemlya and
other Arctic regions of Soviet Union. In: EA. Modsalewskajaand
LI. Chosazki (eds.), Annual of the All-Union Palaeontological
Society 20: 140-185.

McNamara KJ (1979). Trilobites from the Coniston Limestone Group
(Ashgill Series) of the Lake District, England. Palaeontology
22:53-92.

Mergl M, Hosgor I, Yilmaz 10, Zamora S, Colmenar J (2018).
Divaricate patterns in Cambro- Ordovician obolid brachiopods
from Gondwana. Historical Biology 30: 1015-1029.

Milne Edwards H (1840). Histoire naturelle des Crustacés,
comprenant l'anatomie, la physiologie et la classification de ces
animaux. Vol. 3. Roret, Paris, 638 pp.

Nan RS (1980). Trilobita. In Palaeontological Atlas of Northeast
China, Part 1, Palaeozoic. Geological Publishing House,
Beijing, 484-519.

(Ehlert D-P (1889). Sur le Dévonien des environs d’Angers. Bulletin
de la Société géologique de France 17: 742-791 (in French).

Oktay B, Wellman CH (2019). Palynological analysis of upper
Ordovician to lower Silurian sediments from the Diyarbakir
Basin, southeastern Turkey. Rev. Palacobot. Palynol. 263: 28—
46.

Ormiston AR (1972). Fuscinipyge, new Middle Devonian trilobite
genus from the Northwest Territories, Canada. Journal of
Paleontology 46: 666-674.

Ormiston AR (19769. New Middle Devonian trilobites from
northwestern Cariada. Journal of Paleontology 50: 1162-1174.

Owens RM, Ivanova O, Kim I, Popov LE, Feist R (2010). Lower
and Middle Devonian trilobites from southern Uzbekistan.
Memoirs of the Association of Australasian Palaeontologists
39:211-244.

Peringek D, Duran O, Bozdogan N, Coruh T (1991). Stratigraphy and
paleogeographical evolution of the autochthonous sedimentary
rocks in Southeast Turkey. In: Turgut S. (Ed.), Tectonics and
Hydrocarbon Potential of Anatolia and Surrounding Regions.
Ozan Sungurlu Symposium, Proc. Turkish Petrol. Corporation,
274-305.

Pillet J (1972). Les trilobites du Dévonien inférieur et du Dévonien
moyen du Sud-Est du Massif armoricain. Mémoires de la
Société des Etudes Scientifiques de PAnjou 1:1-307 (in French).

477



CRONIER and HOSGOR / Turkish ] Earth Sci

Ptibyl A (1946). Notes on the recognition of the Bohemian Proetidae
(Trilobitae). Acad. Tcheque des Sci. (Ceska Akad. Ved. a
Umeni), XLVI, Prague.

Price D (1982). Calymene quadrata King 1923 and allied species
from the Ashgill Series of north Wales. Geological Magazine
119: 57-66.

Richter R (1856). Beitrag zur Paldontologie des Thiiringer Waldes.
Erster Theil.Denkschriften der kaiserlichen Akademie der
Wissenschaften, mathematisch—naturwissenschaftlichen 11:
87-138 (in German).

Richter R (1909). Beitrdge zur Kenntnis devonischer Trilobiten
aus dem Rheinischen Schiefergebirge. Vorbericht zu einer
Monographie der Trilobiten der Eifel. Dissertation Marburg,
1-96 (in German).

Richter R (1912). Beitrdge zur Kenntnis devonischer Trilobiten.
1. Die Gattung Dechenella und einige verwandte Formen.
Abhandlungen der senckenbergischen naturforschenden
Gesellschaft 31: 239-340 (in German).

Richter R, Richter E (1950). Arten der Dechenellinae (Trilobita).
Senckenbergiana 31: 151-184 (in German).

Ross R, Jr (1967). Calymenid and other Ordovician trilobites from
Kentucky and Ohio. Professional Papers of the United States
Geological Survey 583B, 1-19.

Ross RJ, Jr (1979). Additional trilobites from the Ordovician of
Kentucky. Professional Papers of the United States Geological
Survey 1066D, 1-13.

Rustan JJ, Waisfeld BG, Vaccari NE (2020). The homalonotid trilobite
Burmeisteria Salter, 1865 in the Lower Devonian of Argentina:
new data in the context of southwestern Gondwana. Journal of
Paleontology 94: 498-512.

Salter JW (1864). A monograph of the British trilobites from the
Cambrian, Silurian and Devonian formations: Monograph of
the Palaeontographical Society, 1-80.

Sandford AC  (2000). trilobite
palaeoenvironmental setting of the early Ludlow Melbourne
Formation, central Victoria. Alcheringa: An Australasian
Journal of Palacontology 24: 153-206.

Schrank E (1970). Calymeniden (Trilobita) aus Silurischen
Geschieben. Berichte der deutschen Gesellschaft der
geologischen Wissenschaften. A. Geologie, Palaontologie 15:
109-146 (in German).

Silurian faunas  and

Sepkoski JJ (1996). Patterns of Phanerozoic extinction: a perspective
from global databases, in Walliser, O.H., ed., Global events and
event stratigraphy in the Phanerozoic: Berlin: Springer-Verlag,
35-51.

Shirley J (1936). Some British trilobites of the family Calymenidae.
Quarterly Journal of the Geological Society 92: 384-422.

Siveter DJ (1976). The Middle Ordovician of the Oslo Region,
Norway, 27. Trilobites of the family Calymenidae. Norsk
Geologisk Tidsskrift, 56: 335-396.

Smith PM, Ebach MC (2020). A new Ordovician (Katian) calymenid,
Gravicalymene bakeri sp. nov., from the Gordon Group,
Tasmania, Australia. Alcheringa: An Australasian Journal of
Palaeontology, doi: 10.1080/03115518.2020.1797874.

478

Snajdr M (1980). Bohemian Silurian and Devonian Proetidae
(Trilobita). Rozpravy Ustfedniho ustavu geologického 45:
1-324.

Snajdr M (1981). Gravicalymene hornyi sp. n., an index trilobite
from the lower Lochkovian of the Barrandian area. Véstnik
Ustiedntho tstavu geologického 56: 299-300.

Snajdr M (1982). Bohemian Silurian and Devonian Calymenidae
(Trilobita). Casopis pro mineralogii a geologii 27: 371-378.

Steemans P, Le Herisse A, Bozdogan N (1996). Ordovician and
Silurian cryptospores and miospores from southeastern
Turkey. Rev. Palaeobot. Palynol. 93: 35-76.

Stumm EC. (1953a). Trilobites of the Devonian Traverse Group of
Michigan. Contrib. Mus. Paleontol. Univ. Michigan 10:101-
157.

Stumm EC (1953b). Lower Middle Devonian proetid trilobites from
Michigan, southwestern Ontario, and northern Ohio. Contrib.
Mus. Paleontol. Univ. Michigan 11: 11-31.

Stumm EC (1964). Silicified trilobites from the Devonian
Jeffersonville limestone at the Falls of the Ohio. Contrib. Mus.
Paleontol. Univ. Michigan 19: 1-14.

Stumm EC, Kauffman EG (1958). Calymenid trilobites from the
Ordovician rocks of Michigan. Journal of Paleontology 32:
943-960.

Thomas AT, Narbonne GM (1979). Silurian trilobites from Arctic
Canada. Geological Magazine 116: 1-19.

Tolun N (1949). Notes géologiques sur la région de Silvan — Hazru.
Bulletin of the Geological Society of Turkey 2: 65-69 (in French
with English abstract).

Vanék J (1965). New species of the suborder Calymenina
Swinnerton, 1915 (Trilobita) from the Barrandian area.
Sbornik geologickych véd, Paleontologie 6: 21-37.

Viersen AP. van (2021). Type and other species of Gerastos and allied
genera (Trilobita, Proetinae) from the Siluro-Devonian. Neues
Jahrbuch fiir Geologie und Paldontologie - Abhandlungen
Band 299 Heft 2: 185-217.

Viersen AP. van, Holland D (2016). Morphological trends and new
species of Cyphaspis (Trilobite, Otarioninae) in the Devonian
of Morocco, Turkey, Germany and Belgium. Geologica Belgica
19: 251-271. DOI: 10.20341/gb.2016.008

Viersen AP. van, Holland D, Koppka J (2017). The phacopine trilobite
genera Morocops Basse, 2006 and Adrisiops gen. nov. from the
Devonian of Morocco. Bulletin of Geosciences 92: 13-30.

Whittington HB, Kelly RA (1997). In Kaesler, R.L. (ed.): Treatise
on invertebrate paleontology. Part O. Arthropoda 1. Trilobita
revised. Geological Society of America and University of
Kansas, Boulder, Colorado and Lawrence, Kansas, 1-530.

Yalgin MN, YilmazI(2010). Devonian in Turkey - a review. Geologica
Carphatica 61: 235-253. DOI: 10.2478/ v10096-010-0014-3

Yilmaz E, Duran O (1997). Nomenclature of autochthonous and
allochtonous units in Southeastern Anatolia - ‘Lexicon.
Tirkiye Petrolleri Anonim Ortakligi, Arastirma Merkezi
Grubu Bagkanligi Egitim Yayinlar1 31: 1-460.


https://www.schweizerbart.de/papers/njgpa/list/299#issue2
https://www.schweizerbart.de/papers/njgpa/list/299#issue2
https://www.schweizerbart.de/papers/njgpa/list/299#issue2

CRONIER and HOSGOR / Turkish ] Earth Sci

Yilmaz I, Demircan H (2005). Geology and trace fossils between
Saimbeyli and Feke, Eastern Taurus. International Workshop
Depositional Environments of the Gondwanan and Laurasian
Devonian. Abstracts and field trip guidebooks, 22-23.

Yolkin EA (1968). Trilobites (Dechenellidae) and stratigraphy of the
Lower and Middle Devonian of southern west Siberia (Transl.).
Akad. Nauk SSSR. Sibirsk Otd. Inst. Geol. Geofiz., 1-155.

Yolkin EA (1983). Regular patterns in dechenellid evolution and
biochronology of the Silurian and Devonian. Transactions 571:
1-116.

Zamora S, Lefebvre B, Hosgor I, Franzen C, Nardin E et al. (201)5.
The Cambrian edrioasteroid Stromatocystites (Echinodermata):
Systematics, palaeogeography, and palacoecology. Geobios 48:
417-426.

Zhang WT (1974). Trilobites. In A Handbook of the Stratigraphy
and Palaeontology in Southwest China. Nanjing Institute of
Geology and Palaeontology ed., Science Press, Beijing, 173—
187.

Zhou ZY, Zhen YY (2008). Trilobite Record of China. Beijing,
Science Press, 412 pp.

Zhou Z, Siveter D], Owens RM (2000). Devonian proetid trilobites
from Inner Mongolia, China. Senckenbergiana lethaea 79:
459-499.

479



